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       On the Gametophytes of Some Japanese
                Species of Laminariales II.

                              By

                         TIyOITI KANDA

                      With [PIates XVII-XIV'Il:I.

    In the preseiit paper t]'}ere axie deseyibed the results o£ cultu/re

experiments wit･h the s>'ametolphytes tmd the young' $porophytes o£ five
speeies of J'apaiiese Lainina/ria]es, viz., .Z)a.mi17i.ct)"ia･ I/Teotdoaoza axinyABE, L.

c･ichorio･zlcles AkyABE, L. ye.'"/oeois･is "diiyABE, KjeZbntanieZlca c･ra･ssifolila･ AtkyABE

a]ia Ohorda Pilit,m, (Il.) ILiA"/f.x. Cultures were made at t,he sea-side laboya-

t,o]r], o/ff the III}}.stitnte o£ AIs.ol.ogyieal Resea,reh at Muyoyan, by t!}e same

met]}ods as those used in tb,e previous work. Materials bearing "rell

m,atured sori wex'e eolleeted at the sea-shore, bi-ough,t to th,e .l.aboratory,

waslied eax'e.fuliy iii filtered sea-water, kept over night in a dark plaee

beii,igk wrapped in paraffin-paper. The next moyni]],g they were pat /i,]i.to

a glass vessel fiIIed wit･h t･wiee filtered sea-wat･er. The zoospores weye set･tled

on sli,de glasses, ai].d were eult,ured in g}ass xresse].s eoiataining about 250 e.e.

of ],ne(li'am. tl].he eulture vessels were p].a,ee(l in a room witlJL nort･heast

exposure xxrhex'e tliey were never exposed to direet sunlight. The eultures

were si,ibjeeted to the fiuetuat･ion of the tempeirature of tl)e iboom.

    Befiore g,o.ing furthey the wr.itey wislies to express his sineere thallks

to '?ro/fessox' Y. YA",[ADA fo]r }]is klnd gvttiaan.ce a]}d eritieisms in t,he eourse

ofi the present sti],tly･. [E]haiiks a],re also dv.e to 'the Hattori I'I(-)ktt I[<lai.,

pee[n]i.a,]ry aid fvon't "rhieli }ielp, ed hi]p in ea.rir:w.i,ns,' out t,he prese]a.t, stud:.r･.

                VI. Laminaria Yendoana A'kyABiil

    [(]l]is p]ant is a d.ist,in.et speeies havins,' fibrilose i"liiz/haes a,nd a s.lenCler

stipe. II't has a ]hllited area o£ distribution, "having' beeii (to]]eeted, l)ithei'to,

lryoni onl.xr a .£e"' loea]itie$, tl}at is, "aii]'oran aiid its vieinity, Moi'i ete.,

o/n. t･he ctoa,st o£ IIuiikaRva.i,} (Vol,ea.no IBay), IIokka,ido. It grows on ]roeks

tn]el sli.ellls in the sublittox'al be],t. At AEuroxiaii it i.s a.bnndu/ntlv･ fovm(l
                                                        v
on the bed of t･1]e 1]arbour, xvhex'e the water is (lniet. I£ beeomes sorifei'ous

ii) the "'inter season.. T]]e zoospoyangia. are }/ i.kodueecl cas i]rregula]" patehes
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of the blade, eovering the greater part. o£ its surfaee. The
for the present study was eolleeted at Etomo on the eoast

                of Muroran on January 18th 1937, and on

            ' thenextdaytheeultureofthezoospores
                was started.
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          Fig. 1.
 La･ntiotaria Yeot(loana MTyABic.

      The frond bearing

       zoosporfmgla.

eonsist of only one eell at

beiiig larger than that o.f ma

(Fig. 4. A-B).

this

le gametophytes; they are female gametophytes

    Zoospores and their germination

    The zoospores are pear-shaped, pointe.d

at one end and rounded at the other,
]nea.surii]g about･ 9,u in length, about 4,tdll

breadth; they have t,wo laterally plaeed

eilia, one pointing in an anterior direetiou

measurillg about 20pt, and the other poin't-

ing' baekward, a little loiiger than the bod>'

itse]f. The zoospore has one ehroma'to-

phore, one nueleus and some granular
subst･anees, but always laeks an eye spot

(Fig'. 2. A). The zoospores swim aetively

at fivst, but sooner or later beeome motioii-

less. The>r･ lose their eilia before long,

beeome spherieal in shape, invested mrith a

membrane and fasten themselves to the
slide glass (Fig. 2. B-G). The germina-

tioll tube inereases its Iength more av.d

more, as the culture progresses, and withi]n

24 hours it reaehes 25s,t in length. The

distal elld of the tube swells up and a

transverse wall is formed so as to separate

it fro]n thetube (Fi.cr. 2. H-I). This dista.1

end inereases its diameter, then the first･

eell division takes plaee in the 5 day old

plant (Fig. 2. J). Wit,hin 12 days two

types of plants may be distinguished.
Those belonging to one type eonsist of a

number of eells as, figured in Fig. 3. A-C;

they are male gametophytes. 1]he others

 stage, the diameter of the eell, however,
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   iliils.. :). Laoni･n(tr･i,ct !'e7t･ci･i.oaoi,a･ iN/l'IyABp].

Zeospore in. n']et･ile st.a,te. B. Zoespoxke in resei]}g

fi'oin 12 hour enlture, showirtg the deve]opinent

from 24: houy eulture; the eontent ef the ongm.al

H-1[. Sporli]igs £rollx 3 dtiy culture, $ho"ri,i]g'

from 5 da.y eulture. L. A'spoi:l/i.iig froin 7 (lay ctult/u're.

               Male gametophytes and male gametes

    Within 12 dlays the ma].e gametophyte develops iii.to a s].ight}y

burallehed filament eollsisting o£ more than 5 ee}ls'(Yig. 3. A-C). As the

eulture p]ros,'resses, h.owevey, the numbey o£ eel.ls o£ the plan£ is 1lleyeased

aan.d the branehin.cr beeoni,es deiiser (Fig. 3. D-IE[). When the male

gameeophytes appyoaeh t･o ma.ti/tyit･y, some o£ tl'ie apieal. eells of t,Iie bra.nehes

beeome axith.eyidia,. Tl}e ehromatophoyes o/ff t･hese eells disii'iteg'ra,te ifo]r ZLhe

most part, and beeorae pa.le in eo'lor. [l]he coniiep.ts o£ t･he anthexict.ia is

entireiy usea £or the £ormation o£ a single alltherozo.id. At inatttr.i(i･y tbe

"ra,ll of tl],e an(/.l'ieri(liui'n burst',s opei[t at the apex, £ermii:.s,' a beak t}'nrough

wliieli a matutre 'a].}therozold swims out (}i"ig'. 3. D-H). [l]he rvia'le gamel;e

is ovat,e er sometimes rather rozmd in shape, measRriikg appyoxhn.atel,y 6 t･o

8,tt in length. {rwe ejlia of a,}most equal leng'th measuring about 18se arise

E]rem the]ate]ral side o£ (;he body. It ll'ias g'enerally one o]r txvo pale eolored

eliyomatopl]ores, biit alNxTays ]aeks a]'i eye spot (Y'lg. 3. m). [l]he liberation

o£ the inaie gamete £rom the openii]sr o'ff the antherldium Nxras obseyvedl fyom

time t.o t･i/me, but the aetiral proeess o£ £ertilization with the eg'g ee]l has

not been obseyved. The dvtrat2oB of ]i£e o£ the male g'ametophytes is
g'erieyally short, anCl h] ehe tNxro mo/)th eultvtye tlie greater part of tliem.

have disappeared. .
                  Female gametophytes and eggs

    The sha})e a,nd size of t･he £ema}e g,ametoph.ytes o£ tl}is pla]'i,t are vei/'y

ii'regular, sonLe eoxxsist of one ee]! (]i"ig. 4. A-E), ot}iers eonsist o:E two or

ifapaneseSpeeiesofLamiimrialesll. 89
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   Zoospere and it･s g'ern}ination. ×l.200. A.
       state. C. ]lmbryQspore. ID. A spore
     of a germina,tion tube. rc-G-. Sporlin.crs

   '' eellmigratesi]itoge]:niinationeube.
   the first trfknsxrei'se xval].' J'-K. Spoililh]gs
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   I'ig. 3. 1]ct7ninaria Yeozdoana ]Nt[iyABE. VariovLs £orms of the male gemetephytes.

×1200. A. A male gametophyte from 12 day eulture. B-e. Male gametephytes from
15 day eulture. D-IB'. Mature male .aarr}etopl}ytes w,ith empty antheridi,a, from'18 day

eulture. G-K. Mature male gametophytes eonsistii!g of a fairly large immber of eel]s,

from 22 day eultui'e. m. Male gamete in motile sta･te.

more eells (Fig. 4. IE]i-I). In some eases, a unleel}ulay fema}e gametophyte

showing" eurious b:anehiBg was seen (Ng. 4. D-E). When it eomes te
maturity, the whole vegetative eell ehanges into an oogonium (Fig'. 5. A).

In ease o£ two oy more eelled gametophyt･es, any eell, either te'rminal ey
interealary may beeome an oogonium (Fig. 5. B). At matutrity the ehro-

.matophores in the oogonium disintegrate and beeome erowded together with
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   Iiiig. 4. ,La,)n･i,,)uw-ia tt"entTote･ncs )v,[iyttBi{]. "S;fu'ious fomns ofi the feinale

g.tnne{]epl]yt,es. ×670. A,-B. }i'emale gai"et,eph>'tes from 1.L)･ (larv,r e.ulture. C.
IEI'eniale gt/t.inet/epl}yte fi`oni l,8 clay e{i]t,ure; tlie eell of "rh'ich is ren'}a'rkul.}ly

stretehed out.. ID. B'emale gametol.)1]st･e .from. J8 clay euM;mJe. IE. Un,ic,e],lul}.ur

tieniale garnetopli:y'te froin L?2 dtty enlti,u'e, shoivhig tt c,urious })i-an.ch'ing. Ii'-I.

iiieizaale g2unetoph:,Tt/es eo]isi$tillg' oii ino]'e tl}an 2 eel]s.
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   B'2g. 5. Lain･ina,t'ia Yen(loaeta･ )LEIyABE. ]fftittii'e oeg'oii.ia, eg'g's :'m(l yotmg

sporophytes. ×80e. A. One-ee]l,ea feinale g'urnet,e}/)l"rt,e at }"at.urit,)r, b'o)n 2].

da,y evilture, t･he vegetat'ive eel] of ivhieh niel/t'u}iorphoses into :ui eogon'iiun.

B. [[]wo-eel]ed fe]na]e gtnnetopl)yt･e from 22 day eultiu'e. C. An eg'g aiselii'u'ged

Siroin one-eellecl feniaie g{unei/o];}hyt/e f]roin Z8 day cuiture. I). An eg'g rest.i'ng

at, the openi]ig o£ t･he oogonium, £von) 22 dt`bT cu]tui=e. E-G: ])eve]opmene of

the young sporopl"Tte.

,
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their long axes paral}el to that o£ the oogonium, while the eontents o£ the

oogonium beeome liquefied, aRd the oogonium shows the presenee o£ strong
internal pressure (Fig. 5. A-B). The eontexxts of the oogonium is then

psessect out through the opening at the apex where it remains at£ached
(]]"ig. 5. C-D). '[Dhe wvitey witnessed many eimes undey inievescope, l]ow

the egg is Eoreed out of the oogonium.

  Wig. 6. Laoninaria Yendoana MiyABE. Y'urtlier develop-

mentofthe young sporop}}ytes. × 55. A. A youns. sporophyte
consistin.a of more than 300 eells, the rhizoid formation,

hovvever, is very poor. Geiieral appearanee of the plant

is slender in sha,pe, from 6e day eulture. B. More advaneed

st･age of the young sporophyte, from 80 da>r cult･ure.

C

A

B

A
g
l
l
l
i

,l" a. .

- ''  llii･/1/illilllt,

'''
//?lt.1.;･.Lf･

"xt,//

B

   tt..lt.
  1･1/11-/･/･1 1.11/,t

･I,t.;ll.ilil'/i/11･ //i//..

  fiiig. 7. ]La7ninaria YeoLdoaoza MiyABE. Development of

the young sporophytes. A. Wwo young sporophytes de-

veloped from a single female gametophyte. × 273. B. Female

ga,metophyte bearing an egg alld a young sporophyte. × 273.
C. A young sporophyte protruding two Thizoids from its

basa,1 eell. × 73.

1
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                   Development ef sporophytes
                                                       '
   When the eg.e' is fertil2zed the membrane of i£ beeoi/nes thiekeir, a.nd, 2n

the 22 day e'tilture the fi]rst eell. division takes plaee (Fig'. 5. E). In tlie

early stag,es o£ development the sporophyte, fis very siendei' ill shape beeause

ti･he ee]I divisiolls aye repeated oi}ly by trttnsverse wa}1 (Fig. 6-7). A

rhizoid gyows ou,t o£ the basal eell of t･he 'fila.]/i},e/nt hi the p]ant oti 40 da.y

cu].ture (Fig. 7. A-B), but its development is very poor when eompai'ed

with £hat o£ other Lamiiia]r/iaeeous plants (IJ'ig. 6. A, 7. C).

              VII. I,amiftaria ciehorieides MiyABiil

    [In habit,s, Lanniloza･7"ia cicho7'ioicZes AfiyAp.E s].],oi･vs son}e resenib]ai},ee to･

Lamilna7tia ]Ye･ncloa･ota･ AffiyABiL', vLThieh distributes only on th,e I.'aei'fie si(Ie

o£ IIokkaido. But k is readi]>,T dist･ins."is],}ed f]rom. t･he la,tter by t･he

eorrus,ations on both margins o£ tl],e ].ower poyt･ion.s o£ the b]a･de, moreovey,

tl,ie Jap. cai Sea, a,s well :'".lj'.'i･.

eoa,st･ of Chosen on t-h.e

Japan Sea side. IIt･ grows

o}'i rocks aiid shells ln

t}ie sRb}iteoral be].t. At

Osyox'o (Sirj.besi I'rov-

lnee, IIIokkaido), Ns'here

the inaterial for tl]e pre-

sent lnvestlgatlon was
col,leeted, these plants

are £om}d on the bed of
the harbour. This speeies

become soyifero'tts f]ro'm

lat･e in au.kimn to winter.

first,

K

M o

                         ]i",l,g. 8. Lao}i･i･ita,ricL ei･eltorioi,(Ies A{iyABE. Zoospo]rtr

                        :md Sts gerininat/ioii. ×leOO. A. Zoospore in motile
                       state. B.IRestimgzoospore. C.Embr>rospore. I).Ger-
                        minat/ion ef t,he einbr>Tospore. E-G. )-'[ore advaneed

                        stages of t･he germi]tation. I'l-J. Sporlings fi-oin 2 (lfMy
                       eultm`e; a t.]ra])sve]'se wa]l is fo]nned at this stage. K-IJ.

                        Sporlings from 3 day eult,m'e. M-O. Spo]"lings from
                        4 day eult',ure; the first. cell division t･al<es plaee at this

                        stage.

The zoosporangia are produeed in £}ie depressions o£ the bullae on one side at

    later on bo£h sides of the blade eoxreriBg' the greatey payt o£ the surfaee.

,
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   B"/i.e'. 9. La-miozaria eicleor･ioicZe,s A{IyABE.

A-C. )fale gametophytes from 8 (tay eulture.

from 13 day eulture. ×12･>t)O. H-M. M;iture
showing the einpty ttntheridia at the tips of

metUe state.

                  Pevelopment

   Thes
areentire}vsimilartothoseof '
        tt
When the plaiits are 8 days old, it

game't,ophytes. [IJh,e male

produee gametes in 1.3 day$ after

male gametes weye examined in

ope.ning o£ t･he antheridia was also

{I)hey, are py}iform in shape,

laterall.y plaeed eilia of a]most
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   of the maJe gametophytes.

  Mature male gt'tmetopl]ytes

      froin l3 (lay cvtltvtre

  ×940. m. Ma,le gamete in

Vlli'iOUS fOISIIIS

×IL>50. .T>-G.

]nale g:tnietophytes

t,he ]/}i'ttnehes.

                     of gametephytes

hape tmd slze o£ the zoospores and the proeess o£ their s,erminatioi},

                 .Lam?ozar'ia .Ye7i(Zoa7?a axdiIyABiL' (I]"ig. 8. A-O).

                      is possible to disting.uish two ty. pes o£
              gametophytes reaeh maturit･y, then begi'n to

                     the g'emnination o.f the zoospoires. Th.e

                   fresh mateirialJ their liberation from the

                     obsei'xred many times under mieroseope.

                 measuring abo"t 5se in ].ength, kavin.g' two

                    equal iengt･h. In some eases there wre

                                               e



                t?
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observed pa}e x'emnallt･s of the el]romatophores, but they always laek an

eye spot ([Ei'ig. 9. m). Iln shape ai]di size t,he female gametophytes are sorne-

                                                    .v;rhat irregulay, but t}}e p/iroeesses o£ the £ormation of oogollia and egg e'ell

are entirely similai' to those obseyved hi othey speeies (Biis,. 10. A-]D).

              ec'$'/Yf2

                (impiieq,".:,i･¥lligilliiii,th, igeL2ajesi gyev."eeewg"

   Fig'. 10. ,La･mioi{tr･i,a ctcltor'io･ides

8 (l:t,y eult-u]-e. xS;56. B. ]3"emale

g;tinet'ophyt･e eoiisist,ing of 4 cel]s,

th

f]'oni 13 da.>r cu]tiu'e. × 632. 1{£. An

£rom l.6 da,y eultin'e. ×8;-/6. Y".

13 d,t/ty e,u]t,u],'e.×632･. G.

sporol,}hyte shoiving the fi]rst･ eell

sporoph}'tes of various

restseg

ge･,ew

ew G

F

..if

    a )so Dkgeget

        L
     y'/wi'gest

                b･

     '

ll'e]na.]e ga]net.ophytes, the

      . A. Ii'eina]e

froni 13 dav eultui'e. ×632.

(I;ty (:u]ture. ×631t. Ii

r

i
l

)

'

2

f
f

K

                          A{[IyAlsM;.' fo]'llllltiO]l. ef
egg-e,e]]s:'uidthedevelopniento£t･heyotuigsporophyt.es g.a]net･ovbytefreni
                        gi'tmetophyte C. F'ema.le
                          froin ].3 Iv/Ea,t･ure £en'itt]e
crnn'ietophyte eonsist･ing of a, sing'le e.ell; the einpt,y ee]'l o£ the. en")yy, ospore stSll att/ac'the,d;

                        egg diseliarged .fvoin unieeilu'lav fe]nale ttanietoph}rte,

                      Showing t･he first･ eell divisioii in ,f,i, ferti.lized egg, fm'oin

                  A young sperophrvyte, eo]isi'sting o.f rk (:e]Is. × 632). Ill. A. y, oullg

                        divisioll b:' tL ]oiigit/･udiiial wall. ×:V)59. I-K. Young

                a.ges, showi,ng t}ie rhizoid. × 335.

                Bevelopment of young sporophytes

    T}ae developnien.t of t,he spo]ro]ihyte beg`ins imi'nediately a£teir the egg
is .fertilized, (`'tn(I when the pian.ts aire I13 days old, the fix'st .eel,1 (tivision i]),

the eg,o,' ee}] takes p]aee. ll]he ]iew sporophytes gyow ]rapi(ll>i ttnd hi t･}Me 25

day eulture man:,r of them, develop o],ie or more ]rhizoi(ls (?lg. 10 I-IK). As

the growtl]. of the spox'oph>rte progresses, the uppey part o£ it inereases
]ra,pjdl.x,r foymhig,' a fia(i expanded blade (geig'. Il). So far as tl]e shape and

general appearance of the zoospores, gamet･ophytes ana sporophytes are
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eoneerned

Lamina7'ia

                    T.

no remaykable diffeyenee

Yeozcloaoza MIyABE.

]XANDA

was observed eompared with those of

A

M

CB

'

'

' ?y

  Yig. 11. Laoninaria c･ichor･toides

MIyABE. Filrtl]er development of

young sporophytes. A-C. Young
sporophytes with rhizoids, froni 36

day ett]ture. ×273. D. More ad-
vtmeed stage of the sporophyte,

from 2 moiith eukure; the lower
poi4tion of the plallt is polystroma-

tie, the number of rhizoids, how-

ever, is not so great. × 50.

,

t"

,
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                       ,gel'"- ` 1,.ilJ",,i

                         ' f';" ;-                                  /,.t., ,t,t lt;･
                                       i-z'÷'; '''
                               L i' /t-/tj
                                         tt                                   t./ t. .: /
                                      ttt t                                     / 1.                                  tr                         g,, pt ''･'.l.;::･ ,.. ･

                                     '                                   '

                              X-,,h th

                  IEiig. 12. Laminai'ia ye2oeozsts MIyABE.

                    The frond bearing zoosporang'ia.

               VIII. LaminariayezoensisMiyABE

    The preseiit speeies is an inhabitant o£ the northern eolder waters,

distributing £rom Kusiro (Kusiro Provinee, on the Paeifie side of Hokkaido)
to the North Kuriles. It grows on roeks iu the sublittoral belt. The

zoosporangia are formed on both surfaees of the blades. They beeome

soriferous in winter. Well matured materials were eollected at･ Akkesi,

near Kusiro, on February 24th, 1935, and transported by rail to the labora-

tory at Muroran. The eulture of the zoospores was started on ]Februa.ry

26th,
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   Fig. I3. La･m･ina)"ia･ yecr-oensis. AIi'y:tBir.. Ge]'inination o£ the zoospot'e {ind ea'v])'

stttges of the Eeniale g}unetophytes. ×1186. A. Zoospore fin, niotiie state. 1). IEn]b'ryo-

spo.re. C-IE'. [1]he developinerit o£ t,he gerinii],ation tuJ.')e; t'he (/ontents o£ the ce]l. niigrat'e

fi,nto this part. G-I-I. Spor]ings from oN dt.vT eul.ture. I-K. Spor]ing.s fiJom 8 c'tay eultu]re.

L-1"I. Spoislings £roni 11 (lay eulture; the fiinyst･ eell division ]nt"' l/)e ol)served ,f.tt tl]i.s st'age.

N-O. iEai'l}" stages o£ the female gametepl}yt.es, f],`om 1.tj da}' elllt.ure. I'-Q. Female
gav.ietopl]ytes eo]isisti.ng of 3 ee]ls, froin 20 d[ty eultiu'e.

                  Development of gametophytes

   Tlie zoos.pores tu'e pear-shaped, about 9,t( h] ]ength, hax'e two ]atera]l.v

.placea ei]ia, one eurvecl e]n'oinatophoi'e, one i}llcleus a]]d sonie gyaniila]r

substanees, but a}ways Iaek aii e>re spot (IFig`. 13.A). When the plants ai'e

1.5 (lays ol,d, t･wo types o.f g. ametophytes ],nay be distiiiguishedi (iF'ig'. 13. N-O,

l4. A). [I]he outer appearanees of the male s,ametophytes bea]' a e.]ose

resenibi.anee to those of other members o£ Laminaria st.zidie(!. The female
gametophytes of this speeies are vNrideiy x'ariab]e in shape, soine c･onsif:-t･

of a si]is,le ee}1, ot･hers eonsist o£ iiilinerous ee]ls £ey}nillg an b'reg,nyulai'

filainellt, (l]"lg`. 15. A-C). At the time o£ ftruit.ii}g, the oogonium. is eloiigat･ed,
t'h.e eontents beeome dei}se, tuid the ehromatopho].'es a.re erowded toget･heir

a.t the apex (Iii.ig. 15.B-C). At maturit,y t,he egg' e'e]l, is foreed out th'rough
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   I3"igtr,'. Ia, La･?n･imari,a ye:-'oe･sisis ACiyABE. .Varlous forms of male g'ametophytes.

×1125. A. '"'{[ai.e gametep]i>rte fro]n l,o da}r eul,ture. B-l). )L[[:/L]e gtnnetoph}'tes beaving
antheilii(tia. E. ]Sf[ature inale gainetophyte froin 28 (lay eire].t/iu'e; t]ie tips of t;he b]ranehlets

aye divideCl fe/rming the antheri(llal elust/eiTs. IIi'-G. )L/Ia.tm:e niale gametophytes, Eroin

32 day eulture. m. IX{llale gamete in motile state; s]ie"ring two eilia oS ttlmost equal

len.crtla.

the epenii)g at･ the apex o/E tlie oogoRillin an(l x'einains attached t}]ere (Fig.

15. D).

                Developmaent ef young sporophytes

    The fertilized egg begi]ks germination soon. At first the ee}1 di.visions

take p}aee by a tyansvex'se wal], so that the spox'ophyte iR the youngest

stage is a row of eel]s. The rl]izoids make their appearanee in the 45 diay

eyLIture ([[iiig. 15. II). ll]hous.}} tl}e incLaeyoscopic geiieratEou o£ this species

shows a remarkable differenee in its outer appearanee, liaving pal.mate

blades and diseoidal hapter, in eomparison with those o£ o£her speeies o£

LaeninaT?la, there is no great differenee observed in the zoospoves, gameto-

phytes and sporophytes. ,
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young sporophytes. A. Yemale gametophyte eo]isisting of immeiious eells, from 3]. day

eulture. ×566. B. Mature fema,le gametophyte fi'om 31 ' da.y eultttre, slxowhig 'two

oegonia at maturity; the chroma,t･ophores of the oogoHit/tl eell }.use d.ivide(l into sma･ll

pieees alld erowded together at- the apex. ×566. C. One-eelled. feniale gametophyt,e at

matu]rity, from 24 day eultui=e. × ;-t66. D. An egg iresting at the opening of the oogonium.

×566. E. Two young sporophytes developed from single female gametophyt･e, from 3Z
day eultm'e. Ifi'. A femaJe gametelphyte and a, young sporophyte, f]'om 30 day eukuve.

×566. G. Young sporophyte restin.ff on the tip of the oogoniiim, from 40 day eulture.

×566. H. Young sporophyte with two vhizoids, from 45t day eulture. ×342.
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             IX. Kjellmaniella crassifolia MiyABE

    This plant is eommoi]ly found at, Mm'oyan. It grows on roeks in the

subiittoral belts, assoeiated with Laoni･naria o'aponica AREscxi., eostaria
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costata ([VuRN.) SAuNDERs, Undaonia pinnatifi(Ict SuRiNG, ete. On the eoast

of Muroran the embryonal fronds of this plallt appear late in Deeemi)er.

It attains its full growth ill the following' autumn. After the zoospores

have been liberated, the upper part of the blade is gradually worn away.,

and praetieall}r eeases to develop further. In Noveiiiber, hoviTever, the

                                 seeond bladebeginsitssudden

pt ,

2

      year
growth at the trallsition region,

pushing up the first year blade.

The seeond year blade grows so
rapidly that the demareation between

the two parts is distinetly reeognized.

The zoosporangia are produeed, at
first, on olle side of the blade, eoveriug'

the greater part o£ it, later on both

A
.･` g･,

gee,.l'

･geca

.X

 ,
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･bri ･
eeS.N".ij

 tt

I o

J

 I"ig. 16. Kj'elZo?zantella crassifolia MiyABE.

The plant (].eft) eolleeted at Muroran in
Novembe]`, showing the demareation ]jetween
first and seeond year blades. The upper pa,rt

of the old blade is gradual]y worn away.
The zoospoi;angia are formed only hi the first

year 1)La.de. The bullae in the seeoiid year

ljlade are ve!Ly dense.

              .ttt.t ljt         E //w･].･l.olg'
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pt ss ail ,',, .'S)

'e.e.
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geqii,

 H

 b:ig.17. K.ieZZonaoziella (ri'assifoZiaMIyABE.

Zoospore and its gerrtLiniation. ×1000. A.
Zoospore in motile stn,t,e. B. Zoospore in
restingstate. C.Embryospore. D-E.Spor-
lings fi'om 12 hour eulture, showing the
developmentofthegerminatioiitube. F-H,
Sporling from 3 day eulture, showing the
first transverse wal]. I-J. :5'porlings from

5 day eulture. K-I[i. Sporlings from 7 day
eulture. M-O. ditto K, from 9 day eulture.
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sides. The material £or t･he pyesent･ study was obtained at Masuiti on the
eoast of Muroya]}. The eiiltures of zoospores have been made three times,

in Oetober 1934, September 1935 aiid Oetober l936.
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   ]F"ig.18.Ir,7'eZlonan･ieZla IS'kyABir..'SIT;n'iousfomiiso£the
pl]ortes. ×868. A-IIi". ]NIale gE}metophytes from 16 6ttty cnlture. G･. ]Nt'[ature

phytecoi'tslstingof]muneroiis Af:tleganiet;eii'i]not'illestate.

rt 'o'

,ss,1

V,., 1 .L

.ts.a"M,.

o,e'

hv, "':...

  ith･

 ･I.kag

n"i.ot

:ni

-"-

tt･;i ･

  .'o'

tsS.,vva

t

･%･

o''

."..

k'

n.

･";,

G

n}ale ga]neto-

]nale gameto-

          Deyelopment of gametopkytes and sporophytes

   As the aeeempanying figures show, t-he shape and size o£ t}').e zoospeyes,

the proeess of t-helr g'ermination, an.d the geneyal aspeets o£ both gameto-
phytes and young spoyophytes bear a strong resemblai].ee to those of otl'ier

thaminariaeeous pla],a.ts. As detailed deseript･ions of t,hese ehayaete]rs have

been given ixi ot}aer speeies desevibea abexre, also as the eouyse o£ tlie

development, likewise t･he £eatures of the zoospoyes, gametoph.ytes and
spoxophytes may be traeed in t.lke fellowing figures, mention is made here

of oi}]..xr a few iiidispen,sable poiut･s rega.rding the p]resent speeies.
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   Biig.19. Iilfellonanietla･

sporophytes. A-C. I3'ema,le

gametophyte eonsistiiig of 6 ee]ls

gametephyte eonsisting ef

gametopliyte at matuTlt-y, f]rom 25 day eulture. × 566.

at maburity, from 23 day eulture.

gametopl)yte, from 38 aa,y

spovophyte from 23 day eulture.
sporophyte with Thizoid, from

rhizoia, £rom 30 day eulture. x340,

   The zoospores b.ave llo eye spot; two t>rpes o£ gametophytes ax'e

disth}guished iR 9 day eulture; eaeh of the gam,etophytes attains i£s
maSuera.tion within l6 days. T}],e maJe gamet,es h} tbis speeies were a]so

observed raany time$J they have g'eneyally no ehromatophoye, bvtt in soine

ei'asstf'olia A'[iyABie. ]Yemale gametophytes, eggs a.n(l yoimg

 gametoph)rtes fron], 16 day ealture. ×566. D. Yemale
   ,from 25 day eulture. ×566. E. Wel]. develeped £ema,]e

8 eells, from 38 day etilture. x566. Ii'. Two-eellea £ema.]e
                  G. One-eelled female ganaetophyte

    ×833. II. An egg discharged from two-ee]led £emale
eu]ture x566. I. IEi'rom 24 day cultuinye. ×565. J. Young

     ×833. Sgl. From 38 day eulture, ×833, L Young
   25 day eultuye. ×566. M. Youllg sporophyte bearing
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eases a pale remnant o£ ehromatophore may
be seek. They have twe laterally pla.eed eilia

o£ almost equal lengt}}, but they always j.aek

ai} eye spot. The eells eomposin,g' the male

and feixiale gametophytes are fil}ed with deep

brown eolored ehromatophores, there£ore the
gametophytes of this speeies are distinguis.hed

without £ailure :firom those o£ others. E]}],ere

are iio speeia,1 Temarks to be offered on the

development of the youitg sporophytes. The

rhlzoids aye £ormeed as usual, and a dise-

shaped expanslon, th,e initiai o£ the rhizines,

by means of which the plant gains permane'Rt.

aetaehment to the substratum is also pro-

dikeed when the plants are 3 months old (Pig.

                                X. ¢horda asiluma (I).) I)AMx.

  Eiig.20.Ko-ellmanieZlacrassi- Choraa.P'ilum(IIL.)bAMx.isyathey

foziaMiyABE. Dexrelopmento£ wide].y distributed in this eeuntyy oR 'the
the young sporophytes. A.
                          ?aeifie eeasts, as well as on those o£ the JapaiLYoung sporophyte with two
rhizoids, from 2 month culture. Sea- ItS northerii !imit !s Bear Muroyan on

×328. B. Young sporophyte the lll'aeifie eoast. It grows on stoeks and
with nmlle]'ous Thizoids; a dise- shells in qxLiet waters in the srtblitteral belt.

shttped expansion developed a･t It attains full maturity fyom late in summer
the base ef t･lie blade, frorrt 3

montheulture.xss. tOaUtUMn･Thematerials£orthepresent
                          study were eolleeted at Osyoro (Siribesi

IProvinee, Hokkaido) and IEIukaura (Aou).ori IP]re£eeture), then transported

by rail to tl]e laboratory a£ Muroran. The eultures o£ the zoospores have
been made t･hree times, viz., ln July 1932, Oet.ober 1934 an.d November l937.

    The present speeies has already beeR eu}tured by KyLiN (1918, 1933)

and Wmi]iAMs (l921). [I]he systematie position of ehorda b.ad been le£t

Rndeeided £or a lo]kg £ime, uneil KyLiN published his notable diseovery

revealing its li£e-eyele. Cukuying the zoospores, KyMN proved that they

gave rise to the ma].e and £emale gametophytes, anct that new spoTophy£es

started soon a£ter the fertilization oS two gaxnetes took plaee. Aeeox'Cl2ng

to these evidences he proposed that the genus Chorda should be plaeed

systematieally in the same ordey as the Laminariaeeae. With regai'd to

the development o£ the gametophytes, suff}cient deseriptions have been given
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in KyLiN's papex', but the writey intended in this stud>r, to eenfirm KymN's

resuks with the,Japanese materia].. In addit,ion £o this an attemp£ rsras

made eo diseuss tbe diffeyenees in the ehayaetex'istics o£ the zoospores,
s.ametophytes, gametes aud spox'ophytes betzzreen OhorcZ･a an.d other
                                                           ttLaminariaeeousplants. i

                  Zoo$pores aRd tkeir germination

    [l]he zoospores are pear-s}}apeCl, ineasytring' abovtt 9 ,te in ]ength, 4.5 sL jn

breadthi t]]e:y l}ave two laterally p]aeed ei]ia, one eutived ehro]na£ophore,
one rme]e'tts and a distinet eye spot, 'vsrhieh eharaet,er.izes 'th.e present speeies

(Fig. 21. A). They are very aetive at firse, but sooney or later thelr

movement beeomes slower; meaitwhiie t･hey, ].ose their ei].ia, assiim.ing a

spheyieai £oym, are iiivested with a inembraiie, and beeome £astened to

the slide g}ass (l]iig. 21. IB). Then the tube g]rows out £xom a spoye (]]'ig.

21. C), the ehyomatophores and graxtalar substallees together with the ey. e

spot migrate into tl}e d2seal end of the tiibe (Fig. 21. D). By the end of

24 houys the dista} end of the tube swells zip, a cyoss wall is £ermed
sepax'ati]ng this part f]rom the germination tutbe (Fig. 21. IF). In Chorda

the germination tube grows IoRg as showi} i.xi lliiig. 21. G. Wher{ the

sporlim.tys are 3 da.ys e].d, the fu'st eell divisio].G. ta,kes plaee in,a direetion

perpendieu]ay to the leRg axis o£ the ee]1 (Fig'. 21. K).

               Bcht,eggge cbizijasi{gkiiiigiEili

        Aeeq' op{kgeR}E2swasi,i,agiFtr su' G Hewi Kilff

                5

                     .,.Y t

   IEi'ig. 21. Chorda li'tluon (IJ.) LAMx. Zoospo]res anid t･heh' germixia,tion. ×836. A.
Zoospores in mot/lle state; showin.g on.e eurved eln'oi'r')a,to]/)l}ore t'mi,d an eye spoe. B-E.

Germimatiou of the zoospore. I{ii. Sporl,ing from 24 houi' eulture, the first tra･n$verse

wall is formed. G-I. Sporlings from 2 day, eulture. J-K. Spovlings £rom 3 eay
eulture; the first eell aivision ta･l<es place at tliis stage.

                Male gamaetopkytes and male gametes

    The deve].opment o£ the gametopl].ytes is ratlher x'apid eompared with

that o£ othey speeies o£ Laeninaria; two types o£ gametophytes may be
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  of the male gametophytes. ×960.
D-]i'. Mature male gametophytes;

 G-fl. Well developed male gameto-

   laterally plaeect eilia of uiiequal

  byaneheG filament (Fig. 22.

        maturation (Fig. 24.

     byanehed fi}aments with

       (li'igz 24. G-IE[). The

   shows some resemblanee to

  they approaeh to maturity,

   The eontent･ ofi £hese eells

  disinteg'rate, then the wal]

£orming a beak thyough whieh

22. }I). The male gamete o£

         f:..$.O.'･"'
i'S" .I'Iillll"lilill/'i.,/li.,i' 'gl<,'i'･I'･ll .'. .,./4-i.l,, ,,,I.,R,bl."Q

,,iil,,'l,i'tL'G ,g,']i'e'

  [:t:              :Mh"              'S:.kt.
  -r

         l'-'e'e ..,/tt
     ..:.@.6'.,`g･i2..'li.'."::.g.

      -".        c'     ..･9ec"' Isee: ./)'#"

   ･es...･ :･,,,trik.l',;.//.li I.,i-,,;";

   ,ttSe･ Fsil.lts$..t.nys

   '+ t-N      E il.i
           ...g.,,tl,"li

         - -t t.･'e-         leegy',,, s.
        -t -.

          'o         "i''di "''
.t`.' "'v" t//i'M ,..?.:of.sswa
                             '
   Mi,ig. 22. Clborda F･tlm (]].) IJAA[x. I)evelopmeiit

A-C. Ma,le gametophytes £rom 6 da,y cultui'e.
alltheridia are produc,ed at the tips of tl'}e bra,nehes.

pliytes. rn. Male gamete in motile sta,te, showing two

lengtli, one eurved ehz'ematophore assoaiated with an eye spot

distinguished in the 6 day old eulture. At this time the male gametophytes,

eonsisting o£ 5 cells or so, form a somewhat
A-C). Whek the p}ants are 10 days oid, they reaeh

D-F), and further development gives pro£usely

elusters of antheridia a£ the t!ps of the braBehes

outer appearanee o£ the plants, at this stage,
that of Laoninaria and Kj'elZmaozieZZa. When

some o£ the apieal eells become antheyidla.
beeomes paler, most of the ehroma.tophores

bursts open at the apex of the antheridium

the matuye antherozoid swims away (Ng.

?
.
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Clto7'da has a distinet eye spot, one or sometimes £wo eliromatophores, and

two laterally plaeed c21ia o£ ilrteqttal leiigth. It resemb}es ii} ge]teral
appeaxanee, a minute zoospoxe (Fig. 22. m,). These eharaeiers in the male

gemetes should be considered as the distinguishiBg eharacteyisties £or the

present speeies.

                  Female gametophytesi and eggs

    When ･the £ema}e gaxnetophyte approaehes to maturi£y, the terminal
eell, as well as the intexealayy, Corms an oogonium. The ehromatophores-

in the oogonium disintegrate, and aye erowdect together at the upper part

of the ee}i. As Roted by KyLiN (1933), the egg eell does not detaeh from

the oogonium, bnt only sweiis up at the di,stal end o£ the oogonium, }eaving'

                                '                   @' .d.,, .. .b.                                   '                                 ..t t                                  '-' 'esi'                                 ctfec.,
                                "i;as'
                                '"p-.wt,"

                                 B
         ,of. ljts ueR,
         bolpgesi ･eet

                                `ee

        /$`mp,.,F. ..geg&sGag`$tlk,',,,,,llli,gis

   fig. 23. C]eorda 1]ilum (Ili.) IJAAix.

oogoiiia ana eggs. ×644. A-C. Early stages
ealture. D-E. IMIore advaneed stage of the

F. A female gametophyte eonsisthig of

female gametophyte befn"ing a young
eulture. H. A young sporophyte eonsisting

single £emale ga･metophyte.
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    Development of the female gametopliytes,

     o£ the female gt/Lmetophytes, £rom 6 day
    female ga･metophytes, from !O day eulture.

  numerous eells, from 45 da,y eulture. G. A

sporophyte n,na mature oogonium; S'rom g5 day

     o£ 9 eells, ana an egg developed £rom a
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some ehromatophores aRd eytop}asma in the lower poytEoR of it (I]i2g. 23.

H). Moreover, several wrink}es are £ormed transverse}y outside o£ the

oogonium betweexx the enlarged end and £he lower part. It is diffieult

to exp].ain, £er the present, the nature o£ these wrink]es, and how they were

formed, thottg'h this phenomenon is virorth notlng a,s a eharaetex'jstie o£ the

.preseRt speeies (Fig. 23. G-[Ei[).

                  Development of young sporophytes

    The youngest stage o£ the sporophyte is similar in sbape to that o£
Laoninaria a]xxd Kj'eZZ7naoziella (Fig. 23. IK), while as the growth advanees
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   Fig. 24. Chorda Filmn (L.) IiAaxtx. Further development o£ the young sporophyte.
A. Mwo sporophytes developed from a sing],e female gametophyte; the apieal eell o£ the

sperophyte metamorphoses into a hair disintegrating the ehromatophores. ×528. B. A
yonllg sporophyte from 3 month culture, with a hair emitted from the apieal eell and 3
rhizeids developed from the l)asal eells; tlie terminal end of the rhizoid is filled with
some ehromatophoTes and gra,nulaT substanees; the fema･le gametophyte, fronrL whieli this

sporophyte hact eexreloped is still alive at the base (dotted portion). ×197. C. A young

sporophyte with two hairs, the one is terminal, the other lateral; £z'om 45 day eultuye.

×528. D. ditto e, from 6 moxLth eulture. ×317. E. Basal part of the sporophyte with
rhizoids and female ga･metophyte (dotted portion); the ehromatophores fill the ena of

the rhizoid; the rhizoid is separated by septa; £rorn 6 menth eulture. ×317. IE'. A part
of the frond, showing the arrangement of the eells, aiid the deve]opment of the hairs;

from 6 month eultm'e. × 317.

'
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the apica,1 cell metamoyphoses to a haiy, disinteg}rating the ehromatophores

2n it (Yig. 24. A-D). Wl}en the terminal }}air att･alns to a eex'tain lengtl],

the }ateya} ene is emitted (:{iSig. 2a. C-'D). At last tke £rond beeomes
surrouiided by numerous hairs when the plant is about 6 months old (li'ig.

24. F). Many rhizoids a]re pyodueed from the basal eel}s e£ the sporophyte
ixx the oRe or two moxxth old plant, The disea} end of t･he rhizold is alxxrays

fiiled with some ehromatophores amd gyanular substanees, and ma,ny septa

are formed in a single rhizoid as tbe iength e£ it inGreases (Iiiig. 24. IE>.

Wken the pla,nts a]re about 5 e.m. higl2, huandreds o£ rhizoids are pyoduieed

£rom the basal part o£ the £rond, ent･angling witk eaeh other. arke small

dise-$ha.ped hapter, by / eans of whieh the mae]roseopie geiieration o£
ehorda gains a peymanent akaehment to the subst/ratum, is eonstrvieteCl

of a e],itmp o£ these entangled z'hizoids. The mode o£ tlie £ormation o£

the hapter diffeys fymdamentally from that o£ othey Laminaariaeeous plants.
    The present eultuye was eontinued as long as 6 months, from Oetobey

to Mayj at the end of the e'ult･ure some of the spox'ophytes measured more

th,an 6.5 e.m. in height.

                    Discussion aRd Summary

    1. The pyesenee o£ aB eye spot in the zoospores of LaminarSaeeae has
been reperted, h.itherto, by three authors, n.amely, (a) I}<Am (192i) en

.Lam'inao''･ia o'eZ21g?losa Mi/yABE, (b) axIyERs(l928) on Egreg･ia Ai(eozxiesii

(TuR-N.) ARE$cll., (e) McKAy (1933) on I'te?'igopleora californica Bu?R.,

but as x'epeatedly rnentioned above, t,he writer lias never met with the

zoospoyes bearing aix eye spot in a}1 speeies ofi Japanese Laminaria}es

studied, wj.el}, t･he exeeption o£ Chorda P'il2eo?z (1[a.) IiAMx.

    2. As previovisly repoyted by IE[ABBms (1932), the shape and size o£

the ga' metophytes aBd the period e£ tlme taken for their £u]l gyowek vawy

aeeor{iling to seveyal eonditions o£ the evt}ture, sueh as temperatutye, intensEty

o£ lig'ht, ameunt of nRtrient salts ete. Though a]k exa,et phy,siologieal
examinatio]]. has ltot been earried ont, the faet･s above mentioned were also

x'eeognized in the pyesent s£udy.

    3. Though t･he outer appearanees of t]ae sporopkyte o£ the three
speeies of Laoni･naria and Kj'etZ?7zaozielZa diffey te a ee]rtain exteut from eaeh

other, no remayl{abie differenees were obseyved in the gametophyte of £hese

speeles.

    4. So £a,r as the writer is aware, a.lt exaet explanation on the male
gamete had never been made, until Mc]KAy (1933) published her st"dy on

Pterigophof'a eaMforozica RupR., noting that "The ma[!e gamaetes are
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measured 2.2 by 3.4pa, and aye pyriferm in shape, ha;sring the general

appea℃a,nee of minute zoospores. There are two laterally piaeed eilia of
unequal leltgth, the ionger one, whieh points in an anterior direetion is

6-7pa Iong. The shorter eilium, whieh usually points iR a posterior diree-

tion, is evident only when the antherozoid is in mot!on. It is approximately

equal in length to tbe diameter of the antherozoid at the point of attaeh-

ment, i.e., 2,u. The distinet red eye spot is assoeiated w2th the pale remBant

o£ the ehromatophore and is situated elose to the base of the eilia." As .

repeatedly mentioned above, although kundreds o£ male gameees !B each
specles of Laminaria and Ko'eZZona･7z･ieZZa kave been eare£uily examined in

motile st･ate with the aict o£ an oil immersion objeet lens, the writer was
unable to eonfirm the pyesenee of an eye spot. Moreover, both of the eilia

were almost equal in length, measuying about 18@.

    5. Differenees iR habits ana £eatures of the zoospores, gametophytes,

gametes and young spoyophytes between Choraa and other speeies o£
Laminariaeeae are Roted as follows:

    a. The zoospores, as well as the male gametes of Chordn a}ways have

an eye spot.

    b. In the male gametes of Choraa one of the eilia, pointing in a

posterior direetion is short, measuring about 8pt oy so.

    e. The egg ee}1 ii} Ohoraa by no means detaehes £rom the oogonium;

there£oye, the young sporophytes always make their development as they
are attaehed to the gametophytes.

    d. In ahorda a hair is emit£ed from the apieal eell o£ the sporophyte

at first, and later, as the development o£ the sporophyte advanees many

hairs are produeed la£eraUy.

    e. The distal end o£ the rhizoid of Ohorda is fiIIed with some ehromato-
phores and graltular substanees; the rh2zoids are divided into several parts

by tyansverse septa.

    f. When the young sporophytes of La?mloaarica and Ks'elZmaniella

beeome several eentimeteys high, a dise-shapect expansion is formed at the

base of the stipe so as to eover £he primary yhizoids. Frem this dise ax'e
produeed the hapters by means of whieh the maex'oseopie p}ant gains

permanent attaehment to the substyatum. In other words, rlltizines of

LamiRariaeeous plants aye £ormed seeoltdarily, wh!le in ahorda, a small
dise-shaped hapter is eonstrueted of a e]ump of numerous rhizoids, deve-

loping out o£ the cglls at the basal part o£ the fyond.

.
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                                 PLATE 17

Laminao'ia ye3oens･is MIyABIil. '
    1. Yemale gametophyte with mature oogonium (O), from 30 day eulture. ×600.

    2. Female gametophyte at maturity, £rom 40 dt.Ly eulture. The ehromatophores in
      the oogonium are crowded together wit･h their long Etxes pa,railel to tliat of the

      oogonium. ×400.
    3. Female gametephyte with egg (E), mature oogonium (O) and young sporopiti.vte

       (S), from 3e day eulture. ×400.

    4. An egg just extrttded from the oogonium, from 3e da･y eulture. ×400.
    5,6. Mature m,a.le gametophytes with antheridia a･t the tips of tl}e branehes. iE"rom

      30dayculture. ×400.
K2'ellonaniella crassifolia MiyABE.

    7. Young sperophyte developed from a unicellulay £emale gumetophyte. IEirom 2e

      dayeulture. ×6eO.
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?LATE l8

Laoniotaria eic]tor･ioides MiyABE.

    1. Young sporophytes, from 85 day eulture. ×400.
Chorda Filuen (]12.) IJAMx.

    2. Young spoz'ophytes eoiisist-ing o£ three or four eells. From 26

      × 400.

    3. Young sporophyte produeing a hair aiid two rhizoids. ×600.

   4. Young sporophytes, £rom 32 day eulture. ×400.
    5. Young sporophyte produeh}g lateral hairs and rhizeids. The

      separated by septa. ×250.

day eult-ui'e.

rhizoids a]Je
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