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On Tetraspore Formation and its
Dictyopten's divan'cata OKAM.,
     Reference to the Mode of
                   Formation

Germination in
with Special
Rhizoid

By

SHUMPEI INOH

                         I"troduction

   [1]HuR･ET illust℃ated briefly t,he geyminal deve-
lopment of Dictyotca cZ･i･choto7na in his elassie xNrorl<

(1855). T}}e eytology o£ t･he tetraspeyangium and
the germinat･ing tetraspore in Dietyota dicleotoni･a

aiid Paclioia･ 2)avoozia･ has been st}idied by LLoyD

WiLmAMs (1904) ai}d CARTER (1927) respeetively.

HoNsTever, there are no eytolog'ieal studies of the

tetrasppre in Dietyotaeeous plants in Japan.

    [I)he present "vsrriter aims to deseribe aRd figR}'e

the tetraspore foymation and its germination ex-
elusively in Dictyopteris d･iva7'icata, with speeial

re£erenee to t,he mode o£ erl}2zoid £ormation, and to

eompare them wkh embryos o£ 1{i."ucaceous plants
hitherto investigated, whieh ave eonsidered by

taxonomists to belong' to a higher e}ass t･han the

family Dietyotacea.e.
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    Tex"fig. 1.
The upper portion of a

 £x･ona in Dictyopter2s

  divaricata OKAM.
     (life size>

                   Materials and Methods

                                                           .   Dietyopteris clivar･ica･ta･ OKA"r. is a inembey Q£ the Dictyotaceae m

Japan. Its tetyasporangial plai}t is £ound on the roeks between t･icte marks

ill the vieinity o£ the Muroran Institrite £ov Algologieal IR･eseareh. It yipens

in about tlie beginning ofi August.

   In this speeies, many tetrasporangiiums form sori on t,he upper portion

o£ an old £rond alld are arranged in obliqiie rows from both sides of the

midrib (Text･-figt l).
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    The material was eol]eeted at low tide there on the lst, 2n(il aBd 3yd

of August.
    For the observatloi} of tetyasporangium, maturated sorl on the uppey

portions o£ the thallus vc'ere eut into thin seetloBs at the tlme o£ fixing by

FLEMMiNG's strollg solvL£ion prepared -sT2th sea water. I]"or the stvidy of
germinating tetraspores, soyi were eultured in small glass basins fi}led wlth

natvLral sea watey, partly replaelBg the fresh sea. wa£ey several tlmes a day.

Wken the mat･ure tetraspores are detaehed from the outer sttr£aee of a

£rond, they fa}l immediately to t}}e bottom o£ the glass basins, and attaeh

on the surfaee of sl!des whieh were previously prepared, and then the

germmatlon commellees.
    'l]he germinating tet,raspores were observed iR i}atuyal sea water. For

tl}e eytologieal observations they were fixed exelusively by Ii"LEMMiNG's

weaker solution prepared with sea water. [I]he mierotome seetions were

eut at thieknesses varyiBg from 5,a to 10,tt and stained "rith HEiDENHAiN's

iron alum haematoxylin.

                            Observations

  A) Formation of Tetraspores.

      In this paper no det･ailed obseyvatlons o£ the stall<-eell division altd

  tl}e maturation division o£ t-he tetraspore mother-eell aye given. T}iese
  observat!ons xK'i}I be reported in a, subsequent paper.

      [l]he mature tetraspore mother-cell eontains a single Iarge nueleus,

  surrounding whieh a multitude o£ ehromatophores are seen. The nueleus

  divides into £ouy small nuclei, as the result o£ the maturation nueleay
  division; namely t･he first and seeond divi,sions (Text-fig. 2a,b.). After

  this seeond division, the ehromatophores aye seattered throug'hout the

  tetraspore mother-eell. The £our smail nue}ei now separate from eaeh
  other, and this movement o£ t･he nuclei is followect by a rearrangement o£
  the plastids, whieh are disposed around eaeh small nueleus as a eent･re,

  leaving a zo'ne of clear eytoplasm. Then vaeuoles a.ppear in the zones of

  clear eytoplasm between £ouy tetraspore rudiments, these unite to £orm
  fuirrows, and these furrows run tripaxtitely (Text-fig. 2. d.) or crueiately

  (Text-fig. 2. e, e.) in the wall o£ the tetraspore mother-eeil. The tripartite

  divisioll is met with more frequently than the erReiate one. In this way,

  four free independent tetraspores aare Eormed paeked elose together within

' tlie wall o£ t･he mot･her-eell. From these observations, t･he manlter o£ tetra-

  spere £oxmatioii in Dictyopteris divar･ieala seemg, in essential poiAts, to be
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very similay to those what

and Pa(lioza pa･vonia･.

has already beei} studied in D'ict･yota d･iehotom･a
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   [I]ext-fig. 2. a. [l]he tetvaspore mothet'-eell

inother-ee}1 containing foui,' nuelei. e, d, e.

the wall of t.he tetraspore mothe}:-eell, e. Two quadraiits

ct. Tliree quadrants ill the tripartite dis'ision.

division. (×280).
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   containing two nuelei. I,}. The
 The delimitation of tetraspores iri

        in the crueiftte division.
  e. Four qttadrants in tl)e erueiat･e

p
t

B) Germination of Tetraspores.
    The llbeyated tetraspore is a spherieal formi 'diameter about 90y. Ir!

the eentey o£ its body, k has a sing"le nue}eus whieh is larg'ey in size than

that･ oE quadrants of a £etraspox'e mot!}er-eell and e}}romatophores are seen

sun'oui}diikg the nueletts, e,
    The development of the tetraspoye begins within ten heuys after t}ie

liberation. At first a sin.tile }arge nueleus divides into two. (Tex£-fig. 3.a.)

O£ these two, one nue}eus beg"ins !mmediately to move to the periphery, and
at the same time the body of the tetraspore pyotrudes ln the same direetion.

(Cl]exa-fig. 3. a. b., [l)ext-fig. <{. b.). [l]his direetioii is C{etermined by the Iight.

    IJatey t･he first, seg'meRtatioll wall runs tyansversely, fovmins,b £wo eells.
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(Text-fig. 3. e., Text-fi

dividesintotwo. O£
the rhizoid. (Text-fig.
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   Text-fig. 3. a. The li'berated tetraspore with a

matophores surrounding the nueleus. b. Tlie

from the body ef tetraspore. e. Yirst segmelltation

rhizoid developing.

eells. h. The apieal protrusien developing fyom
germs. (from fresh materials. x200).
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   Ill the successive stage, the rhizoid elons,ates and eomes to eonsist of a

few ce}}s (Text-fig. 3 d, e, f, g., Text-fig. 4. f, g.).

   In the meta-anaphase of mitiosis in the rhizoid eells slxteen pairs ofi

cl}romosomes, the £orm of whieh are eurved, are eouneed (Text-fig. 4. gi, g2)

and t･his number, 16 is the same as ill Dtlctyota aie7totoma and Paalina

pavoozia. The mant･Ie fibres are very distiRet, but eentyosomes are not seen

at both poles ([I]ext-£g. 4. ei, e2, gi, g2.) iR this speeles, though t･hey have

loeen deseribed in Dictyota･ cZtehoto･ma and Pa･cZina f)avoni(e belonging to t･}}e

same family Dictyotaceae.

    In the further deve}opment, tlie body protyudes toward the apieal

direetion, elong'ates and beeomes multieellular.

    Fro,m these observat･ions, it seems to be safe te say that in the early

stage the manner of the tetxaspoye germii]at･ion in Dictyopteris eliva･ricata

is the same as that in Dictyotca dichotofna and Pa･th7za pavootia.
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    This manRer, hovsrever, is different s}ightly in the yhizoid formation

£rom that of the embryo IR li'tec･z{s evaneseens belonging to the loNsTest elass

o£ another family, Pitcaeeae. For exarnple, a eomparison of the germ deve-
lopment !n D･ictyopteris divar･ilcata with the embryo development in F2ecns

eva･nescens, eoneerning the mode of rhizoid formation is made as in the

£ollowing diagram ({I]ext-fig. 5).
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)' Text-fig.5.DiagramofeomparisonofA(Fue2ts)withB(Dictyopteris),
   6oneerning the mode o£ rhizoid fermation of the fei'tilized egg and the germinat-
   ing tetraspore.

    As is shown above, the format･ion of the rhizoid in the lat£er is slightly

moye eomp}ex thall in the former. In Dictyopteris divaricata, t･he protru-

sion of the body of the tetraspore is £ormed, be£ore the libeyat･ed tetraspore
is divided into tiNro eells. IE{owever, in F2eczts evanescens the protrusion ls

£ormed after the embryo has been divided into two eells. At the later
stage, another protrusion develops at t･he apieal payt of the germ in

Dictyopter･is, but･ in .B'iccus a £ew short. I}airs develop and elons,ate gradually.

    F"yom the above m6ntieRed £aets, it･ seems to be plain enough that
Dietyotaeeous p}ants are moye simp}e in the mode of geymina} Gevelopment

than Fucaeeous ones.

    i) The tetraspoyangium

tetraspore mother-cell and a

  Summary
 is divided int･o two

small stalk-eell. The

eells; Bamely a larg"e

eetyaspore mother eell
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eonta.ins at fierst a siiigle large ntte}eus whie}i divides lnto four small nuclei,

as the result of t}}e maturatioR division, Tl}en, the four nuelei separate

£rom each otl}er, and four quadrakts developillg to the tetraspore at the
time of liberat･ion, are formed tripart･itely or erueiate}y within the wall,

of tl}e mothey-eell.

    ii) The liberated tetyaspoye is a spherieal £orm; diameter about 90,".
With its developmeBt, the protrusion of the tetraspore body to develop

to the rhizoid at a Ia£er stage is foymed, before tl]e germ eonsists o£ two

eells, iB a d{efiBite position o£ its body whic}i is detexmine(L by the lig'ht.

With £urt}ier development, anothey pi'otrusion is also £oymed in the apieal

    iii) The l}aploid ehromosome numbey o£ D･ict･yopter･is diva.ricata is
sixteen and eentrosomes are i3ot seen iii t]ie mitosis.

    Ill eone}usioB, t･he writer wishes to express his tha,nks to Prof. H.

axIATsvuRA and Prof. Y. YAMADA of IEIokkaido Impexial University, £or their

va]vtable suggestions and assistanee given }]im Cluring the progress o£ this

woyk.
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