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On the Gametophytes of Some Japanese Species of
S Laminariales V.

By
Tivorrt Kanpa

In the third publication on the same line of research as this, the writer
has discussed the distribution of Japanese Laminariaceous plants. As to
the distribution they are divided rotghly into two series of forms. The
one is a cold current form, to which belong the following ten genera;
Thalasstophyllum, Streptophyllum, Pleuropterum, Cymathaere, Arthro-
© thamnus, Algria, Kjellmaniella, Agarum, Costaria and Laminaria, being '
inhabitants of the northern colder seas, such as the Pacific coast of Hokkaido
and the Kuriles, Okhotsk coast of the: Kuriles and Saghalien, and the Japan
Sea coast of Séghalien, Hokkaido and north-eastern parts of Korea.: The
other is a warm current form which includes the following five genera;
Eisenia, Ecklonia, Eckloniopsis, Undaria and Chorda, being inhabitants of
the southern warmer seas, such as the Pacific coast of Honsyd (the main
island of Japan), Sikoku and Kytsy@, and the Japan Sea coast of Honsyl
and Kytsy@. All the species of the cold currert forms are limited to the
coasts of Hokkaido, Saghalien and the Kuriles all to the northward of
Tugaru Strait, which lies between Honsy@l and Hokkaido, with the excep-
tion of some species which extend as far south as the coast of Miyagi Pre-
fecture, and northeastern coast of Korea. Among the species belonging to
the cold current form, following 24 species are supposed to be distributed
chiefly on the coasts belonging to the Boreal District which is represented
by the area including the greater part of the Kuriles, Saghalien and eastern
parts of Hokkaido. They are Laminaria longipes Bory., L. taeniata PosT.
et Rurr., L. subsimplex Mivaes et Nagal, L. dentigera Kaerrm., L. platy-
meris DE La Pyrate, L. yezoensis Mivase, L. sachalinensis Mrvasg, L.
sikotanensis MIVABE et NAGQ, Cymathaere fibrosa Naaa1, C. triplicata
(Post. et Rupr.) J. Ae., C. japonica Mrvase et-Nagar, Streptophylium
spirale (YENDO) MrvaBe et Nagal, Arthrothamnus kurilensis Ruer., 4.
bifidus (GwmEn.) J. Ae., Thalassiophyllum Clathrus Posr. et Rupr., Alaria
fistulosa Post. et Rupr., 4. praclonga Kserim., 4. macropterd (Rupr.)
Yenvo, A. dolichorhachis Kyerim., 4. ochotensis YENDo, A. tenuifolia
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SercH., A. taeniata KysLiMm., A. angusta Kyerim., Pleuropterum paradi-

seum Mivase et Nagar and P. fasciculatum YAMADA. '

In the summer of 1941, the writer visited the North Kuriles for the
purpose of studying the lifgs history of these Laminariaceous plants growing
there. While staying in the North Kuriles for about 45 days, the writer
has surveyed the coasts of Paramusiru and Simusyu Islands, and deter-
mined the maturation period of the Liaminariaceous plants, and made the
ecological research of the marine algae. At Suribati Bay, where the Kita-
tisima Branch Office of the Fisheries Experimental Station of Hokkaido,
and man_y factories of some Fishing Companies are located, the writer has
cultured the zoospores of Alaria angusta Koerim. In the summer of 1942,
the.writer-again visited the Islands, and stayed at Suribati Bay for about
40 days. This time the culture experiments were made at the office build-
 ing-of the Kitatisima Branch Office of the Fisheries Experimental Station
of Hokkaido, until the 26th of August, when the resident official of that
station has léaved the Island, and the station was shut. Henceforth the
writer has moved into the room of office building of Kitatisima Suisan Co.
Ltd., by the courtesy of Mr. S. Kirtkawa, the chief of Suribati Districts
Braneh .6F that company, and the culture éxperiments were continued at
that plaee"untll the latter paﬁ of September, when.the writer left the
Islaud. - :
~In the present paper there are described the results of culture exp_ei‘i-—

ments with the gametoph¥tes and the young sporophytes of six species of
Laminariaceae ‘growing on the coast.of Suribati Bay, viz. Laminaria sub-
simplex MIYA:BE et Nacax, L. taeniata Post. et Ruer., Streptophyllum spirale
(YENDO) Mivase et Nagar, Alaria ﬁstulosa Post. et Rupr., 4. praelonga
Koerum. and-A. angusta Ksrrar..”

' Before going further the writer wishes to express his sincere thanks
to ProfésisorY.‘ Yamapa for his kind guidance and criticisms in the course
of the p1"esent Stud;;f Thanks are aIso due t'o the Hattori Hokokai, for
Acknowledgements are also due to Mr. 8. TARAVASU, ex-Dlrectm of the
Fisheries Experimental Station of Hokkaido, and to Messrs.. T. KiNosrra
and T. Taxamast, members of that Station, for their kindness to place at
his disposal the seat necessary for the cultures. Further the writer is also
much indebted to Mr. S. Kirrrawa, chief of Suribati Distriets Branch of
the Kitatisima Swuisan Co. Litd., for his kmdness offered him during hlS
stay in the North Kuriles. ‘
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XVIII. Laminaria subsimplex Mivase et NAGAT

This species is one of the representative species of the genus Laminaria
in the North Kuriles. According to the report by Dr. M: Nagar (1940),
the distribution ares of this plant is from the North Kuriles to as far south
as Simusiru Island of the Middle Kuriles. It grows on rocks or stones in
the lower parts of the littoral zone or upper parts of the sublittoral zome,
forming a large association together’ with Laminaria taeniata and Strepto-
phyllum spirale. The shape and size of the blade as w
stipe vary with the locali- g
ty, and the plants having 3
narrow blade are  some-
what similar to the wide
form of L. taeniata, and
‘those having broad and
.thick blade growing in
somewhat quiet shallow
waters are rather similar
to Streptophyllum spirale
(Fig. 1). It becomes sori-
‘ferous early in August. -
It is supposed that the’
liberation of zobspo_-res
continues for fairly leng
period, perhaps till the
end of winter, because
many small young sporo-
phytes of the present:
species. less than several
centimeters in length are
growing on rocks inter-
mingled with adult matur-
ed -ones of more than
several meters in total
length, when the writer
collected the material for
the culture experiments
in August. The sori ap-

Fig. 1. Laminaria subsimplex MIvARE et NAGAT,
2 3 Habit of the plants, showing a digitate
pear at first at the middle nature in blades. - '



124 - Y KaNDA

portion on one side of the blade, forming a pateh or patches with irregular
outline. As the stages advance they increase their size in both directions
upwards and downwards, fill they cover the blade in broad area. Thé sori
~are formed on both surfaces when the plants reach full maturity.

The culture experiments were made twice in the summer of 1942. The
first experiment was started on the 21st of August and the second one was
on‘the 24th of the same month. The culture vessels were placed in a room
with north-east exposure. But the culture-vessels were placed from time
to time on the table in the shady outdoor, being prevented from a direct
sunlight, for the prevention of the shortage of light intensity. Cultures

 were subjected to the fluctuation of air temperature, and no special con-
siderations were paid for the regulation of the temperature of culture
" medium, though it ranged from 7°C to 17°C during the culture experi-
ments. The temperature of sea water on the Suribati Bay coast ranged
from 7.5°C to 10.5°C at this period. The fluctuation of 10°C of the tem-
perature of culture medium was considered rather too much when compared
with 3°C of temperature fluctuation of sea-water on the coast of Suribati
Bay where the plants are growing in natural condition. The development
. of the gametophytes and young sporophytes were, however, very gobd in
the present culture. ~ The culture-medium was renewed every 5 days or a
week and the culture-slides were washed carefully from time to time.
Cultures were continued till the 23rd of September under these conditions
when the writer left the Island. Some of these culture-slides were brought
by steamer from Suribati Bay to Hakodate, and from Hakodate to the
laboratory of the Institute of Algological Research at Muroran by rail,.
keeping them alive, where they were cultured till about the middle of
October. Culture medium were renewed from time to time in the labora-
tory, but the temperature of the culture medium was not regulated, being
exposed in the fluctuation of air temperature, ranging from 18°C to 21°C.
" The culture materials became gradually weakened from early in Oectober,
and they died completely by the 15th of the same month, when the writer _
gave up the experiment. It is supposed that the damage of these culture
materials resulted from vigorous appearance of Protozoa and Diatom on
the culture-slides which prevented the development of culture materials,
as well as the elevation of temperature.

Zoospores and their Germination

The zoospore is pear-shaped when it is motile state, pointed at one end
and rounded at the other, measuring about 8-9u in length, 4-5p in breadth;
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it has two laterally placed cilia, one'pointing forward measuring about
30-40u in length, and the other pointing backward, being measured about

10u.
and some granular substances, but
The zoospores are very active at
first, but sooner or later their move-
ment becomes slower; within 5-24
hours after the liberation of zoo-
spores the majority of them assume
a spherical form. They are invest-
ed with a membrane and become
" fastened to the slide-glass (Fig. 2,
B). Soon after they have fastened
to the slide, a germination tube
grows out from the ‘embryospore
(Fig. 2,C). As the -germination
tube grows longer, the contents of
the original cell migrates into this
part, and within 48 hours a cross
wall is formed so as to sebarate ths
distal end from the tube (Fig. 2,
D-G). This distal end increases ifs

_diameter, and within 6 days, the

cell division takes place in some
sporelings. The gametophytes in-

It has one chromatophore which fills the posterior part, one nucleus

always lacks an eye-spot (Fig. 2, A).

Nagal Zoospore and its germination. x 900.

A. Zoospore in motile state. B. Embryo-
spore. O-F. Development of the embryo-
spore, from 6-24 hour culture. =~ G-H.
Sporelings from 2 day culture, showing the
formation of transverse wall. I-K. Spore-
lings from 5 day-culture. IL—~M. Sporelings
from 7 day culture, showing the youngest

- . . stage of the male gametophytes.
crease their sizes and some ones & > € P

« from 7 day eulture, the diameter of cell is measured about 25u in'length
and 10u in breadth, being uni‘cellular, while in others the diameter of cell -
is smaller being measured less than 8y in breadth consisting of two or three
cells at this stage. Later development shows that the former type of plants
is the female gametophyte and the latter type is the maleone (Fig. 2, H-M).

De#elopment of Male and Female Gametophytes

So far as the general appearances are concerned there is no striking
characteristics in the male gametophyte of the present species. When the
cultures are 10 days old, the male gametophytes reach maturation. Some
of the apical cells, as well as intercalary, develop antheridia (Fig. 3, A-B).
The content of the antheridial cell becomes paler in colour and- more
granular, and at last the cells assume a spherical form.  The content of
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Flg 3: Laminaria subsimples
MivsBE . et NagAL  Various
. forms of the male gameto-
phytes. A. Mature nale game-
tophyte from 10 day culture.
B-F, Mature male gameto-
phytes from 12-16 day culture.
m, Ma}e gamete i motile state.
x1000. - S
,,t]}e antheridium is entirely.
used for the formation of a
single male gamete (Fig. 3,
C-E). At maturity the
male gamete swims out
from the opening at the
apex of the antheridium,
leaving an empty beak.
The male gamete is ovate

or rather round in shape
measuring about 4u in
length. Two cilia of
almost equal length,
measuring about 10g,~
arise from the lateral * (B3
side of the body. Some- v
times a pale remnant of
chromatophores may be
observed in it, but an
eye-spot is always lack- .
ing (Fig. 3, m). The

Tig. 4. Laminaria sub-
Simpler MIYABE et NAGAL -
Female gametophytes and
mature oogonia. x460. A-B.
QOne-celled ~female gameto-
phytes from 8 day culture.
C-E. Female gametophytes
from 10 day eulture. I~P.

+ Mature female gametophytes
from 12 day culture.
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liberation of male gamete from the opening of the antheridium was observed
under microscope, and many male gametes swimming in the eculture medium
were observed on the slides. i

Most of the female gametophytes of this species consists of only one
or two cells, rarely more than 4 cells (Fig. 4). The shape and size of the
gametophytes are very variable, being measured about from 15u to 50u in
length, and from 8u to 16u in breadth (Fig. 4). Within 12 days the female
gametophytes reach maturation, and develope oogonia. The oogonium cell
is elongated, the chromatophores are divided into small pieces, and are
crowded together at the apex. Tne =~
contents of the oogonium become
more and more liquefied, and it
shows a strong internal pressure
(Fig. 4, G-I). Then the egg is
discharged through the opening at
the apex, and remains attached
there (Fig. 5, A).

Development of Young
Sporophytes
The egg is spherical or ellipti-
cal in shape, covered -with delicate
plasma membrane. Fertilization
with male gamete takes place at
this stage, and then the first cell
division oeceurs, increasing the
thickness of the membrane (Fig. 5,
B). The young spofophytes thus
formed develop rapidly, and when
the plants are 18-20 days old many
of them develop one or more == :
ghizoids from the cell at the base Fig. 5. Laminaria subsimplex MI1vABE
(Fig. 5’ E) Further development et N_AGA.I. Formation of egg-cells and the
e K development of young sporophytes. x670.
of the young sporophyte is entirely A. Egg-cell resting at the tip of the ocogo-
similar to that of other Laminari- nium, from 12 day eculture. B. Two-celled
aceous plants. As the growth of stage of the young sporopbyte, from 15 day
the sporophyte progresses, the culture. C-E. Further development of the
upper pért grdws rapi dly,v forming g{z}ng spo;-qphyﬁes,A frvom‘18—20 day cl_llture.
A . izoids dre produced from the cell in the
a flat expanded blade (Fig. 6). ‘lowest portion of the sporophyte.
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When the plants are about a month old, the stipe
is differentiated at the base of the frond (Fig. 6,
A-B), and the lowest end of the stipe from

TFig. 6. ‘Laminaria
subsimplez MIYABE et
Nagar. Young sporo-
phyte with flattened
blade and numerous
thizoids. Differentia-
tion of the blade and
stipe is recognizable
in the figure. X' 100.

where the rhizoids are prodﬁced,
becomes more and_ more thick,
forming a dise-shaped expansion.
From this expansion is produced
the hapter, by means of which the
plant gains permanent attachment
to the substratum (Fig. 6).

XIX. Laminaria taeniata
Posrt. et Ruer.

5 s Fig. 7. Laminaria taeniata PosT. et Rupr.
“This plant is aleo eme of B 0y e giigwing & Aigibute mature fn Hhe
representative species of the cold plage.
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current form of the Japanese Laminaria. It grows on rocks in the lower
littoral or sublittoral zones being associated with Laminaria subsimplex
Mrvase et Nagar and Streptophyllum spirale (Yenpo) Mivase et Nacgar
This plant is very variable in shape and size, and as stated above, the plant
having wide blade is somewhat similar to the narrow form of L. subsimplezx.
On the eastern coasts of Paramusiru Island, these two species grow inter-
mingled with each other. Therefore it is mnot easy to mark an exzact
demarcation between these two specles which have an mtermedlate charac-
- ters (Fig. 7).

As the material for the present culture study the writer selected the
plant with as much typieal form s possible. It becomes soriferous from
© the late simmer to early autumn, being the same season as-the maturation
season of L. substmplex. The mode of zoosporangium formation is entirely
similar to that of L. su’bsimplei. The zoosporangia are produced at first.
on the middle portion of one side:of the blade as a small patch with either
round or irregular outline, and as the stages advanee it grows larger to-
wards both directions. When the plants are in full maturation the zoo-
sporangia are observed on both surfaces, covering the greater parts of the
blade, leaving & narrow sterile portion along the margin.

Cultures were made twice durmg the writer’s stay in the North Kumles
from August to the latter partv of September in 1942. The culture slides
weére brought to Muroran, keeping them alive. They were cultured care-
fully at the laboratory of the Institute of Algological Research at Muroran,
but greater parts of these materials were seriously weakened when they.
arrived at Muroran, and died one after the other. Therefore the writer
gave up this experiment in the middle of October. ’

Zoospores and their Germination

The zoospores are pear-shaped, measuring about 8-9u in length, 4-5u
in breadth ; they have two laterally placed cilia, one curved chromatophore,
and some granular substances, the eye-spot, however, always lacking (Fig.
8,A). They swim actively at first, but sooner or later they become motion-
less. They lose their. cilia before long, become spherical in shape, invested
with a -membrane. and fasten themselves to the slide glass (Fig. 8,B).
* Soon after they have fastened to the slide glass, a germination tube grows

out of the embryospore (Fig. 8, C<D). As the germination tube grows
.longer, the contents of the original cell migrate into this part, and within
4 days a cross-wall is formed so as to separate the distal end from the
empty tube (Fib. 8, F). The first cell division in the newly formed cell

L
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Fig. 8. Laminaria taenicia
PosT. eb RupR.. Zoospore and
its germination. x510. A.
Zoospore in motile state.” B.
Embryospore. C-D. Germina-
tion of the zoospore, from 12—
24 hour culture. BE. More
advanced stage of the develop-
ment, from 3 day culture.
F-G. Spbrelings from 4 day
culture showing the formation
of a wall, separating the

: germination tube: and the
distal part of the cell. H. Sporeling from 4 day culture. The first cell division takes
place at this stage forming two-celled gametophyte. o

" was observed in plants of 4 day culture (Fig. 8, H). In the culture of

seven days there is observed a -

~ striking increase in the ‘size of
. the plants. . At this time it is

possible to distinguish two-

types. of gametophytes.

Development of

Gametophytes
As - the - aecompanying
figures show, the shape of ‘the
male gametophytes is almost
similar.to that of L. subsimplez
(Fig. 9). The size of the cell
construeting the male gameto-
phyte as well as. that of the
whole body are, however,
smaller than those of L. sub-
simplez. In 12 day culture the
male gametophytes bear mature
antheridia (Fig. 9, F~G). The
liberation of male gametes from

Fig. 8. Laminaria taeniata PosT. et RUPR.
Male gametophytes and male gamete, from
antheridia was observed under 7-12 day culture. x1000. A~C. Young male
microscope. The shape and size  g2metophytes from 7 day culture. D-E. Im-

mature male gametophytes from 9 day culture.
F-G. Mature male gametophytes, from 12 day
culture. m. Male gamete in motile state.

of the male gamete are entirely
similar to those of other Species
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of Laminariaceous plants
(Fig. 9,m). When the
male gametophyte reach
maturation; the chromato-
phores of the antheridial
cell become pale in colour,

and whole contents assume

a spherical form. The
antheridial cell shows a
strong internal pressure
at this stage, and at
" maturity the wall of the
antheridium bursts open
at the apex, forming a
beak, through which the
male gamete comes out as
if it were pressed. It has
generally one.or two pale
coloured chromatophores,
‘but always lacks an eye-
spot (Fig. 9, m).

Most of the -female
gametophytes consist of
only one or two cells (Fig’

_ 10). General appearances

of . the gametophytes are
very. ‘similar to those of
L. subsimplex. When the
* plants are 9 days old,
some gametophytes reach

Female gametophytes of various forms and various
stages of the development. x440. A-F. Female
gametophytés, from 7 day culture. G-H. Young
female gametophytes, from 9, day culture. I-J. More
or less branched female gamgtbphytes from 12 day
culture. '

’iaaa’curi’_cy (Fig. 11, A).. The chromatophores ‘in the oogonium cell are
.divided into small pieces having spindle-shaped form, and are crowded
together with longitudinal arrangement (Fig. 11, A-C). At maturity the
egg is foreed out through the opening at the apex of the oogonium and °
remains attached there (Fig. 11, C-D). In the present species some of '
" the female gametophytes develop upright oogonia, standing erect against
the enlture slide glass (Fig. 11, C). In other species of the Laminariaceous
plants the opening through which the €gg is forced out is formed at the
terminal end of the pogonium cell, while in the present species some female



A ‘Devel'opmen“c of Young
. Sporophytes =

When the egg is ferfilized thie deve- -

lopment . of the sporophyte starts.. In
the 12-14 day culture the first cell ‘divi-
. sion in the ‘fertilized ' egg- takes place
(Fig.- 11, E). Youngest stage of the
sporophyte is a monosiphonous filament
Fig. 12. Lamindria tdeniatd PosT. et RUPR.
Further development of the- sporophytes: The
shape of the sporophyte is very variable. . The
one is more or less slender in general.‘ap-
pearance, while the other is rather broad.
Rhizoids are formed from, ce]ls in the lowest
portion of the sporophyte. About 40 day cul-
ture. x 230. ' ‘ '

gametophytes produce the
opening at lateral side of
the oogonium cell (Fivﬁ'
11,D).

Fig. 11. Laminaria taeniata:
Posm. et RuUPr. ' Development
of ‘oogonia, eggs and young
sporophytes. x520.. A. Mature.
female gametophyte consisting

“.of a single cell, from 9 day -

culture: B.. Mature female
gametophyte developing an

.oogonium, from 12 day cul-

ture. C. More or less dia~ "

- . grammatically figured femadle
‘gametophyte, - showing am

oogonium which is- ‘stand;hig
erect. The ground line denotes
the surfaces of culture slide..
D. Development of egg-eell,
from 12 day culture. E-G.
Development of young sporo- -
phytes, from 12-14 day “cul-
ture. ’ ’
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'eons1stmcr of a row of several cells (Fig. 11, F), while in plants-from 14
day eulture, it was observed that the cell division takes place by the longi-
tudinal walls (Fig. 11, G)-. - The new sporophytes grow and develop miany
rhizoids at the base of the blade (Fig. 12). The speed of development is
-rather slow, and the shape of the sporophyte is highly variable. The one is
more or less slender in general appearance, while the other is rather broad
in breadth of the blade (Fig. 12): The free end of the rhizoid branches
more or less, but the rhizoid is always destitute of any cross wall (Fig.42). )

XX. Streptophyllum spirale (YEnpo) Mivase et Nagar

This species is a typical member of the cold current form of Lami-
nariales, found growing on rocky shores-in the lower littoral and upper
sublittoral zones, beirig associated with Laminaria substmplex and L. -
taeniata. It is distributed from the Bering Islands and Kamchatka to as
‘far south as the Middle
Kuriles along the Pacific
coast, as well as the
‘Okhotsk coast. The plant
from the North Kuriles -
was described for the first
time by Yenpo in 1903,
naming it as Hedophyl-
lum spirale Yewpo. After -
the issue of YenDoO’s
‘paper, this' plant was
studied and discussed
systematically by several
authors, especially by
Mivage and Nacar. In
1940, however, MivABE
and Naga1 established a
new genus ‘Streptophyl-
lum’ taking Hedophyllum
spirale YENDO as the type
species, and now it stands
as a monotypic genus.

When the plant is in "
1 p ) " Fig. 13 Streptophyllum spirale (YENDO) MIYABE
'ean o4 ) stage of devehp' et Nagar, Habit of an old plant, showing roughly
ment, the blade is simple, pullated biade, and decumbent base,
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ovate and neariy plane, with two rows-of bullae extending lengthwise. As
the stages advauce, the blade becomes broader and bullated, and it splits
into several segments, begins the serollings of both margins of the transi-
tion region. Then the meridional regién of blade begins to decay down-
ward to the base. The result is bifurcated stipe with one scrolled blade
on each arm. It becomes soriferous in the same season as Laminaria sub-
simplex and L. taeniata. - t ”
The zoosporangia are produced at first on one side, being faced toward
‘the substratum, as a small paich of irregular outline. antfary‘ to the fact
' : K ’ . that in Laminaria subsimples
and L. taeniata - the zoo-
. sporangia are produced at
first on the middle portion of
the blade, in the present
species they are commonly
" formed on the basal portion
of it. As the stagés advance
they are _producéd on the
other side, being faced
heavenward,  covering the
greater parts of the blade
always leaving a sterile por-
tion along the margin. ‘

Zoospores and their-
Germination

The shape and size of the
-zoospores and the process of
their developmeht are entirely
" similar to those of Laminaria

Fig. 14. Streptophyllum’ spirale (YENDO) MI- subsimplex and L. taenmigtc
v4BE et Nagar Germination of the zoospore and (Fig. 14).

early stages of the gametophytes. x 448. A. Zoo- . . . ot
spore in motile state. B. Embryospore. C-D. Swim actively at first, but

Development of the germination tube; the.confents SOONEr OT 1ater become motion-
of the cell migrate into this part. E-I. Sporeling less. They lose their 'eilia’
fromt2;—5 day culture. The length of the germina- hefore 10ng’ hecome spherical
ion tube is much variable. J-K. Sporelings from ... ° : :

- in shape veste

5 day culture. L-M. Sporelings from 4-6 day cul- pe, 1m d with a
ture. N-R. Barliest stage of the male gameto- membrane and fasten them-..

phytes, from 4-6 day culture. " selves to the substratum’

The. zoospores
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(Fig. 14, B). Within 24 hours'a germination tiube grows out of the resting
spore, and the contents of the original cell migrate into this tube (Fig. 14,
C-D). The length of the germination tube of this plant is generally short,
and some sporelings lack the tube at all (Fig. 14, E, I). Within 6 days
two types of gametophytes may be distinguished. One type consists of
only one or two cells, and later development shows that this type of plant
is the female gametophyte (Fig. 14, L, M). The other type, however, con-
sists of more than two cells at this stage. The diameter of each cell is
smaller than that of the former, measuring about 6-8yx in diameter. This
type of the gamétophyte. is
male (Fig. 14, O, R).

. Development of
Gametophytes

As accompanying figures
show, the shape and size of
the male gametophytes bear a
striking resemblance to those
of Laminaria subsimplex and -
L. taemiate (Fig. 15). The.
male gamete is ovate in shape,
measuring ~ about 4.5y in
length. Two cilia of almost
equal length, measuring about
12-18y, arise from the side of
the body. The chromatophores
in thé' mature antheridium
become pale in colour and
gradually disintegrate. . The '
male gamete lberated from -

the antheridinm, therefore,

possesses either pale chromato-
phores or granular substances . ~ Ti& 15. Streptophyllum spirale (YENDO) MI-
YABE et NAGAL Various forms of the male gameto-
phytes. x486. A. Young male gametophyte con-
always lacking (Fig. 15, m). sisting of a row of cells, from 5 day culture. B.
Most of the female Immature male gametophyte, from 8 day culture.
gametophytes of the present C-G. Mature male gametophytes from 10-12 day
culture; the tips of the branchlets divided forming
> the antheridial clusters. m. Male gamete in motile
two cells (Fig. 16, A-E). state, showing two cilia of almost equal length.

only; the eye-spot, however,

species consist of only one or
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YABE et NaGAT ' Female gametophytes, oogonia and
€ggs. X680. “A—C. One-celled female gameto-
- phytes; from 8-9 day culture. D-E. Two-celled
female gametophytes from 89 day culture. . F—G.
Mature female gametophytes from 8-9 day cul-
ture. H. ‘Egg diseharged from uni-cellular female
gametophyte, from 8 day culture.

coloured chromatophores, and in many cases
a constriction makes appearance forming a
small globule at the terminal end of the
gametophytie cell (Fig. 16, B-D, F). The
same fact as this was observed in the case of
Laminaria subsimplex, though not so common
as in this plant.

Development of Young Sporophytes
In the plants from 10 day culture the

first cell division takes place and within 11°

Within 8 aays the female
gametophytes reach matura--

tion . (Fig. 16, A-G). At

maturity the egg-is pressed
out from the oogonium
through the opening at the
apex, and remains attached.
there (Fig. 16, H). The
growth of the female gameto-
phytes of this plant is very
well and in some one-celled
female gametophytes from 8
day culture the diameter of
the cell is measured up to .
70p in’length and 16u in -
breadth. The cell is filled
densely with deep’ brown

Fig. 17. Streptophylium spirale
(YeNDo) MrvABE et Nagar
Development of the young sporo-
phytes. X 680.  A-B. Four cells
stage of the sporophyte from 11
day culture. C. More advanced
stage of the sporophyte, consist-
ing of a row of several cells,
from 12-13 day culture.
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days after the liberation of zoo-
spores 4 celled young sporo-
phytes make their appearance |
(Fig. 17, A-B), and further -
development gives a filamentous |
sporophyte consisting of a row ¢
of cells (Fig. 17, C). As the
development progresses, this fila- ¢
ment gives rise to a flat expand-
ed blade (Fig. 18, A-B). Rhizo- A
ids are produced out of the basal '
cell or cells (Fig. 18, A-B), and
dise-shaped expansion, the initial
of the secondary .rhizoids, by
means of which the plant gains
a permanent attachment to the
substratum is formed when the o .
plants are about a month old Fig. 18-N Strept%)hyu“m S?im;e ISYENDO-)
: MrvaBE et NAGAL arly stages of the spore-
‘(Flg' 18_’ B?' Further d,e velop- phytes. A. Young .‘sporiphﬁge, with rhizl‘;ids.
ment gives' a blade with an . General appearance of the blade is round; from

aspect much resembling a round 22 day culture. x 475.. C. More advanced.stage
fan (¥Fig. 18). . of the sporophyte, from 30 day culture. x 130.

XX1. Alaria fistulosa Posr. et Ruek.

. The present species is a typiecal member of Laminariaceae of the cold
eurrent form distributed in the Boreal Districts from the North Kuriles
to as far south as Kusiro, Hokkaido, on the Pagific side, and at the southern-

most point of Notoro peninsula of South Saghalien. The present species
~ is the largest alga in Japan being measured up to 15-20 meters, growing
gregariously on the stony or ‘rocky bottom in a depth of 5—10 or more
fathoms in the sublittoral zone.

. It becomes soriferous in August, and the culture. experlment of this
species was started on the 21st of August. The zoosporangia are produced
on both surfaces of the sporophylls, covering them entirely with the exeep-
tion of narrow borders along the margin remaining sterile.

Development of Gametophytes

The ZOOSpOTes are pear-shaped, about 9 in length,“ have two laterally
placed cilia, one curved chromatophore, one nucleus and some granular sub-
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stances, but always lack -
.an eye-spot (Fig. 20, A).

" Generally the germina-
tion tube is rather short
in length (Fig. 20, G-H,
J-L). When the plants
are about 6-8 days old,

“two types of gameto-

phytes' may be distin-
guished (Fig. 20, L-Q,
R-T). Though the male
gametophytes are very
variable in shape, 50 far
as the shape and size of
the male gametophytes
are concerned, there was
observed no striking dif- .
ferences, when compared
with those - of other -

- members of Laminaria
already studied. In the
present species, however,
the mature male gameto-

Fig. 19. Alaria fistulosa
PosT. et Rupr. Habit of the
plant, showing large SpOro- -
phylls and holdfast.

Fig. 20. Alaria fistulosa PosT.
et Rupr. Zoospore and its ger-
-mination. x 480. A. Zoospore
in motile state. B-C. Embryo-
spore. D. Sporeling from 12
hour culture, showing the deve-
lopment of the germination tube.
E-J. Sporelings from 5 day cul-
ture, showing the first transverse
wall. The germination tubes are |
rather short in Jlength.. K.
Sporeling from 5 day culture,
showing the first cell division.
L-Q. Early stages of the female
gametophytes, from 6-8 day cul-
ture. R-T. Early stages of the
male gametophytes consisting of
two cells, from 6 day culture.
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phytes were observed for the
first time in cultures of 13
days old. Thus the develop-
ment of the gametophytes is
considerably slow. The male
gamete bears a close resem-
blance to that of other mem-
‘bers of Laminariales. t
must be noted here that the
gye-spot is always lacking in
male gamete of the present
species too (Fig. 21, m).
The female ganietophytes of
this species are widely vari-
able in shape, generally
consisting of more than
two cells. Some of the
female gametophytes consist, , -
B of several cells being branch- Fig. 21. Alaria fistulosa Post. et RUPR. Various

ed irregularly, while the forms of the male gametophytes. x%GO. A-B. Male
others are twisted or folde d, gametophytes from 8 day culture. C-D. Y.oung
’ male gametophytes from 13 day culture, consisting
of few cells. E-F. Male gametophytes from 13-16
surface of the culture slide day culture in immature stage. G-FH. Mature male
(Fig. 22,N). TFrom 13 to gametophytes from 13-25 day culture. The tips. of
16 days after, the liberation the branches are divided forming the antheridial
clusters. m. Male gamete in motile- state.
of zoospores, the plants reach . :

maturation. At the time of fruiting, the oogonium is elongated, the con-

tents become dense, and the chromatophores are crowded together at the
apex (Fig. 22, L). ‘ )

. standing erect against the

Development of Young Spordphytes

At maturity the egg cell is forced out through the opening at the apeiz
of the oogonium and remains attdched there (Fig. 23, A-B). Generally
the whole contents of the oogoninm cell are used for the formation of a
single egg, while in the present species the egg is formed of a portion of the
oogopium cell contents, and the rest portion of the cell contents remains
in the empty oogonium -cell, assuming a spherical form (Fig. 23, A-E).
The first cell division in the fertilized egg cell may be observed in plants
of 20 day culture (Fig. 23, C-D). "Fig. 23, B. denotes the female gameto-
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Fig. 22. dlaria fistulosa Post. et Rupr. Female gametophytes in
various stages of the development. x 540; A. Very young female
gametophyte from 13 day culture. B-C, Young female gametophytes
consisting of two cells, from 13 day culture. D-F. More advanced
stages of the female gametophytes, from 13-16 day culture. G-I.
.Female gametophytes showing a characteristic branching, from 13-16
day culture. J~K. Female gametophytes frop 16 day culture. I
Mature female gametopliyte from 24-25 day culture. " M-N. Twisted
female gametophytes. N. was figured diagrammatiealy, the ground
line denotes the surface of the eculture slhide. .

. phyte developing two eggs. In the materials from 25 day culture a young
sporophyte consisting of eight cells ‘arranging in a row, developed from
large female gametophyte, was observed, but it was impossible to trace the
development beyond this stage. The formation of rhizoids and of flat ex-
panded blade was not ascertained. '

'
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Though the cul-
tures were carried out
under the same con-
dition and methods
as those of Laminaria
subsimplex, L. taeni-
ata and Streptophyl-
lum spirale, the deve-
lopment of the game-
tophytes  especially
the female ones was

defective to a certain .

extent. It is suppos-
ed that the ecological
nature, being the in-
habitants of deep bot-
tom of the sea, caused
this defective growth.
of the gametophytes.

XXII.
Alaria angusta
- KoEnow.

This speecies is
also a typical member
of the inhabitants of
algae growing along
the coasts of the

North ZKuriles. - It -

forms a large associa-

Tig. 23. Alaria fistulosa PosT. et Rupr. Formation of
egg-cells and the development of young sporophytes. %X 520,
A. Egg-cell developed from two-celled female gametophyte,

. from 16 day culture. Some portions of the contents of
" oogonium cell remain in the oogonium, assuming a spherical
form, .

B. Two égg-cells developed from single female

gametophyte. . The first cell division in the fertilized egg,
from 20 day culture. Remnant of the contents of oogonium
cell assumes & spherical form in the empty oogonimm. D.
Diagrammatic figure showing the twisted female gameto-
phyte. “The ground line denotes the surface of the culture

slide.

E. Young sporophyte, from 25 day culture.

tion singly or in company with Laminaria teeniata, on i‘oeky shore in the
littoral zone, prefering the place where the surf is strong.

The distribution area of the present species in Japan is the Kuriles,
the western coast of the southernmost. point of Notoro peninsula of South
Saghalien and Soya Strait.

Cultilre experiments were made once in the summer of 1941, and twice
in the summer of 1942 at Suribati Bay. This species becomes soriferous

" from early in August, and the liberation of the zoospores oceur without
any -difficulty. The zoosporangia are produced on both surfaces of the
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sporophylls covering the greater portlon
of them.

Zoospore and its Germination
So far as the shape, size and be-
havior of the zoospores are concerned,

compared with. those of other Laminari-
aceous plants studled '

: They - are ovate in shape, pomted

at one end and rounded at the other,

length, 4.5u in breadth; they have two
laterally placed cilia, one pointing-for-
ward, as long as about 8—4 times the
length of the body 1tself and the other
'pomtmg_backward, a little longer than
the body.. They - have omne -curved
. ‘chromatophore which occupies the
. posterior part, one nucleus and some
granular substances, but always lack an

active at first, but sooner or later their.
‘movement becomes slower; within 12
hours after the liberation of the zoo-
spores the majority of them lose their

are invested' with a- membrane and be-
come fastened to the slide; a germination
tube grows out from the embroyspore
. g o 12 -4 (Fig. 25, B-D). As the germination
Fig. 24, dlaria ‘angusia KJELIM. t}he prows longer, the contents of the
Habit of "an adult plant,- showmg sstnal mall . I d
e original cell migrate into this part, an
within 2-3 days a cross wall is formed

50 as to separate the dlstal end from the tube (Fig. 25, E-F). The distal-

end increases in its diameter, then the first cell division takes place in the
4 days old plant (Fig. 25, H). Under favourable conditions, the male
and female gametophytes are distinguishable in -cultures from 7-8 days.

cilia, _aséuming a spherical form, they’

no remarkable difference was observed

when they are active, measuring 8-9u in

-

eye-spot (Fig. 25, A). They are very -
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Fig. 25. Adlaria angusta KJeuLM. Zoospore and its gérmination.
X 510. A. Zoospore in motile state. B. Embryospore. C-D. Germina-
tion of the embryospores, from 12-24 heur culture. E-G. Sporelings from
3-4 day culture. " H. ‘Sporeling from 4 day culture, showing the first cell
‘division. I-M. More advanced stages of. the germination, from 7-8 day . |
culture. ) ’ '

Male Gametophytes and Male Gametes

As the culture progresses the male gametophytes increase in the number -
of cells more and more, and in the 8 day culture they form long filament

with some branchlets (Fig. 26, A-B). As was figured in Fig. 26, C-D the -
male gametophyte develops vigorously, and the cells composing the filament
are larger in size, and filled with deéper brown eoloured chromatophores
when compared with those of Alaria fistulosa. Generally the branchlets are
produced on one side of the filament (Fig. 26, B-D). General appearance
-~ of the male gametophyte at this stage shows a noticeable characteristics.
As the developuient advances the branching of the rmain.filament becomes
denser, and in plants of the 17-24 days culture, the male gametophyte form
-profusely branched clumps bearing mature antheridia and empty beaks in
dense clusters at the tips of the branches (Fig. 26, C-D). As stated above,
the branehlets are formed on one side of the main filament; general ap-
pearances of the male gametophyte, especially the mode of antheridinm

- formation are very characteristic. ‘The writer counted 23 antheridia °

developing in a single ‘clump on the branchlet. At maturity the wall of

the antheridium bursts open at the apex, forming a beak' through which
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Fig: 26. Adlaria angusta KgsnnM. Various forms of the male gameto- -
Phytes. X 480. A. Male gametophyte from 8 day culture. B. Well develop-
ed male ga.metophyté with characteristic branching, from 8 day culiurc.
C. Immature male gametophyte from 15 day culture. D. Well developed
male gametophyte comsisting of fairly large number of cells, showing
mature antheridia, from 17-24 day culture. The antheridial branchlets
are formed on,one side of the main filament. General appearance of the
male gametophyte is very characteristic. m. Male gamete in motile state.

a mature male gamete swims out (Fig. 26, D). The male gamete is ovate
or sometimes rather round in shape, measuring about 6x in length. Two
cilia of almost equal length measuring about 18y arise from the lateral side
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Fig. 27. Alaria angusta KyrunM. Female gametophytes and the develop-
ment of oogonia. x410. A. Immature female gametophyte from 10 day culture.
The diameter of each cell is large, measuring about 454 in length and 16x in
‘breadth, and the chromatophores are much denser and deeper in colour. General
' appearance of the branching is very characteristic. B-D. Mature female
gametophytes developing oogonia, from 94 day culture. - Oogonium is formed
as an upheaval in the middle. portion of the original cell. The chromatophores
are crowded together at the apex -of oogonimm cell. General appearance of
the female gametophyte and the shape of cogonium is characteristic.

145



146 - T. Euroa

of the body It has one or two pale coloured chromatophores ‘but &lways
lacks an eye: spot (Fig. 26, m).

Female Gametophytes and Oogonia -

, In the culture of 8 day the female gametophytes may be dist'mguiéhéd
(Fig. 25, I-M). When the plants are 10 days after the liberation of zoo-
spores a large immature female gemetophyte consisting of 13: cells, the
dlameter of which measured up-to 454 in maximum length, 164 in breadth
was observed (Fig. 27, A). As the development advances, ’r,he female

Flg 28 Atama cmgusta KJ‘ELLM Female gametophytes, a.evelopmg an
egg-cell and young sporophytes A Fema.le gametophyte showing the formation
of egg-cell from 2¢ -day eulture. x 670. B The ﬁxst cell dlvxsmn in the fertiliz-
ed egg.- The shape and general appearance of empty oogomum cell are very
charactenstlc X 670. C. Develqpment of a young sporopbyte, from 24 day cul-
ture, X 670, D. Further development ota young sporophyte from 24 day culture.
x 320,
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gametophytes increase in the number of cells, showing an irregular bi'anch-
ing. When the female gametophytes are 24 days old, most of them reach
maturity. One of the signs of the approach of maturity is the elongatmn_
of the oogonial cell. - In the present species the oogonium is formed as an
upheaval in the middle portion of the original cell (Fig. 27, B-D). This
mode of oogonium formation is characteristic to the present speeies. The
chromatophores at the apex of the oogonium are divided into small pieces,

having a spindle shaped appearance, and are crowded together. w1th 101101-
tudinal arrangement (Fig. 27, B—D)

Development of Young Sporophytes )

- At maturity the egg is foreed out through the openmg at the apex of
the oogonium and remains
attached there" (_Flg._ 28,
A).  The evg is ovate or
e111pt1ca1 in shape, invest-

- ed-with thin ‘plasma-mem-
brane. (Fig. 28 A). When
the egg is fertilized the

: development of the sporo-

phyte starts. In the 24

day’ culture the first cell

. division takes place at the

right angle to the loagi-
tudinal axis of the egg

(Fig. 28, B), and further.
development ‘gives -the
sporophyte consisting of
a row of several cells
(Fig. 28, C-D):. As ‘the
stages advance a flat ex-

- panded blade is formed
(Fig. 28, D); the deve--

lopment of rhizoid, how;
ever, could not be traced.

It must be noted here that
the shape and appearance

‘of the empty oogonium Y

" cell, at the apex of which Fig. 29. Alaria prealonga KIpLim.' Aﬁ adult plant.
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a young sporophyte remains attached are characteristic to the present
speeies. ’ o

XXIII.‘ Alaria praelonga Kierry.

The present speecies is distributed rather widely from Bering Islands,
Alagka, Kamtchatka to as far south as the Kuriles and the eastern coast
of Hokkaido. It resembles Alaria macroptera (Rupr.) YeEnpo. On the
coast of Paramusiru Island, these two species are growing very commonly
intermingled with. each other, on rocky shores in ‘the lower littoral and
upper sublittoral zones. Therefore much trouble was experienced by the
present writer in forming an exact conception’ as to the limitation of the
specific characters between this species’ andAlaria macroptera (RupR.)
Yexpo. The plants having a typical characters were selected as carefully
as possible by the writer as the materials for the present culture study.

Development of Gametophytes

The zoospores are
pear-shaped, about 9u
in length, have two
laterally placed cilia,
one- curved ehro,mato-‘
phore, one nucleus and
.some grapular sub-
stances, but always
lack an eye-spot (Fig.
30, .A). When the
. plants are 9-13 days -
_old, two types of game-
tophytes may be distin-
guished (Fig. 80, F-P).
As the 'accompanying
figures show, there
© Fig. 30. Adlaria praelonge Kserim. Zoospore and exists a.strong resem-
its germinat{on. ‘x590. A Zooépore in motile state. blance -in the. shape
B. Embryospore. C-D. Germination of the embryospore. and appearance of the
E-F. Sporelings from 4-9 day culture. G—l:_: Two celled gametophytes at this
gametophytes from 7-9 day culture. M~N. Three-celled
stages of the female gametophytes, from 9-13 day ecul-

ture. O-P. Early stages of the male gametophytes, from sent species and Alarig
7-18 day culfure. . anguste Kymrrym. In

stage between the pre-
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the present species the male gametophytes are more simple in shape than
those of Alaria anguste Koerrm., and in certain materials a three celled
male gametophyte bearing mature antheridium was observed (Fig. 31,B).
As the development advances the male gametophyte inereases in the number
of cells forming a long ' :
filament with branch-
lets sparsely grown
(Fig. 31, D-F). When
theéy came to maturity
the cell at the apex
divides several times,
. producing a cluster of
antheridia at the tip of
branches. Later on any
cell of the branches or
main filament may be-
come an antheridium,
The whole contents of -
the antheridium are
used for the formation:
of a single male gamete..
At maturity the tip of’
the antheridium even-
" tually splits open and
the male gamete swims
out, leaving an empty

Fig. 831. Alaria praclonge KyerrM. Various forms'zof
A the male gametophytes. x 550 A. Immature male gameto- )
beak (Fig. 81, E-F). phyte, from 9 day culture. B—C. Mature male gameto-
General - appearance Dhytes, from 12 day culture. D-,F.. ‘Well developed male
and shape of the male gamet_ophytes, from 12 day eulture. m. Male gamete in
gametophyte differ to motile state.
some extent from those of Alaria angusie Kgerrm. The male gamete is
ovate in shape when it is in motile state, but as the motion becomes slower
it asstmes a spherical form. There are two laterally placed cilia of almost
equal length, measuring about.12-18u in length. - The eontents of the male
gamete is either almost pale in colour or pale yellowish due to the remnant
of chromatophores in the antheridium cell. The eye-spot, however, is
always lacking (Fig. 31, m).

The shape and size of the female gametophytes are very variable; some

one consists of one cell (Fig. 32, A), while the other consists of several
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Alaria praelonga KyeLiM. Various forms
of the female gametophytes, from 12-16 day culture.
X 600. A, One-celled female gametophyte, from 12 day

Fig. 32.

culture. B. Twisted female gametophyte. C-D. Female
gametophytes consisting of more than three cells, from
12 day culture. E-G. Female gametophytes consisting
of many cells, from 12-18 day culture. H. Mature
female gametophyte, from 12 day culture. I. Twisted
female gametophyte; ground line denotes the surface of
the culture slide.

cells (Fig. 32, C-H) ; on
the other hand some one
develops-into a very sim-
ple filamentous structure
(Fig. 32, C), while the
other forms -a filament
with irregular branch-
ing (Fig. 82, B-F), or
spirally twisted (Fig.
32, B, I). The diameter
of respective cells con--
structing the female
gametophyte, as well as
the total size of the.
gametopliyte itself, are
smaller than those of
Alaria anguste Kysrom,
Though ‘the' cultures
were carried out under
the same condition, the
grade of development
differs to a certain
degree. It shows the
fact that there exists a
certain individuality in
the shape and size ofithe
gametophyﬁe;. )
Within 12 days
the gametophytes reach
maturity (Fig. 32, H).
At maturity the egg is
pressed out through the

opening at the apex of the ocogonium cell and remains. attached there (Pig.
33, A-D). As was observed in the female gametophytes of Alaria angusta -
Koerrw., the oogonium of the present species is formed as an upheaval in
the middle portion of the oogonium cell (Fig. 32, H; Fig. 33, B-C). The
shape as well as the size of the female gametophytes at this stage are

characteristic.
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- Fig. 83. Adlaria praelongn Kyettm, Formation of eggs and develop-
ment of young sporophytes. X 670. ©~ A-D, Various forms of eggs. C. De-
notes the sidé view, standing ereet ¢én the surface of . the.culture slide.
D. Development of an egg and young sporophyfe ‘consisting’ of three ecells,-
from 25 day culture. B. Further development of the sporophyte producing
a rhizoid, from 19 day culture. . s :

Development of Young Sporophytes

The egg is ovate or spherica_l in shape and invested with delicate plasma
membrane, and filled with dense brown coloured chromatophores (Fig. 33,
A-D). When the egg is fertilized the first cell division takes plaeé at ‘a
transverse direction. The young sporophyte grows rapidly, and in 19 day
culture many of them develop rhizoid (Fig. 33, E). As the development
of the sporophytes progresses the upper part -groWs rapidly’ fovrmihg a flat.
expanded blade. ’ . '

Discussion and Summary

- The purpose of the present paper is to offer the results obtained by
the cultures of zoospores of six Laminariaceous plants, damely, Laminaria
subsimpler MrvaBE et Naga1, L. taemiata Post. et Rupr., Stretptophyllum
spirale (Yendo) Mivase et Nacar, Alaria fistuloss Posr. et Ruer., and A.
praelonge Kierrm., growing on the coast of Suribati Bay of Paramusiru,
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Island in the North Kuriles.

1. The life cycle and the gametophytic plants of these six species
are essentially like those reported for other members of Laminariales, but
in details there exist niany characteristics to the respective species.

2. The presence of an eye-spot in the zoospores of Laminariaceae has
been reported, hitherto, by four authors, namely, Txar1(1921) on Laminaria

_religiosa MIvaBg; Mryzgs (1928) on Egregia Menziesii (TUrN.) ARESCH. ;
McKavy (1933) on Pterigophora califormica Rupr.; HoLLENBERG (1939) on
Eisenia arborea ARESGH.; but as previously reported by the present writer,
he has never met with the zoospoéres bearing an eye-spot any Japanese
species of Laminariaceae hitherto studied.

3. The writer was unable to confirm the presence of the eye-spots in
the male gametes of these six species studied in the present culture.

4. The length of time necessary for the developmélit of the gameto-
phytes as well as the young sporophytes varies to a certain extent as the
species and localities differ. There are also striking differeénces in the -
length of time necessary for the gametophytes to reach sexual maturity.
As previously reported by Harries (1932), the shape and size of the gameto-
phytes and the period of time taken for their full growth vary according
to several conditions of the culture, such as temperature, intensity of light,
amount of nutrient salt et¢c. Therefore the ¢ultures must be carried out
under various circumstances 111 order to determine the characteristic form

" and size of the gametophyte of any species or genus.

5. So far as the shape and size of the male gametophytes are con-

cerned there exists a remarkable resemblance between Laminaria subsimplez
MIYABE et Nagar and Lam’mama taeniate Post. et Rupr., while those of -
Alaria angusta Koerim. and Alaria pmelonga, Kieirm. differ to some
extent.
, 6. The male gametophytes of Alaria angusic KJELnm. grow mto pro-
. fusely branched filament, developing clumps of antheridia on the tips of
branchlets, and in an extreme case a clump producing 23 antheridia was
observed. In the present species the artheridial clusters are formed on the
tips of the branehlets while in Alaria praelonge Kserim. the antheridial
cells are apt to develop from the cells constructing the main filament.

7. The male gametophytes of Alaria angusta XssrnM. have a tendency
of producing branchlets on one side of the filament.

8. The shape and size of the female gametophytes of Alaria angusta
Koerim. differ to a great extent from those of Alaria fisculosa Post. et
Rupr. In the present species the oogomium is produced as an upheaval
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in the middle portion of the oogonium original cell. The same nature as
this was observed in the female gametophytes of Alaria praelonga KJELLM.

9. The female gametophytes of two speeles of Alaria are apt to deveé-
lop into twisted form. :

10. Though the cultures were carried out under the same condition
and method, the growth of the gametophytes, especially the female ones of
Alaria fistulosa Post. et Rupr. were defective to a certain extent. It is
supposed that the ecological nature, being the inhabitants of deep bottom
of the sea, caused this defective growth of the gametophytes.
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