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                             Introduction

   The order Scytosiphonales established by FELDMANN (1949) has long been puz-

zling because life histories of members of this order have remained unsolved

until quite recently. Since DANGEARD (1963) fottnd unilocular sporangla of Petalo-

nia 2ost'er'ij(blia in culture, NAKAMuRA (1965), TATEwAi<I (1966), LuND (1966), WyNNE

(1969), HsiAo (1969) and EDELsTEiN et al. <1970) subsequently have observed the

occurrence of unilocular sporangia-bearing plants (crusts and microthalli) in the

genera SaytosilPhon and .Petalonia in both ¢ulture and nature, and the status of
this order has become more clear.

   Since 1963 we have been studying the life history of some species belonging to

the Scytoslphonales at the Institute of Algological Research, Hokkaido University,

Muroran. The present work was carried out to complete their entire life cycles

by culturing them from generation to generation in the laboratory and to find

more species characteristics. During this succeeding cultural experiment, we pre-

liminarily reported new findings about the occurrence of ralfsioid thalli with

unilocular sporangia in SaytosiPhon lo7nentaria, Petalonia .fZiscia and Co(pomenia

bullosa.

    This paper deals with investigations on the life history of five species; Sayto-

siphon lomenta7'ia, .F'etalonia 2oste7"(1`blia, P. fLzscia, Coipomenia bullosa and Enclar-

cichne binghamiae belonging to the Scytosiphonaceae.

                        Materials and Methods

    Materials used for the present investigation were collected at Muroran (42019'

N, 140059'E) during the wlnter aRd spring of 1963-1968, with the exception of

Endarctchne binghamiae, which was obtained at Amatsu-kominato (35007' N, 140010'

E), Boso Peninsula, Chiba Prefecture on April 8, 1967.

    For the culture study, fragments of the fertiie frond were rinsed with auto-

claved seawater and were placed one by one in separate petri dishes containing

sterilized seawater. Newly Iiberated swarmers showing a negative phototaxis

were washed 3-5 times in sterilized seawater by the micropipette method. Then

they were pipetted on a glass slide unialgally. After their settlement this slide
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was transferred to a glass vessel (6.5cm.×8.0cm.) containing 180 ml. of medium.
Sexual reproduction was examined by mixing swarmers liberated from different

individuals under a microscope. Zygotes could be easily detected by two eyespots

which were retained for a few days. They were isolated by removing unfused

gametes which attached themselves to the glass slide together with the zygotes,

with a fine needle or a micropipette under a microscope. For a single plant

culture, the 5.vlO-day-old germlings attached to the glass slide were isolated with

a micropipette and transferred to the culture test tube (2cm.×13cm.) containing
IO ml. of medium.

   The culture medium ttsed in this study was PESI, a slight modification of

PRovAsoLi's ES medium and it was replenished at intervals of about 3e days.

Cultures were grown in. freezer-incubators illuminated with cool white fluorescent

lamps (ca. 1500BOOO lux) at specified temperatures and photoperiods in the fol-

lowing combinations.

                                                     Photoperiod     Numberofincubator TeMPeratUre(OC) (Hrlight-Hrdark)

            No.1 10 14-10
            No.2 I2 '10-14
            No.3 14 14-10
            No.4 14 10-14
            No.5 18 16-8
   These variables were selected to correspond approximately to intertidal con-

ditions at the area of Muroran. During winter (December to February) water

temperature was measured to range from 3 to 70C. and photoperiod was a short-

day condition, ranging from 9 to 11 hours o"ight. In this season, the fronds of

Saytosiphon, Petalonia and Co(lbomenia grow well in nature. However, they grow

poorly under conditions of 5aC and a IO-hr photoperiod in the laboratory culture.

Conditions of No. 1 and No. 3 correspond to those of April and May at Muroran,

when Saytosiphon and Coipomenia plants thrive most luxuriantly. Conditions of

No. 2 aRd No. 4 correspond to those of October and November when ralfsioid

plants with unilocular sporangia of Saytosil2)hon and Petalonia are found in nature.

Conditions of No. 5 correspond to those of the end of June and July-August when

the fronds of Saytosiphon and Co(Pomenia disappear in nature.

   For the cytological observation, small pieces of the fronds or young germlings

were fixed in the fixative of 1:3 acetic alcohol during night-time in nature and

dark-period in culture. The staining of chromosomes was made by application

of aceto-iron-haematoxylin-chloral hydrate method (YABu and ToKiDA, 1966).
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                            Observations

                 Sbytosiphon lonzentaria (LyNGByE) LiNK

   Cultures from swarmers of the cylindrical frond of Saytosiphon lomentaria in

nature were begun on February 12, 1965, March 16 and April 26, 1967. The cul-

tures were first kept in No. 1, No. 3 and No. 5 incubators. Some cuitures were

afterwards transferred to No. 2 incubator.

   Saytosiphon lomentaria is very commonly found from December to June of

the next year, growing on stones and rocks in the intertidal zone at the area of

Muroran. This alga has an unbranched cyliRdrical frond, which is solid when

young and Iater on becomes tubular with occational constrictions. When fertile

the frond forms only plurilocular organs (gametangia) covering the entire surface,

except at the base. The plurilocular organs possess 10-20 or more compartments

with scattered unicellular parapbyses (Fig. I, A-B).

   !n Saytosiphon lomentaria from Muroran, sexua! plaRts are isomorphic and

heterothallic. Gametes are slightly anisogamous and conjugate in pairs. They

are pear-shaped or ovoid, containing a single chromatophore and one eyespot, and

are laterally biflagellate (Fig. 1, C-D). Their fiagella are commonly attached rather
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nearer to the posterior end of the pear-shaped body aRd are of unequal length;

the longer (15-23ptm long) usually directed forwards and the shorter (7.0-7.6ptm

long) backwards during movement. The eyespot is usually adjacent to the point

of attachment of the flagella. The female gametes measure 6.4-8.4 ptmX3.0-3.8 ptm

(average 7.6 ptmX3.6 ptm) and the male 6.1-7.6 ptmX2.7-3.6 #m (average 7.0pt mX3.1

ptm). Both kinds of the gametes show a negative phototaxis. The female gametes
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       Fig.2. Saytosiphon lomentaria. Developmentofzygotes.

A. Conjugation of gametes. B-C. Settled zygotes. D. Germination of a zygote.

E-G. 4-day-old germlings. H-I. Uniseriated filamentous, 7-day-old germlings.

J-K. 7-10day-old germlings. L. 12-day-old germling. M. 18-day-old discal
germling. (All grown in No. 3 incubator.)
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have a shorter period of motility than the maie. The former becomes sluggish

                                                               --soon after liberation, settling down on the substratum and the latter swims vigor-

ously {er one to several hours. When the female and male gametes are mixed,

conjugation occurs at ca. 50-6e per cen£ between them to form zygotes (Fig, 2, A>

and un{used garnetes usually develop parthenogenetically.

Zygotes and their development-After sexuai {usion, the zygotes soon settle do wn
on the substratum and become spherical, measuring 6.0-7.6 ptm (average 6.7 Itm) in
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diameter (Fig. 2, B-C). Within 1-2 days, settied zygotes begin to .crerminate by

pushing out a protuberance (Fig. 2, D; PI. I, A) and then divide into two cel}s

transversally (Fig. 2, E-G). Zygotic gerrniings, by transverse cell divisions, at first

become uniseriate filaments consisting of 4-6 cells, an apical one of which provides

a hair (Fig. 2, H-I). Within 10 days, cells of the filament begin to form branches

(Fig. 2, J-L). By successive braRchings and transverse cell divisions, the germlings

usually develop into rnonostromatic discs with several hairs at their central part

(Fig. 2, M). Then they become gradually thickened by cell divisions parallel to

the substratum. The 20-day-old discs measure about 150-250 ptm in diameter and

'the 6e-day-oid discs about 5-8mm. or more. The one- to four-layered basal

stratum bears assimilatory filaments, paraphyses, composed of 2-8 cells (Fig. 3, A),

forming crusts. Sometimes, the germlings deve!op into microthalli consisting of

branched uni- and bi-seriate filaments, forming tufts.

    These crusts and tufts grew well under warm and long-day conditions (No. 3

and No. 5 incubators), but they did not become fertile. When they were trans-

ferred to No. 2 incubator, however, the paraphyses of the crusts elongated more

and rnore, and bore unilocular organs laterally near their base (Fig. 3, B-E; PI. I,

D). In the tufted p!antlets, the unilocuiar organs were borne laterally on the uni--

or bi-seriate filaments directly (Fig. 3, F; Pl. I, F), or on braRchlets of the fila-

ments, which are identical to the paraphyses of the crusts. Within 40-50 days

after transfer, the unilocular sporangia reached maturity and liberated zoospores.

In the cultures started on March 16, 1967, zygotic germlings grown in No. 3

incubator for 30 days formed uRilocular sporangia about 50 days after transfer

to No. 2 incubator. Similarly, in the cultures started on April 26, 1967, zygotic

germlings grown in No. 5 incubator for 30 days became fertile, bearing unilocular

sporangia within 40 days after transfer to No. 2 incubator. Namely, sterile zygotic

germlin.as grown under long-day conditions became fertile by transferring to short-

day conditions.

    Mature unilocular sporangia are usually elongated obovoid (or ovoid in the

tufted plantlets), measuring 70-120 umX 18-34 ym and each of them contaiRs about

60-260 or more zoospores. Meiosis occurs during the formation of zoospores in

the unilocular sporangium and the number of reduced (haploid) chromosomes is

counted ca. 22-24 (Pl. I, J).

Zoospores and their development-The structure of zoospores is quite similar to

that of gametes. The zoospores are pear-shaped or ovoid, measuring 6.0-8.4ymx

3.0-4.5ptm (average 7.8pmX3.7pam). They contain a single chromatophore and

one eyespot, and are lateraiiy biflagellate (Fig. 4, A). The anterior flagellum is

longer Q5-20 ptm) than the posterfor one (6.0-10.6 ptm). After liberation the zoo-

spores swim actively for a while showing a negative phototaxis and then settle
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down on the substratum. Settled zoospores become spherical and meaure 4.5-5.3

ptm (average 4.9pm) in diarneter (Fig. 4, B-C; Pl. I, H). Within 2-3 days, they

begin to germinate by pushing out a protuberance and then divide into two ce}}s

transversally <Fig. 4, D-F). By successive transverse cell divisions, germlings de-

velop into uniseriate filaments consisting of 3-7 cells, an apical one of which

usually provides a hair (Fig. 4, G). In most cases, the filamentous germlings

develop into minute discs by successive branchings and cell divisions (Fig. 4, H-J).

Then several erect filaments arise from the discs and they develop into cylindrical

Saytosiphon plants by successive transverse and longitudiRal cell divisions (Fig. 5, A).

Some germlings develop into creeping filaments with sparse branchings (Fig. 4, K-L)
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u
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     arising from a minute disc and

      No. 1 and No. 3 incubators.
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     60 days they reached maturity forming
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 sex develop parthenogenetically. After swim-

   substratum and become spherical. Settled

 (average 5.2 ptm) in diameter, and male ones

       the settled gametes begin to germinate



              [rlJ}e Lijle Histo?), of' Som･e iSt)ecies of' the Slrytosiphonales 65

by pushing out a protuberance (Pl. I, B) and in 4 days germiings divide into tvgro

cells transversally. They at first develop into uniseriate filaments consisting of

3-7 or more cells, an aplcal one of which usually provides a hair.

   In early development, germlings from parthenogametes expressed various types

of thalli, lnvolving a progression from uniseriate to minute discal through branched

filamentous structures, as those from zygotes and zoospores. However, their sub-

sequent development exhibited significant variations as follows. In cultures grown

in No. 1 incubator, the germlings mostly developed into minute discs and often

into creeping branched filaments. They gave off cylindrical Saytosiphon plants as

in the development of zoospores. In 50-60 days the Saytosiphon plants attained

a height of 5-10cm. and reached maturity. They bore plurilocular gametangia

and liberated gametes of respective sex; plants from female parthenogametes

were female and those from male ones were male. Contrary, in No. 5 incubator

most of the germlings developed into sterile crustaceous discs or tufted plantlets

without formaton of the Sc[ytosiphon plants as in the development of zygotes. On

the other hand, in No. 3 incubator some germlings developed into minute discs or

creeping filaments, giving off the fertile Saytosiphon plants and others developed

into steriie crustaceous discs or tufted piantlets without formation of the Scytosi-

phon plants. These sterile crustaceous discs and tufted plantlets grown in No. 3

and No. 5 incubators became fertile, bearing unilocular sporangia when they were

transferred to No. 2 incubator (Pl. I, E and G). In this case, meiosis does not

occur during the formation of swarmers in the unilocular sporangia. Swarrners

from the unilocular sporangia of haploid crusts and tufts developed into the

Saytosiphoiz plants in the same way as the zoospores. These Saytosiphon plants

grew well under No. 1 (or No. 3) conditions. In 50-60 days they attained

a height of 5-10cm. and reached maturity, bearing plurilocular gametangia of

respective sex. Sexuality did not change, even passing through the unilocular
sporangia-bearing haploid ralfsioid phase.

    The results of this culture experiment indicate that there is an alternation of

heteromorphic generations in Sc:ytosiphon lomentaria; an alternation of a large

poiystichous gametophyte with plurilocular gametangia (Saytosiphon phase) and

a small haplostichous sporophyte with unilocular sporangia (ralfsioid or tufted

phase). Further, parthenogametes develop into the Scytosiphon plants directly or

passing through the ralfsioid phase, according to culture conditions of temper-

ature and photoperiod.

                   Petatbnia zosterifolia (REiNKE) KuNTzE

    Cultures of Petalonia xosterijblia were started on March 16 and 3e, 1967.

They were first kept in No. 1, No. 3 aRd No. 5 incubators. Some cultures were

afterwards transferred to No. 2 and No. 4 incubators.
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    .Petalonia 2oster(folia is found from January to April growing on stones and

other algae in the intertidal zone at the area of Muroran. This alga has a narrow

unbranched compressed frond and forms only plurilocular organs (gametangia)

spreading over the surface of the whole frond. The plurilocular organs usually

possess 4-10 rows of compartments with scattered unicellular paraphyses (Fig. 6,

A-B).

                     AB
                                e"                                g ,/,･

               /×< g      zasym ,x2,l!,ppo D
         A,B C.D
                        Fig.6. 1)btaloniaxosterijblia.

               A-B. Sections of a part of plurilocular gametangia.

               C. Female gametes. D. Male gametes.

    In Petalonia 2osterilfblia from Muroran, sexual plants are isomorphic and

heterothallic. The gametes are pear-shaped or ovoid, containing a single chro-

matophore and one eyespot, and are laterally bifiagellate (Fig. 6, C-D). Their

flagella are of unequal length; the anterior ones (18-23 ptm) are longer than the

posterior (7.6-9.1ptm). Sexual reproduction is isogamous. There is no marked

-difference in size between cenjugating gametes of a pair, measuring 5.3-7.6 ptmX

2.3-3.8ptm (average 6.5ptmX3.3ptm). The two klnds of gametes are negatively

phototactic. However, they are distinguished by the period of motility. One

soon becomes sluggish and setties down on the substratum, while the other swims

vigorously for a few hours before settlement. It is considered that the former is

female and the latter is male. When both gametes are mixed, conjugation occurs

at ca. 50-60 per cent to form zygotes and unfused gametes usually develop par-

thenogenetically. .
Zygotes and their development-After sexual fusioR, the zygotes soon settle down

on the substratum and become spherical, measuring 6.0-6.4 ptm (average 6.2 ptm) in

diameter (Fig. 7, A-B; PI. II, A, a). Within 1-2 days settled zygotes germinate
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         bator.)

by pushing out a protuberance (Fig. 7, C-D)

versally (Fig. 7, E). Germlings usually develop -

of 3-5 cells, an apical one of which often

days ceils of the filaments begin to form

branchings occur at the 2-celled stage (Fig. 7,

conditions. By successive branchings and

germlings develop into minute discs with

K). They gradually increase in diameter

60 days attain a diameter of 5-8 mm. or more.

    In No. 1, No. 3 and No. 5 incubators, the

fertile and finally fell off from the substratum,

old crusts grown under these culture

No. 4 incubators in order to obtain fertile ones.
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            of zygotes. E. 2-celled
filamentousgermlings. H-J. 6-7-day-old

           (All grown in No. 3 incu-

     and then divide into two cells trans-

       mto uniseriate filaments consisting

  provides a hair (Fig. 7, F-G) and in 5-7

  branches (Fig. 7, H, J). Sometimes such

        I), especially grown under warm

    transverse celi divisions, most of the

  several hairs at the central part (Fig. 7,

  be¢oming crustaceous (Pl. II, C) and in

      crusts from zygotes did not become

       becoming rough. The 75--90-day-

conditions were transferred to No. 2 and

          Consequently, the fertile crusts



68 Y. AJdkamu7a and M 7ketewaki

,f･Fsi,,,

lilil,L･'{'

 clt'

･x;･f,

 'B7t,4j,

B

tt,/",,.

,/s.:･

:;. ,.¥.

'""f-
Jtf//1'/'/i/t':: ts""'{

kii/il. IStS

g

S･･il･itk,

 tt/tt

 ,-;.s

 - cJ /j  "'"
  '  '   o,    ,:-sl.
    :"'1
    v" kl!

A

'
e
e
i
k
･
$
,t' igeg

    '" Nk
   QGIIS

  OOQ
   o

･
t
w

$
I
I
E
i

liil,g;

gg'

"ge

i
'/Ltes.

  '  '   tter11,1.lili･i

 .o/.1･OL./,/

o"
Q,'&st'i-

 ･/,,.";.v

 1$

a>,1..

℃;･l,L

･it･11f･

,:t.lt"

1

//f,･,ll,i.,,11ii

88tt..l'.

  LL

, n9t's

 b

:"
;di--･:･`

':-LP,...

)

                     -50 zatm
                  cA"C 'k'il..l.ii3).ED'ED

                                      s:t.                                      "'s; ge

               Fig.8. .Pbtaloniaxoster(ICblia. Maturesporophytes.

          A. Section of a part of a crustaceous disc. B-E. Side views
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were observed in cultures grown in No. 4 incubator only. In

the paraphyses of crustaceous discs elongated more and more,

after transfer unilocular sporangia were borne laterally near

the paraphyses (Fig. 8, B-E; Pl. II, F), reaching rnaturity. In the

on July 5, 1967, zygotic germlings (obtained by mixing of female

from the second generation plants in culture) were at first

conditions. In 45 days they developed into crustaceous discs,

mm. in diameter. These crustaceous discs formed unilocular

20-22) about 30 days after transfer to No.4 iRcubator.

crusts were obtained by changing culture conditions.
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   Some zygotic germlings developed into tufted plantlets consisting of creeping

branched fi}aments, often with minute discs, as described in Sq),tosiPhon lomentaria.

In this experiment, these tufts did not become fertile even under No, 4 culture

conditions.

   Unilocuiar sporangia are elongated obovoid, measuring 64-95ymX22-34pm
and each sporangium contains about 60-260 zoospores. Meiosis occurs during the

formation of zoospores in the unilocular sporangium and the number of haploid

chromosomes is counted ca. 21-22 (Pl. II, J>.

Zeospores and their development-The zoospores are pear-shaped or ovoid, meas-

uring 6.1-7.6 umX3.0-4.5 ptm (average 6.5 pamX3.9 pam). They contain a single chro-

matophore and one eyespot, and are laterally biflagellate (Fig. 9, A). The anterior

fiagellum is Ionger (18-2epm) than the posterior one (6.0-7.6 ,am). The zoospores

swim actively for a while after liberation, showing a negative phototaxis and then

settle down on the substratum. Settled zoospores become spherical, measuring

4.5-5.7 ptm <average 5.0 ptm) in diameter (Fig. 9, B-C; Pl. II, B). Within 1-2 days
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they begin to germinate by pushing out a protuberance (Fig. 9, D-E) and then

divide into two cells transversally (Fig. 9, F). These germlings develop into uni-

seriate filaments consisting of 3-5 cells, an apical one of which usual}y provides

a hair, and soon form minute discs by successive branchings and transverse cell

divisions (Fig. 9, G-K). The minute discs usually provide several hairs at the

central part (Fig. 9, L) and in 10-15 days several erect filamentous thaili arise

from the discs (Fig. 10, A). These erect filaments develop into .Petalonia plants by

successive transverse and longitttdinal cell divisions (Fig. 10, C; Pl. II, G), Some

germlings develop into creeping and branched filaments, often with minute discs.

These filaments also form many Petalonia plants as lateral outgrowths (Fig. 10, B).

   The Petalonia plants grew well in No. 1 (or No. 3) incubator. In 30-day-old

cultures the plants attained a height of about 1-5cm. and reached maturity, bear-
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Further development
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 1 and No. 3 incubators.
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ing plurilocular gametangia. Female and male gametangia are produced on sepa-

rate plants.

Parthenogenesis-The gametes of either sex develop parthenogenetically. The

gametes, after swimming, settle down on the substratum and become spherical

(Pl. II, A, b), measuring 4.5-5.3 ptm (average 4.8 ptm) in diameter. Within 2 days

settled gametes begin to germinate by pushing out a protuberance and in 5-6

days they divide into two cells transversally. The early and subsequent develop-

ments of parthenogametes of ?etalonia xosterijblia are similar to those of Saytosi-

Phon lomentaria.

    In cultures grown in No. 1 incubator, germlings from parthenogametes mostly

developed into minute discs and often filamentous plantlets. They gave off Pizta-

lonia plants in the same way as in the development of the zoospores (Pl. II, H).

In 35-45 days the Petalonia plants attained a height of 1-5cm. and reached

maturity. They bore plurilocular gametangia and produced garnetes of respective

sex. Contrary, most of the germlings grown in No. 5 incubator developed into

crustaceous discs or tufted plantlets without formation of the Petalonia plants as

described in the development of zygotes. On the other hand, in No. 3 incubator

some germlings developed into minute discs or creeping branched fiIaments,

giving off the .Petalonia plants and others developed into crustaceous discs or

tufted plantlets without formation of the Petalonia plants. These crustaceous

discs obtained in No. 3 and No. 5 incubator became fertile, bearing unilocular

sporangia (Pl. II, E) when they were transferred to No. 4 incubator. In the case

of tufted plantlets, fertile plants with unilocular sporangia were not obtained under

similar experimental treatments.

    In the unilocular sporangia derived from parthen,ogametes, meiosis does not

occur during the formation of swarmers. Swarmers released from these unilocular

sporangia developed into minute discs or branched filaments, giving off the Peta-

lonia plants in the same way as the zoospores. The Petalonia plants grew well

under conditions of No. 1 and No. 3. In about 30 days they attained a height

of 1-5cm. and reached maturity, bearing plurilocular gametangia. Sexuality was

unchangeable in the respective plant.

    Conseguently, it is clear that in Petalonia 2osterijblia there is an alternation

of heteromorphic generations; an alternation of a large polystichous gametophyte

with plurilocular gametangia (Petalonia phase) and a small haplostichous sporo-

phyte witlx unilocular sporangia (ralfsioid phase). Parthenogametes develop into

the Petalonia plants directly or passing through the ralfsioid phase, depending

upon culture conditions.

'
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                  fetatonia fuscia (O. F. MULLER) KuNTzE

    Cultures of Petalonia fascia were started on February 6 and 8, 1965, January

14, 1966, December 15, 1967 and March 4, 1968. The cultures were first kept in

No. 1-No. 5 incubators. Some cultures were afterwards transferred from the long-

day condition to the short-day.

   Petalonia fascia is commonly found from December to early IV[areh of the

next year, growing on stones, rocks and wooden work in the intertidal zone at

the area of Muroran. The frond of this alga is flat and Ianceolate, and broader

than that of P. 2osteri[fblia. 'VVhen fertile, it forms only pluriloculor organs,

spreading over the entire surface. The plurilocular organs usually possess 4-8

rows of compartments without scattered unicellular paraphyses (Fig. 11, A).
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     and their development-Since 1965, con-

     time on swarmers from plurilocular organs

  collected in different seasons and at different

    conjugation has occurred.

    organs are pear-shaped or ovoid, containing

eyespot, and are laterally bifiagellate (Fig. 11, B).

     (average 6.7 ptmX3.4 ptm), and their longer

   shorter ones 6.1-7.6 ptm. They swim actively

      negative phototaxis. Finally they become

substratum. Settled swarmers become spherical,

      diameter (Fig. 11, C-D; Pl. III, A). Within

     germinate by pttshing out a protuberance
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<Fig. 11, E) and then divide into two cells transversally (Fig. 12, A-B). By succes-

sive transverse cell divisiens, germlings develop iRto uniseriate filaments consisting

of 3-6 cells, an apical one of which usually provides a hair (Fig. 12, C-D). Within

7 days cells of the filaments begin to form branches (Fig. 12, E-F). By successive

transverse cell divisions and branchings, the germlings develop into minttte discs

(Fig. 12, G) or branched filamentous plantlets.

    Under various culture conditions, some of the minttte discs and the branched

filamentous plantlets gave off the Peialonia plants (Fig. 12, H), and others grew

into crusts or tufts (Pl. III, C-D).

    In the former case, the Petalonia plants grew well especially under the con-

ditions of No. 1, No. 2 and No. 3. In 30 days the plants attained a height of
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about 3-5 cm. and in 40-50 days they reached maturi£y, forming plurilocular organs.

Swarmers liberated from these plants developed into the Petalonia plants, or £he

crusts and the tufts.

    In the Iatter case, the crusts or the tufts grew well especially in No. 3 and

No. 5 incubators, and in 60 days they attained a diameter of 3-8 mm. When they

were retained under No. 3 and No. 5 conditions, except a few case, they did not
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       Fig.13. ktaloniaf2zscia. Maturecrusts.

A. Section of a part of a crustaceous disc with paraphyses.

B-D. Paraphyses with mature uni}ocular organs.
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show any marked development and some of the crusts fel} off from the substratum,

becoming rough. In this experiment, they became fertile, bearing unilocular spo-

rangia when they were transferred to No. 4 incubator.

   In the cultures started with swarmers from the pluriiocu}ar organs on March

4, 1968 and grown in No. 5 incubator, germlings also developed into crusts or

tufts in 80 days. Within 20 days after transfer to No. 4 incubator they became

fertile, bearing unilocular sporangia.

   Under warm and short-day conditions, the paraphyses of the crusts elongate

and unilocular orgaiis are borne laterally near the basal cells of the paraphyses

(Fig. 13, B-D; P}. III, F). The unilocular sporangia are elongated obovoid, measur-

ing 55-90ptm or more ×25-30xtm. Each unilocular sporangium produces about
60-260 swarmers. On the other hand, in the case of the tufts, some fiIaments

give off branchlets with unilocular organs at their basal cell (Pl. III, E). These

unilocular sporangia usual}y are globular or somewhat obovoid, measuring 20-40

ptm in diameter and each produces about 30 or more swarmers.

    Meiosis does not occur in the unilocular sporangium of this alga (Pl. III, I-J).

Swarmers from uniIoeular o℃gans and their development-The swarmers from
unilocular organs are pear-shaped or ovoid, measuring 6.0-8.4ptmX3.5-5.0Ltm

(average 7.4"mX4.4ptm). They contain a single chromatophore and one eyespot,

and are laterally biflagel}ate (Fig. 14, A>. Their anterior flagellum is longer <15-

21Ftm) than their posterior one (6-9ptm). After liberation the swarmers swim

actively for a while, showing a negative phototaxis and finally settle down on the

substraturn. Settled swarmers become spherical (Fig. 14, B-C; Pl. III, B) and

measure 4･5-5.5Ftm (average 4,8ptm) in diameter. Within 2-3 days they begin to

germinate by pushing out a protuberance and then divide into two cells tran$-

versally (Fig. 14, D). In 5-7 days germlings divide into 3-4 cells uniseriately (Fig.

14, E) and each cell of the filament begins to branch off (Fig. 14, F-G). By succes-

sive cell divisions and branchings, the germlings develop into minute discs (Fig.

14, H) or branched fiIamentous plantlets. Within 15 days several Petalonia plants

arise from the minute disc (Fig. 14, I-J; Pl. III, G) or from the filamentous

plantlet (Pl. III, H). These Petalonia plants grew well especially in No. 1, No. 2

and No. 3 incubators. In 30-40 days they attained a height of 3-5cm. or more

and reached maturity, forming pluri}ocuiar organs. Swarmers from these plurilo-

cular organs showed no sexuality and developed into the 1letalonia plants or the

unilocular sporangia-bearing crusts and tufts.

    As mentioned above, .l'etalonia fascia from Muroran exhibited no sexuality.

}'Iowever, sometimes two generations alternate3 one is a large polystichous plant

with plurilocu}ar organs (Petalonia phase) and the other is a small haplostichous

plant with unilocular organs (ralfsioid or tufted phase), sometimes the Petalonia



76

              ･2/i'･･,i･i////L'ii,i.i},.,,,tl,IIIif,l/i}":'---i;""'?S f'sbi,,

                ee't,･ltii.a i::e'e.,

                              .l,tg3,,'a

                              ..3tit.i.'j.."'

                             z.'=.tge"

                       I

               Fig.14. I]lrtaloniaf'
                       'from uni

     A. Swarmers liberated from uni
     D. 2-celledi germling. E-G.

     H. 7-day-old discal germllng grown

     plants arising from minute discs
      old culture and J, from a

phase is repeated. Such a life cycle

conditions of temperature, photoperio

is quite identical to that of

.Petalonia2osterijblia.. '

   Cultures of Coipomenia bullosa

13, 1967. The cultures were usually

sistently.

          Y. NZzkamu7Aa and M

xNg?./1                    @@
                       B
                              .5.,,,
""' .A.,.re ･r-ti' @ ,k.`:'9.,'･,ll･'i'

                     c.

'/1ts℃lillies.Osigij,Qimoiii .." X

       ge                   .l ',

7kete'tvaki

'

"
,

.

'

l.

k

/L

-:L

i'

 "i'

tt tt

tl

i-l"if"

i"''

'

-
t

L

 '

 L

1

J-

.

t/

'.il'.

"' l

'

1

'
t :.

J kt
'

tst
 .

･:

;
･
･

1

 "i'

k･
v

  1;u"1   ,p
    1 '',

>.

-

   x
  v

 )K.   j

  N'

x.t

 x

       ,--S2!,L!,L[!L-O .m MOpm

          A-H 1
        ascia. Development of swarmers
      locu}ar organs.

         Iocular organs. B-C. Settled
     7-10-day-o]d germling grown in No.

          in No.1 incubator. I-J. Young 1)kitalonila

        grown in No. 1 incubator; I, from
   18-day-old culture.

        seems to occur according to the

         d and other factors. This

     parthenogenesis in Saytosiphon

Coipomenia bnttosa YAMADA

        were begun on January 18,

          grown in No. 1 and No.

-IOO
    j

  swarmers.
4 incubator.

   a 13-day-

   environmental

type of Iife cycles

 lomentai'ia and

 1966 and March
3 incubators con-



              T7).e Lij'e Histoily of' Soiite Species of' the Saytosiphonales 77

   Coipomenia bullosa is very commonly found from late November to early

June o±' the next year, growing on rocks in the intertidal zone at the area of
)y({uroran. This alga has a saccate frond, which is solid in the juvenile stage and

soon becornes hollow. When fertile, it forms only plurilocular organs, spreading

over the surface of the whole frond. The plurilocular organs are divided uni-

seriately, often biseriately, into le-30 compartments with scattered unicellular

paraphyses (Fig. 15, A-B).

        1/wr/'esg',,i¥iiE'"@o,', ,//IFSi@1ewas k (g

       /-'`N /, I' 6d's

         atm zatm
            A,B C,D
                       Fig.15. Coipomeniabt{llosa.

              A-B. Sectlons of a part of plurilocular gametangia
              C. Female gametes. D. Male gametes.

   In Coipomenia bztllosa from Muroran, sexual plants are isomorphic and heter-

othal}ic, and form only plurilocular gametangia. The gametes are pear-shaped or

ovoid, containing a single chromatophore and one eyespot, and are latera}ly bifla-

gellate (Fig. 15, C-D). Their flagella are of uRequal Iength; the anterior fiagellum

<15-20ptm) is longer than the posterior one <7.6-9.0ptm). Sexual reproduction is

isogamous; no maxked difference in size is found between conjugating gametes

of a pair. The gametes measure 5.3-76ptmX3.0-3.8"m (average 6.5ItmX3.3pcm).

They show a negative phototaxls and are distinguishable by the period of motility.

One <female) soon becomes sluggish and settles down on the substratttm, while

the other (male) swims vigorously for a few hours before settlement.

   When both kinds of the gametes are mixed, conjugation occurs at ca. 50-60

per cent to form zygotes (Fig. I6, A). Unfused gametes usually develop parthe-

nogenetically.
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Zygotes and their develeprnent-After sexual fusion, the zygotes soon settle down

on the substratum and beeome spherical, measuring 5.7-7.9um (average 6.9ym)

in diameter (Fig. 16, B-C; Pl. IV, A). Within 1-2 days settled zygotes begin to

germinate by pushing out a protuberance (Fig. 16, D) and then divide into two

cells transversally (Fig. 16, E). By successive transverse cell divisions, germlings
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       Fig.16. Coipomeniabztllosct. Developmentofzygotes.

A. Conjugation of gametes. B-C. Settled zygotes. D. Germination of a
zygote. E. 2-celled germling. F. Uniseriated filamentous, 5-day-old

germling. G. 5-day-old germling. H. 10-day-old germling. I. 14-day-old

germling. (Ali grown in No. 3 incubator.)
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become uniseriate filaments, consisting of 4-7 or more cells, an apical one of

which usually provicles a hair (Fig. 16, F). In 5-7 days cells of the filaments

begin to form branches (Fig. 16, G). The filamentous germlings often become

greeping, loosely branched plantlets (Fig. 16, H-I; Pl. IV, D) and finally grow

into crustaceous discs or tufted p!antlets (Pl. IV, E-F).
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    In 40N50-day-old cultures grown in No. 3 incubator, the crustaceous discs

attained a diameter of about 1-3 mm. and produced the paraphyses on the whole

surface. The paraphyses elongated more and more, and in 70-80 days bore uni-

locular sporangia laterally near their basal cells (Fig. 17, A-D; PI. IV, G). In the

case of the tufted plantlets, some filaments gave off branchlets with unilocular

sporangia (Pl. IV, H) and others formed unilocular sporangia directly without

formation of branchlets (Fig. 17, E). In the cultures grown in No. 1 incubator,

the crustaceous discs and tufted piantlets did not become 'fertile.

    Unilocular sporangia are elongated obovoid or ovoid, measuring 80-150 ptmX

30-40 ptm and each sporangium contains about 60-260 or more zoospores, Meiosis

occurs during the formation of zoospores in the unilocular sporangium and the

number ef haploid chromosomes is counted ca. 18 (Pl. IV, L).

Zoospores and their development-The zoospores are pear-shaped or ovoid, meas-

uring 6.0-7.6 FtmX3,3-4.5 ptm (average 7.1 ,umX4.0 ptm). They contain a single chro-

matophore and one eyespot, and laterally biflagel!ate (Fig. 18, A). Their fiagella

are of unequal length; the anterior ones (16-20 ptm> are Ionger than the posterior

<6.0-7.6ym). After liberation the zoospores swim actively for a while, showing

a negative phototaxis and then settle down on the substratum. Settled zoospores

become spherical <Kg. 18, B-C; Pl. IV, C) and measure 4.5-5.4 ptm <average 4.7 ptm>

in diameter. Within 1-2 days they begin to germinate by pushing out a protu-

berance (Fig. 18, D) and then divide into two cells transversally (Fig. 18, E). By

successive transverse cell divisions, germlings develop into uniseriate filaments

consisting of 3-7 cells (Fig. 18, F-G), an apical one of which usually provides

a hair. In 5-7 days cells of the filaments give off branches. By successive cell

divisions and branchings, the germlings develop into minute discoid plantlets (Fig.

18, H-I) and these gradually begin to upheave at their central part (Fig. 18, J).

Such an upheaval rapidly increases in size and develops into a saccate Co(2t)omenia

plant.

    The Co(1)omenia plants grew well in No. 1 and No. 3 incubators. In 40-50

days the saccate plants attained a height of about 1-2 cm. (Pl. IV, J) and reached

maturity. They bore plurilocular gametangia, producing female and male game-

tan.cria on separate plants.

Parthenogenesis-Gametes of either sex develop parthenogenetically. After swim-

ming, the gametes settle down on the substratum and become spherical, measuring

4.2-53 ptm (average 4.7 ym) in diameter (Pl. IV, B). Within 2 days settled gametes

begin to germinate by pushing out a protuberance and then divide into two cells

transversally. Subsequent developrnent of germlings involves a progression from

uniseriate filaments to minute discs through intermediate structures by successive

cell divisions and branchings.
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             Fig.18. Coipomeniabtt.llosa. Deve}opmentofzoospores.

      A. Zoospores liberated 'from uni}ocular sporangia. B-C. Settled zoospores.

      D. Germinationofazoospore. E. 2-cel,led germiing. F-G. Uniseriated
      filamentous, 6-day-old germlings. H-I. 10-day-old germlings. J. Saccate
      Coipontenia plant arising from a prostrate system. (All grown in No. 3

      incubator.)

   In No. 1 and No. 3 incubators, the germlings mostly developed into crus-

taceous discs or tufted plantlets and some germlings produced saccate Coipomenia

plants. In the latter case, the Coipome7iia plants reached maturity in 50-80 days,

bearing plurilocular gamentangia. In the former case, the crusts and the tufts

<especially grown in No. 3 incubator) becarxxe fertile in 100-120 days, producing

a number of swarmers from unilocular sporangia (Pl. IV, I). In this case, meiosis

does not occur during the formation of swarmers in the unilocular sporangium.
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The swarmers from the unilocular sporangia derived frorn parthenogametes de-

veloped into the saccate Coipomenia plants in the same way as the zoospores. In

60-70 days these Coipomenia plants attained a height of about O.5-1.0cm. and

reached maturity under No. 1 and No. 3 conditions. They bore plurilocular game-

tangia and produced gametes of respec£ive sex.
    Consequently, in Coipomenia bullosa, there is an alternation of heteromorphic

generations; an alternation of a large polystichous gametophyte with plurilocular

gametangia (Coly)omenia phase) and a small haplostichous sporophyte with uni-･

locular sporangia (ralfsioid or tufted phase). Parthenogametes develop into the

Coipomenia plants either directly or passing through the ralfsioid phase with

unilocu!ar sporangia.

                    Endarachne binghamiae J. AGARDH

    Cultures of Endarachne binghamiae were started on April 10, 1967. The cul-

tures were first kept in No. 3 and No. 5 incubators. Some cuitures were after-

wards transferred to No. 4 incubator.

   Endurachne binghamiae is common on the coast of Honshu washed by warm

currents. Materials used in this experiment were collected at Arnatsu-kominato,

Boso Peninsula, Chiba Prefecture on April 8, 1967, growing on rocks in the inter-

tidal zone. This alga has a flat and lanceolate frond, superficiaily resembling

Petalonia fascia. When fertile, the frond forms plurilocular organs, spreading
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       Fig.19. Endarachnebinghamiae.

A-B. Sections of a part of plurilocular gametangia.

C. Female gametes. D. Male gametes.
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over the entire surface. The plurilocular organs possess 4-12 rows of compart-

ments (Fig. 19, A-B) and no unicellular paraphyses are found.

   In Endarachne binghamiae from Amatsu-kominato, sexual plants are isornor-

phic and heterothallic, and bear only plurilocular gametangia. The gametes are

pear-shaped or ovoid, containing a single chromatophore and one eyespot, and

are laterally biflagellate (Fig. 19, C-D). 'Their flagella are of unequal length; the

anterior ones <!6-20"m) are longer than the posterior (6.0-7.6 ptm). Sexual repro-

duction is isogamous. The gametes measure 4.8-6.9pmX2.7-3.8ftm (average 5.9

Ftmx3.1 pam). They show a negative phototaxis, swimming towards the darkest

part of a vessel. They become sluggish after swimming for about one hour and

finally settle down on the substratum. No significant difference is found in mo-

tility between female and male gametes.

   When female and male gametes are mixed, conjugation occurs at 50-60 per

cent to form zygotes and unfused gametes usually develop parthenogenetically.

Zygotes and tkeir develepment-After sexual fusion, the zygotes soon settle down

on the sttbstratum and become spherical, measuring 5.0-6.5 ptm in diame£er (Fig.
20, A-B; Pl. V, A,a and B). Within 1-3 days settled zygotes begin to germinate

by pushing out a protuberance <Fig. 20, CmmD) and divide into two cells transver-

sally (Fig. 20, E). Then they develop into uniseriate filaments consisti･ng of 3-5

or more cells (Fig. 20, F), an apical one of which often provides a hair.

   In No. 3 incubator, cells of the flaments gave rise to branches (Fig. 20, G-H),

developing into minute discs within 10 days and the growth of discs was very

slow. On the other hand, in the cultures grown in No. 5 incubator, the growth

of discs was very rapid (Fig. 20, I). The 20-23-day-old discs attained a diameter

of 2-3mm. and the 30-day-old ones 5-10mm. developing into crustraceous discs

(Pi. V, D) or tufted plantlets. When retained in No. 3 and No. 5 incnbators (long-

day conditions) the crusts did not show any marked development. However, they

became mature when they were transferred to No. 4 incubator. About one
month after transfer some 4-month-old crusts (obtalned from cultures ln No. 5

incubator) reached maturity, bearing unilocular sporangia; the paraphyses did not

grow well but they bore unilocular sporangia laterally near the basal cells (Fig.

20, K-L; Pl. V, E). .
   Unilocular sporangia are obovoid or more elongated one, measuring 65-75 ptm

×26-30 ptm. Meiosis occurs during the formation of zoospores in the unilocular
sporangium, and number of haploid chromosomes is counted ca. 20-22 (Pl. V, J).

Zoospores and their development-Unfortunately, zoospore-liberation from the

unilocular sporangia and early development of zoospores of this alga could not

be observed. However, many new germlings were found growing on the wall of

culture vessels which contained mature crusts with unilocular sporangia. These
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they attained a height of about 2cm. and reached maturity, bearing plurilocular

gametangia. Female and male gametangia are produced on separate piants.

Parthenogenesis-The gametes of either sex develop parthenogenetically. After

swirnming they settle down on the substratum and become spherical, measurlng

3.7-4.8pam (average 4.5ptm) in diameter <Pl. V, A, b). Within 2-3 days settled

parthenogametes begin to germinate by pushing out a protuberance and divide

into two cells transversally. By successive transverse cell divisions germlings at

first develop into uniseriate filaments and then cells of the fi!aments give off

branches, developing into minute discs (Pl. V, C).

    In No. 3 and No. 5 incubators, most ef the discs produced the Encldrachne

plants (Pl. V, H). In about 60-65 days the plants attained a height of 1-2cm.

and reached maturity, bearing plurilocular gametangia. On the other hand, some

discs increased enormously in size and became crustaceous in the same way as

the zygotes. These crustaceous discs became mature when they were transferred

to No. 4 incubator, bearing uniloctilar sporangia on the paraphyses laterally near

the basa! cells (Pl. V, F).

    The results of this experiment indicate that there is an alternation of hetero-

morphic generations in this species; an aleernation of a large polystichous game-

tophyte with plurilocuiar gametangia (Endarachne phase) and a small haplostichous

sporophyte with unilocular sporangia (ralfsioid phase). Parthenogametes develop

into the Endarachne plants directly or passing £hrough the raifsioid phase.

                               Discussion

    The order Scytosiphonales was established by FELDMANN in 1949, on the basis

of the cellular structure containing a single plastid with one large pyrenoid, and

the presence of only one type of reproductive organs, the plurilocular sporangia.

The Phaeosaccionaceae, which was included in this order, was recently removed

to the Chrysophyceae by the morphology, life history and chemical composition

of both the zoospore and the thallus (PARKE and DIxoN, 1964; CRAIGm et al.,

1971; McLAcmAN et al., 1971; CHEN et al., 1974). Thus this order includes two

families; Scytosiphonaceae and Chnoosporaceae, the latter with a slngie genus.

The Scytosiphonaceae includes eight genera; Saytosiphon, Petalonia, Coipomenia,

Endarachne, H)idi'oclathrus, Rosen`vi7rgea, lyeirgaria and Utriculidium. FEmMANN

considered that members of this order have an alternation of isomorphi¢ genera-
tions and hypothesized that meiosis occurs during germination of zygotes.

   Investigations on the life history of the species belonging to this order made

by previous investigators in various loculities have been ful!y reviewed by WyNNE

in 1969. As pointed out by him, in most of the previous culture studies the entire

life cycle of these species has not been completed and thus the controversy has
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continued up to the present.

    I)ANGEARD (1963) first found microthalli bearing both unilocular sporangia and

erect blades'in culture of Petalonia 2osterijblia. NAKAMuRA (1965) demonstrated

that swarmers from the unilocular sporangia of Raasia-like crustaceous thalli

ob£ained from nature, develop into Saytosiphon lomentaria and Petalonia fascia
plants, and expressed the view that both species have an alternation of hetero-

morphic generations. TATEwAKI (1966) was able to complete the entire life cycle

of Saytosiphon lomentaria in culture an(l demonstrated that this species exhibits an

alternation of heteromorphic generations. LuND (1966) also reported the presence

of microthalli bearing unilocular sporangia and young erect plants in Saytosiphon

lomentaria in nature.

    WyNNE (1969), investigating Saytosiphon, Petalonia and Endarachne, observed

that the expression of crusts with unilocular sporangia or cylindrical thalli with

plurilocular sporangia (Saytosiphon lomentaria) and crusts and blades (Petalonia

fascia) is influenced in most experiments by culture conditions. He noted that

swarmers from either unilocular or plurilocular organs tend to develop into cylin-

drical thalli or blades under relatively cool and short-day conditions, whereas the

development of similar swarmers iRto crusts is favored by relatively warm and

long-day conditions. Intermediate growth conditions bring about intermediate

perceRtages of both morphological expressions. Further, HsiAo (1969), working on

Petalonia fascia, concluded that iodine is essential for growth and reproduction of

this species; the minimal concentrations required for deveiopment of the Raasia-

like thalli and blades are 4×10-5M KI and 4×10nm6M KI, respectively, and that

the other two morphological types of £halli, protonemata and plethysmothalli, are
formed especially in iodide-free medium.

    The major difference between the present results and those of the previous

workers with the species of the Scytosiphonaceae is that the species examined,

with the exception of Petalonia fascia, exhibit sexual reproduction. Sexual plants

with plurilocular gametangia are isomorphic and heterothallic. Sexual reproduc-

tion ranges froin isogamy (Petalonia 2osterilfblia, Coipomenia bullosa and Endarachne

binghamiae) to slight anisogamy (Sc:ytosiphon lomentaria). Conjugation between

swarmers from the pluri!ocular organs has been observed in Scytosiphon lomentaria

(BERTHoLD, 1881; KucKucK, 1898, 1912; FRyE, 1930; ABE, 1935 and TATEwAKI,

1966), Petalonia 2osterijCblia (KucKucK, 1912), P. fascia (KuNiEDA and ARASAKI,

1947), Coipomenia sinuosa (KuNiEDA and SuTo, 1938), C. bullosa (KuNiEDA and

SUTO, 1948; NAKAMuRA and TATEwAKi, 1966) and Endarachne binghamiae (KuNi-

EDA and SuTo, 1948). In these previous investigations except a few cases, however,

it occuxred in rare instances. In our experiments, the conjugation occurred com-

monly at 50-60 per cent and unfused gametes mostly developed parthenogenetical!y･
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   Zygotes, parthenogametes, zoospores, and swarmers expressed similarly various

morphological types of thalli in ear!y development. They develop into uniseriate

filaments, prostrate branched filaments, erect branched filaments forming tufts, and

uni- or multlstratose discs, taking various intermediate structures. However, their

subsequent development exhibited significant variations. In most experiments ger-

mlings from zygotes developed into discal structures, forming crusts (often tufts)

without the formation of erect fronds. The growth of the crusts or tufts is pro-

moted under relatively warm and Iong-day conditions, but they never became

fertile, except Coipomenia bullosa. They bore unilocular sporangia when they

were transferred to short-day and relatively cool conditions. Germlings from

zoospores liberated from these unilocular sporangia gave rise to erect fronds

identical with the parent plants. They bore plurilocular gametangia under rela-

tively cool condition with long or short day-length (No. 1, No. 2 and No. 3 incu-

bators). On the other hand, germlings from parthenogametes gave off the erect

fronds with plurilocular gametangia under cool, long-day conditions (No. 1 incu-

bator). Contrary, the similar germlings grown under warm, long-day conditions

<No. 5 incubator) mostly developed into the crusts or the tufts without the forma-

tion of erect fronds. They formed unilocular organs when they were tranferred

to short-day conditions (No. 2 or No. 4 incubator). Germlings from swarmers

liberated from these unilocu!ar organs of haploid thalli gave off the erect fronds

in the same way as those from the zoospores. Further, under relative!y cooi,

long-day conditions (No. 3 incubator) some germlings gave off the erect fronds

with plurilocular gametangia and others deve!oped into sterile crusts or tufts

without the formation of erect fronds.

    The results of our culture experiments on the development of parthenoga-

metes are in accordance with WyNNE's observations on Saytosiphon lomentaria and

1it7talonia fascia, and also with those of DANGEARD (1963) on Petalonia 2osterij(blia

from culture and of LuND (1966) on Saytosiphon lomentaria from nature, as cited

above, It appears that I.SNiNG and DRiNG's observations (1973, 1975 a, b) regarding

the influence of light quality, photoperiod, and temperature on the development

of Petalonia and Saytosiphon were based on the development of parthenogametes
  '
liberated from plurilocular organs of the erect frond phase.

    No morphological difference was found between crusts with uni!ocular sporangia

derived from zygotes and those from parthenogametes. In our cytological obser-

vations, however, meiosis occurred only in unilocular sporangia of dipioid crusts

from the zygotes during the formation of zoospores, while it did not occur in

those of haploid crusts from the parthenogametes.

    From this, it was concluded that the pattern of life cycles with an alterna-

tion of erect fronds (cylindricai, leafy or saccate) and crustose discs was brought
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in response to a difference in ploidy level rather than to culture condi£ions, ac-

companying an alternation of nuclear phases.

    In .Petalonia fascia, we found no sexual phenomena as described by the pre-

vious investigators. Its Iife cycle is identical to that of parthenogenesis of the other

species examined, exhibiting the dimorphic development, erect fronds and crusts

in response to culture conditions, as reported by WyNNE in the same species from

the Nor£h America. However, a variance in chromosome numbers was often found
according to individuals, ranging from 24 to 50, though no evidence of conjugation

of swarmers from plurilocular organs was found. In this respect it will require

more precise investigations.

   Further, DANGEARD (1963) has illustrated prostrate ectocarpoid plantlets with

plurilocular organs in his succeeding cultures on the members of the Scytosipho-

naceae, andi also CARAM (1965) reported the similar ectocarpoid thalli with pluri-

locular organs in Petalonia fascia. E[siAo (1969), investigating Petalonia fascia,

obtained the ectocarpoid thalli (protonemata) with plurilocular organs by changing

iodine concentrations of culture medium. In the present cultures, we have com-

monly observed filamentous microthalli (tufts) with unilocular organs in Sayto-

siphon lomentaria, fetalonia fascia and Cbipomenia bzsllosa, but we never obtained

the ectocarpoid thalii with plurilocular organs in the species examined.

    As to the taxonomic status of the crustose stage of Saytosiphon, LuND (1966)

stated that it belongs to the genus Microspongium, and he was supported by

McLAcHLAN et al. (1971). WyNNE (1969) expressed the view that the crust of

Petalonia fascia presents the morphoiogical characteristics of the subgenus

Stragularia of Raly`lsia, i.e., R. calillbrnica. EDELsTEiN et al. (1970), working on

Raly(lsia clawata and R. bornetii, reported that both species are the crustose stage

of Petalonia fascia.

   Naturally occurring crusts of Saytosiphon and Petalonia from Muroran grow

on pebbles and stones together with RalyIiia werrucosa. Both crusts of Saytosiphon

and Petalonia are able to be distinguished from RalyClsia verrucosa by an outer

appearance and frond structure; the former two have a growing margin of discrete

apical cells as pointed out by WyNNE (1969), and are easy to squash under a slight

pressure. Furthermore, swarmers liberated from the former two crusts germinated

primarily into creeping filaments which were simply or densely branched, but

they did not germinate into minute parenchymatous discs as in Ratsia verrucosa

(NAKAMuRA, 1963, 1972). This is one of the most distinguishing characters be-

tween the crus£ose stage of the Scytosiphonaceae and the genus Raasia. Regard-
ing the developrnent of swarmers of Ra4faia cla'vata (=R. tenuis), KyLiN and

I.oisEAux described a discal type of development (KyLiN, 1934, Fig. 10; LoisEAux,

1968, Fig. 5, II)), while EDELsTEIN et al. (1970) reported that it had a creeping
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filamentous type of development. From this, it is supposed that the plants iden-

tified as R. clavata contain at least two different l<inds of species. On the other

hand, naturally occurring crusts of Saytosiphon and Petalonia at Muroran were

unable to be distinguished from each other by the gross structure of their frond.

They were distinguished by thickness of young germlings composed of several

cells. Cells of the germlings from swarmers liberated from naturally occurring

crusts of Saytosiphon were more slender (about 1 ptm in diameter) than those from

the crusts of Petalonia (NAKAMuRA, 1965). The clarification of relationship between

crustose brown algae hitherto known and crustose stages in the life cylces of various

Scytosiphonaceae should await further investigatlons by culturing them.

    As mentioned above, among five species examined, one species, Petalonia

fascia, is lacking in sexual reproduction and others, Saytosiphon lomentaria, Peta-

lonia 2osteriifolia, Coipomenia bullosa and Endai'achne binghamiae have sexual

reproduction. The present results confirmed that the Iife cycie of members of

the Scytosiphonaceae has an alternation of heteromorphic generations; a large

polystichous plurilocular gametangia-bearing plant (cylindrical, leafy or saccate

frond) and a small haplostichous unilocular sporangia-bearing plant (crusts or tufts).

Further, meiesis occurs during tlte formation of zoospores in the unilocular spor-

angia of diploid thalli from zygotes. Parthenogenesis is a very common feature

in all the species examined, exhibiting the dimorphic deve!opment, erect fronds

and crustaceous discs (or tufted plantlets), according to culture conditions.

                               Summary

   Five species of the Scytosiphonaceae from Pacifie Coast of Japan, mainly from

Muroran, Hokkaido, were investigated regarding the entire life cycle with cytolo-

gical observations in laboratory cultures permi£ting temperatures and photoperiods.
    Of five species examined, Saytosiphon lomentaria, Petalonia xosterilfolia, Co(1)o-

menia bullosa, and Endarachne binghamiae have a sexual eycle with an alternation

of heteromorphic generations.

    Sexual plants are isomorphic and heterothallic, and are large polystichous

cylindricai, saccate, or Ieafy fronds with plurilocular organs. Sexual reproduction

is isogamoqs, with the exception of Saytosiphon lomentaria which is slightly

anlsogamous.

   Zygotes deve}op into smali haplostichous crustaceous discs or tufted plantlets

with uRilocular organs. Zoospores }iberated from these unilocular organs develop

into minute discs or filarnentous plantlets, giving off cylindrical, saccate, or leafy

erect fronds with plurilocular organs.

   The pa£tern of the life cycle with an a!ternation of a sexual generation (the
erect fronds) and an asexua} generation (the crusts or tufts) occurs with an alter-
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nation of nuclear phases. Meiosis occurs during the formation of zoospores

in the unilocular ograns of the crusts or tufts from zygotes. The number of

chromosomes in haploid phase is as follows; 22-24 in Saytosiphon lomentaria, 21-

22 in Petalonia xosterijblia, 20-24 in P. fascia, ca. 18 in Coipomenia bullosa, and

20-22 in Endarachne binghamiae.

    Gametes of either sex develop parthenogenetically, undergoing two different

developmental pathways; one develops into erect fronds with plurilocvlar organs

and the other develops into crusts or tufts with unilocular organs. The expression

of these two types of deve!opment, the erect fronds and the crusts (or tufts) is

influenced by culture conditions; the former occurs under reiatively cool condi-

tions and the !atter under relatively warm conditions.

   The growth of crusts (or tufts) from zygotes and parthenogametes is promoted

by relativeiy warm, long-day conditions and their maturation is governed by short-

day conditions. .
   Petalonia fascia exhibited no sexuality. Its life cycle with dimorphic genera-

tions, erect fronds and crusts (or tufts) is identical to that of parthenogenesis of

the other species examined.

   The life cycles demonstrated in the present experirnents may be summarized

by the following two diagrams:

Sicytosiphon lomentaria, I]etalonia 2osterijblia, Coipomenia bullesa and Endurachne

binghamiae:

            (Erect frond phase) (Ralfsioid phase)
          6-gametophytes-pluril. gametangia-6-gametes
            t(nM t

    l                            (parthenogenesis)
    -swarmerseunil. organsecrusts (tufts)e
                               (lt)

                                           ･
-zoospores< (ltllgeiuonslg>sPOrangiaeCr?2Snt9(tUftS)"um-(EtloZnYjgugg2ion)

                                           t

                               (71)
      swarmerseunil. organsecrusts (tufts)e
    f                            (parthenogenesis)

            S(n)l ;
          9-gametophytes-pluril. gametangia-9-gametes

Petalonia fascia:

            (Erect frond phase) (Ralfsioid phase)

            ;l          blades-pluril. organs-swarmers-crusts (tufts)-

            (n) (n)            Lswarmerseunil. organse
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                        PLATE I

           Saytosiphon lomentaria (LyNGByE) LiNK

A. Settled zygotes and their germination. × 1000.

B. Settled female parthenogametes and their germination.

    × leoo.
C. One-month-old crustaceous disc derived from a female par-

    thenogamete (No. 3). × 70.

D. Section of a crust with unilocular sporangia, derived from a

    zygote (No. 2). × 300.

E. Section of a crust with unilocular sporangia, derived from a

    male parthenogarnete (No. 2). × 300.

F. Unilocular sporangia borne on filaments of a tuft, derived

    from a zygote (No. 2). X 200.

G. Branchlets with unilocular sporangia borne on a filament of

    a tuft, derived from a male parthenogamete (No. 2). × 200.

H. Settled zoospores. ×1000.
I. Chromosomes at metaphase in vegetative nucleus of a ger-

    miing from a zygote, showing diploid phase. × 5000.

J. Chromosomes at metaphase in vegetative nucleus o£ a ger-

    m}ing from a zoospore, showing haploid phase. × 5000.

K. Chromosomes at rnetaphase in vegetative Rucleus of a ger-

    mling from a female parthenogamete, showing haploid phase.

    × 5000.

Parenthesized No. is shown number of incubator in which the

materials were cuitured.
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                    PLATE II

       Petalonia xoster'ij(blia (REiNKE) KuNTzE

Settled zygotes (a) and parthenogametes (b). × 1000.

Settled zoospores. × 1000.

Twenty-day-old crustaceous disc derived from a zygote (No.

3). ×75.

Section of a 4e-day-old crust from a female parthenogamete

(No.3). ×200.
Section o{ a crust with unilocular sporangia, derived from a

male parthenogamete (No. 4). × 300.
Section of a crust with unilocular sporangia, derived from a

zygote (No. 4). × 300.

Petalonia plants arising from a 15-day-old minute disc from

a zoospore (No. 3). × 100.

Petalonia plant borne on 1-month-old creepiRg filaments from

a male parthenogamete (No. 1). × 50.

Chromosomes at metaphase in vegetative nuc}eus of a ger-

mling frorn a zygote, showing diploid phase. × 5000.

Chromosomes at metaphase in vegetative nucleus of a ger-

mling from a zoospore, showing haploid phase. × 5000.
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                   PLATE III

      Petalonia fascia (O. F. MVLLER) KuNTzE

Settled swarmers from plurilocular organs. × 1000.

Settled swarmers from unilocular organs. × 1000.

Twenty-day-old £ufted germling from a swarmer of a pluri-

locular organ (No. 3). × 50.

Two-month-old crustaceous disc from a swarmer of a pluri-

locular organ (No. 3). × 65.

Unilocular organs borne on loose filaments of a tuft (No.

4). ×200.

Section of a crust with unilocular organs (No. 4). × 300.

Petalonia plants arising from a 18-day-old minute disc derived

from a swarmer of a unilocular organ (No. 1). × 75.

Petalonia plants borne on a 20-day-old fiIamentous plantlet

derived from a swarmer of a unilocular organ (No. 1). × 50.

Chromosornes at metaphase in vegetative nucleus of a ger-

mling from a swarmer of a plurilecular organ. × 5000.

Chromosomes at metaphase in vegetative nucleus of a ger-

mling from a swarmer of a unilocular organ. x 5000.
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                    PLA'r:･ IV

            C'oipontenia bullosa YAMADA

Sett}ed zygotes. X 1000.

Settled female parthenogametes. × /1000.

Settled zoospores. × 1000.

Short, filamentou$ 2-weel<-old tuft 'from a zygote <No. 3).

× 100.

Crustaceous, 1-month-old disc from a zygote (No. 3). × 52.

Long filamentous 3-weel<-old tuft from a zygote (No. 3).

× 30.

Section of a mature crust derived 'from a zygote, })earing uni-

locular sporangi.a (No. 3). × 300.

tJnilocular sporangium borne on a filainent of a tuft (No. 3).

× 300.

Mature unilocular sporangium borne on a paraphysis of a

crust from a fernale parthenogamete (No. 3). × 5()O.

Co(Poinenia plaiit froin 5()-day-old culture of a zoospore (No.

3). ×5.

Chromosome$ at metaphase in vegetative nucleus of a ger-

mling from a zygote, showing diploid phase. × 5000.

Chromosomes at metaphase in vegetative nucleus of a ger-

mling. 'from a zoospore, showing haploid phase. × 5000.
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                    PLAIrE V

         Endarachne binghamiae J. AGARDH

Settled zygotes (a) just fused, and parthenogametes (b).

× 1000.

Settled zygotes. × 1000.

Two-week-old germlings frQm female parthenogametes (No.

5). ×200.

Crustaceous 4-month-old discs from zygotes (No. 5). × 3.
Section of a crust from a zygote, bearing unilocular sporangia

(No.4). ×300.
Section of a crust from a male parthenogamete, bearing uni-

locular sporangia (No. 4). x 300.

Endarachne plants arising from an about 1-month-old minute

disc from a zoospore (No. 3). × 70.

Endarachne plants arising from a 20-day-old minute disc from

a female parthenogamete (No. 3). × 100.

Chromosomes at metaphase in vegetative nucleus of a ger-

mling from a zygote, showing diploid phase. × 5000.
Chromosomes at metaphase in vegetative nucleus of a ger-

mling from a zoospore, showing haploid phase. × 5000.

Chromosomes at metaphase in vegetative nucleus of a ger-

mling from a female parthenogamete, showing haploid phase.

× 5000.
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