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 On the Gametophytes of Some Japanese Species ef
-' Laminariales V.

By

TIyolTI KAN"A

     In the third publiea£ion on the same line of researeh as this, the writer

 has diseussed the distributioll o£ Japanese Laminariaeeous plants. As to

 the distribution they are dividedi rorighly into two series of £orms. The

 ene is a eold eurrent form, to whieh bel'ong the £o}lowing ten genera;
 tl'halassioph@llamz, StreptophyLZum, PLeuropterum, Cymathaere, Arthro-

" thamnus, AZaria, Kj'ellmanielLa, Agar¢em, aostaria and Laminaria, being
 inhabitants of the northern eolder seas, stieh as the Paeifie eoast o£ Hokl!aido

 and t-he'Kuriles,'Okhotsk ･eoast of thaKuriles and 'Saghalien, and the Japan

             ' Sea eoast of SaghalieB, IE[olrkaido and north-eastern parts of Korea."' The

 other is a warm eurrent form which inelUdes the £ollowing five genera;
 Eisenin, Ecklonia, Eckloniopsis, Unaaria and ahorda, being inhabitants of

 the southern'warmer seas, sueh as the Paeifie eoa$t o£ Honsyg'(the main

 island o£ Japan), Sikoku aBd Kyilsyu-, aRd the Japan Sea eoast o'£ Honsyti
 alld Kyiksyg. All the speeies of the eold eurrerit forms are iimited to the

 eo`asts o£ Hokliaido, Saghalien and the Ku･riles all to the･northward of
 .T"garu S.tralt, which lies between IE[onsyti and Holdiaido, with the exeep-
 ti6n of some species whieh extend as 'far south as the eoas# of Miyagi Pre-

 feeture, and northeastern eoast of Korea. Among the speeies belong.ing to

 the eold eurrent''for･m, following 24 speeies ar.e supposed to be distributed

 ehiefiy on theXeoasts belonging to the Boreal Distriet whieh is represented

 by the area including the greater part of the KuMiles, 'Saghalien and eastern

 parts of Hokkaido. They are Laoninart'a Zongipes BoRy.s L. taeniata ?osT.

 et RvpR.., .L.,subsimptex MryABE et NAGA!, L. dentigera KJEiJi)M., L. platy-

 meris DE ZJA [PyLAm, L. ye2oensis ]YtryABE, L. Fachalinenst's MryABE, L.

 sikotaezensis MiyABE et NAGAi, aymathaere fibrosa NAGAr, O. triplicata
  (IPosT. et ]Ru?R.) J. AG., a. Yaponiea MiyABE et.NAGAi, 8treptophylZt{m

 sptrale (YENDo) IMlryABE et NAGAi, Arthrothamnus kvrilenst's BupR., A.

 bifodus (GMEL.) J. AG., Thalassiophyll2eon aZathptus PosT. et Ru?B., Alaria

 fistitZosa.PosT. et･ BvpR., A. praeZbnga KmEkLM., A. macroptera <RupR.)

 YENDo, A. doZichorhaehis KJembM., A. ochotensis YscNDo, A. teNuifolia
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                           '. SETcH., A. taeniata KJEbLM., A. angzcsta IKJEbLM., Ple,uropteruon. paradi･-

  seor7?t MIyABE et NAGAi and P. fascicntaimm YAkf,al)A.

      Iii the･supa.mer of 1941,.t-he writer visked the North Kuri}es £or the

  purp.ose o£ studying. the Iifg' histppy of t.hese Laminariaeeous plants growin,g
' there. wrile staying in the North Kuriles for about 45 days, t･he writer

  has surxreyed t･he eoasts o£ Paramusiru aud Simusyu Islands, alld deter-
  mined t.he maturation peyiod of t･he Laminariaeeous plants, and made the

  eeologieal researeh o£ the marine algae. At Surib.ati Bay, where the Kita-
  tisima' Braneh Oraee of the Msher!es Experimental Station of goltkaido,

  ancl nian.y £aetoyies e£ some Nshing Companies are loeated, the writer has

  eultured t･he zoospores of A.Laria aozgtesta KJELL]y[. In the summer e£ 1942,

  the.wviter again visited the' Island.s, "alid stayed elt Suribati Bay £or a･bout
  40 days. [Phis tinie the'eirlture experiments were made at the .ofiee build--

  ing･of the KitaLisima Braneh Ofiee of the Fisheries Experimental Station

  o£-'Hokkaido', 'until the 26th of･ August, when the resident ofieial o£ that
  stition･hag ldaved the Island, and the station was shut. Henceforth the

  w'riter hag moved into,the roorp of oenee building of Ki£atisima- SUisan Co.

  LSd'., loy･ tEe eourtesy o£ Mr. S. KiTiKAwA, the ehie£ o£ Suribati Distriets
  Bralne'h'-6f' th'a't eompany,･and. the eu}ture experiments were eontinued ,at '

  relaatta:d?..laee; Unt!1 'the 19.eteX part; o£.September, whell the writer le£t the

                                                             '
      In'-the present paper there are deseribed the results o£ eulture exp.eti=

  ments with tbe gametophytes atid the youmg sporophytes of six species o£
  banLiltariaceae 'grbwing' on the eQast-･of' Suribati Bay, viz. Laminaria smb-

  simpZex 'lm.LsLBE et INAGAi,-.L.･'taeni'at'a' 'P.osT. et Rv?R., StreptophyLZum sl)irale

   (YEN'Do')I. Mr9.alBE et NAdAi) AZderia･ fistuZosa PosT. et RupR., A-. pf"aeZonga

  KJELLM. and-A.'angusta' KJELLM.･''

 ' Be£o're'goiBig£urtherthewriteywishesteexpresshlssineerethanks
  to Pro£es$or･Y: YAMADA £or his kipd guidanee aBd enitieisms in t.he eourse

  d£ the'pr'e'seB£ s'tudY. ThaRks are･also due tb the Hattori H6k6kai, for
  the peeuhiary did whieh hellped liini in earrSring out the Iprese-llt study.

  Aeknowledgeinents are also dge 'to Mr. S. TAKAyAsv, -ex-Direet･or o£ the

  IE'isheries Exberimental St･atioh''o£ Hokkaido, and to Messys.t T. KiNosiTA

   and T. TAKAHAsi, mLembers o£ thaf Station, for their kindness to plaee ht

  his tlisposal the seat neeessary'£or the eultures. Further the writ･er is also

  mueh iudebted to Mr. S. KrTmAwA, ehief of Srtribati DEstriets Braneh e£

   the Kitatisima Suisan Co. Ltd., £er his klndness offerea hirn during his

   stayintheNorthlKuriles. ''' ; '
                                                        '                 tt                                       '   '                         '                                 tt
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ty, and the plants having

narrow blade are'some:
wha･t similar to the wide

£orm of L. taeniata, and
those having broad anct･
.thiek blade.growing i'n

somewhat quiet shallow
wat,ers are rather similar

to StreptophyZZum spirale

 (Fig. 1). It beeomes sori-

'ferous early in August.

It -is supposed that theJ

lib.eration of zoospQres

eontinues 'for fairly long

period, perh4ps till-the

end of winter, beeause

many small young sporo-

phytes of the present'
speeies. Iess than several

eelltimeters in'length are

growing- on roeks inter-

mingled with adult matur-

ed･ones of more･than
several ,meters iu- total

Iength, w-hen the writer

eolleeted the material for

the eulture experimeruts

in August: The sori ap-
pear at first a't the middle

          XVIII. Laminaria subsimplex' MiyABE et NAGAi
    This speeies is one of 'the representative species of the genus Laminar･!:a

in the North IKuriles. Aeeording to the report by Dr. Mi NAGAi (1940),

the distribution area of this plaht is £rom the North Kuriles to as far south

as Simusiru Island of the Micldle Kuriles. It g'rows on roeks or stones in

the lower parts of the littoral zone or upper parts of the sublittoral zone,

forming a large assoeiation together''vvith La"ninaria taeniata and Strepto-

phyZlum spirale'. The shape and size of the blade as 'vvell as those of the'

stipe.varywiththe']ocali- .N ･ '., '''"''pawieeeslklil.
                                                         ..1

             t /.t t
Fig. 1. Lamiuaria sacbsimplex MryAB] ek NAGA[.

 ' Habit of the-plants, showing a digitat･e

                                    ny           natuTeinblades.' '
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 portion on one side of the blade, £orming a pateh oy patches with irregular
 outl;ne. As the stage$ advanee they inerease their size in both direetio, ns

 upwards and downwards, till they eover the blade in broad area. [I)he soFi

vare £ourmed on bot･h surfaees when the plants reaeh ful1 maturity.

     The eulture experiments were made twiee in the summer o£ 1942. The
                                                                 i first experiment was started ･on the 21st of August aRd the seeorid pne was

 on`t,he 24th o£ the same month. The eulture vessels were plaeed in a aroom
 with north-east exposure. But the 'eulture-vessels were plaeed from t!me

 to time on the table in the shady outdoor, being prevented £rgm a direet
 sunlight, foy the preventioB of the short･age of ,light !ntensity. Cultures

 were subjeetgd to the fiuetuatiolt of air tempeyature, and llp speeial 'con-

 siderations were paid for the .re,gulation o£ the temperature of eu}t"ice

                                    '1 medivtin, though it ranged £ropt 70C to 170C during the eulture experi-
 ments. The temperature of sea water o'n the Suribati Bay eoast ranged

 from 7.50C to 10.50C at th!s PeriodJ The fitietuation o£ 100C o£ the tem-

 peicature'of eniture medium was eoBsidered rathe･r too rnueh when eornparea

 viith 30C of temperature flugtuation o£ sea-water 6n the eoast o£ Suribati
 Bay where the plants are growing in natural eonditio.n. The developmept .

 of the gametophytes and youBg sporophytes were, however, very good in
 the pres,ent eulfure.. The eulture-mediunt was renewed every 5 days or a

 week and the eulture-slides were washed eare£ully frem time to time.

 Cultrnres were continued till. the 23rd o£ September umde'; these conditions
 when the writer left the IslaBd. Some of these eulture-slides were btioixglit

 by steamer fr6m Suribati Bay to Hakodate, qnd £rom HakQdate to t-he

 laborato,ry o£ the Inst･!tute of Algologieal･Researeh at Muroran by rail,

 keeping them alive, where they were eultured till abeut th'e mlddle o£

 Oetober. Culture medirum were renewed £rom time to t･ime in the labora-

 tory, but the temperature o£ the eulture medium was not regulated,.being

 exposed in the fiuetuation of a-ir temperature, raRging £rem 180C to 210C.

' The culture materials beeame gradually weakened £rom early ln Oetober,

 and they died eompletely by the 15th o£ the same maonth, when the writer ..

 gave up thg experiment. It･ is supposed that the damage o£ these eulture

 materials resulted from vigorous appearanee o£ Protozoa aind Diabom on
 the eulture-Slides Whieh prevented the deyelopment of eult"re materials,

" as well as the elevation of temperature.

                 ZeosporesandtheirGerminatien .
     The zoospore is pear-shaped.wheB it is motile state, pointed at one end

 and rounded at the other, measuring about 8-9pa in length, 4r5pt in bnyeadth; .
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it has two laterally p}aced eilia, one pointing forward measuring about

30--4ept in length, alld the other pointing baekward, being measured about

10y. It has oBe ehromatophore whieh ffLls the posterior part, one nvK)leus

and sbme granular substanees, but always laeks an eye-spot (Fig. 2, A).

The zoospoures are very aetive att ,
first, but sogner or later their move-

mentbeeomesslowerjyfithin5-24 . B C
                       OfZOO' ,: '-          the              liberatioll     afterhours
sporesthemajorityo£themassrLnie "i'i"',iS' 'in .-i '!t i

aspheriealform. Theyareinvest- ･,.f,.
edwithamenibrane' andbeeome afee･i"
£astenedtotheslide-glass(Fig.2, egets.gL

B).Soollaftertheyhav'efastened as','"'
totheslide,agerminationtubeJ'of, F
i,itOi'Wg･Zii8,){:Aig,IIX,efi,9gM,esb.-r//,gS22i:,8,, "'S,'tlllil"e..

theoriglnaleellmigratesintothis Fig.2.
part, 4pd within 48 hou;s a eross NAGAi.

w. all･isformed so as to separate the A･ Zoospore in

$'`.ai.et/d,,£rs,le,,lhs.gk･ke,.g8S'g,'i?i-g ig,g,lg,i,.£///m?l,,

diameter, and within'6 daYs, the formation oi

eel} division takes plaee in some lings from5
sporelings. The g,ametophytes in- from 7 day
er'  ase tb.eir sizes and some ones Stage of the

from 7 da'y eulture, the diameter pf eell is
aRd 10pe in breadth, being uni:eellular, whilLe in

eells at this stage.

is the feraale gametophyte and the latt･er type is th

                            '                              '                       '           '         Development of,Male and Fema!e
    So far as the general appeara-nees are

eharaeterlsties in t･he male gametophyte of the

cultures anye 10 daYs old, the rcale' gametephytes

of the apieal eells, as well as interealary, d6velop

The eontent' of the' alltheridial eell beeQmes

granrtlar, and at last the eells assume a spherieal

. t;:-
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                                       Laminaria subsionplem MiykBE et'

                                     Zoospore ana its ger]nina･tion. × 900'.
                                           metile state. B.Embryo-.
                                         Development of the gmbryo-
                                          6-24 hour eulture. G-H.
                                           2 day' eulture, showiug tbe
                                         transverse wa11. I-K Spore-
                                         day･eulture. L-M. Sporelings
                                         eult.ure, showing the y.oungest

                                         malggametophytes. '

                                     measured about 25pt in'length

                                        others the diameter o£ eell
is smaller being measured less than 8pa in breadth eons!sting o£ two or three

                bater development shpws that the former type of plants

                                         e male'one (Fig. 2, H-M).

                                               tt .
                                                           '                                         Gametophytes '
                                     eoneerned fhere is no strikillg

                                        presentspeeies. When'the

                                          reaeh maturation. Some
                                         antheridia (Ng. 3, A-B).

                                        paler in eolour ane･rpore

                                            f.6rm.- The eontellt of

v
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or latheE round in shape

measuring. abeut 4pt in

lengt:h. Two eilia of
almoSV eqdai l.:ngth,

measur;.n.ts. about 10#,'

atise from' the lateral "

side of t･he body. Some-

times a pa!e remrianf Q£

･ehromatophores maay be

ebserVed in it･, but aR

-eye-spot.is always laek- ,

ing (Fig. 3, m). The

  Fig.'1.' Laeninarta smb-

sionplem MlyABfi' et' NAGA[･'-

 .Fema-le ga'metophytes and

 ma･tureoogonia･.×460. A-B.

 One-eellea'£emale gameto-
 phytes trQm 8 day eulture.

 C--K, rremale gametophytes

 £rom 10 day eultuire. tsP.
i Mature female gametophytes

 -trom i2 day enftur'e.

  Yig.'3: Lapti7tao･iasubsiinpleze

M!yABs,et ])CrAG4x Various

£erlns o£ the male gameto-
phytes. A. Mature niale game-

 tophyte £rom 10 aay eulture.
 B--E Mature male gameto-
 phytes £yom 12-X6 da･y eultuere.
 m. Male gamete iri mota.le statei

   . ×1000'. ･ .･
                  '           tt     '..t･ke ant･herid!um is entirely,

 t used £or the,£ormatioll of a
 single malq gamete (Fig. 3,

 C-E). At maturity the
 male gamete swims out

 £rom the opening at the
 apex of the allther!dium,

 leaving an empty beak.
 The maale, .cramete is ovate

           sse,
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                                                       .Iiberation of male .cramete from t･he opening of the ant-h' eriditmi was observed

under mieros'eope, and many･ male gametes swimming in the eult･ure medium

were observed on the slides.

    MIost of the £enLale ganietoph>Ttes o£ this Speeies eonsists of only one

or two cells, rayely more thail 4 cells (Fig. 4). The shape and size of the

gametophytes are very variable, being measured abeut 'from 15,u to 50,te in

lerigth, and from 8ps to 16pt in breadt-h (Fig. 4). Within 12 days the feniale

gametophytes reaeh maturation, and develope oogonia. The oogonium eell

is elongated, the ehromatophores are divided into small pieees, and are

crowded together at the apex. Tine

eontents oE･ the oogonium becQme

more and more liquefied, and it

shows a strong internal pressure

.(F'ig. 4, G-I).' Then the. egg is

diseharged through the opening at

the apex, and remains attaehed
there (Fig. 5, A).

    Developrnent of Young
         Sporophytes'

    The egg is spherieal or ellipti-

eal in shape, eovered'with delieate

plasma membrqlle.. Fertilization
with male ga'mete takes plaee at

this s.tagei and then't･he first eel}

･division oecurs, inereasing the

thiekness of the membrane (Fig. 5,

B). The young spor' ephytes thus
formed develop rapidly,' and when

the plqnts are 18-20'days old many

･of them develop one or more
ghizoids from the eell at the base

(Fig. 5, E)., Further develo-pmeBt

of the young sporophyte is entirely

･similar to that of other baminari-

aeeous plants. As the growth of

the spgrophyte progresses, the

uppqr part ggows rapidly, forming

a fiat expanded blade･ (Fig. 6)..
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   Sii･g. 5. Lamu･inaria subsimplex MzyABE

et NAG2u. Formation of egg-eells and the

development o£ young sperephytes. ×670.
A. Egg-eell resting at the tip of the oogo-

nium, froni 12 day eulture. B. Two-eelled

stage of ･the young sporophyte, from 15 day

eulture. orE. Furthet developrpent of the

young sporgphytes,. £rom 18-20 da.y eulture.
Rhizoias are. produeed from the eell in the

'lowest pertion of the ' sporophyte.
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      Fig. 6. Laminarta
    subsimplex Mrvtss et
    NAGAL Young sporo-
    phyte with fiattened
    blade and numerous
    rhizoids, Differentia-

    tion of the blade and
    stipe is recognizable

    m the figure. ×100.

where the rhizoids are

beeomes more and
forming a dise-shaped

From this expansion is

     T. Eit,bcDA

When the plants are about a month old, the stipe

is differentiated at the base of the frond (Fig. 6,

A.B), a[td the lowest end of the stipe from

-

                    produeed,

                  more thiek
                         -J
                    expanslon.
                     produeed
the hapter, by means of whieh the

plant gains permanent attaehrneut

to the substratum (Fig. 6).

  XIX. Laminaria taeniata
        PosT. et RupR.

    This plant is also one of the

representative speeies of the eold

 j'ig. 7. Laminaria taeniata Posm. et Rm?B.

Whole plant showing a digitate na;ture in the

blade.
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eurTent £orm of the Japanese Laminaria. It grows on roeks in the lower
littoral or sublitteral zones being assoeiated with Laminaria subsimpZex

MiyABE et NAGAi and Streptophyllum Sptrale (YENDo) MrvABE et NAGAi.

This plant is very variable in shape and size, and as stated above, the plant

having wide blade is sornewh･at similar'to the narrow form o£ L, subsimpZex.

On the eastern eoasts of Paramusiyu Island, these two speeies grow inter-

rningled with eaeh other. There£ore it is not 'easy to ma?k an exaet
demareation between these two speeies whieh haye an interrnediate eharae-
                                                                '

    As the material for the present cniture study the writer seleeted the

plant with as mueh typieal £orm as'possible. It beeomes sori£erorts from
the late sttmmer to early auttmh, "betpg th'e same season as'the maturation

seasoll o£.L. s2ebsimplex. The i4ode Q£ zoosporallgi,um £ormatioll is entirely .
siiailar to' that of L. smbsim' PZeic. The zoosporangia, are produeed at first.

on the middle portion of one side-of the blade as a small pateh with either.

round or irregular outline, and as £he stages advallee .it.･grows larger to-

wards beth direetions. wren the piants are in full maturation the zoo-

sporangia are observed on both surfaces, eovering the greater parts b£ the
                                                            tblade,leaviBga'narrewsterile'"ortionaloitgthema!giB. .
    Cultures were m,ade twiee during the writer's stay in the North KurUes

from August tb the latter part' of S'eptember. in 1942. The eultuye slides
w6ye brought to Muroran, keePing them alive. They were eitltured eare-

£ully at the laboratory of tke Institute of AIgolQgieal Beseareh at'Muroran,

but greater pqrts of'these materials were seriously weakened when they.
arrived at Mtiroran,･ and qied bne after the other. Therefore the 'vyrlt,er

                                                       'gaveppthisexperimentint'hemid{iLleofOetober. ' ･'

    !- ZoosporesandtheirGermin'ation
    [I)Ee zoospores are'pear-shaped, ineasuring about 8-9pa in length, 4r-5pa.

iB br'eadth; they have' two laterally piaeed cilia, one eurved ehromatophore,

and some granular substanees, the eye-spot, however, always laeking (ffig. '

8, A). They swim aetively at first, but sooner or later they beeome motion-

less. They lose their･eilia be£ore long, become 'sphefoieal in shape, invested

with a･membrane,and £asten' tb.einselves to the slicte glass <Fig. 8,B).
Soon after 'they have fastened to the･slide glass,'a germination tube groWs

out o£ the enibtyospore (Wig. 8, C4D). As 'the germina)tioth tube grows
.lotiger, the eontents of t.he original eell migrate into this part, and within

                                                    . r'4 days a eyoss-wall is formed so as to separate the distal elld from the

'empty tube (Fib. 8, F). The first eell edvision in the'newly formed eel!

   L



130

. ,$Iii!sc}

 l

  Bee

-t
, distal part

  place at

  was
  seven
  strik'ing

  the

  possible

  types. 6f

     .iv.''ee

     IE' 3

  b
       --'et

1

,

t

""'

T. KA]gpA

G

c
a

x.

F

"･

 e

e

'

H

 figures shpw, tbe sbape o£ 'the

                     ' male gatnetcrp'hytes is aimost

 sixnilar.to t･hat o£ L. subsimplex

  (IEeig. 9). The size of the eell

 eonstrueting the maie ga[neto-

 phyte as well as.that o£ t･he
 whole boqy are, however,
 s?.iaBer than those of L. smb-

 samzplex. In 12 day eulture the

 male gametophytes bear mature

 aiRtheridia (Fig. 9, F-G). The

 liberation of'male gametes from

 antheridia was obserVedi und-er

, mieroseope. The shape and size

 ef the mele gamete are entirely

 similar to those of otheer speeies

    of 'the eell. H. Sporeling from 4 da'y

  this stage forming two-eelled' gama.etophyte.

observed in plants o£ 4 d,ay culture .

 days ther'e is observed a

    ganieboPhytes. twge

As tbe ･aeeompanying

       g'ig. 8. Lafn,tnaria taeniata
ss Posv.etBvpK.Zoosporeand
 c3SiS its germina･t.ioll. xslo. ･A.

     Zoospore in' notild state.' B.
 ;' Embryospoxe. Cf-D.Germina-

e. tiono£thezoospore,freml2-
     24 heuy eulture. E. More
     advaneed stage of the develop-
.f ment,from3dayeulture.
  ., IR!-G.Spbleeling'sfrom4'day

     culturq showing the £or.rnatioll
      of el wa･ll, separating the-

      germination tube,, a-lld tbe
eulture. The first eell'divisionitakes

(Fig. 8,H). In the culture of.
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  Fig. 9. Laoninaria tae7viczta Posur. et Ru?R.

Male gametophytes ana rnale ･gamete, from

7-12 da･y eulture. ×1000. Ar-C. Young male
              Ngametophytes from 7 day eult･"re. D-E. Xm-

mature rnale gametbphytes from 9 day eulture.

FL-G. Mat･ure male gametophytes, from Z2 day

eptture. m. Male gamete in motile st･a･te.
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                          i

antherid!al eell shows a

antheridiuni bu;sts open

at the apex, forming a

,beak, through whieh the

maale gamete eomes out.as
.if it were pressed. ' It- has

but always laeks an eye-
spot (Fig. 9] m)'.

    Most of the ･female

.gametophytes consiSt o£
･only bne or twQ eells (IIiiig:

10). Geperalappearanees , Fig･ 10･
?f,,Ye,,,I9.,M,,e`O,P,hl{gS,,aZe, iia.M,Si,e,o,f,,:},e

.L･sitbsimpZex. Whenthe
plallt･s are '9 days ol-d, or less bxanehea
Somegametophytesreaeh eulture-
lmaturie.y (Eig. 11, A).. The

･divided into stnan pieees having

together with longituctinal arrangement (Fig.

egg is £6reed out through the openiug at
remains ･attaehed there'(?ig. 11, C--D). In

±･he fesm. ale ' gametophytes develbp upright

the eultute sltde glass (Fig. 11, e). In

plants the' opening･through Whieh the dgg is

terminaiendoftheDogoniumeell,w .
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          La7ninariq taentata
      ga･me.tophyt･es of various

           development. x440.
           frem 7 day 'eulture.
female gametophyt'es, from 9,, aay culture.

             femqlLe' gamptophytes

 ehromatophgres in t-he 'oogomuni

     spindle-shaped Sorm, .and

              11, A-Q).

            the apex D£ the
              the present

            oogonia, standing
         other speei-es ef the Lammariaeeotis

              foreed oat
      hile in the present speeies

.,,.,'

 `$l}' Xff,i'as$.,l･..i.

  POST,,'et IixJP'R.

･forms .and varibus

    Arl". Female
     G-H. Young
       I-g. More
     from 12 day

   ' eellare
    are erowded

At maturity the

  oogonium and
 speeies some of

           .   ereet agamst

     --
              ,is formed 'at the

 ' soinefemale

t
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.crametgphytes produce uae

opening at. Iatgral sidg of'

tEe oogonivtln eell (B"ig.

11,D).

  Fig. Ii. Laminaria t.aeniatci.

Pos[r. et Buptt.'Development
of 'oogonia, eggs' alld' yonng
sp6rophytes. ×52e,･. A. Mature..
femaleganietophytgeonsistih-g ･
.ofa･singleeell,･from9aay' "
eulture; B..Mature,female
gametophyte, developitig a-n

.oogonium, from 12 day eul--.

ture. C.'Mor･e or' less dia-' . ･
givammatieally figured fe!tiale'

gametophyte, 'showing qn
oogoni.um whieh 'is-'stanaing

ereet. Thqgroundimedenotes.

the surfaees o£ eu]ture slide..

D. Developnient o£ egg:cellr'
from 12 day eulture. E-G.
Development of young sporo-- ･

phytes, frgm 12-IG day 'eu!-.
ture.

         DevelopmentbfYetug ' :.
            .',S)Qt(SPhYtds.'. -z ";:.' 'L .･ i. ,･

                '-r ' .             'tht''t-t t''1 t';-tt                              '      Whe#'the'e.gg. ･,i$ if.et;Iiliz'i (l1,tlie,:d.ey6- ,.

   Iopraent,o£' the spor'o)hyte start.s;.: In
                               '   -   the 12--14 daY..gukufg..･tbe .f}rsSd eell i'divi-

 . sion in the' `£ertihbzed'eg'gr takqs;.'Jplaee

   (Fig.･ 11',E).' Youngegt 'stage of the

                      -,- -          '   sporephyte is a mdn6SiOhb'noifsi･'fil'ament

         . .t t t-t.+t-./ttt                    '
                     t:.t.tt--- tt-
    Fig: 12. Lapmipdria tdlenta}td PbST. et RvPK.
' Further development of' tlx6:sp.o,ro)hstest The
   sha･pe of the'sporophyte is Very''Variable. :1 tu-he

   one is more o,r less slender in general･:qp-
   pearanee, while t･he other is rather bioad.

   Rhizoias are formed from,eelis in the lowest

   portion o£ the sporephytg. .albept 40'day eul-

   ture. × 230.
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eollsisting of a rDw of several eells (]iTig. 11, IB'), 'w6ile in plants-from 14

day eulture, it was observed that the eell .division takes plaee by the longi-

tudinal walls (Fig. 11, G): The new sporophytes grow and develop many

rhizoids at the base o£ the blade (Fig. 12). The speedi of development is

-Tather slow, and the shape o£ the sporophyte is highly variable. The one is
more or less slender in general appearanee, while the other is rather broad

in breadth of the blade (Fig. 12). The free end of the rhizoid branehes

rnore or less, but the rhizoid is always destitute of any eross wall (Fig.{2).

      IX g[. Streptophyllum spirale (YENDo) MiyABE et NAGAi

    This speeies is a t)rpieal member of th,e eold e.urrent form of Lami-

nariales, foun,d growing on roeky shores in tbe lower littoral and upper

sublittoral zones, being assoeiated with Laminaria subsimpZex and L.

taeniata. It is distributed from the Bering Islands and IKamehatka to as

iar south as the Middle

  Kuriles along the Paeifie

  eoast, as well as the
  Okhotskeoast. Theplant
  trom the North Kurlles
  was deseribed for the first

  time by YENDo in 1903,
  naming it as .EIedophyZ-

  lum spiraZe YemDo. After

  the issue of YENDo's
  paper, this plant was
  studied and diseussed
  systematieally by several

  authors, espeeially by
  MiyABE and NAGAi. In
  1940, however, MiyABE
  and NAGAi established a

xnew genus `StreptoPhyl-
  Zum' taking IIedophyZZum

  spiTale YENDo as the type

  spee'ies, and now it stands

  as a monotypie genus.

      When the plant is in

  early stage of develop-

  ment, the blade is simple,

  Fig. 13. StreptophylZum sptraZe

et NAGAi. Habit of an old plant,
bullated blade, and deeumbent base.

(YEigrto)

shDwing
MIyAB]
roughly



                                              '･134･ ･ ･T. KA.iffiDA･. ･                                    '          '                                                 '                                                         '                           '             : oyateandnearlyplane,wit･htworows'ofbullae'extendinglengthwise'. As -
the stages 'adva'nee, the ,blade beeomes broader and bullatea, alld it s)lits.

･into several segrpents, begbis fh6'serollings'o£ both'margins of the transi-･

tion region. Thein the' meridional regibn of bladd begins to deeay-down-

vg;ard to the base. The re'sult is bifureated stipe wit･h,one scrolled blade-

 on eaeh arm. It beeomes soriferouS in the same season qs LamiozaT･ia sub-･

si77mplexanaL.taeniata. ' ･ "'' ''
    The zoosporangia are produeed at ftrst oll one side, being £aeed toward
                              F'the substratum, as. a small pdteh of irregu!aT outline. Contr'ary` to the £aet

. .thatin'Laaninariasubsimplex
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  Fig. 14. 8tregetophyllum'sl)daal-e (YENDo) Mx-

yABE et NAGA[. Germination b£ the zoospore and

early stages of the gametephytes, ×448. A. Zoo-
spol'e in motile state. B.Embryospore. Cl-D.
Development of the germinat-ion tube; the.eonfents

bf the,eell migrate into t･his part. E-L Sporeling

from 2-5 day eult･ure. The length ef the germina-
tion tube.is mueh raria1)le. J-K 'Sporelings from
5 day eulture. L-M. Sporelings troin e-6 day eul-

ture. N-R. Earliest stage of the male･ garpeto-.

phytes, from 4--6 day eulture.

and L. taentata"the zoo-
sPorangia are produeed'at

first on the miaqle PortioB o£'

the blade, 'in the present'

speeies' they are eommonly
formed on the basai･ portiou

of it.' As the.stages advanee･

'they are.produee'd on the

other stae, being £aeed
lteavehward,' covering the
greater patits of the blaae･

atways leaving a sterile por-

tion along the mafrgin.

   Zeospores and their･

       Germination

    The shape aud size o£ thd
-zoospores and the'  process of
Lheir developmeilLt are enti･rely '

similar' to those of Laminaria

s2ebsimzpl.ex,and 4. taeniata

 (Fig. '14). The,zoospoties.

swipe aetively at .furst,.but

 sooher or later beeome motion-

less. They 'Ioge their'eilia'

before leng, beeome spheyical

i'n shape, invested with a

 membrane and fasten thema-

 selves to the substratum
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(Yig. 14, B). Within 24 hours'a germination tUbe grows out e£ the restiRg
spore, and'the eontents of the original eell m!grate into this tube (Fig. 14,

C-ID). The lellgth of the germillation tube o£ this plant is generally short,

and some sporelings laek the tube at all (Fig. '14, E, I)'.' Within 6 days

two types of gametophyt･es may be diStinguished. One type eonsists of

only ene or two eells, and later development shews that this type ef plant

is the £emale gametephyte (Fig. 14, L, M).' The other type, however, eon-
sists of more than two eells at this stage. The diameter of eaeh eell is.
smaller t.han that of the'former, measuring ab' out 6-8pa in diameter. This

type of the ･gametophyt'e.is

male (Oig. 14, O, R). ･
     DeVelopment of

      Gametophytes

    As aeeompanying.figures

show, the shape and size of
the malel gametophyte.s bear a

strikiBg resemblanee to those

of Laminaria subsimplex and

L.･taeniata･ (IF'ig.15). The.

male gamete is ovate in shape,

.measuring about 4.5pa in
length. Two eilia of almost
equal lengt･h} measuring. about

12-18pt, arise frem the side of

the body. The ehromatophores
in t･he mature antheridiLun

beeome pale in eolour and
gradually disint.egrate. .The

male gamete liberated from

the antheridium, therefore,

possesses either pale ehroma･to-

phores or granular substanees･

only; the eye-spot, however,

always laeking (Fig. 15, m).

    Most･ of the female.
gametophytes of the present･

s.peeies eonsist o£ only one or

two eblks (Fig. 16, A-]]).

'
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  Fig. 15. StreptophyZlwn sptrale (Yii)mo) Mi-
yABE et NAGAz Various foTrns of the male gameto-

plrybes. ×486. A. Yonng male gametophyte eon-
sisting of a row of cells, from 5 day eulture. B.

Immature raale gametophyte, from 8 day eulture.

C-G. Mature male gametopbytes from 10-12 day
eulture; the tips of the branehlets divided forming

the a･ntheridial clusters. m. Male garpete in motile

state, showing two eilia g£ a･imost equal length.
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   Fig. 16: Streptophyllum sptrale (YEIsn)o) Mt-
yABe ･et NAGal.'  Fefuale garngtoPhytes, oogor{ia and

eggs. ×680. 'A:-C. One-eeged £ema･le gamaeto-
phytes; £rom 8-9 day eulture. D-E. Two-eelled
femaie gametophytes from 8J9 day eniture. ,SL-G.

Mature female gametophytes frem 8-9 day cul-
ture. .H. Egg diseharged from uni-eellulax female
gametephyt'e,.from 8 day eulture.

coloureq ehromatophores, and in･many easek

a eonstmetion makes appqaranee forming'a
sma[[t globule a;t the terminal end 'of the
ganietophytie eell (Fig. 16, B-D, F). The

same faet as this was observed in the ease of,

Lanzinaria subsionplex, though not so eommon

as in this plant.

  Development of Ygung S'porophytes

   In t･he plants from 10 day eulture the
first eell division takes plaee and witliin 11-

Within 8 days the female
gametophytes reaeh matutia-'

tion.(IRig. 16, A:-G). At

maturity the egg･-is pressed

out from ehe pogenium
througb the opening at the

apex, and remain's attaehed.
              (ethere (Fig. 16, H). The

growth of the £emale gameto-

phytes o£ this plant is very

well and in･some one-eelled･

£dmale gametophytes from 8
day culture the diatneter of

the eell is measinred up to

70pa inLlength ana 16@ in

breadth. The eell is fiIled

den.sely with deep' browll

-

 Fig. 17. StreptophyZZuen spirale

(Ymmo) twyABE et NAGAI.
Development of the young sporo-

phytes. × 680.' ArB. Four eells
stage of tbe sporo.phyte from 11

day eulturer C. More advaneed

stage o£ tbe sporophyte, eonsist-

ing of a row of several eells,

frem l2-13 day eulture.
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days after the Iiberation ef zoo-

spores 4 eelled youmg sporo-

phytes make their appearanee

(Fig. 17, A-B), andi further

development gives a filantelitous

sporophyte eonsi$ting of a ･row

of eells (Fig. 17, C). As the

development progresses, this fila-

ment gives rise to a fiat expand-

ed blacte (Fig. 18, .E!L-B). Rhizo-

ids are produeed out of t･he basal

eell or eells (Fig. 18, A-B), and

                 t--:t
                 ,r..,
'

               '             '

 '
.

 t '"
              -; ･              1.--
.A    '
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dise-shaped expansion, the initial

                                   ttof the seeondary rhizoids, by ･ .-
                                    'meansofwhiehtheplantgains , ,.
                                  'apermanent attaehment- to the ･'
.substratum is formed when the ..
Ipl･antsareaboutarnonthold Rig.18.StreptoptyLZufrv
                  '/m( :S9' iSikB,,)'. ",",Z`,h,er .d.8,",eiO,P.-.}Ihl]fit,:,P eX.Ny"8.eilk ･.?s,'astt･2es

,aspeet mueh'resembling a round 22 day eulture. ×475.

San(IFigL18). .. ofthesporophyte;from30
                                      '             '                                           '          ' XXI.'AlariafistulosaiPosT.etBupR.

       '                                 '
  . The pres.ent species is a typieal fuember o£ Laminariaeeae
               'eurrent form distributed in the Boreal Distriets lrom the

tg as far south as Kusiro, Hokhaido, on the PaGifie side,

most point o£ Notoro peninsula of South Sagh' aiien. The
is t-he largest･ alga in Japan being mealsured up to.15-20

,gregarious}y on the stony or roeky bottom in a depth o£
.fathoMsinthesublittoralzon6. ' ' .'
    Itbeeomessoriferousi]nAugust,andtEeeulture '
speeies.was st･arted on the 21st of August.

en both surfaees of the sporophylls,

tion of narrow borders al,ong the margin remaining sterile.

               ' Develepment of Gametophytes
    Th6 zoospores are pear-shaped, about 9@ in length, have

plaeea cilia, one eurved ehrgmatophore,

B

                     sptrale <YENDo･)
                       .ef the sporo-
                      with rhizoids.
General app'earanee of the blade is rouhd; from

                C. More' advariced.stage

                   day eulture. × Z30.

                             t
                       o£ the cold
                     North Kuriles
                and ae th'e southern-

                    present speei'es

                   meters, growing

                     5-10 or more

                 expermient of this

       The zoosporang!a are produeed

 eovering them entirely wikh the exeep-

                  two laterally
one nueleUs and some granular sub-
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stanees, but always laek

an eye-spot (Fig. 20, A).

Generally the germina-

tion tube is rather short

in Iength (Fig. 20, Gt-H,

J"L). When the plants

are about 6-8 days old,

two types o£ gameto-
pbytes may be distin-
guished (Fiig. 20, L-Q,

!VT). Though the male

gametophytes are very
variable in shape, so far

as the shape and size of

the male gametophytes

are coneerned, there was
observed no striking dif-

ferenees, when eompared

with those of other
      Ls.rnembers of Laminaria
already studied. In the

present speeies, however,

the mature male gameto-

 EEig. 19. Alarta listulosa
PosT. et RppR. Habtt of the
plant, showuag ]arge sporo-
phylls     and holdfast.

 Fig.20. AZartajistulosaPosz
et Rv?R. Zoospore and its ger-

mmation. ×480. A. Zoospore
m moule state. B-C. Embryo-
spore. D. Sporeimg fiom 12
hour eultuie, showing the deve-
lopmeut of the germinainon tube.
E-J. Sporelings from 5 day cul-
ture, shomug the first transverse
          .NwalL The germmation tubes are
rather short iu length. K.
Sporeling from 5 day eulture,
showmg the first cell division.
L-Q. Eaily stages of the female
garnetophytes, from 6-8 day enl-
ture. R-T, Early stages of the
male gametophytes eonsisting of
two cells, fiom 6 day eulture.
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firsttimdineulturesbf13 sicptkE,"l,.,'.i`iP" '' . a{s.v

daysold.Thusthedevelop- .. ' ." t"a.''"
                                       .Y,X"st･a%f,/;hS,g,lge.e.tO¥iY,`&S,l2 " S.,･.,p.;ees //'i'/k..

gametebearsaeloseresem- ". sc
blaneetothato£othermem- """' G
tiljlie,stSgp]Oi./sL,olg,2M.dl$i/Frl?i,igeiats`,Il g, o.sssiS

speeies too (Fig. 21, m).

able in shape, generally

eoltsisting of more than'

two cells. Some o£ the }gifemale gametophytes eonsist,

b£severaleellsbeingbraneh- Fig.2L
ed irregulariy, while t･he
g,`.h.er,si.a..r.e,li,i?`eS,O.",.f,O,id,e,ds t,it,i;ts8g,ace,iphll,llilOe.Ms.fiio,m,,

strFiffaee.of the culture slide day eulture iu immatufe

 (Fig. 22,N).. From 13 to gam.etophytes from 13-25

16 days a£ter, the liberation the branehes are divmed
                                 m. M.ale                          elusters.
o£ zoospores, the plants reaeh

maturation. At the'ti!ne of fruiting, the oogonium

tents be.eome dense, and the ehroniatophores are

apex (Fig. 22, ll).

               DevelQptri-ent of Young Sporoph

of the oogoniUnt aitd remaills atta,ehed there (Fig.

the whole contents of the oogo4ium e'ell are used

single egg, while in the present species th

oogouium eell eolltents, and the rest portion of the

in the empty oogonium eeli,' assurning a sipherie'al

The first'eell division in the fertil.ized egg gell may

of 20 day eulture (Fig. 23, C-D).. 'I5'ig. 23, B.

       On the Gamletophytes of Soine Japgnese Speeies of Laminariales V

phyteswereobseicved£orthe .-･･t･
s･
,e

.O'

e'
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s .e.

    'iegiie .･

  .
ES

.

G

pa

.e. q'

                                       wh･ ,oje

                                          ea, fa

                              Alaria Yistulosa Pose. et,B.tipR. Various

                     foims of the maie gametophytes. ×460. ArB. Maie
                                       aay eulture'. C-D. `Young
                                        13 day eulture, eonsisting
                                        gametophyfes from 13-16
                                        lstage. G-g. Mature male
                                         da-y eulture. The ttps.ef
                                         forming the antheridial
                                    gamete in motile･state.

                                         is elongatecl, the con-

                                      erowded together at the

                                                         .

                                        ytes

At xnaturity the egg dell 'is'.£oreed out through the openin.`v at the a-pex

                                        23, A-IB). Generaily

                                       for the formation o£ a
                              e egg is fi6r.med of a portion of t･he

                                         eell eontents remains

                                        forrn' (Fig. 23,. A-E).

                                         be observed in plants

                                    denotes the female gameto-
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                .tftZaria 7XstR"Zosa PesT. et Rv?n. Female gamletophytes in

                 of. the developpaent. x540: A. Very young '£emal.e
      gametophyte from 13 day eulture. B-C. Young £emale ganie'tophytes
                two eells, from 13 day eulfure. D-F. More"advaneed
                feniale gametephytes, from 13-16 day eulture. G-I.

      Female gametophytes showing a ehaxaeteristie branehing,'£roM 13-16
                J:-K. Female gametophytes fropa 36 day eulture: L.

                 gametopliyte frem 24-25 day eulture." MLNL Twistea
           gametophytes. N. was figured diagramnia･tiea･ly, the ground

                 suriaeeoftheeultureslide. ･ .
                                  '
                  eggs. In the materials £rom 25 day eulture a young

         eonsistmg of eight eells'arranging in a' row, developed £rom
          o'ametophyte, was observed, but it was impossible to traee the

development･ beyond thi･s stage. The £Qrxutation of rhizoids and of.fiat ex-

               not ascertaiued.
                              ,



On the Gametophytes of Some Japanese Speeies of Lamlnariales V 141

    Thoug' lr the. eul-

tures were earried out

under the same eon-
      ,dition and methods'

as those Q£ Lpmzi?zaria

subsimpZex, L. taentL.

ata and Strept,ophyl-

Zzanz spirale, the deve-

lopment of the game-

tophytes espeei,ally

the ･female ones was

defeetive to a certain

extent., It is suppos-

ed thqt ･the eeologieal

nat,ure,' bei4.cr the in-

habitants of deep bot-

tom of the sea, eaused

this defeetive gxowt-h･

of the garnetQphytes.
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  Alaria angusta

     KJELilM.

    This speeies is
also a typieal member

o£ the inhabitants of

algae growing along

the eoasts of the
North Ku.rlles. - It

forrns a large assoeiaL

tion singly

littoral zone,

    The distribution
            -

e.as
liYIgle'lk .e.
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           or ill .eompany with Laminaria taemcta

            prefering the plaee where the

                  .area
 the wester･ n eoast. of the

 Saghalieu and Seya Strait.
     Cultirre experiments were made onee in t-he summer of 1941, and twiee

- in the summer o£ 1942 at Suribati Bay. Th!s speeies beeornes soyiferous
                     x' Erom early in August, and the liberation of the zoospores oeeu'r without

 aBy dieaeulty. {I]he z6osporangia are produeed on both surfaces o£ the

  Fig.･23. Alaria･fostulosa ?osT. et RvpR. Formation of
egg-cells afid the developi4pnt of young sporophytes. x520.

A. Egg-eell developed from two-eelled female gametophyte,

from 16 da-y cul.ture. Some'poictions of the eontents of

eo.oonium cell remain in the oogonium, assuming a spherieal

form.. B. Two egg-eells developed from sfogle female
g'ametephyte. O. The first eeti division･in the fertilizea egg,

from 20 day eulture. Bemnant of the &ontents o£ oogonium
eell assunies a spherieal-form in the gmpty oogonium. D.

Diagrainmatic figure showing the twisted female gameto-
phyte. "'The ground line denotes the surfage of the eulture

s!ide. fi. Yeung sporophyte, from 25 ･day eulture.

          ' ',on'roekyshoreinthe
                srurrf is strong.

  of the pres,ent speeies in Japan is the Kuriles,

 southerumost,peint o£ Notoro peninsula of South
1
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  Fig. 24. AIaria:angusta KrE]2bM.
Habit of'all. a.dult plant,･ fihowing
narroW sioorophylls.

              Jiso as to separate the dista1 end from the tube

end inereases in its" diameter, then the first eell

4 days old plant (Fig. 25, H),.
                         'ttland female gametophytes are distinguishable in -cultures

                          L
   ,[v. KANbA

                              '
 sporophylls, eovering the great'er portidn

 ofthem ,: "
 ･ ZposporeanditsGermination
  ' So far as th.e shape, size and be-

 havior of .the zoosp6res are aoncermed,
 no remarkable differenee was observed

 eompared wiC'h.those o£ other Larpinari-

 aeeous plants stpdied. :
     They･arg ovate {i shape, point.ed

 at one end and rounded .at the other,

 when they 'are aetive, measunying 8-9p in ,

 length, 4.5fc'in breadth; they have two

 laterany placed gilia, one pointing'for-

 ward, els' long as about 3-4 times the
 length of the bodyi itself; and ･the otli-elr

 polnting baqkw'ard, a Iittle longer'than'

 the body., They- have one eurved'
 'ehromatophore whieh' oeeupies the
 po'ster.ior pa!t, one nueleus and some

 granular substanees, but alwaYs laek an

 eye-spot (Fig. 25, A).. They are very･

 aetive at first, but sooner'or latet their.

 ,mo.vement becomes slower;' within,12
 hours after t･he liberation of t･he z6o-

 spores the majority of them lose their
        ,s eilia, assuming a spherieal form, t-hey'

 a're invested]with a' rnembrane .and be-

 come fastened to the slide; a germina･tion

 tTuJbe grows oint from tine embroyspore

 (Fig. 25, B-D). As the germinati'on
- tube grows .longer, the eontents 6f tihe

 original eell migrate into this part, and

 within 2-3 days a eross wall is £ormed
           (]iiig. 25, E-B'). The distal

            division takes plaee in the

 Under favourable eonditions, the Male

                    from 7-8 days.
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     . Fig.25.AlaeiaangustaK3xmaM.Zoesporeandits.ggrminqtioll.

        ×510. A. Zoospore in motlle state. B. Embryospore. C-D. Germina-
        tion'of the embryospores, from 12-24 heur eulture, E-G. Sporelings from
        3'-4 day eulture.' H. Sporeimg from 4 day eultuire, sbDwing the first e6ll

        division. .l[)rM. More 4ctyaneed Ftages of.the gerxninatipn, trom 7-8 day . .

        eultuTe. ... .
                Male Gametophytes and Male Gametes

       As the, eulture progresse$ the male gametophytes inerease in ,the number

   o£ eeits more and'more, and i]3 the 8 day eulture theY £orm long fiILament
   with sorne branehlets (Fig. 26, A-B). As was figrured in Fig. 26, C--D'the

   male gametdphyte deVeiops vigorously,.and the eells eoirnposing thq iilament

   are lar'ger in. size,, and filled with deeper brown eo}oured ehromatophores

   mben eompared with those o£ A.Zaria fostulo6a. Generaily the branehlets are

   proaueed on one side of the flarnent (Fig.' 26, B-D)., General appearanee

 ' of the male g'ametophyte at this stage shows a notieeable Gharaeteristies.

   .As the deyelopment adyanees the branehing of the main.filament' beeomes.

                                              N   denser, and in plants of the 17-21 days ertltrure, the. male gam･etophyte form

  -pro£usely branched elumps bearingLmdture antheridia and empty beaks in

   dense e!usters at the tips of the branches (Fig. 26, C-D). As statect above, ,

   'the branehlets are Sormed on one side. o£ the main filamenti general ap-

' pearanees o£ the male gametop5yte, espeeially t5e moct'e o£L antheTidium
   formation are very eharqeteristie. 'The writer'eeunted .23 'antheridta. '

   developing in a single'elump cm the branehlet.. At matunyity the wall of

   the ,an･theridium bursts ope4 at t-he apex, forming a bea.k through wbieh
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        Fig: 26. Ala･ria anlausta KrmLM.

     phy±es. x180. .A. Male gametophyte ･from 8 daty eultmre
     ed male gametophyte with ehaTaeteristie

     e. rmmature male gametophyte from
     male gametophyte eonsisting of fair]y
     mature antheridia･, from 17-24 da-y
     ar"e formed op,,one side .of the main

     male gametophyte is very eharaeteristie

a nature male gamete swims ouS (Fig. 26, D)

or sometimes rather round in sliape,

eilia ef almost equal length measuring abeut 18pa arise f

         twra ･ .l-
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                          .  -.        ' -tSe.}.' .op' e k.. .pa e g."- %'

es.ts  ge ?..e.-;- .si
             " ･- ･      . t.           t- -
    vh,ribus forms of･the male gameto: '

               . 'B. Werr deve16pr
     branehing, from 8 day eulture.
   15 day eulture. D. Well devel.oped

     laTge number of eelts, showing
  miture. Vhe antheridial branehiets

 filament. General appeaaranee o£ tbe
   . m. Male gamete in motile sta;te.

         . The raaite' gamete is ovate

  measuring about 6p in leBgtlL. Two

                 rom theJlate]ral side
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                 .-                      '               tt                                    '                                                 '                N.   Mg. 27. Aiaria aitgusta･ KrsLL?E. eemale gametophyteS ana the deve!op-

ment of oogonia. ×4Te. A. Xmmature fppaale g･ametophyte from 10 day eulture.
The diamgteg of' .each eell is laTgg, rneasiuring aboiEt 4.5p in length and 16pa in

foreadth, and the ehr6markophores ar.e rmzeh denser ancl deeper in coloun Generai

appearanee of the branching is very charaeteristie. B-D. Ma;ture female
gametophytes developing oogonia, from 2'4 day eulture.･Oogonium is formed

as an upheaval in the rkidC4e･portion of th.e origirLal eell. ' The dhromaSopho'res

are erowded together at ftie elpex-qe oogoniuin eell. General 'a[ppearance o£

thefemalegametoPhyteandtheshapeofoogoniumiseharaeteristie.' '
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oE the body.' It has one oer two pale eoloured ebromaeophoyes, but always

laeksaneye;spot(Fig.26,m). , '
             FemQle GaMet6pkyteS and Oegenia･'

   In khe eultrure, o£ 81 aay the '£emale gametophytqp m.ay' be distinguighed

                                               ,(Figt 25, I-M). Wheli the plants are IO days after the liberation of zoo-

spQres.a large tmature Eernale gemetophyte'consisting' o£ 13/eells, the
diamet6r of whieh measured up-te 45ptn maimum length, 16p ip breadth

was observed (Fig. 27, A). As the developmqnt advanees, the female

                            -t          '                                         '         ･'ewejeg,va. ''iiislj' '
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                        gametophytes, aeveloping an
              .A.･ffeihale..garnetophyte showing the £orination
                  .B. Mhe'-first eell divisSoa in the.tertiJiz-
The shape ana genera) appearaneerof liempty oogonf,um. eell are very

       C. DevelQpment o£ a young sporep.hyte, frorn 2d day eul-
  D.-FurtJxer aevelopment af.a yemag.speropbyte £reTxt 24 daJr eulture.
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     oattaehed thq#eH ('F'ig. 28)

A･). The eg-g is ovate ,or'

ellipti6tal in. .s.hape, inve.st-

edJ with thin plasrpa-mem-
brane (Fig, 28, A.). When

the egg is 'fe;tilized the,

developinent 6f the sporo-

phyte starts. In .the 24
day-e'ul, ture 't4e first･ cel!･

division Ftakes pla.ee at the

.}ight angle to the lobgi-

tudinal axis of the egg
(Fig. 28, B), apd turther.･

development .'gives ･the

sporophYte eonsisting of'

{'r6w 'of sev'er,al cells

(iFiig. 28, C-]P")J'As "the

               'stages advanee a'fiat ex-'

panded blade is formed
(E'ig. 28, D)j-the deveT'

IQpment of rhizoid, how-

ever, ' eould not be treleed.'
tt' mu'st ,be noted here that

the sha'pe anct appearan,ee

of the empty oogonium
e.ell, at' the apex of whieh

        On'theGametophytesofSom'eJapanese'SpeeiesofLhminarialesV .147

                   'gametophytes inaxease in the number of cells, showing an irregular braneh-

ing. When the female gametophytes are 24 day$ old, most of theni rgaeh

]xzaturity. One of the signs Qf the approaeh of maturity is the 'elongation

of the oogonial eell. ･In the present sPeaies the oogonium is formed as･ an

upheaval,in,the mididle portion o£ the oTiginal eell (Fig. 27, B-I)).' This
mode of oogoniuni formation is eharaeteristie to fhe present speeies. The

ehromatophores at the apex of the obgonium are divided.into sniall pieees,

having a spindle shaped appearanee, and are erowded together With longi-

tudinalarrangement(Fig.27,'B-D). '' '
                                   '                            '                                                   . .s            '                                                   '          ' Developmentof:SloungSporophytes.
                         tt                                     tt.th6 oa.toMniaumtUXgynYdti eeme,,agm.gsiS fQreed oUt throug.h the opepmg.at the apex o£

Fig. 29: Ala･ria. Prealopuga KJE mbM.' 4n adult p]ant.

l
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                                                          La ygung sporophyte remains attaehed are eharaeteriStie to the presgnt

speeles.

             -XXIH:AlariapraelongaKJELbM... '
    The preseltt speeieg is distributed'rather widely £rOm Berifig Islands

.alaSka, Kamtehatka to as £ar south as the Kurlles ind. the eastern epast

Df Ho]rkaido. It resembles Aldrio macroptera ('RupR.) .Yiim(Do. On'the
eoast of Paramusiru Island,. these' two species are gtiowing verY eommonly

                        1-intermingled with eaeh other, on roeky shores in the }ower littoral and

upper sublittoral zones. Therefore mueh trp'uble was expeyieneed by the

prese#t writer in fQrming an exaet eoneeption' as to the 1imitation of the
speeifie eliaraeters between t[his speeies andLAZaria cezdcroptera (Ru'pB.)

YENDo. [I]he planPs havixtg a typieal eharacteys were s'eleeted as eare£ully

as possible by the writer as the xnaterials £or the present culture s,tudy.

       ,' ''DevelopmentofGametophytes
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 - eig. 30. Alaria praeZonga

its ger!nination.'×590. A.

B. Embryospore; C D.
E-F.
gametophytes from 7-9 day

stages of the £emale gametophytes,
ture. O-?.
7-13 day.cp2eure.,

L

s,

            Germination of tlie embryospore.
Sporelings from tL-9 day euLture.

              etk'e@"E}2 eex, .il'ie"g,

         oe         .e   -.6"O ,e         ee                K

  KsrELLN[. Zoospore and
 Zeospore in motile state.

        G-LZJ. Two eelled
eulturel M-N:'[N}ree-eelled

     fi'om 9-13 'day eul-

Ear]y stages of the male gametophytes, from

   [l]Ee zoosporeS are

pear-shaped, a,bout 9'p
s

in length, have two
lateraHY plaeed eilia,

one･ eurved ehromato-

phore, one nugleus amd

sqme granular sub-
stanees, but always
laek an eye-spot (Fig.

30,･A). When t/he
plants are 9-13 days
old, two types of game-

tophyHtes may be distin-

guished ('Fig. 3e] F-P).

       tAs the aeeompany!ng
figures show, there
exists a strong resem-

blanee･in the.shape

alld appearanee o£ the

gametophytes at this
stage between.the pre-

sent speeies and Alaptia

angusta KirEbbM. In

                  ,

L



(Fig. 31, D-F). Whell

they eame to maturity

the eell at the apex
ctivides several times,

produeing a eluster of

antheridia at the tip of

branehes. bater on any
eell of the' branehes or

main fiiament may be-

eome an antheridium.
[Vhe who!e eontents oE

the antheridium are
'used for the forniati-on･

of a single male gamete.･

-ALt maturity the tip o£,

the antheridium even-

tually splits open and

the male gamete swims

out, leaving an empty

beak (Fig. 31, E-F).

General ･ appearanee

and shape o£ the male
gametophyte dffer to

some extent frorn those
oVate' in 'shape when it '

    -J
･equal length, mea.suring

gamete !s

of ehromatophores in

always laekirLg (Fig. 31,
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the present speeies the male garnetophytes are xnore simple iB shape than

those o£ Alaria ang2esta IKJE]llliM., and in eertain materials a three eelled

imale gametophyte bearing mat･ure antheridium was observed (Fig. 31, B).

As the development advanees the rnale garpetophyte inereases in the number

of eells formingalong ･
Mamentwlthbxalleh- ･ '- v.'g.
ietssparselygrown . "-                                                    ･""ss･ ･"･
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it assumes a spherieal form.

                    about.12-18pa in length.

        either,almost pale

                    the

                    m)
    The shape and size of the female

Dne eonsists of one eell

    @t                .e oe
             e    'fe . eptb(eS6 .t

    'a. ,
  Fig.31. AIarinpraelongaKJELLM. Variousforms'of

the male gametophytes. ×550.･ A. imrnature male gam'eto-
phyte, erq.m 9 day eulture. B-C..Mature 'male gameto-

phytes, from 12' day cultuTe. D". Well developed male
gametophytes, from 12 da-y eulture. m. Male gamete in

motile's''tate. . 1' ･
  Alaria an.gusta IKIJEi,bM. The male garnete ls

in motile sPate, ･but as the motion beeomes slower

   'There are two lateraily plaeed cilia o£ aimost

                     The eontentp of-the male

  in eolour or pale yellowish due to the remnant

  antheridium eell. 'The eye-spot, however, is

  .
          gametophytes are very variable; some

(Fig. 32, A), whiIe the other eonsists of several

 .

t'e`g
:o'

-
"

ipto .

  b",

   9'
    aof

    ;b

    ig
    5..
    ,i.e.e'

. e,
   ,.e

   ' ftiiS' :1

     ' .e,'

;i
'f

 .l



.

150 [I]. KANDA

l

.oqSbXaEV"me

        exas"

         ee

     oeegyue

eeme

        ms

     g

    "es
 k"S 'epsn
ifemp,e

 ,eg
ac"Seag

                                 o.
                       ,.e' 6}e

                             aase
              .e- ab '
                             %ss

    . ce fsut.     ue ･
                      "as

                  '9e ' ,ee-
                                  '                        '
  Fig. 32. Ataria praelonga KJELLM. Varieus £orms
o£ the female gametophytes, f' rom 12-16 day eulture.

×60e. A..One-eelled fema･le gametophyte, trom 12 da4y
eulture. B. Twistea female ga-metophyte. C-LD. ffenLale

gametopbytes eonsistiBg of more t･han three eells, 'fxom

12 day eu]ture. E-G. Fema-le gametophytes eonsisting
of Nany eelis, frem 12--lt8 day eulture. H. Mafure

£emale gametophyte, from Z2 aay eutsure. I. urwisted
female gametophyte; grouna liue denetes the surfaee of

the eulture slide.

openingattheapexo£the '
33, A-D).

[KJEi)Lis(.theoogoniumofthe ''
the middle portion of the oogoniuma eell (Fig.

shape as, well as the size of the female

eharaetexistie.

            oogomu.m eell alld remains

As was observed in the fe]nale gametophytes

               presetht spee2es is formed'

                            32,
                         gametophytes

eells (Fig. 32, C-R)i on

the other hand some one･

develops'into a tiery sim--

ple fiIameRtorts strueture

(Fig. 32, C), while the

other £omps･a fi!ament
with irregular ' braneh- '

ing (Fig. 32, E-F), or･

sPirally twisted (Fig.

32, B, I). The diameter

o£ respeetive eelks eon-･

strueting tbe Eemale
gametophyte, as' well as,

the t6tal size o£ the
gametop5yte itself, are'･

smaller tkan thosie o£
Alaria angusta KJELbM.

Thotigh 'the eultures

were earried out urLder

the.same eplldition, the･'

grade of development
diflrers to a eertaip

degree. It sbows the
faet that there exists a.

eertain individuality in

the shape and' size o£sche

gametophyte.

    Within 12 days
the gametophytes reaeh

maturity (Fig. 32;H).
At maturity the egg.is

pressed out through thed

  ,attaehed there (Fig.

     'of Alaria angusta '

     as an upheaval in
H;Fig.'33, B--C). 'The

     at this st･age are
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        Fig. 33. AIariapraeiongq KJErLyM.' Formation'of,e'ggs ana develo)-

    ment of young. sporophytes. × 6.70. ' A-D. V'arious forms of egg,s. C. De-
     notesthesideview,sta･ndingerectenthesu.rfaeeoftheeultureslide. '
                       -    D. Development oS ah egg and young sporophyte 'eonsisting .of three cells,･

                  ,     from 25 day eultu,re. E. Further developrnent of the sporophyte produeing

     arhizpid,from19dayeultur'e. ,'.'･''

                                    i. DevelopmentofYoungSperophytes ' '
    The.egg is ovate or spherleal in sliape ana invested with ttelieate plasma

membrarie, ･and fiIled wit･h dense brown eolo]tred ehromatop'hoages (Fig. 33,

Ar[P)". When the egg is £ertilized the fust eell division takes plaee at- 'a

tratisverse･direetion. The young sporophyte grows rapidly, and in 19 day

･eulture many o£ them deveJGp rhizoid '(Fig. 33,E). As the devg,lopment
of tbe sporophytes progresses the upper part grows rapidly'forming a fiat

expanqedblade. . - ;
                                                  .                   tt                    '            '                  ''Discu$sienahdSummary':･ '

    The purpose ot the present paper'is to offer the. results obtained,by

the cultures of zoospores o£ six Larninariaeebus plants, n"amely, Laminaria
su'bsimpZex MlriyAtBB et.NAGAi, L. taem'ata PosT. et Rv'?R., StretptophyZZum

spiraZe (Yenao) M[yABE et NAGAi, AZaria fostuZoses PosT. et RupR., and A.

praeZonga KJEI)Liy[., growing on the eoast. o£ Suribati Bay of Paramusiru



'ls2 ,T. Kais[[iA
Islahd in the North Kuriles.

    1. [I]he }iEe eyele and the gametopkytie plallts ef these six speeies.

are essentiqlly ISke those repQrt.ed £or other members Qf IDaniinarlales, but

in details thefoe exist nially.charaeteristies to the xespeetive speeies.

    2. The presenee of an eye-spot in the zoospores o£ Laminariaeeae has
beell reported, hithegto, by four authors, namely, IKAR,i(1921), on' Laminaria
reZigiosa MlryABE; MyEBs (1928) on Egregin Menziesii (TuR･N.) AREqcH.;･

McKAy (1933) on Pterigophora edifo･roziea RvpR.; HoLLENBERG (1939) ort

Eisenia af'borea AREseii[.;but as previouslY reported by thg present writer,

he has never met with the zoospO.res beariBg an eye-spot any Japanese

speg!es o£ Lam;nayiaeeae hitherto studied.
  ' 3. The writer was u'nab!e to eonfir n the preseBee o£.the ey'e-spbts in

the male gametes o£ these six,species ' studied in the presgnt culture, '.

                                                .  '' 4. The length of time neeessary'£or the development of the ga]neto-
phytes as well as the young.sporophytes varies to a certain extent as the

speeies and loealities differ. 'There are- also striking dfferences in thg ･-

length of tixE}e neeessary £or the' gametophytes tg reaeh siexual maturitY.

As previously reported by E[2sR.Rms (1932), the shape and size ef the gameto:

phytes and the period of time taken £or their £ul1 growth vary aeeording:
tp several eoll(ilitions of the eultutee,''sueh a.s temperature, in;tensity o£ light,

amount of Butrient salt'ete. Therg£ore the' Gultures ･must be earrled out
under various eircumstauees in' order to determine the eharaeteristie form.

and size o£ the; gametophyte o£ any speeies or genus. '
    '5. So far as the shape and size of the male gametophytes are eon-.
eern.ed there exists a remarlyable resemblelnce between Laminaria s2cbsimplex

MhryABE et NAGAi and Laminaria taeninta PosT. et Rv?B., while those of'
A.Zarin angtesta KJExJtM. and Alaria paraelonga KjEtuM. drrer' to so!ne

                                                         '                 '
. 6. Thema.legametophyteso£A.lariaangustaKJELll.M'.growintopro-
fusely braisehed fila,meint, developing eltmps o£ antheridia on the tips o£
branchlets, and in an extreme ease a elmap produeing 23' ant･heridia wdg

 observed. Iu the present speel'es the aritheridial elusters are formed on the

tips p£ the branehlets, while in AZaria paraeZonga KJEbLM.,Ithe antheridial

 eells are apt to develop £rom the eells eollstrueting the main f[i4meut.

    7. ThemalegametophytesofAZam'aangustaKJELbM.haveate,ndeney

 ofprodueingbranehletsononesideo£thefilamen9. -
     8. The shape and size o･£ the £emale gaxnetophytes of A.laria angusta
                                                              . IKJELLM. (iliffer to a great exteBt £rem those o£ Ala･ria fosculosa PosT. et

 RvpR. In the present speeies the oogonium is produeed as an upheaval

             t



          OntheGameto'phytesofSomeJ4paneseSpeeiesofLaminariales :153

 in the midctle portiop of t･he Qogonium original eell. The same nature 'a$

 this was observed i4 the iemale gametophytes of AZaiia praelonga ':KJELLM.

     9. The feMale gametophytes of two sp.eeies of Alaria are apt to dev6-

 lop into twisted forth.

     10. Though the eultures were e.arried out under the same£on(lition
 and met-hod, the grewth of the gametophytes, espeeially .the female ones of

 A.Zaria fcsttelosa PosT. et RupR. were defeetive to a eertain extent. It is

 supposect that the eeologieal nature, being. the inhabitants 'o£ deep bottom

 of£hesea,eai{sedt･hisdefeetivegrowthofthegqmetophytes.' '
                           '          '                             tt
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