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       On the Gametophytes ef Some Japanese
               Species of Laminariales IIE.

                              By

                         TIYolTl KANDA

                    With Plates XXXVII-XXXIX.

    In Japaikese wateys, t･here are fifteen gei}eya and about fif£y speeies

of Lamioz･im'iaZes. As £o the distribution they ax'e divided roughly into tw･o

series of £orms. [I]he one is a eQld eurrei}t form, to wkieli belong the

£ollow2ng ten g'eBera; ll'halassiophyZl2e7n, H'edophyll･zc･m, IPIeito'opaterieon,

ay･matltaere, A.rthrot]tasnni{s, Alar･ia, Kj'ell7nanielZa, Agar2em, Oostaridi and

Lffmi7iaria., being inhabltants o£ the northeri} eolder seas, sueh as t･he iPaeifie

eoast o£ ]Uokkaid6 and the Kuriles, Okhotsl< eoast e£ the K"riles and

Sag'halien, and the Japan Sea eoast o£ Saghalie,,n, Kokkaid6 and novth-
-

easteyn parts of iKorea. (I]he ot･her is a waym eutrrei}t £orm xsrhieh ineludes

the £oilowing five genera; Eisenia, liTehlon'ia, Eckloitio2)sis, U'n<Zarict ai}d

aho7'da, being inhabitants e£ the southexn warmey seas, $ueh as the Pacifie

eoast of ffoi}syrt (the main Island o£ Japan), Sikoku and KyUsy", ai}d

the Japaii Sea eoast oE IIonsyiii and Kyitsytre. All the speeies o£ tke eold

earrei}t £orms,are limited to the coasts o£ IIol{kaid6, Saghalieii and
the K"yi!es all to the noythward of Tugaru Strait, which lles betweeu

ffonsyR and IEIIokkaidl6, with the exeeption of Alaria･ crass-ifoZia KJELkM.,

Lam?lna7'･ia" ang2es'tata KJELLM. alld L. 3'aponicce AREsei{. xv}}iek oeeur as far

south as the eoast o£ ]Y[iyagi IPre£eeture, and Costartlca costata･ ([I]uRN.)
SAvND., Agaruon ef'･ib7'osu7n ]BoRy., ai}d Ko'eZl･ma7zieZla･ crassifol?la AEiyABil

vLThieh exteRd at least to the eoast e£ Aomori Pre£eetuxe, and as far sortth

as to the nortkeastern eoast o£ Koxea. On the other band, all the speeies

of the wamn euyrent forms have their area o£ distributioabn £rom [l]ugayu

St･rait to KyCisyg, all round the eoast･s o£ IUons>rit, Sikoku and Kyitsytri,

with t･he exception o£ CJbbrcla pmil･teiit (L.) :[jAMx. and UozcZaria distaflce

IY[iyABE et OKAM. whieh oeeur as £ar north as the Paeifie, as wel! as the
Japan Sea eoasts of Hokkaid6.

    Sinee the writer published in l938 his paper on tl}e same line of

researeh as this, the following papers on the study of Lami7za･riales have

been added by tl}ree aut･horss ABE, IK. <1939), Mitosen im Spox'angium von
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.Z)a･minaria ju2J}ooiica･; CLARp], 11]. S. ai'ic't IEE[ERBsT, C. C. (1938), ll]he ljfe histor.v

o£ IE)ise7iia arborea･i l[IoLLENBERG, J. G. (1939), Cul.ture Studies o£ Mw･ii}e

Algae. I. Eisenia arborea･. .
                                       tt
    Ik the pyesent paper thei'e aye desex'ibed t･he results o£ culture experi-

]nents with the gametophytes anCl t-be young spox'opliytes o£ f}ve speeles

of the warm current £orms of J'apanese Lamina7'iales, viz., IZJ21senzla bicyeZ'is

(KJEbLM.) .SETcH., .llJekloozia cava･ KJEbLM., EckZon･ia･ stoloot･ifera- OKAM.,

                               'IZ7cleloaziops･is 7'aaicosa･ (KJEm,M.) OKAAE. an.d I]Ioz(la･r'icz･ Pete･rsen'ilaoia

                                                             '

    Be£ore going £iMrt}ier the wri£er wishes to expvess }./is sinee]'e thaiiks

to I?i'ofiessoy Y. YAMADA £or his l<ind s.ui{itanee an(ii eritieisms in the eouyse

o£ the present s£udy. Thanks ax'e also due to the IE[at･tori I'I6k6 IKai,

peeuniary a.id £rom whicli ]}elped }}im in eayyyh}g' out the px'esent st･ady.
T}}e greatex' payts of these studies have been done at t･he Mitsui Inst･it,ute

of Marine Bio}ogy, Kominato MIarine Biologieal. Station o£ the Co}les.e o/E
Fisheries, and III{ukaura Byai}ch Fisheyies Expex'iment Statien o'f Aomoyl

}?ye.£eetttre. I[ille]re the "r･riter wishes £urther to aeknow}ed.rve his iiidebted-

ness to Mr. T. MiTsui and IP]rofessor 1[. AMEMiyA o£ th'e Mitsui Institate oll
                                                                  ttMayine Biology, and II'yo£essoy N. NAKAMirRA, the ehie£ of t･hedi IKominato

Mari]ie Biologieal Statioii of. the College of F.isheyies, a]}d the IDiyeetoy o£

tl]e ]E[ilkaura BraReh Fisheries Expeyimei}t Stat･ion o£ Aomori Pre£eeture,

£or placing £aeilities a£ disposal at their ]aboyatories. Thanl<s a]re also

dvte to the membeTs o£ these i]istitutes and stations £or theiy kbidness ii}
]]e]pii}g liiin in inan:r "vays.

                        '              XII. Eisenia bieyclis (KmmlyF.) SE"arcme

    Eisem'a bicyclis (K,JELLM.) SEurcH. is a yepyesentative speeies oE the

waym eurrei]t form o£ t･he Japai]ese La･ml･na7'iaZes., and is yathey xvidel.x'

distribltted along the eoasts <)£ the Paeifie as wel]. as tke Japan Sea, £rom

IKystsyff to Aomori PrefeetRre, a]id its northemk Iimit is ]iear Tkigaru St･rait.

At Susal<i, Sizuoka ?re£eeture, wheire the mateyial for tl],e p.resent invest2ga-

tion was eolleete{l, they ax'e £ouna growing on roeks in the smblitkoyal be"i.

    Th2s pla]]t beeomes soi'ifeyous from autumxt to wint･er, and t･he

embryonal th'onds appear lrk the £ol}owlng sprlng. As it has alreacty beeii

].'eporteCl by SETcrrELL, the embvyonal fyonds are not easi}y to he dis-

tiRguished fyom youkg plants of Lawwlnaria speeies. Iii p}ants o£ more
advaneed stages, however, t･he impoytant diffei'enees ftppear olt t･he margins

o£ the blade, there may be seen sexreral eoarse, tooth-like owitgrowt･hs (Yilg'.

1,A). These outg`yowthsineyease jn size and nnnibei', un£il fi}]al.ly they a]'e
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        Fig. 1. Eiseoi･ia bicyclis (KJELm[.) SET/eH. A. IHIabit of a young p]ant
     showing primar}' lfmiilla with smtLll teeth on the bnsal margins of the JJIade;

     eolleeted at Misa･ld, Kanagawa Prefeeture, in March. B. lla])it of a, young
     plant, showh)g the large blade with pinllu]es at the base, and tho thic･kenings on

     the basal margins of the blade to form the illitials of arms. C. }Iu,bit of iin old

     full grown plant colleeted at Kominato, Tiba Prefeeture, in November, showing

     the seeond year b]ade bearing zoosporfingia, and two arms, ]o'ng e}r]indrieiLl stipe

. andhapters.

  seen hi the form of outgrowths so large that they give the blade a pinnate

  habit. The basal margins of the blade begin to thiekell and to turn in one

  side of the frond (Fig'. 1,B). The blade wears away gradually until it

  disappears almost entirely, exeept for the small side pieees, ligules, eaeh

  bearillg a buneh of sporophyils. The base of the ]igules posseses meri-

  stematie tissue, so that they are eonstantly renewed along` the outer edge

  while they are still wearing awa)' on the inner edge. This leads to the
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formatioii oli txvo arms supporting t;}e ligules ana their bunelies o£ sporo-

pl)y]]s. As tlxe ttmns j]ierease ;]} }epg't･h they inake a hal£ txvist (Iiiig. 1, C).

    rrrhe zoospo]･aMg,ia are pro(luee(t on both sm'£aees o£ the blaae. fl)he
sori are sma]l, elliptieal in shape, and .are produeed uisQtt]ly at the mid(lle

].)avt o'ft the blade. As 'they gonthi,tie to p]rod(iee spoi'ang,ja they beeoxne

£air]y ]arge pat.ehes eoxTeringr the gx'eatei' part of the s,poroplxylls, ]eax'i"g'

nam'osv sterile sh'ips along Hie n)arg,ins. IB'ully inatare(l sori are dayk oliye

in eoloi'. IIoLLENBERG(1939) lias (Leseribed the fomnation of the

zoosl,}oraiis,'ia, tlius; "The soi'i are tfrequently h･±'eg,iilay jn ontline oir eve]L

eoinp.ose(l o£ dis(:onthiutous patehes, b"t I ain uiiab]e.to ag,i'ee with 2ilie
stateinent of CzJAi{E ai](I IIER}3sT (1938) that the se]d first apl)eav as irveg/.`lilar

patehes Ns'hieh late].' £us' e. "fy obserxratiolts indieat'e that the sevi ave

t>'piea]jy entire ail(1 eonti]uious fyoin the beg.ini}ing". [IJhe present, '"Trite]Ys

oxvn, obse]`vatioi)s eonfi]'ni the deseriptioi}s oS IIoLijENBERG.

    The pvesent eulture experiment "vas eai'i-ied out at, the sea-side
laboi'atoi"' oli tlie "([itsui Institute o'E A(IIa]'ine l'.)i'olog>'y at Siisaki netur Sinioda,

fron} 27 Septe]nbei' 1937 to 30 Oetober 1937. 'rhen some o£ t}iese enlture

slides iyere broug,lit by tt`aln, keepiilg,k thein alive, to the ]aboratory o£ the

histi£ute of Algyological Researeh at ]Siliu'oyan, xvhei'e thes "'eve ciil{in'ed

till Adiarcli o£ the ]iext yea].t.

    A(ate]riais bearing' weii mat.uved sori Nvere eo3]eeted at the sea-slioyej

t}ie.sr we]'e bi'ouglit to tlie ]aboratory, , wasliea ea}'e£ully in filte]'ed sea-watey,
and the whole speuopliyils with mainured so'ri "rere pue into a g,lass vessel

eo]itainins,' about eis,ht lih'es. e£ t･wiee filterea sea-wate]', and the x'essel was

illuininatea xvit,li an e]eetrie ]nmp, [I'f the mateyial. is Sully inattti'ed, tlxe

zoospores a].'e liberatea "rithii'i abeut- a quaiiter o£ aH l)ouu. 'l"he1ibe]'ation

o'ff zoospoz'es is eo]it-inued £or a. falrly]ong thne, bRt the t}iaili "'eve ]renioved

as qriiekly as possible, beeause 'the zoospores are ]iable to deeay if they

xsrere ]eft･ standli]ge' too ]ong,, on aeeoiint o£ the niiieilag'jnoils sRbstai}ees an(ll

biro"'ji jitiee ooze(t oilt o£ the thalli. As the zoospo]res o£ IZJisenia are easil".'

poisoiied by thls brown juiee, the ti'ealJinent, oiig,ht to be eai'r{ed ouli as

qiiiekl:' as possible.

    II]he zoospo]res vg'ere alloxve(l to sett]e on slide-g,]asses "'hieh ha("t

pi'ev.iollsly plaeed jn the vessel. When the zoo$poi'es have sett]ed, the

slide-{4,]asses were tyal}s£evk'e(l to the eulture-vessels eontaining' about 250 ee.

ofl medium, ai)d these 'sressels xvet'e plaee(! oii the tabie b.v the iviBdo"'. Cl]lie

(tultures were subjeetea t'o the fiuetuation of teniperahn'e o£ the room;
inueh atteiitioll ivas paid, hoxyex'eir, tliat the>' should not expose(l to t,he

direet srmlight,.
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    Cu]ture stuaies o£ the zoospores of t･he ger}us lf'isenice have been made,

hit,heyto, by three au£hox's, ])ame]y IKARi (1926), CLARE and IIERBsT (1938)
aiid I{IIoLLENBERG (1939).

                Zoospores and their Germin.atieR

    The zoospores are pear-shaped wheii 1'he:' are aet,ive, pointed at one

e]xl and rouuded at, the other, measurillg about 8-9,ct in lei}g`th, g-5,a in

breadth; they, haiTe twe ]ateyally p]aeed eilia, one poi}]t･ing £oxward, as

]ons>i as aboilt･ .£our t･iines the Ieiigth ot t･he boay itse]£, and the oeher

pointi}]g backwa]r(l, a litt･le loi]gey thaiL the bod.y. CLABE and ffERBsT

(1938) }}ave deseyibed the httblts of zoospores ofl rcisenia arborea ABEscEi.,

tl]us; "Contra]'.x,r t'o the findiiigs of other worke]'s on the La7?bilncbria･ceae, the

spores do not seem t,o possess eilia oy to be motile. Akhough several

staining teekniqlies were employed, i}o eilia were observed. When plaeect

in the aytlfieial eu].tuxbe solutio]]., t,he spox'es fioat from 8-24 houys and then

at,taeh t･]]emse]ves to a surfaee". Theii' ii]abi]it.x/ t,o deteet inotiiity o£ the

zoospoyes or to see the fiagella ivould appea]r to be (lue to .fa,vtlt,y teehi}ique

in startixig their eidture.

    [I]he zoospoi'es has e]]e ehroJnatophoi'e whieii oeeupies t,l}e posteyior

pa].-t, e]ie ],).ueleus a]id some s,ya,i}nlar substa,nee, but alway･s laeks. an eye-spot

(}i"isr. 2,A); the anterio]r end is a}"rays hyalj,iie. IEIIoLLENBERG(1939)

reported tl'iat a stigma is (Iefii}iteiy p]resei}t in the £orm o£ a inore or Iess

elo}]gated bod:r assoeiated with lihe ehyomatophere on one sicte o£ the eell.

Ixx spite o£ eare£u} exam!n,atlons the pyesent, write'y <r,e"ld llot aseertaill th,e

pvesenee of an eye-spot i]',i the zoospores o£ Jl7. btlc･yel･is. [l)}}ey are veyy

aetive at fiyst, but sooner o]r late]r theix` movement beeomes slower; xviehiit

8 hours a.£ter the liberatioii of t,he zoospoyes the majority, of them lose

theiy eilia, assuinl]]sv a sphe]rieal £on'n; t･hey are ii}vestea wit]} a ii}embyane

a]'id beeome fast･elled to t･he s].ide-s,lass (Fig,. 2,B). Some embryospores,

howevey, remaiii floating oi]. t･he surfac,e o£ t}}e nie(lliinn. Sooi]. a££e]r they

l].ave £astenee to t,he slide, a geymi].}atio}] t.ube gr'ows oiit f]rom the embryo-

spore (Iiiig. 2,C). As the germiiiation, ti}be g,']rows long,er, the eontents

of the origliial eeli mlgi'ates into this paxbt, and within 48 houx's a eross

wa}I is £ormed so as to separa,te the dista} end £rom £he Sutbe (Fig. 2, D-F).

The distal. enct lneyeases its dlameter, then the first eell dlvision takes

plaee in the 6 days old pla,nts (Fjg. 2, Ij-M). Unde]r favorable eonditions,

the male and £ema}e gametopliytes are distingrfishable in eu}tuyes fyom five

to six da.x;s after germinatien (]iiig. 2, Ij-P). HobLENBERG (1939) repoyted

'that in .E7iseo'iia･ a.･rboo'ea･ AR.EscH. the male and £ema].e gametophytes are
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       (KJELrm{.) SETc･H. Zoospere and its germination.

  in motile state. B. Embryospore. C. Sporeliiig from
     the development of the germination tube. D-IBi.
  da,y eulture, showing the first transverse wall. G-K.

         L-N. Ear]y stages o£ the female gametopl}}rtes,

O-P. Early stages of t･he male gametophytes eonsisting o£

       Fig.2. Eisettiabtcyclis

    ×2250. A. Zoospore
   12 hour culture, showing

   Sporeliiigs £rom two
   Sporelings from 4 day eulture.

   from 6 eay eulture.

   3 cel]s, from 6 da.y eulture.

ctistinguishable in eultures about 15 days a£tey germinationJ CLARE and

[[IERBsT (1938), olt the other hand, observe(l the differentiation o£ two
types of gametophytes in the 36 da.vs old eviltuye.

    The Semale gametophyte eonsists o£ oiily one or two cells at this stage,
the diametew of whieh measuyes about 15pt (Fig. 2, L-N). The other 'type,

that is, the male gametophytes, hewever, eonsists o£ thTee or more ce}Is !n

a row. The diametey of eaek cell is mueh smaller than the formey,
measuring about 8,t` (Fig. 2, O-P).

              ]Ylale Gametophytes and Male Gametes

    As the eultuye progresses the male gametophytes inerease in number

of eells more and more, and ii} the 8 day eul,ture they form irregularly.

branehed filaments with elust･ers of antheridla at £he tips of t-he branehes
<Ng. 3,A-I). The eells eomposing the male gametophytes are }arger iR

size and fil].ed wi£h more deep broNsTn eolored ehromatophoyes than those
of Laminaria, AZar･ia, ete. When they eame to maturity the eell at th,e

apex divides seveyal times, lpxodueing a eluster of antheridia at the tips

o£ the branehes (Fig. 3, H-I). Ilt the othey eases a,ny ee}1 o.f the ma]e
gametophyte may beeome an antheridium (Flg. 3, III[-I).

as
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                               SETc'ff. Varioits forms o£ the male
                           gametophytes from 8 da.y eulimre. K-I.
ISI[ature inale gametophytes £rom le (lay eulture. [l]1ie t･ips of tlie branehlets are

                              m. rvrale gamete in motile state, s}iow-

                                      "    Studying on Pte7'ygophora californ･ica McKAy (1933) staees that the

prodltetlon o£ antheridia is limked largely £o the aPieal yegion o£ the
branches aiid the ee]ls of t]ie main axis i'emain eiitiye}y steri}e. {Vhe

xvriter, however, observed many times that £he eell of the main axis trans-

formed diireet]y to the aktheridia in Eisenia bicyclis (KJErmM.) SETcK.

Workiiig oik .EJi･sen2Ia arborea AREscii. HoiJLENBERG (1939' ) reported; "No

evidenee was obtained whieh would indlcate t･hat the eells o£ the branehes
funetioll as antheyidia or are eollverted inte antheridia. In the ease of

very short Ia£eya,1 braneh}ets a eell o£ t,he braneh}et is oeeasional}y found

to be eontinuowis with an e]npty an£heriGSum, suggeslJ,ing t･hat a eross wal}

failed to £oym a£ the base o£ the antheyiaial out.rvrowt4". The writey's

                      tw,
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ow}} obsevvation differs to some exteiit £rom HoijijENBERG's stakements.
The eontent of the antheridial eel} grows paler a･nd at last it･ assmnes a

spherleal £orm. Ent-ire eoiitents o£ the ant･hex'idium aye used £or the

£oymatioi] o£ a single maie gamete (Fig. 3, H). Then the wall bursts open
at t･he apex of the antheridium, and the male gamete swhns away lqavi.t]g

an empty beak (Mg. 3, iEI-I). The male gamete is paler in eolor, ovate

in shape, sometimes rather round, measurhig about 5se in length. Two

eilia of almost equal lengt}i, measuring about iOse arise from the side of

the bod.v (Iiiig. 3,m). IE[oLLENBERG(1939) has reported that the maie

gamete oE Eise7iia arbof'ea AR･Esci{. has a distinet xed eye-spot, but in the

present speeies the pyesenee of it was not eoiitfirmed, in spite o£ eareful

exammatlom.
                                                          '                            '
 ' Mc]KAy (1933) reported that the male gametophytes o£ Pte?'ygovhoo'a
ealiforotica [RuiR. reaeh ]]}aturity and begin to pyoduee gametes in about

50 days ttfter t･he germination of the zoospores3 ffoLLENBERG (1939) on

the other hand, deseribed how in vigorous euit･ures oS Eise7zia arborea･

AREscH. ant･heridia first alppeay in about 40 days a£ter geymination o£ the

spoyes. Contrary to the deseriptions o£ these authors, the wyiter has

observea that £he leng£h o£ time neeessary £ox the matuyation o£ male
gametophytes of thls species is very shovt, alld in the presen,t eultures

mature antheridia were observed withi].i 8 days. Not a few male ga,metes

swimming aetively in the medium were obserired under mieroseope.

                 Female Gametephytes and Eggs

    [Vhe shape and size o£ t,he fiemale gamet,ophyte ofi this p}ant a]re vey'y

i℃regular, some eonsist of one eell (Fig. 4, A-B), others eonsist o£ two or
more eells (Fig. 4, C-IE[), measuying` from 10,u to 30,ce iB. diameter. Uncter

£avorable eonditions £hey reaeh maturity and begin to produee oogenia in
8 days aft･er the Iiberation of the zoospoyes (Fig. 4, I-J). When t,he female

gametophyt･e eoilsisting o£ oi}ly one .eel} eomes to matturity, £his vegetative

ee}1 ehanges into a singie oogonj,um (Fig. 4, I-J, Piate 37, 1-2). In case

of a two or more eelled gametophyte, any eell. eithey terminal or intereai.ary･,

may beeome an oogonium (Fig. 4, J, Plate 37, 3).

    At maturit･y the oogon2um eell is e}ollgated, the eontellts beeome deiise,

tlie ehromatophores are divided into sma]} pieee, and are erowded togethe]r

at the apex (}i'ig. 4, I-J, Plate 3'7, 1-3). Then the egg eeil is £oyeed out

t･hrough the openSllg at the apex o£ the oogonium alld remains attached

there (Fig. 4, K-L, Piate 37, 3-<L). Though the aetual £ertilizatioii o£ the
egg xsTas not obsexved nnder mieroseope, it is eertain that the eg`g is ferti}lzedl

                                           .tt                                                         '
                                                                  '

                 e
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            × 680.

            × 680.
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           elllPt},T
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       B"ig. d. Eisenice bie･eleity (KmthLM.) Sm'L'cir. ]t"einale

   ･md },ouiig sporophytes. A-}I. Yemale gamet.oph}'ks fi'em 8 da}' ailture. ×95tl.
   :. One ee]led female gc`nnetpphyte at mtitiu'it,",r, fi'om

   J. [I]wo eelled £em[tle gainetophyte at inaku'ity, £rom

   K-L. Eggs aisehar.cred £rom ene eellea £emalL gametovhytcs,

   eulture. ×630. H-e. Yoimg sporopl]ytes, frQm ltj dav
   Showillg the fit4st eell division ef t]ie £a'tiliLed egg. × 630.

   eonsisting o£ 5 eells, t'he l)asftl (te]] of ivliieh g'i:o"'s aownis`n'ds

   ooge'ni,um. ×630.

iinniediate}y a£tex' en}eygenee, beea,use t･he nien)bz'ane

"hen it was diseharged from t}/ie oogoi]ium (li"ig'.

is spheyieal or el}ipsoid in sl'iape, measttring h'om

(n}d filled with eoniparat･ive}y snia]l ehroinatophox'es.

              Development of the young SpoTophytes

    WithiB 15 da>rs after tlae ]iberation o£ zeospor'es t}ie eggk is fertilizec'l,

the membvaRe o£ it becomes t.hicl<er, an(l begins to germillate xx'hile attdehed

to t･he apex o£ tl}e oogonium, £x'o]n whidi i't was disel}a]xg'ed (Fig. 4,Ail).

At the youngJest stages of t?}e spoyophyte, o}ily tx'ansverbe dixrisioBs tal<e

plaee, and the sporoph>rte £orms a, monosi.phonous fiIament, (Ii"is)". 4, N-O,

P]ate 37,5). It xNras obseyved t}}at the fieniale g'a]netophytes eonsistii}g' o£
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      Y'ig. 5. Eisen･･ia b･icycZ･is (KJEmAI.) SETcH. I])evelopme!it o£ tlie youiig

   sporophytes, from 20-23 day eulture. ×620. A. Thvee eelled female gamete-

   pliyte bearing an egg and young sporophyte, £rom 20 day eultuTe. B. Two
   young sporophytes developed from two eelled female ga･metophyte, from 23 day

   eulture. C-D. Young spot'ophytes Erom 23 day eulture. The basal eell of the

   sporophyte grows downwards into the empt･y eogonium eell. E-F. Young spore-
   ph>rtes developing a rliizoids. ll]he basal eell grows downwards into the empt･y

   oegonium; the rhizoids always develope £rom the eell next to the basa.l eell.

two or thyee eells develop two sporophytes (Ii"ig. 5, A-B). [l]he basal ce}i

of the young sporophyte grows g'yadually downwaxds in the empty

oogonium (Fig. 4, O, Fig. 5, A-F), and at last it fills the greater payt o£

the empty oogonium (Fig. 5, C-F). This basal ee].} rema2ns ii} position

at the base o£ the blade (Fig". 5, C-F); it may be observed in later stages

of developmeiit o£ the sporophyte eonsisting of as many as five huRdred
eells (I]iig. 6,A). il]he ].ie"T sporophytes grow rapidly, and in 23 day

eu}ture many o£ them develop r]}izoids. In'La･minaria, Alaria, Ko'eZl-

maozieZla･, Unda･r･i,a･, Arthrothainn2{s, ete., the yhizoids are produeed £rom
the basal eel} or eells, while ii} the pyeseBt speeies this basa]. eell ' usually

takes i}o part in t･he £ormation o£ the rhizoids (Fig. 5). It is eharaeteristie

o£ this spee!es that the yhizoids are not produeed £rom the basa} eell, but

.

h
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fx'eiH t]ie eell or eel]s next to this (Fig. 5,E-Y", B"ig. 6,2N). XVIieu the

p]ants are about oi)e inin in total ]eng,th, the anitiaL of the stipe is

djfliejrentiated at t]]e base of t}ie h'ond (Fis,. 6,B): [l]he eeils wl]ielt e6mpose

t}]e beg'inning oE the stipe e]o]}gate, as the p]ant inereases its })eigbht, to a.

]e]]g'th inueh exeee(lhig the diainete]' (Iiiis,. 6,B). 1]hey (livicle ]oiig,i-

kidina]I.x'･ an(1 tra]isverse]y･, quite irres,ulay].y, to £orin a e.x,linai'ieaL stipe

(Y"ig,. 6, I'late 37, 7-10). The t'esult･i]]g,4 ee]ls are poor in el]roniatophores,

and t]]ose in t]ie loxver pa]rt tu'e ahnost entirel>,r devoid o{f the]n. In the

              ts

                                                '',:/11･･i,?i./'.･"tt,t//,/･ifll,/11'･/111,l::.t:'isi'-/./l'.･:,･/'='

                                                  '' '' "･',ESI･cll.//>.r,/ :t=;,,,,L'･:'-'

                                                        ]i.-.,t.t?                                                        /t-'.::':/S.                                                        it,';･1//,h

                                                        g,:,c

                                           C

                            '

              . "ie"}>･

    ltl'.ig. 6. lfise)tia btc21elis (IK. ,J}t'i,I,M.) Si".'rci[. ]i"urt/hmr '

spuroph}'tes. A. "Je]I {le.x'elope({ sporep]}')'te xvit]i mmiereus

ee]1 reniuiMs iu](livjded; fro]n L>3 ({:"' cvlture. xl40. IB.

rhizoids; ]ower p:u't of the bl:t(le e}};uig'es into tlie initi;tl of

(). S.l.}eroph:'te f]'om 40 dn}' eulhure, rs]ioxvit}g t'he

st,i],)e {nid ilih.izoias. T}}e btade l.)eeomes (Iish'omati" :it the

       deve]opment o£ tl)e
        rhizoiCls the basal
               ,
          S/poi'ophLyte w.ith

          the stipe. ×]AC}.
differeneiation of the blade,

      }"tse:'
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about 1em in height. I]i sueh a plant a dise-shaped expansion developes

at the base of the stipe. Fi"om this expansion are proclueed the hapters,

by mealls of whieh the plant s,ai]is permallent attaehment tQ the substratum

(PIate 37, 9-10). When the plants have attained some mm in Iength, the

monost･romatie lamina beeomes distromatie. The proeess is first earried

on at the point whieh eorresponds to the transitional region in an adult

frond (Fig. 6, C, Plate 37, 7-10).

                 XII. Ecklonia cava KJELLMANN

B
A

4SE.

･y

 Fig.7. EckloniacavaKJELmi. A.Ayoung
sporoplryte eolleeted at Misaki,, KtLmagitwa ?re-

feeture in March. B. Habit of an adult plant

¢o]lected at ]STisaki in ]SQIarch.

    This speeies is an in-

habitant of i'the southern

warmer waters, having a

rather limited area of
distribution, rangi'ng from

Mive Prefeeture to as far
  of
]ioirth as Ibaragi Pre£eG-
ture, along the Paeifie eoast

of Honsy[1. It is one of

the most eommon algae on

the eoast of Susaki, where

assoeiated with Eisenia
bicycl･is (KJELLM.) SETCII.,

it grows oii roeks in the

sublittoral belt. The pre-

sent speeies is also wiclely

variable in shapeJin deeper

waters t･he st,ipe beeomes

eloii.o'ated, while in shallow

plaeesitremainsshort. In

habit this speeies has a

elose resemblanee w.ith
Eise7z･ia b?Icyclis (KJELLM.)

SETcH. This speeies be-

eomes sorife'rous from
autumn t6 winter, aiid the

embryonal frond appears
in the followiiig spring.

The zoosporangia are pro-

dueed at first on both
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surfaees of the blade, as a sma}l pateh Nsrith eithey irregular or ent2re

eut}ine and Iater as the stages advanee, they beeoi}ie a £aiy}y Iarge patek
eovering the gyeater part of the spoyophyte, Ieaving a narrow steyile st･ripe

along` the margin.

    Cultures were made in t･he laboratory o£ the Mitsui Insti£ute of MIarine

Biology at SRsaki, from September 1937 to the end of Oetober togethev

wit･h -E7ise7zin bieycl?Is (KJELL"･i.) SETcH. [l]l}ei} t･he eultviye slides were

brovtght to MiJyora.n, keepi}ig tliem alive, "There they were eultured till

                                                         '

Mareh o£ the next year. '
               Zoospores and their Germinatien

    {l]he zoosipores are pear-shaped, measur'hig abovtt 8-9sL hi Ieiigth, 4-5ge

in breadthi t'key have tivo }aterally plaeed eilia, one eurved ehromatophoye,

and $,/ me gya,llulay substanees, t･he eye-spot, however, aliNrays laekii}g (Fig.

8, A). [rhey swim aet,ively'at fu'st･, but sooney or ].a,t･ey they beeeme motion-

less. They iose theiv eilia befoye loi}g, beeome spherieal iii shape, liivested

with a, membyane aiid £asten £hemse}ves to t,he slide-gblass (Fig. 8,B).

SooB a£ter they have £astei}ed to the slide, a geymin,ation tube gyows oiit
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   Yig. 8. EckloniaL cava KJELi`]sE. Zoospore anel its germinat,ion. ×1326.

A. Zoospore iii meti]e state. B. Embryespore. O-X). Germliiatien o£ tlie
em})ryespores, froin 12 hour eulture. E-K. Sporelings from 2-6 day eulture.

Y-P. Ea.rly stages o£ the female gametophprtes, from 6-8 day eelture. Q-R.
Early stages of the male gametopliytes, from 6-8 day eulture.

t/



o.£ the emb]ryospore (li'ig'. 8,C). As the germinat･ion t･ube g]rows loi]ger,

the eontents of t}ne originai eeli migrat･e into this payt, (Fig. 8,I)), and

ivithin 24 }iours a eross-wa}I is formed so as to separate the Clistal end

h'oin the em}; t･y tube (Fig. 8,E). The distal e]id inereases its diametey

aii(l in 6-8 clay eulture t"'o types oti gametophytes are {51istirtgxiished (Ii'ig.

8, I-R).
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   IE3'ig. 9. lfcklon･ict cava KJELLM. Male gametophytes and male genmte,

from 8-23 day culture. ×222e. A-e. Immature male gametophytes, from 8 day
culture. D-K. ]N([at･ure male gametophytes; t･he tips o£ the branehes are diyidea
forming the aiitheridial clusters. J. ]Nt[at,m=e f.mt}ieridium; a ma,le gamete is

about to eseape £rom the antheridium. m. A niale gamete in motile state.

` Development of Gametophytes
    [l]l}e male gametoph:ytes o£ tbe present speeies show a e]ose reseiinbla]}ee
to those of .E7iseoztu bicyeZis (KJELLM.) SETcH. Within '9 days the inale

g`ametophytes deveiop into a slightly branehed fi]ament eonsistillg of more

than 3 eel]s (Flg. 9,A-C). As the development advanees, the number o£

ce].ls inereases, and as the gametophyt･es appyoaeh to matuyit>r, some o£ the
apieal eells, as well as interealar.v, develop antheridia (Fig. 9,D-J). [l]}}e

l
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ent･ire eonteiits o£ the antlieri(lium aye used for tl'ie lformatio],i of a sing}e

male gamete. Then the wall bursts open at the apex o£ the axttheyidium,

forming' a beak £hrough "Thieh the mftture anehergzoi(l swims away (Iliig.
9,J). The ant･h.erozoids are ovate in shape, sometimes ra.ther round,

measuring about 4,ct 1i} length. Two ei}ia o£ alinost eguaH.ei}gth, measurlBs,'

about 10,u ax'ise from the side of the body. Sometimes a pale xemnant of

ehyomatophoyes may be obseyved ilt t･hem, bnt an, eye-spoe is always laeking

(Fig. 9, m).

                      .,･in) ･ fiasN "

A

e,lli%lk}l" 
O
G

      [Ylg. Ie. Eclr･Zo?tia

   spoi'ephytes, firom 8-23 day eulture.

   S day eulture. ×102t).

   13 day eultuye. × 680.
   JLI". Young sporophytes Erom 23 day eult･zu'e.

   Mest o£ the £ema]e
two eells, whieh are somexsrhae

(Fig. 10,A-F). When tl}e

them reach matutrity.

e]ongatioi] o£ the. oogonial ee]}

plioyes ae the apex of

a spind}e-sha,ped appea]ranee,

arrangemeiit (Fig. Ie

througl} the opening'

theye (Flg. 10, I). Whe eg'g-eell is spherieal

xN'ith th.ii} plasma-meii[{brane.

    E"eilslillSllil, tematgeKtsklililJ,t,,zs,gii

                    O ,,,

  cavct IK,JELn"f. ]i'emale gametopliytes, eggs a}td yollng

          A-E. Immature female .crametophytes £rom
 ]i'-H. Iiiemale gametopl)ytes, wit.h mature oogenia, from

 I. All egg reeent]y diselmTged out o£ t･he oogen,ium. × 680.

                 ×68e. '                            g

 ga.metophytes o£ th.ls speeies eoi,)sist o£ only ()iie oir

       isodiametrie aiid measure from 10ct to 30u
                                    li     female gametop}'iytes ax'e 12 days old, n',iost o[ff

 One o£ the signs o.f app]roael'iEi}g matuvity is t･],i,e

       (Fig. 10, W-H, PI.ate 38, 1). The ehroma.to-

the oog'on2um are divided into smali pieees, having

      ana a,re erowded togeth.er with longituaina･].

,F-IEI[). At maturit,y the egg ee].1 is fo]reed eut

at the apex of tlie oogonium and rema!ns att,aehed

                  oy ell.iptical in shape, 1i}srested

'
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      IE'ig. Il. EckZonia eava Kmm)[.

   A-B. Early stages o£ the sporophytes. [I]he basal eell

   downwards ii],to the empty oogoiiimn eell; £rom le

   from 2d day eulture. ×370.

              Development of yeung

   'Tl}e £ertiiized egg begins germli}ation soon.

takes plaee by a £ransverse wall (Flg. 10, J-Ilj,

sporophytes gyow rapidly

rhizoids (l]iig. 11, C-E). As was obserx'ed in

eell (F!g. 11,A-E), ai}d lto rhizoids are

(Ng. 11, C-E, Fig. 12, A).

the utpper part grows rapidly £oyming a fiat

lower part beeomes eylindriea} to £orm a stipe
4-8). .Thus the blade and stipe of the

early stages of the development.
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  . As aeeompanying figures and pla･te shovsr, the shape and size o£ the
zoospores, the pyoeess of their germinatioi}, and g"eneral aspeet of both male

and female gametophyt.es bear a strollg' resemb}anee to those of Eisenia

bicycZ21s (KJELLM.) SE[VCII. ･
              s
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                              ])eyelopmeiit of tl}e yomig sporophytes.
                                         of the sporophyte grows

                                        da}r culture. ×61e. C-E.
   Showing a ehai'aeteristie feature of the basal eell and the £oi'matioi} of rhizoids,

                                   Sporophytes

                                         At first the eell division

                                       IPiate 38, 2-3). The nexv
                    , and ilt the 24 day eulture. many of t･hem develop

                                      Eiseoz?la bicycZis (KJELLM.)
SETcH. t}}e basal eell of the sporophyte gro"vs;s downiiTards into the oogonimn

                                               "                                   produeed from this basal ee]l

                       As development o£ the sporophytes progyesses
                                       expanded blade, Nsrhile the

                                        (Fig. 12, A-B, Plate 38,
                                  sporophyt･e are diffeyentiated in
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    rl)hougth t]]e adult pltu].t. of this spee.ies s}io"'s so]ne cliffeirenees,, it) its

oute].' a.ppearanee, froin .Eiseni{t, bicyelis, tliere exists a stir.ikii]g,4 ]resen}branee

.in t,he sl]ape and htt･bits of tlhe einbryonal froi}({. As xvas deseiibeCl in

.Eiseiiia bicyeZis, the g,'roivth o£ t'he basal

eell. o/ff the ',voung' s}/)o)ro'phyte in.t.o empt".' i
                                                ioos,omi'un eel], the dexTelo},)ment of (ibe

rhizoi{1, t'he pt'oeess of fo]miati.on o£ the

stipe, are e{>nsidex'ed as eharaeteir.istie to

these species.

 XIII. Ecklonia stolonifera OKA'"･[.

     {1]hi$ }/)lan,t iias a llimitecl a]rea ()/ff

d,ist',ribut]'on,]ia.vii!gbeenEou,n(l,1iitlae]rto,

on.ly on the eoast ()li the Japa.n Sea, J{i.voni

l/Ii]rat.o Strait of KvCisvCi, t<) as tiax' ]]oirth

                  v -'t
as CV'us,turu tStrait. II,t s,]ro"'s on }'octks in

the sub]itt.o]ral. be].t. Exam,in.in,g the

samp. Ie (l/vec'{g,ed b:v II. NiiNo (l935), o/ff

tl]e eoast. oti "SiV'akasa l/la.v, IIi.iktii ].'/'e/{iee-

tvure (Illoj}g,. 13tt}041'42"E., IILat. 3601.l'6"

N.), 'U'itiDA a,nd (.)KAi)A(1938) hax'e re-･

ported that tl}is speeies ]na,y tlnrive at a

depth o/{i 199 ineters belo"r t'he sea level,

and tliis (Iepth is perl}aps the deel;est

reeord evex' kn.o"/n o£ the s,'rowinsr zolle

of ina].tiiie alg,a,e o£ the xvoirl(I. Tlie

holcl£ttst of this species is a.t fiyst eoin-

pose(I of /fiew ]}apters, a]ris.i]isv /fro]n t'he

basal･povtion of the stipeJ atU/ei.'wtn'ds

some o£ these ha/pters t/iirn to i'}aizomes,

g}'jvi]]sr otf latera] se(:oi}dary haptei`s.

Nexv erect /l'.ronds aye }/redu(r.ecl .£ir('nn

these /vl}izo]nes. On the eoast of tYoino]ri

I'irefecti/i'v'e, t.he e]nbxtx/ona] liron(ls of t}iis

pltu}t ap/p.etur ]ate i'n. Noven}be'v, aii{1 /it/

attaii]s its /ERII s.roivth in t}]e tlol]oivingr

antunin. xX.fte].' the zoos,pores }]ax'e been

blade is g,'radually woirn t"vay. In "'inteir,

beg,his its sud(len g,rowth at the t'ransition
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  B"iti'ther develol,)ment; of the spo]'o-

  ph:'tes. A. 'XVel] deve]oped sporo-

  phLyte w.it/h rhizoids. ll]he. basal eell

  yen"rins undiviaed; froni 47 ({ay

  culture. ×220. B). Spo}'ophyte
  from ÷LO c'lay eiilture. IIIowei: pa'vt

  of the b'lade be{don]es the initial of

  t]ie stipe. x66.

]iberated, the 'uppeir part, oli tl'}e

 l)oNveve]r, the second, x'ear blade

   ]reg,ion, pnshi]]s," llp tihe first
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   Il"ig. 13. E(:L'Zonia stoloii'i,1

  of the plant, eollevted

  I'refecjture, in Noyein])er

  n,re vertitrill:tte])' nrising, soine of "rliieh elongnto

  into sto]en, nt "rhose

  fo]'nied an{1 g't･o"r

  pri]nar:' froti{1 aect-'s dowll in

  ];E]]iina begii]s to

  ])USSillg uP t]le fi 1ist 1'enr f]'ond･

  1)et"reen those young

  ree{)gnized.

TIie treatment was

we]'e apt to die oii

The l/)laiits "'ere

to Muroran, keepii)g,J

vear.
v

                 -

       '
     -･    -"    tF   !l      ./t t

             '          '

1.1"h'itk × ;'

        rera OicAAr. Habit
      :'it Huk;tura Aon)ori
               '
      1937. The root fibres

   apiees young' lenflets ai'e

 up into ne"' f]'onas. [I]he

          :tu.tun'ni itnd ]ie"T

gvosv in. the fol]o"ring "Tinter,

 . ,thedenittreuti'on
   nnd ola ])lndes is e]e;Lr]y

  ean'ied out as ctuiek]y

eultllred for 5 davs at･
               -.
    thein a]ive, alld

                    as possibJe,

aeeount of the bro"'n juiee

                   Hukaura,

                   eu]tured

 year b],ade. Tl]e demarea-

 tioll bet"'eell tl]e t"'o parts is

 distinetly reeogrnizecl (B"jg,-.

13).

     The zoosporang,'ia are

 produeed at first in the
 depression o]i both su]rfaces

 oi the b]ade, and ]ater ma)T

 eover the g,'i'eater parts of

 the blade always ]eavingr it

 llarroxv border along,' the

inairg,in. Tl]e seco]]d year

b]ade usuallv reina.ins sterile.
           -.
 The inaterial for the presellt

 llivestig'atioll "'as (tolleeted

 at/ t]ie eoast of IInkaura,

 Aomo]ri I'refeeture, on 23

 Nox'ember 1937, and the
 eulture was stai'ted on that

 day at the ]abo]'atoiJy of

 Hukaura Bra]ieh IR"isheries

 Experiment Statio]i. Tlie

 blades with matured sori

 were "rashed earefu]].v,
 brou'g,1it to the laboratory,

 kept in a dark plaee for
 several hours, then tlie]'

 "'ere plaeed in a g)Jlass vessel

 eolltainins,J about 8 liters of

 fiIteredsea-xvater. Soonthe

 ineditnll turned x'ello"Tish-

 broi･vn oll aceount of mi]lions

 o£ zoospores M'hieh were
 liberated froin the tl]allus.

       beeause the zoospores

"'hich oozed out of the blade.

    tl)en thev' xsrere brought
   til], Jainia'rv of ti)e nLext

             ,
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                 Develepmen£ of Gamaeiophytes

    The zoospoyes aye pear-s}iaped, aboRt 8y in }ength, have two lateral]>'

p}aeeG eilia, one eurved ehromatop}xore, oi)e' nueleus and a number of
granuilar paytieles, but always lhek em eye-spot (Fig. Ig,A). Ihi this

eulture, wheg the temperatuve oE the eult,mbe medium was abeut 80C, t･}}'e

gyeater part o£ the zoospores remaliied in aetive state £or as long as 48
houys. Then they, lose their eilia, beeome spherieal in shape, inxrested

with a membraiLe ana £as"L'ened themse}ves to the s]ide-glass (Fls.. 14,B).

Wi£hiu 2 or 3 days the ge]rmiiiatioi} tube s,rows. out･ o£ the resting spore

and the eontei,kt of the eell begins to mig'rate into this k/tbe (Fig". 14, C-F),

Soon t]]e whole eo]}tents oE the oyigina} eeli eiiteys this part, thei} the

eross wall 2s foymed so as to separate it fx'oin the tube (Fig. Ie, G-I).

[I].he germli}ation tube of Ei･seni･ca bicyeZis (IK,JELmf.) SETci{[. an,d Ecklootia

eava KJELLM. measured as loiig as about 10-20st, while t}}ose of t}ie pyesent

speeies were very shore, measuriiig' aboiit 10,ct ill th,e.ir maximum leng"'i,

a.ltd in some extxeme eases a spore}h}g destitute of the gvey}ninatioi} tilbe

was observed (psig. M, G-IK, M, O, R, T, V). The s}}ape and appeavanee o£

the spovelings at this stage diffei' to some exten£ fyom t}iose c)f. Eiseotia

bicycZis (KJELLM.) SETci{[. and.EeleZo7?,in cJa･va･ ]KIJEbLM. hi tl]e plai}ts of

7 aa>r eulture,'t}}e distal part･ of t.he tiibe swe],is unti]. it beeomes miieh

           B
       tttttt. .."''l･.･    ,. es･･･iii" ･,L･,3.D i/;'8;/4 ""'i･･ii,gl./,, '//11(i'I"t'Gi･"6.S'.･ ,,'/1"li.,/iis･i fi･･si11";//ii

   i¥-,-/'i'tkdi,,,./f.., " O

                 PU ":" N u t.tt
E'.gkili-: ..<a.O

 "'f "' t'6 ' cs'i

    IEi'ig. 14.

 A. Zeospoye hi motile sta.te.

 spove. D-E Spore]iilgs

 germination tubes; The
 tubes.

 eulture.

R s
[
I
r

          IErcklon'ia stolooi.ifera OK,xA[. Zoospore anrt its germination. ×11rte.

                     B. Embr}'ospeece, C. Germinatlon e£ the einl)ryo-
                  £rom 24g8 liour eultu]'e, showing the deve]opmei}t o£
                 eontents o£ t.he origina} eel,ls inigrate inte germi}mtion
     G-J'. Sporelings from 3-oV day eultRre, showing the first transve]rse xvall.

{I)he germinatioll tube is very short in leiigth. K-XT. Spore]iiigs 'Erom 7-l3 i{a",'

th

en
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largex' thaii the o.{'igiiia} eell (IB"ig,. 14, K-N), and xshen tke piants are 10

days old, the fix'st eel]. divisioll takes plaee (?ig. 14, O). Whe gametopbytes

eont･inue to grow and t･he d,iffeirentiation o£ 'the inale and £emale game£o-

phytes may be reeognized in the 13 day eultuye (Fig. 14, Q-V).

   The ma}e s,anietophytes eeiisist o£ three or more eells, £orming eit･her
a s}lghtl>r bvanehed filame].xt ei' a ee]1-mass (Fig. 15,A-G)." When they

eame to matux'ity, some o£ tlie a,pieal eells produee ai}therid2a. The eontent

o£ t,he antl}ei'idium gvows paler and moye granular, aBd the eiltire eontent

o£ it is used for the £orma,tioii of a sing'le male g'amete (Fig. 15 G). The

antherozoias ave ovate or sphe]riea] in shape measRying about 4" in diameter,

with two .eilia o£ al)nost equa} lei]gth, measurillg about 10pa whieh arise

£rom the side o£ t･he boay. Some times a pale remnant e£ the ehromate-
phores may be observed ill t,hem, brit Em eye-spot is a]ways laeking (Fig.

15, m). "
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,, .II'ig.15.EdtuniastoZoni,feraOKA)i.1li/{aleanCtfemalegametophytes,eggs

 ana yoimg sporopl}ytes. A-G. Male gametophytes f]rom l5-23 day eulture, × 995.

 I{-[r. [Female gametopl}yt,es from 15 day eultui:e. × 99oV. K-!j. ffemale gamete-

 ph.ytes £rom 2･ 3 da>' eulture. ×99i )vf. Two eelleCt female .trametophytes. x99j.

 N. Olle celled female gametophyte Rt maturit>', from.23 day eultm'e. ×995. 0.
 Egg eell ctiseharged from o]]e edlea female g, :t,metophyte, fi'om 23 day eulture.

  ×99i I'. Ditto. ×663. Q-S. Deyelopnxnt of 't.he young sporophytes. ×663.
 m. IIR]e ganiete in n]otile state.
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    In this speeies inost of the feinale g,a]netop.h.ytes ai'e Hnieeilu]ay, and

the xvhole eontents o£ the x'es,'etative ee]l ]netan)oikphoses into a single
oog,oniuni (Fig,t l5,I'I-N). Whe]i the p]ants are about 23 days o}d, the

feina]e g'a]netop}]ytes ]reaeli n}at,urity (Fjg. 15,N)J the oog,o]iitnn ee]1 is

elo]is,ated, the ehroinatophoi'es a]re dixridecl into sniall pieees, and are

ei'oxx'de('1 tosxe{'liei' at the apex3 t})e conte]]ts of the oog,oi}ipni beeoine ino]re

and ino]'e liq-efied, and j£ sho"Ts the preseltee o£ strong' inter'nai p]'essuye

<Biigr. I.5,N). r.M}en. the eg,,g.' is diseha,]r.o4ed thrt`()ut,h the op.eni]iog at the ap.ex,

yeinaii]ing attEie}]e(l there (Fig. I5,O-?).

                Developmen£ of young Sporophy£es

    XVhen the es,'g ee]l is fertilized the developinent o£ t]ie spo]rophyte
stax+ts. 'In the 25 day eu]ture the fi]rst cell aivisio]} takes p]a.ee at a right

ans,}e te the ]ongikidh}a]. axis o£ l'he esr.o" (iiiiig,:. 15, Q), and iR the p]amets

of 30 day eulture a t"'eLve-eelied spoi'ophyte was observed, the basal eell

ol]. ivl}ie]i s,]roxx's do"'nxs'a]'ds into t}]e e]npty tribe of the oogoi}iinn. [l]he

t!orinat･jon oli the rhizoids, ho"'eve]', has not, been obse]'ved. ]lt "ras iinpos-

sibie to kr`aee the developinent beyona this stag,e, siiiee the clll"H`e coi}dition

beeaine ]nore aiid ]nore unfaxroi'able for the plants.

    I'it the px'ese]]{', ealt･ux'e the g'i'o"rtl) o£ t,he g,ametophytgs and the .voimg

spo]'ophytes "'as xrei:x/ s]oisr x¥]]e]) eonipared x¥ith tliose of Eise･iiia･ bicyelis

(K,]i,'LLM.) Si-]cpcii'. and fiJck'lowi(t cava I<.JEnL"i.

           XIV. Eckleniopsis radieosa (K,]ELm･[.) OKAN'.

    EcA'loniopsis o'(tclicosa (KJEiJiJM.) OKAM. is a t,iipi(ral ]nen)be]' o'i'. the

"'ar}n eiirrei}t foiiill o'ff La･m,iii,a7'iaZes, £oun(l s,yo"Tins,' on x'oek>' shores.jn the

sub]itto]ra] be]t alongi the ]Paeifie eoast o£ Japa]i, "Taslied by xvarni ellx`xJemt,

t']'oin Kyiilsyi-i to as liav ]}orth as Bi)syif, ll]iba }']'efeetui'e, ineuding,k t,he Seven

'Is]ancls of IIIzii. C['Iie px'ese]it speeies "fas furgti･ deser/ibed by KJELb"{/ANN,

St.ro]n speein}ens eo}]eeted at, No]no, Nag,'asaki l'x'efeetllre, "'ho re£erred it

to t]ie g,eiias La･m,?;na･j'ia. Illn 1927, hoxvever, OKA",i.vi{A estab'Iished a ]'texv

g,enus `Eck;Zo?iiopsis' and ti'ai]s£e]rred t･he p]reseut, speeies into this s,enus.

Sine}e t.hat t,inie, no speeies, o.f t,liis genus have bee/n, desct]r.ibed, and

l!](r,klooiio2)s?ls M(>"cv stand as a inonotypie s,'enus in. the oir({er La･ni,i･ii,ao'iaLes.

    The yolliigv sp.e]iopl'}yte o/f IZJcL'Zovtiops･is i'a(Z･icosa･ (KJELLM.) OKA}i. Es

a sina}l Lainin)avioid p]a]]t, having sliort and fiattened stipe, at tl]e end of

xvhiel] mmieroiis ri)izoids are piy)dueed, wl]i]e t'he b]a(Ie is simp]e, elliptiehl

]aneeolate (B"ig.. I.6, .tX). As t]}e.v g,i'oxv olde}.', hoxvex'er, thei'e beg,in to appear
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       IFig. 16. rccltlon,･iopsis ra(7icosa (KJELLM.) OKA",[. A. H{tbit･ of a p]ant,

   just elltering the adult eoi],dition, showiiig short, flat stipe pro(Luehig numerous

   rliizoids; eolleeted at Mera, [Diba II'refecture, in Julle. B. IIal)it of a]i old p]ant,

   showing roughly bullated blade, the upper part of whicth becomes g]'adua]]y worn

   away. A serol],ed mnrgirial lamina, is produc･ed frem thickened tmd deeumbent

   base of the blade; eolleeted at Susaki, Sizuoktt I'refeeture, in Oetober.

modifieations "Thieh final]y result in tl]e eharaeteristie frond of Ecklo･n'iopsis.

One of the most notieeable modifieations is a thiekeiiing o£ the blade and
a development of marginal lamina a't the base. As the developmei]t

advanees this marginal ]arr].ina beeomes rolled in. The b]ade becomes bent

at the transition regioll, ulltil it forms an ans.]e of nearly 900 to the stipe

(IF"ig. 16,B, ]Plate 39, 5-6). In young plants the rhizoids develop on]y

fyom the end of the st･ipe, forming` dellse elu]nps of s].ender fibres (Fig. 16,

A). As the plant,s beeome older, nm]terous rhizoids develop see()lldarily

from both surfaees of the fiattened st･ipe, as well as tbe deeumbeiit and

thiekened base of the blade. Tbese seeondarily produeed rhizoids are

]arger than the primary ones, aiid the".r girow until they eover the latter
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  (i.'late 39, 5-6). Tkis proeess e£ the thiekening of the base as it beeomes

  mox'e and more deeumbent, the issike of more and more hapters from the

  sRr£aee o£ the stipe as wel} as the thiekeiiedi base o£ the blade, go on unti].

  theye restilS.s a stipe whieh is buried in a eomplex and bulky mass od:'

  ]'iapters (P],ate 39, 5-6).

      [l]liis plai]t is veyy eoininon a]ong' the eoast o£ Izu, g.yowing on rocks

  h.i the sublittoi-al belt; jt attains .fuR mat･uri,t･.y £roin August to Oetobex',

- aRd be£ore the ekd o£ autumn when the zoospores are liberated, the £ronds

  are eiitire]y washed away .{lro)n the sRbstyatum. h} the £'o}ioxsTkig wintey,

  kom Deeember to February e£ the next y. eai', th,e young speyephytes make
  t,l'ieiy appearanee assoeiateCt w,ith IZ7ilsen?lct bilcycZis (KJEijiJM.) SE[vcll. aud

  EckZon'ia cava IKJELLM. T}le so]'i appear at first in the depression on both

  suyfaees o£ the blade..As t}]e development progyesses they beeome
  eoi'ifiue}it into .£aiyiy layga patehes o£ im'egu]ar outline. After tlie zoospores

  have been iiberated the blacte begins to deeay froiii the apex, and by early

  Oetober isrhen the xvr.iter eeiieeted t･he material for t･he present study, only

  a elunip of hapteys with small portion,s of t.he tl]iekened and deeumbent

  base of the blade was observed. IB sutel} a]} o}der p}ant as this the sori

  aye pyodueed llet ollly on tke sur£aee o£ the blade bnt on those o£ the
  st･ipe and rhizoids (Plate 39, 1-2). It is a very eharaeteristie habit to

  the present speeies that the rhizoids prodxiee zoesporangia.

      The presei}t･eultui`e experiment was earried out at the MIitsui Institute

  of Marlne Bio}ogy, Erom 5 Oetober to 30 Oetober.1937, together vLrith the

  eult.mres o£ Eisen?la bicycl･is (]KJEkLM/.) SETc.K. and Ecklo･n21a cava KJELL"･i.

               ' "evelopmentofGametophytes

      [E]lie shape and size o£ the zoospores ai}d the p]'oeess o£ their germlRatioii

  are ei}t･i.re]y similar to those o£ ll!]ise7zia, b'ilcycl'ils (KJELLM.) SETcH. and

  .ZZIckZonia ca,va･ KJELLM. (}J'ig. 17, A). i[t sxsrims aetiveiy at first･, but sooRer

  ov Iatey beeome motiok)j.ess. Whe>.r lose their eilia be£ore long, beeome

  spherieal lii shape, hivested with a membrane, aii(l £astert themselve$ to t,he

  sllde-glass (I]"ig. I7, B-C). Wit-hin 24 hoiivs a germh}ation tube gyows

  out of t･he resting spoi'e, aBd the eontents o£ the original eell )nigyate into

  this tube (Fig. 17,D-F). The length oS the ge]'mii}at2on tube of this

  plant is skoreey than those of Eisen?Ica bicycl･is (JKJSLthM.) SETcK. alid

  EekZo7zia cava IKJE-M. measuri})s,' less thai} 10,u (}i'is,. 17, Ii{-b). WitliiR

  6-S days two typ6s o£ gametophytes may be distillguished <Fig. 17). One

  t,ype eensists o£ o])]y one or two eelis, rarely. more thaii two eells, alid lateif

  aeveiopment s]iows that thls type o£ plant is t}ae female ga}netop}iyte (:{i'ig'.

1
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    A. Zoospore in motile state. B. Zoospore in resting state
   I])-T. Germination of the embryospoi'e, Eroin 2 day culture.
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                          T-X. Early

germination. × k175.
C. Embryospore.

G-IL. More artvaneed stages of the germinatiomi

Early stages oS the male gametophytes, fvom 6-8 day eultm'e.

stages of the female gameteph}rtes, from 6-8 day eulture.
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- Fig.18...Eeiclo?tiopsisradicosa(KJELLM.)OlgAax[.Vm'iousformsoEthemale

 gametephytes. ×1280. A-D. Male gametophytes from 8 day eulture. E-ff.
 Matuxe male gametophytes from 16 aay eiilture. m. Male gamete in met"e state.
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17,T-X). Tlie otheer eype, howexrer, eonsists o£ two ox' more eel}s. [rhe

diametey o£ eaeh ee}Hs smal}ey thalt that o£ the £ormer, measuying abo"t

8-10,tt. This t>rpe o£ the plaltt is the male gametophyte (Fig. 17, M-S).

  As the eukures progyess the nttmber o£ ee}}s of the male gametophytes

inereases moye and more alld in the 8-16 day eultiire, they £orm a slj.ghtly

branehed fiiameiit, wit･h ma･t-ured ant･heridia at the t,ips o£ £he branehes

(Fig. I8). The entire eoqtekts o£ the ai}theridia is used for t}}e formation

of a single male gamete. ･The shape and size of the ma}e gamete is

altog'ether simil,ay to those o£ other Laminayiaeeo"s plants. They are aborLt

5Kt in lengt･h and laek an eye-spot. ･･
   Most o£ the £emale g.ametopb.vees eonsist o£ one or two cells (Fig. 19I

A-ps). Within 14 days the £emale gametophytes yeaeh matuya£ion (psig. 19,
G-iE[). At matur!ty the egs. is pyessed oat thxoug'h t･he opei}lng and remains

attaehed there (Fig. 19, J-K). The wr2ter was fortunate enougt] to ebserve

the egg ttnder microse6pe just as it was being diseharg'ed £rom the oogonhim
(Fig. 19, I).
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   "ig. 19. Ecicloo}･iopsis "'ad{cosa ('KJsLL"£.) OKAM. If'emale gametophytes,

oogoi}ia,eggs and }roung sporophytes. ×I025. A-F. IE'emale gametophytes from

8-12 ctay eulture. G-K. Mature £emale gametopliytes frem 14 day eulture. I.
One eelleCt £emale gametopliyte at maturit}', sl}ossriiig the aetual ]ibei'ation of

egg. J-K. Egg eells. L-M. Yozmg sporophytes frem 14 day eultui-e. N.
Youllg Sporophyte eoiisisting of 4 eells; showing the first eell division by a

loiigitttdinal wal}, fronz le da)' eulture.
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              DevelopineRt of young Sperophytes

   ll]he (levelopmellt o£ the yo-Lmg sporophyte begins immediate}y a£ter
the egg is fert･ilized, and when the plants are 14 days old, the first ee}1

division in the es.g eeli takes place (Fig. 19,b). In othey speeies o£

Lamina7'inles, the ee}1 div!sions in the youngest stages o£ the sporophytes
aye made by a transveyse wal], forming xnoi}osiphoi}ous filament, while in

the present speeies, the ioi]gtitudinal ee]l division ' took plaee in eaylier stages

o£ the development, and ln aii extreme ease the fiyst longitudinal eell

divisioii was observed in t･he spoz'ophyt･e consistiBg o.£ on}y four ee}ls (Fig.

19, N). As gyowth o£ the sporophytes progyesses, their upper part grows
i'apidly forming a fiat expailded b]ade. 'In this plant the loiigitudinal eel]

divisEons are repeated so many times that the young sporophy£es beeome
more and more roultd in shape assumi]]g,' an aspeet miieh resemblh}g a

yound fan (Ii'ig. 20, 21, IPIat,e 39, 3-4). The basa} eel} grows downwards

into the the empty oogonivtm as xvas observe6{ in Eilsenia･ biczycZ?ls (KJEi]bM.)

SETcH. a･nd ll7cklonin cava KJELbM. (:E]iig. 20). Rh!zoids mal<e their ap-

pearanee at the base o£ the spoyophyte ii]. p]an£s of 25 day eultuye, but

their development is poo]' "rhell compared with t,hose o£ ot,bey bamii]a]'iaee-

        /ee//betl'wtljeeua/el/twtwwass,,olin/.ewbee'/kll¥rwsu//ee/waeetw

      ]iiig. 2e. Eeklo7i'iopszs o'adicosa (KJELLM.) OKAaxi. Eai'].v stages 6£ the

   development of young sporophytes, from 18 day eulture. ×680. The basal eell
   grows downwards into empty oogonium. Tl}e eell-divisiens by a, longitttainal

   wall are repeated so many times that the young sporophyte of this plant {issumes

   an appea･ranee of a round faii.
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       Iii'ig. Ltl.. IECcl'ioniovsis i'at'Iieosa (][.<Jvim.)L{.) Oi<,!]L[. Ili'tn'('her (level{}pment of

    t,}ie. sporoph}'tes. A. Young spo]'ophst'e with vhizoid, fi'om L);-} d:t,v c･itltm'e. × ,")OO.

    11). I)itto, th'om 30 d:"' cll]ture. × L'{}(). (L l')it'to, from L)--) (I;t)' <dtilture, sho}ying

    ;ut exl,};ui({e(l ]}]nde ns i'oim(l :ts a round fnn.

ous .plants (Fig,. 21, llilate 39, 3-l). Se liiar as the sha})e an(l .habit of the

zoospores a.nd g,a]'netophytes ave {,toi}e,erned no iren}turkable diffe]re].iees ivere

obseryecl eom/pa/ire(l, "'ith those o£ Eiseii･ia and .Ecklonia, "yhj]e tlie shape ofl'

t/he youngr s},)oiropl])'te snp]/)].ies the mostiiotieeable feat/ui'es.

            XV. Undaria Peterseniana (K,/iifLijAi.) ()Ktt}[.

    rrhis speeies is a]so oi}e oit. the t)'pi(ttil ivtiiiii em'i'ei]t foi.Mis o'li ;}'ti].)t}i}eSe

L(oJti".ai'iales. .lt (l.i$h'ibutes alonsr tlie eoasts ol'i the I'aeifie as "vell, as t,lie

t'Iapan Sea3 il/s novt.}]e/i'n limit on t}]e I'a,eific si(le is near B6s.vfi, rt"iba,

11.'refeetu]re, and that/ on t/he ,'}apan S.ea side ls .nea.r rctizen, Isil{t"va 1.'ire.fect-

tutre. 'I-, })abit this speeies has a ee'rtain vesenib]anee to '('･. Lvinmttilllda

Si/miN<:., bnt it ma.v eas".v be cl,isting);'aisl}ed lt'rom tlie latter, by its usua]'l)r

broadLv linea]'-]aneeolate, entiire margi]}ed .fi'ond havinsr i',aseia, the byeadl/h

oil ivl)ie'}) is yer,v va],'iab]e. rYhe £as(ria o£ t'he present speeies alffie].-s

}tistolog,'iea]1.v from t/he ]nidirib of Ii 7)innatifi(lct S{;,i{iN<.i.; tiie mid'rib oill/he
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to maturation, the zoospoi'angia are produeed on both surfaees of this

t,hiekened faseia. Ill soino specimens the zoosporang-ia are produced not

on]y on the snrfaee of the faseia but also on tlie sporophsl]s iyhich

    Iiiig. L)2. Uou7aria. Petersen･iaoia (KJELLM.) OKAMI A. IInl}it of " :'oung

p]tvLt just eiitering an adult st:ige, showing sn]ooth surftitre nnd eTitire n]nrgi'tt

of the 1)]ade, the midd]e portioti of whieh g.radual]y inerenses' its thiclcness,

foi'n]i]]g the initia] of a faseia; c･o]]eeted nt Me]'a, ll]iba T'refeetui'e, iti ){[u:'.

B. Ha].)it of nn udult p]tmt', showing moi'e ov ]ess 1)ro"d fas(;ia, benr,ing

zoosporang']'a, co]Jdate base of the b]ade, fiatteiied stlpe, on 1)oth innvgins of

whieh deve]oping steri]e wings; eolleeted at "･Iera, in June. C. XVell deyeloped

p],ant gro'wing in sheltered ]oetility. [I]he })]ade is round hi shape, :m.d is rugose]s

bul]ated. Rather nfirrow faseia beftrhig zoospora,iigia runs tln'oug'hout the

niiadle pa･rt of tho ])lade; (:ollected at Hututk:ita, Til)a Prefec:ture, in June.

   is produeed at the young'est stage of developinent of the sporo/pl]yte,

  the leng,th o£ the blade is on]s several eenthneters. The breadt]] of
 midrib is iJai'row and uniform, ancl it extellds throug,h the middle

  of the blade from the base to apex, having,' direet eonneetion ixTith the

    On the other ]]alld in I･". Peterseoiia7ia (KJELLM.) OKAM. the blade

the young' frond, ineasuring as ]ongr as llearly half a ineter, possesses

    midrib ]ior faseia (Fig. 22,A). During,' May and June, however,

  the p].ant attains its adult stage, the middle part of the blade g'i'ows

   , whieh ]eaCls to the fomnation of a faseia. As the p]a]its approaeh
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                          '
deve}ope(1 as ull(ltt]ato-fo}ded wins.s from both inargins o£ the stipe. {l]he
              tt..1presenee o£ these widglato-folded wings, eithex' steri]e o].' feytile, is very
ehayaetevistie to the genus 'Uoi,aar?la.

  ･ The size o£ tl}e plaixt, aiid t,he amom>t ot bullations depend largely
iipoi} the .hdiabitat in whieh they g.row. Oia. exposed eoasts, e.g., at ]XEera,

Tiba I?refeetuye, on the l?aeifie side, they are iong, }inear-lan.eeo].ate, and

inay be entiyel:r .smooth ov s}igl]tly bullate (Fig. 22, A-B). Whiie at IE[una-

kata, [l]iba Pre£eeture, oi}. t,l].e [l]oky6 Ba:,T si(i{e, in a slie].tered loeatioi/i, w}[tere

the.xr groxsr in grettt profiision, the blade beeomes rouiid i]i shape and the

wl}ole sar.faee is inueh bnl}ateel (li'ig. 22, C). A definite seasonal variatioix

niay be recos,nized in this speeles. Iii winter t}}e yoai}gr plant･s make th.eir

appeayai}ee 'and attai,m their adu}t stasve in early s"mn}ey, Erom May te Julle.

Wh.en the zoospores aye libe]rate(l, the b]ade begins to deeay £yom the apex,

and at last t,hey ax'e ent･irel.y washed axiTa,y ftfom the sttbs, bratu]n be£ore t}}e

enaofiAugilst･. ･
    CVhe i'natex'ial. :ffo]r the present･ investigat.ion was eolleeted at ihe eoasi.'

o£ Mera, on 18 Ma.x'･ l938J b]roug'ht to the la,boratory at Kou}inato, Tiba

l?re£eatuye, b>r hrain, a.ud the euki,ire was started on tkat da,y. When the
plants were about 30 da,ys old, they were b].'oug`l'k by traii), keeping t･heni

alive, te t,he laboratoyy at AIayorai}, "'here tl}e eult,ttxie were eoii£iRued £or

as ]ong' as about 40 days.,

                 DevelopmeBt e£ Gametopkytes
    As tl]e aeeom]./ an:.'ing 'fig'ures show, the shape and si,ze of the zoosperes,

ana the p].'oeess of t･heiy g"er]znination are a]togethei' similar to t,hose of

ot}]ey species above deseribed (3"lg. 23, A-G). Within 2g houys the germi-

i}ation tilbe grows oat o£ the ]rest･insr spox'e (ysig. 23, C), and t,he eontents

of. the eell begiiks te migr'ate iiito tltis tube (Fis.. 23, D-G). 'Vhe germi-

iiat.ion tubes are u)uch }onger tl}an tl.]ose of E･iise･n?la bilcyclils (KI,JiiLLM.)

SETcH/. and. Eckrlo?zia eava IKJi,LijLM., measuring about up to l6,ti ii/i, len,gt-h.

Sooii the dista} ene{ o£ the tube s,raduall,y s"re}ls rtp a,n(l the w}}o3.e eontents

o£ the or.is,kinal ee]i ente]'s this pa]'t, thei} the evoss wall is .fo]riRed so as to

separate this pax't firom tke t,ube (Fig. 23,II). Witl]in 5 days the firsi]

ee]1 division takes p, ]ptee (Fisr. 23, ].). At the enct o£ 10 days the two types

o£ gametopl}ytes ma.N',be disthigyuislied. Oi}e type eonsists of moye than
thyee eel]s; tl)e d/la}'netey of eae}) eell is aiways less than 8si, .They are

the male gametophy,tes, as late]' dexrelopmeiit shows (l(]iig. 23,V-W). [l]he

other t>rpe eonsists at･ this tin]e, ofl o]}1>' one ez' severa} ee]]s which ineasure

np t,o l.O-l.5,u in diametei' #'hey are the £emale g,ametophytes ('Fig,. 23, O-T).

e
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   Peterseniana (KJELL]{.) OKAAx.' Zoospore aiid its

    Zeospore in metlle state. B. Embryospore. C-G.
          the eontents of the original eell migrate i]rto

       eulture.'K-N. Sporlings from 2-7 day eultare,

                             . O-T.Ear]ystages
                         W-W. Early stages of the
        aay eulture.

          game£ophyte fo]'ms a filamen£ eonsisting o£

     , and as the development advanees the number

       o£ 36 day eu]ture the male gametophytes beay

       e}usteys at the t･ips o£ the branehes (Fig. 2g,

    measuring about 4.5pt, swims about rather slowly

     plaeed ellia. In some eases there are observed

                 but they, always laek a]) eye-spo£

   gametophytes e£ this plaB£ eonsist ofi two or more

   23, K-INI). At the time of frui£ing, the oo.ewhonium

          beeome denser, the ehromatopbores being'

   apex (Fig. 24, L-M). At ma£urlty t,he egg-eell is

      Fig. 23. U"da･ria

   gexmination. ×1240.'A.
   Germinatien of the emb}'yospore;

   this tube, £rem 24-48 liour
   showing the trallsverse wall between the tube ana distal end

   of the feinale gametophytes, £rom 5-ie day eulture.
   male gmnetophytes, from 5t-le

    In 14 day en].ture tbe male

5 or 6 eelis (Fig. 24, A-B)

o£eellsinereases. Inplants
mature ant･heridia in dense

C-F). Th.e male gamet･e

by meaBs of two,iatera}ly

pale remnants o£ the ehromatophores,

(Fig.24,m). '
    Most of the £emale
eeils. Whei} they are abolte 20 days old, the eell at the apex metamoyphoses

aiit･o a}], oogonium (Fig.

is elons)'ated, and tl}e eonteiits

erowded together at the

.
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      (KJ]tLL)i.) OKAaxf. Male [ma £emale
               AKB. Male gametophytes,
C-pu. Mature male .crametoph}rtes Srom 24-36 day

  elusters aiid mature mitheridta. ×7i6. G-J,
                 IK. Ditto, from 36 day

   IE'ig. 24. U7iaari,a Peterseniana

g':.nnetoph}rtes, oogonia, egg aiid a･ yomig sporophyte.

frem 14 ctay eulture. × 108e.
Lnlt,ure, slxowli],g the antheridial

li'en)a]e g unetephytes f]rom 24-36 day eulture. xi080.

eulture. ×726. L-M. More advaneed stage of the female gametophytes, produe-

ing mature oogenia, from 36 day eulture. ×716. N. An egg resting at t･lie

opeiiiiig of tlie oogonium £rom 36 day eulture. ×716. 0. 'Yomig sporophyte

restiiig at tl)e tip ef the oogonium, from 28 day emlture. ×716. m. Male ga.mete

in metl]e state. × I080.
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pwessed out t･hrough t}ie openiiig at the apex,'aiid veniains attaehed there

(Biig. 24,N). hi ehe eayly stages of development t･he s,ametephytes a･re

ver.v slender in appearanee, aBd the length o£ time iieeessary for tl]e
maturation of U]e g'einetophytes is iiiueh lons.e], thaii in Zlisenia, Eck:Zonia

and EekZo7z?lo2)sis.

                 Pevelopment of Sporophytes

    [l]he ffertilized egg begins to gyer!ninate while attaehetl to the apex o.f

,the oogonium (Fig. 24, O). In plants o.£ 58 eays old, young sporophytes
eonsistins,' of more than 20 eells were obse]rved (IVis,. 25). Iiim'they ({eve-

lopment o£ the spoyophyte is wholly simi}ar to that of Undaria pi7i･iiatifida･

SvR･iNG. ![]he rhizoid makes its appearanee £rom the basel eei]. o/ff t'l]e

spoyophyte in the 58 day
                           ei}}ltu
eu}tuye(Fig.25,B). As

growth o£ the sporophyte
progresses, lts ppper part

grows yapidly forming a

fiat expaiided blade (Fig.

26). As in U. p･innati-

jZcZa･ SuRiNG. the female

gametophytes o£ £his
speeies retaii'i the £unetiov.

o£ growt･h £oir a long' t･ime,

and £he formation o£ the

new gametophytes may
oeeuy in the empty oogon-

ii:!m, at the apex o£ which'

the sporopkyte is still

attaeked (gig. 25, B-C).

As the gametophyte groNsrs

larger and larger the
empty oogonium beeomes

fiIIed with this newlv
                    t.t.
formed gametophyte eell,

and at Iast it breaks out

the wa}i of t･he oogonium

at the base
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                        Fig.25. IJet(ZariaPetersenia7ia(KJELLM.)OKAM

                       Development o£ the sporophytes. ×400. A. Yoiu]g
                       sporoph>rte developea from one eelled female
                       gametophyte, frem 58 day eulture. B-C. Basal

                       part o£ t･he sporephyte with rhizoids; the empt,y,
                       oegoiiium beeomes filled witli newly developea eells

                       of t.he ganietophyte.

       o£ t･he sporophyte (}l"ig. 25, C). The formation o£ tbe rhizoids
rather poor Nsrlien eompared with Eisenia and Ecklo7iia (Ii'ig. 26).
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       ]iiig. 26. 'Un{lari(c Petersenia･nct (i<JiilT,i,"g.) Oi<.Nlsi. 1[t"m'tliev development'

    of} t}}e sporephytes. A, 'Young sporopl}yte "'Sth rhizoi(l, froni 36 (tay eiilturc}.
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                       Biscussion and Summary

    1. In the present paper there are (lesex'ibed t･he ve$u]ts o/fi eu']ture

expexhn.ents wit･}i the ga.}netophp,'tes a}](l the yo℃nig spovop]'iytes ol'. five

speeies of the xxramn ei.irrent fonn of ,Tapanese .Lami'na7'iales, ikainely .Zl7isenia

b･icyeZis (K,JELb"i.) SET,cii., .EJek;Zonia･ eava Iy'JELL"･i., .EcR'lonia s'toZo･7iifera

OKA"i., .Zl7ck)lo7zio2}sis, ra(Z･icosct･ (I)rL,Jxi;iii,ax,f.) ()KA"r., and Il'n(Zarict I)et'ej'se'n･ia.na

(KJELLb/r.) OI<AM. '
    2. rVhough E･isen?la bicyc.Z･is (I<JELL"･y) SETc}i. a.nc'I IZJcklonia cctva･

]KJELLi"i'. are referred s:rstematiea},1:r to different s,enera x'espeetixre]:', so £ar

as the shape o£ the zoospores, the proeess o£ thei}' g'em'ninatio}i, the dexrelep-

}nent o£ t･I]e ix}ale ai}d feiRale s,'axnetopliytes, a]ia the habit･ of eair]iest stages

of t,he sporophytes are eoi}eer/ned, t,heye exist elose ]resemblanees betweei}

them. As ]}as already been. yepox'ted by SIE[ifc.ffErJrJ, the ehie£ cliffieirenees,

alta tl}e o],}]y ones e£ any iinpoxtanee, ax'e the £oyinat･ion o£ txvo ay]ns at d]e

transition x'eglon of the stipe in ,E'isenia bieyelis (KJiliLLaxf.) SETc}i. In

eayliest stag'es o£ £he developmeiit･, tl}e shape ()f tl]e £rond o£ Eisenia

bicycZ?:, (KJELL"i{.) SETciT. is exaetly tlie same as tl'}at o£ a yoi'ing EekZo"ia
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 cava IKJELLM. In Eisenia, as tl}e developmellt advaiiees, £he basal margins

 oE t･he blade begi'n to thieken and to turn in on one side o£ the £rond, t･he

 blade wears away m}ti} !t disappears almost ei}tirely exeept £or the small
 side pieees, ligules. These small ligules grow gyadually a.nd }ead to the

 formation o£ two arms. In .ZZ]eA"lonia･ eava KJELLM., tke base of the blade

 c!oes not thieken at al}; the blade' is eonstantly renewed at the transi£ion

 yegion, pushh}g up the o}d one, the apex of whieh is "vsTorn away gradually.

     3. CultuyingthezoosporesofEckloniabieyeZ･is(Syi).Eiseniabieyclis),

 IKARi (1926) has published his paper with severa} aeeompanying figures.

 CbAR･E and IE[ERBsT (1938) made eulture studies o£ ll7iseozia arborea Areseh.

 growing along the eoasts of Cali£ornia. In the £ollowing year HoLLENBERG
  (1939) published his study on eultllyal aiid eytologieal expeviments in the

 same speeies. In this study he eounted the haploid number o£.ehromosomes

 t,o be 15. {{]he sh,ape aBd hablt o£ th,e zoospores, bot･h of the gametop}}ytes,

 and the young sporophytes deseyibed by those authors differ to some

 extent from tl'ie results obtained by the presene writer. [l)he ehief differ-

 eiiees are the immbey o£ eells eomposing the fema}e gewametophytes, and

 s.e]ie]ral･ aspeets of both giamet,ophytes. The £emale gametophytes figured

 by those authors have a slellder aspeet, eonsisting of a £aiyly large numbei'
 of eells, and they bear one to severa} branehes. The male gametophytes
 figitred by IKARK1926) show somewhat shriinker} appeayanee, wikile those

 figured by I[oLLENBER･G (1939) are pro£usely braRehe{il ones eonsis£ing of

 hundreds o£ ce}ls. Most of the £emale gametophytes observed by the .present

 writer, however, are uni- or bi-eellular, alld the £emale game£ophytes aye

 }ess b]ranehed. Furtheymore, betweeR the wri£ey's experimeBts and those

 o£ others, theye are striking differenees in the length of tlme necessary £or

 the game£ophytes to reaeh sexua} ma£urity. Wox'king oR Eisen?la arborea

 AREscxx., ebARE and II[ERBsT (1938) observed that two types o£ gameto-
 phytes are distingvLisheCt in 36 day eulture, and they reiel} maturit>r in

.60 days after the germinat,ioii of zoospores. Workiiig on the same speeies,

 IE[oLLENBERG (1939) has yeported thus, "uncte]r £avorable eo]iditioRs, male

 and £eiriaie plants aye distiBguishable about 15 days aftex' geymination, and

 in vigorous eultures the an£heridia first appear about 40 days, and Eemale
 gametophytes ayrive at ,sexual maturity 46-50 days after germlnation".

 Contyayy to the deseriptions o£ t]]ese authors, £he writer has obsexved that

 the lellgth o£ time taken £oy arrival at sexual maturity is very short; for
 instanee, in Eisenia bicycZis (KJEbL]y[.) SETcH. and EckZonia cava IKJELLM.

 mature gametaMgr'a were observed within 8 days a£ter £he germEnation of
 zoospoyes. The writer is inelined to eonsider t,hat these differenees aye
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eaused ehiefiy by the diffeyent eonditioiis o£ tlie eultnye. "

    4. CLARE and IEE[ERBsT (1938) reporteCt that the zoospores of Eisenia

arborea AREscH. do Bot seem to possess eilia or to be motl],e. Siinilay resuits

were reported by ]EI[ERBsT anCl EroiiNsToNs(1937) on Pelagophyc･t{･s porce

(IjEMAN) SETcu. Working on t･he same speeies as CLARE and HERBsT,
IHIoxJxJENBERG (1839) has diffeye(il with t･hem thus, "Cl]heir iBabi}ity to deteet

moti]ity o£ the zoospores or te see the fiagel}a woii}d appeax` to be dtte to

fau}£y teeln}lque in starting eult･ures. Iii this eonnee£io]} o],ie is a}so inelined

to question the fuidings o£ [El[ERBsr and Jo.xiNsToNE (1937>, who yeport t].}elv

inability to find flage}Ia oy exr2dence o£ mot･ility o£ zoospoyes in the ease of
PelageT)]eye?,es po7'(} (IljEMAN) SETcii." [I]he writey entertains the sa,me vieNsTs

as IIoijxJENBERG. In brder to liberate the zoospores, CLAR,E and I'IuaBsT

(1938) plaeed tei} to twelve £ragrrtents o£ soeci aborit one eei}timeter ;'sqi'tare

in separate dishes and al]owed them to stai}d £x'om 12 t,o 2Q hours before
beixig" removed. The zoospores a]re easily poisoned by the mueila,ginous

sribsta}iees aRd espeeial}y by t･lie b]rowll jz'ziee oozing out o.f t･he £halliis o£

Eisen2Ta, Eck"lonica aiid ot-her Iljamh]ariaeeoxis Plan£･s. When the zoospores

weve poisoiied by these substanees, theix' motility was deeidedly "reakenedJ

they beeame spherieal in shape, an(l floated on the ]iclrti(il being' C!epi'ixred

o£ t･heii' eilia.

    5. As previously yeporteCl by t･h.e present "Triter, he has never met

"'ith zoospores, i}or with male gametes beaylns,' ai) eye-spot in a,l} the spee,ies

of t'j'apanese Lamiozaria,Zes studle{l, with t,lie exeept,ioii o.£ Cltorcla･ -Ii'21Zuin (Ili.)

IjAMx. i[I[oLLENBERG (1939) has repox'ted t,he presenee o£ an e>re-spot in

the zoospore, as well as the male g'amete o£ Eiseozia a?'borea AR･E$cii[., sayiiig,

"A stigma is definitely present in t･he form o£ a more ox less elongatect bo,dy

assoeiated with the ehroma£ophov oi} one side o£ the eelY'. Consequeltt}y

one ])raetieal example showing' £he prese])ee of am eye-spot ii} the zoospoyes

and male gametes of La･miezar･iaeeae has beell adided hereby. It is woyth

i}otikg that the zoospoyes and ma}e gametes o£ the Laminariae,eous plants

£ro:fl lke cJapan side of tl}e Paeifie aye tilwa>rs laeking an eye-spot･, w}iile

those /fx'om t-he Ameriean side are provided wit}], lt.

    6. Ii} E71senin bicycZis (KJELLme) SETcii., EehZonia cava･ KJELLM.,

Eeklonia, stolonifera, O}<AM., aiia ZITck'Zoniopsis racZ?leosca (KJELLM.) OKAaxi.

the basel eell of the youngr sporophyte grows downwards gyadually '"rithill

'the empty oogonium ee]l, and at last i'£ fiIIs the greater part of tliat eell.

Tliis basal eel] yemains iii position at the base of the b]ade Xv!thout showi'ng

any cell division. Ill Eilse･nia bicyeZis (KJELLM.) SETcH. anCt Eck:Zon?la eava

Ixr,Jiu'LijM., the ]rhizolds a,re }iot pyoctueed £vom this basal ee]1, but from the
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eell or ee}ls iiext to i.t. A x'ery inteyesting eharaeter o£ these speeies is

that £he basal eell uisutally t･akes no pa]rt iii the £ormat･ioll o£ rhizoiCts.

    7. In E21senin b?lcycl71s (KJELLM.) SETcii. anct .E]ekZo?ztla cava KJEm]"･r.
t･he bes,imiing of tlhe sti,peth is di.ffei'eut･iat･ed at tl]e base of the frokd when

t･ke plants are as loiigy as one ma,m ove so. The eells which eoinpose the

origi].i o.f the stipe elongate, as the lamin.a, ineyeases in heig'ht, to a leng'tl/)

mueh exeeedingthe d!ameter. [I]hey divide longi£ild･hia}ly a,nd transverse]y,
                             'Quite iirre.guiarly to form a ey!indm'eal stipe. [rrhe resu}tillg eells are pooy

                                                    ttin c}'}romatophores, and those in tihe ]owex' pai't: 4re almost ent･irely devoid

of then/}.

    8. As aeeompanyi,})g figux'es shopuxT, t,he shape and hablt o£ th.e g'ameto-

phytes and young s.pox'ophy. tes of U7taarila Pet'ef'se7viana (K,mbLM.) OKAM.

bea,z' a. e].ose xesembl.anee t,o t,l]ose of Un{:Zaria'･ f)ino･za't'ifi(lct SuRiNG., dese]'i,be(l

hi t,he I:revioiis paper by t,he pyesent w,vitei' (1936); the germinatio'n tube

js muel'i ].ong'er t.haii that o£ aiiy other speeies of La･in?lna,o'･ia,Zes st･ui(lied,

t'}ie gametophytes in early stas,es of Cleve}opment show a s}endei' appeayallee,

t,he fei'na'le gametoph>rtes remain a}ive, and retain. the fiinetioll of groNs/th

.for a ]ong thne, and the £oy`mation o£ t･he new s,ametoph.ytie eells niay
oeeny in the empty oegonium, at t'he apex of whieh the sporophyte is st!]l

attaehed. It takes a mueh loi}ger tillie thai'± ot･lier bamainariae.eeus p]ant$

'studied by the writer, untjl 'the galiietoph,y. tes reae]/i ma,tux'ity.
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PLATE 37

                    Eisenia bicyclis (KJELLM.) SEw'cH.

 1-2. 0ne eelled £emale gametophytes with mature oogonia, from 13 day eulture.
      The ehromatophores axe erowded at the tlp of t.he oogonium.

   3. Two eelled £emale gametophyte with mature oogonium and an egg just
      diseharged Erom the oogonium.

  4. An egg just diseharged from the oogonium, £rem 15 day eulture.
 5-6. Young sporophytes from 18 day eulture.

7-IO. Further develepmeRt of the sperephytes, sliowing the differentia･tion o£ the
      blades, stipes and hapters. The blade beeomes dlstreinatie at the transitien

        .      reglon.
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  l.

2-3.

4-8.

                       PLATE 38

                   Ecklonia eava KJELLA[.
                                                           '                                                          'Matttre female gametopl)yte eonsisting of two eells, showirig two male

gametes(S),adheringon･thesur£aeeoftliematureoogonium. ./'./.' '
                                                       tt                                                   '                                                              '                                                        'Yonng sporopliytes. ,.'
[[i'urther developmen,t o£.the sporophytes, showing the differentiation of tlie

blades, stipes, aHd hapters. Tlie blade beeemes distroinatie ttt･ tlie transi-

t･ioi} regioii (8).
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PLATE 39

                ll)cklon･iopsis raa･icosa (KJELLaxf.) OKAM.

                   '    t tttg:2I Z.ZO.iueg'zzg,L",P,g,eg,":Je,S,oti,,t.}&.ggrfaee o£ the rhizoid.･･.

  5. Base o£ aii old plaiit eut threugh longituctina]ly to show the thiel<ened and
     deeumbellt base of the blade; llumerous i'hizoids whieh are proaueed
     seeoiidarNy from l.)eth margiiis of the stipe, fo]r]mai,ng a complex and bulky

     masse£ha･ptei's.･･ '
  6. Ditto, mor'i adx'aneed stage.
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