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Culture studies of Dictyosphaeria (Chlorophyceae, Siphonocladales)

II. Morphological analysis of segregative cell division
in Dictyosphaeria cavernosa®?

Sachito ENOMOTO*, Terumitsu Hor1**, and Kazuo OKuUDA***®

* Marine Biological Station, Faculty of Science, Kobe University, Iwaya, Hyogo-ken,

656-24 Japan. ** Institute of Biological Sciences, University of Tsukuba, Sakura-mura,
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EnomoTo, S., Hori, T. and Okupa, K. 1982. Culture studies of Dictyosphaeria (Chloro-
phyceae, Siphonocladales) II. Morphological analysis of segregative cell division in
Dictyosphaeria cavernosa. Jap. ]J. Phycol. 30: 103-112.

The entire process of “segregative cell division ” characteristic of the siphonocladalean
algae was followed in the laboratory cultured material of the coenocytic marine green
alga Dictyosphaeria cavernosa.

Cell divisions both in the unicellular vesicles and the multicellular thalli were funda-
mentally the same, except for the number of daughter cells formed and pattern of their
distribution in the mother cell.

When the unicellular primary vesicles were exposed to conditions of 14 hr L: 10hr D
(the lights are on at 0500 and off at 1900), 1000-2500 lux and 23°C, in PES, the cell
division usually took place about 6 hr after the onset of the dark period and finished by
the next morning (about 0700). At first the protoplasm of each vesicle broke down into
small granular pieces, which then fused with one another to construct a network. In the
following stage, the network broke down again into many spherical protoplasmic masses
that synthesized new cell walls, as they increased rapidly in volume. By evening (about
1700), they became nearly twice in diameter.

Under continuous light the primary vesicle continued enlarging without cell division.
However, if they were transferred to a light-dark cycle within about 10 days, normal cell
division was induced within a few days.

Preliminary observations on the ultrastructure of the secondary vesicles are also

presented.

Key Index Words :
tive cell division; Siphonocladales.

In 1905 BOERGESEN recorded and illus-
trated for the first time the distinct process

1) This work was supported by Grant-in-Aid
No. 248015 and No. 534028 from the Scientific
Research Fund of the Ministry of Education,
Science and Culture, Japan.

2) Contribution No. 5 from the Marine Biological
Station, Kobe Univ.

3) Present address: Department of Biology, Fac-
ulty of Science, Kochi University, Kochi, 780
Japan.

Chlorophyceae ; coenocyte; Dictyosphaeria cavernosa; segrega-

of cell division in the coenocytic marine
green alga Siphonocladus tropicus. Accord-
ing to him “the whole protoplasts with
nuclei and chromatophores are divided into
a number of small clumps, which are soon
surrounded by a membrane and grow larger
filling out the whole lumen of the mother
cell, which in this way becomes divided
into a number of small cells”. Later,
he detected this mode of cell division in
some allied genera Dictyosphaeria, Struvea,
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Chamaedoris, Cladophoropsis and Boodlea
(BOERGESEN 1912, 1913). For this mode of
vegetative cell division he coined the term
“segregative cell division” (BOERGESEN 1913).
After BOERGESEN (1912, 1913), segregative
cell division in Dictyosphaeria was observed
by ARNOLDI (1913) and EGErROD (1952).
Since then, many phycologists have con-
firmed this unique process of cell division
and have discussed its biological and system-
atic significance for a long time without
further investigation of the whole process.
In the previous paper on the life history
of D. cavernosa (ENOMOTO and OKUDA 1981),
we briefly mentioned this mode of division.
The present paper includes the whole pro-
cess of cell division both in unicellular and
multicellular germlings which originated
from zoospores, zygotes and both sexes of
parthenogametes of D. cavernosa.

Materials and Methods

Vegetative plants of Dictyosphaeria caver-
nosa collected at Amami Island, southwestern
Japan, during March and June of 1976-1980,
were cultured in filtered-autoclaved sea
water under 23-25°C, 1000-2500 lux, 14-16
hr L: 10-8 hr D. Although this light in-
tensity is lower than these plants received
in the field, plants normally produced repro-
ductive cells, which grew into new plants
under this light condition in the laboratory.
For prevention of the luxuriant growth of
algal epiphytes no nutrients were added.
About one month after initiation of the cul-
tures, zoospores, male and female gametes
were obtained from separate plants, and
zoospores, zygotes and male and female
parthenogametes were cultured under two
different conditions: (1) 16: 8 hr, 25°C and
(2) 14:10 hr, 23°C (see ENOoMOTO and OKUDA
1981). For unialgal cultures, PROVASOLI’s
ES-medium (PES) (prepared according to
McLAcCHLAN 1973) was used to facilitate the
growth of the germlings. All germlings
were maintained under 1000-2500 lux.

About 80-90 days after the establishment
of a unialgal culture, all germlings developed

Fig. 1. Dictyosphaeria cavernosa. Zoospore-
derived unicellular vesicles cultured for 90 days.
Scale: 3 mm.

into unicellular spherical vesicles (3-5 mm
in diam.) (Figs. 1, 2). These vesicles were
set under two different photoperiodic con-
ditions : (A) 14 : 10 hr (0500-1900 light period ;
1900-0500 dark period) and (B) 24 : 0 hr (con-
tinuous light illumination). All other condi-
tions were as follows, temperature: 23°C;
light intensity : 1000-2500 lux; and popula-
tion density : 10 vesicles/150 m/ of the fresh
medium of PES in glass vessel (60 mm diam.,
90 mm depth).

Light microscopy: For microscope obser-
vation 3-4 vesicles in which an impending
division was expected were transferred into
a flat vessel (24x40x8 mm, 6m/ of PES)
just before the inset of the dark period.
According to our preliminary experiments
(unpubl. data), the total increase in number
of vesicles which had undergone to the first
segregative cell division amounted within
3-5 days to 95% of all vesicles, so we used
such vesicles as not yet started division at
4th-5th day after transfer. This vessel was
put on the mechanical stage of a microscope
and then kept under the dark condition
(23°C).  For stepwise observations 12-13
times of brief illuminations (2-3 min/a
observation) were given.

Llectron microscopy: Procedures for elec-
tron microscopy are identical to those de-
scribed earlier in detail (Hori and Enomoto
1978).
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Observations

Cell division under a light-dark cycle con-
dition: The present observation described
two successive events of the segregative
divisions occurring both in unicellular and
multicellular plants. Since the process of
both divisions is fundamentally identical, the
description depends on the first division in
an unicellular vesicle. The first cell division
usually occurred after midnight (0100-0130
about 6 hr after the inset of the dark period)
between 3-5 days after the unicellular vesi-
cles were placed under culture condition (A).

The impending division was recognized
by a change in aggregation of protoplasm,
because the protoplasm just after the onset
of darkness was still homogenously distrib-
uted in a thin layer along the entire inner
surface of the cell (Figs. 2, 26). The proto-
plasm divided into numerous nearly equally
sized units (Fig. 3). This compartmental-
ization of protoplasm started at one end of a
cell and expanded over the entire cell within
5-10 min. After 10-30 min, they aggregated
with one another becoming larger polygonal
discoid masses (Figs. 4, 5). After 30-60 min,
these aggregations fused further becoming
larger irregularly shaped masses (Fig. 6).
About 2 hr after the initiation of division,
the larger masses absorbed adjacent smaller
masses, constructing a protoplasmic network
(Fig. 7), and soon, the contour of the net-
work became clearer (Fig. 8). After about
2.5 hr, the protoplasms of the network con-
densed more, resulting in enlarging the
diameter of the network meshes (Fig. 9).
Protoplasmic condensation continued for 30
minutes more breaking the network apart at
some points (Fig. 10), and finally segregating
into irregularly shaped masses (Fig. 11).
Breakdown process of the network during
this stage proceeded rapidly (Figs. 12, 13),
but each mass was connected to the other
masses with fine strands (Figs. 13, 20 arrows).

After 3.5 hr, just before or after the be-
ginning of the light period, most of the
segregated masses became nearly spherical
bodies (Fig. 14). The fine strands were no

longer detected. After about 5.5hr they
became completely spherical bodies (Figs.
15, 27), distributed in a layer along the
primary vesicle wall (Figs. 16,27). After
about 6-8 hr, a new cell wall was seen
around the cell surface of the secondary
vesicle (Figs. 16, 28). The secondary vesicles
then increased rapidly in volume coming
into contact with one another by evening
(Fig. 17). After about 20 hr, they enlarged
further, crowding together within the pri-
mary vesicle wall (Figs. 18,29). After 2-3
days they adhered to one another and
became polygonal in surface view (Fig. 19).

Electron microscopic observations indicate
that a spherical body at the stage shown in
Fig. 14 is occupied by many chloroplasts,
interphase and dividing nuclei, and variously-
sized vacuoles with or without their inner
contents (Figs. 21, 22). A new cell wall and a
central vacuole are not formed yet. Dividing
nuclei are centric.

The secondary vesicles at the stage of
Fig. 15 have already secreted a thin layer
material of cell wall on their surface (Fig.
23) and contain dividing nuclei as well as
interphase one. A central vacuole has not
yet been formed even at this stage. All
dividing nuclei observed in both stages are
interestingly either in prophase or metaphase.
No other stages of nuclei later than these
are found.

As the secondary vesicles were closely
arranged in a single layer beneath the pri-
mary vesicle wall, they formed a hollow,
monostromatic saccate plant essentially
identical with an adult plant (Fig. 30).
About one month after the first cell
division, the muiticellular unit grew to
5-8 mm diam. and finally the parent cell
wall broke open (Fig. 30). Each cell of a
multicellular plant did not disperse, because
they were connected with one another by
minute intercellular tenaculae (see Figs. 44
—46 in ENOMOTO and OKUDA 1981). About
one month after the first cell division, the
secondary division occurred in all cells com-
posing a multicellular plant (Fig. 24). It
also occurred during a dark period. Tertiary
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Figs. 2-19. The entire process of protoplasmic changes with the passage of time during the first
segregative cell division in a primary vesicle of D. cavernose. All photographs were taken fo a

single vesicle, though some of them appear different from one another.

2. Unicellular vesicle

just before division (0100) ; 3. Initiation of division, numerous small granular protoplasmic units
formed on one side of a cell (0130); 4. Progression of granular unit formation (0140) ; 5. Granular
unit aggregated with one another to become larger discoidal masses (0150); 6. Discoidal masses
fused with each other (0230); 7. Masses fused with adjacent masses to form a network (0330) ;

8. Contour of network becoming clearer (0350) ;

9. Network condensed and the meshes enlarged

(0400) ; 10. Network broken apart at various spots (0410) ; 11. Network broken down into a number
of irregularly-shaped masses (0425) ; 12. Protoplasmic masses forming spheres (0430) ; 13. Segregated
spherical protoplasmic masses (0440) ; 14. Protoplasmic masses nearly spherical, fine strands already
disappeared (0450) ; 15. Spherical protoplasmic masses formed cell walls and became secondary vesicles
(0700) ; 16. Nearly 100 secondary vesicles formed in a primary vesicle (1000) ; 17. Secondiry vesicles
enlarged and came into contact with one another (1730); 18. Secondary vesicles increased their
volume, crowding together within a primary vesicle (2030); 19. A saccate young plant, secondary
vesicles adhering to adjacent ones, becoming polygonally shaped vesicles in surface view, after 3 days.

Scale: (Figs. 2-19) =1 mm.

vesicles in a secondary vesicle were fewer
in number than in the secondary vesicles in
the primary vesicle (Fig. 25). Since the
protoplasm of the secondary vesicles were
densely distributed at the sides facing the
outer surface of the secondary vesicle wall
(Fig. 31), the tertiary vesicles were conspic-
uously located at this side in a single layer

as shown Fig. 25 and Fig. 32. Therefore,
as the thalli grew into adult plants, they
still remained monostromatic saccate struc-
tures (Fig. 33).

Cell division under continuous light: As
described above, when single vesicles were
exposed to light-dark cycle condition (A),
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Fig. 20. Fine strands (arrows) between proto-
plasmic masses (0430). Scale: 0.5 mm.

cell division took place no later than 5 days
after transfer. In continuous light condition
(B), they lived for one month or less only
increasing in volume. If single vesicles,
previously exposed to continuous light, were
transferred within approximately 10 days
to light-dark cycle (A), they underwent
normal cell division within 9 days, but ab-
normal divisions, that is, formation of several
(usually 5-8) irregularly-shaped, variously-
sized, larger masses (or clumps) of proto-
plasm, occurred in 502 of the vesicles.
When exposed to continuous light, they grew
to 8-10 mm vesicles in diameter after one
month. Abnormal protoplasmic masses also
synthesized new cell walls. The other vesi-
cles remained in the unicellular state under
continuous light for 45 days, but during this
period their chloroplasts gradually changed
from dark green to yellow-green and white-
yellow-green, finally bleached white, result-
ing in the death of the vesicles.

Discussion

Since segregative cell division was ob-
served by BOERGESEN (1905), several authors
(BoErGESEN 1912, 1913; ARNOLDI 1913;
EGEROD 1952) have described only the final
features of the division. They also discussed
the biological significance and validity of

this feature as a systematic criterion.
FRrITSCH (1935, 1946) pointed out that “the
protoplasmic contents of segment have been
found to divide into a number of rounded
masses, which become enveloped by a
membrane as in segregative division. The
bodies appear to constitute cysts which
give rise to new plants. This suggests the
possibility of regarding segregative division
as a process of cyst formation, in which
the cysts develop in situ, instead of outside
the parent plant ”.

Certainly, in D. cavernosa, when young
secondary vesicles (protoplasmic spherical
bodies which have not yet developed inter-
cellular tenaculae) are artificially excluded
from a primary vesicle wall, they did develop
into normal new plants (ENoMOTO and
OxuDpA 1981). According to our observations
on the entire process of thallus develop-
ment, we would consider this mode of
division in D. cavernosa as “a method of
vegetative growth” (EGEROD 1952). Pro-
duction of the secondary vesicles in D.
cavernosa progresses through four steps, 1)
protoplasts divided into numerous small
protoplasmic masses, 2) each fuses with
another resulting in a protoplasmic network,
3) the network breaks down into many
spherical bodies, and 4) each body synthe-
sizes a new cell wall and becomes a
secondary vesicle.

The protoplasmic network also appears
during process of artificially induced aplano-
spore formation in Boergesenia forbesii.
However, the network in this alga is formed
directly by aggregation of protoplasm which
was distributed in a thin layer (ENOMOTO
and HIROSE 1972). The protoplasm of D.
cavernosa does not segregate directly into
the network leading to spherical bodies.

Recent electron microscopical studies re-
vealed that nuclear division in uninucleate
green algae is generally followed by cyto-
kinesis (see PICKETT-HEAPS 1975). In some
algae the cytokinetic cleavage furrows pre-
cociously appear even before prophase
(LovLIE and BRATEN 1970; MATTOX and
STEWART 1974). The segregative cell divi-



Segregative cell division in Dictyosphaeria 109

Figs. 21-23. Electron micrographs showing subcellular structure of the nearly-formed secondary
sphere in primary vesicles of D. cavernosa. 21. Part of a sphere corresponding to that of Fig. 14.
%2000; 22. Interphase (left) and metaphase (right) nuclei seen in another portion of the same sphere
of Fig. 21. x6000; 23. Part of a sphere corresponding to that of Fig. 15, showing a thin layer of
wall material (arrow) secreted on the surface. x18000.
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Figs. 24-25. Tertiary vesicles formed in the

parent plant of D. cavernosa. 24. Secondary
segregative cell division in a multicellular plant;
25. Eight to fifteen tertiary vesicles formed in
each secondary vesicle and distributed just below
the exposed outer cell wall surface of secondary

vesicle. Scale: (Figs. 24-25) =2 mm.

sion in the coenocytic green alga, D. caver-
nosa, however, seems to be quite different
from them. In this alga the protoplasm is
segregated simultaneously into a number of
spherical bodies when a cell reaches a
certain volume. Although these newly-
formed spheres contain many dividing nuclei,
there is no direct evidence that nuclear
division is in concord with the progression
of segregative cytoplasmic division.

Rather, that protoplasmic spheres just
before or after the completion of segrega-
tive division contain interphase, prophase
or metaphase nuclei probably indicates that
the onset of their division might start near
the end of the cytoplasmic division.

Before this unique division in the coeno-

Figs. 26-33. Schemata of distribution of sec-
ondary and tertiary vesicles and their growth in
D. cavernosa. 26. Undivided unicellular primary
vesicle (PV), protoplasms (P) distributed in a
single thin layer along the entire inner surface
of a cell wall; 27. Spherical protoplasmic bodies
(SB) in a primary vesicle; 28. Protopasmic
spheres formed new cell walls and became sec-
ondary vesicles (SV) ; 29. Each secondary vesicle
increased its volume and came into contact with
surrounding vesicles; 30. Cross section of a
saccate young plant which is constructed by
adjacent secondary vesicles; 31. A part of a
multicellular plant. Wall of primary vesicle
(WPV) burst. Protoplasms were distributed just
below the exposed outer surfaces of wall of
secondary vesicles (WSV); 32. Distribution of
tertiary vesicles (TV) in secondary vesicles; 33.
Growth of tertiary vesicles in a plant.

cytes is characterized, cytological studies
will be necessary more in detail.

JONSSON (1965) considered that the differ-
ence between the segregative division and
Cladophora-type division in which the septum
is formed centripetally is regulated by



Segregative cell division in Dictyosphaeria 111

relative abundance of protoplasm in the cell
at the moment of the division, because he
observed these two types of divisions in
different portions of a thallus of Anadyomene
stellata. We can not follow his opinion, for
only centripetal division was observed in all
cells of Anadyomene wrightii (ENOMOTO and
HIrOSE 1970) and Microdictyon okamurai
(ENoMOTO and HiroSE 1971). We believe

that the ratio of protoplasmic quantity either .

to cell volume or to cell-sap volume induces
the segregative cell division. In all the
siphonocladalean algae undergoing the segre-
gative cell division, cells composing a thallus
are occupied by a large central vacuole,
always appressing the cytoplasm in a thin
layer against the cell wall. Therefore, this
thin layer of protoplasm may bring about
the segregative cell division.

In D. cavernosa, the protoplasmic network
is formed both in production of secondary
vesicle for vegetative growth and in for-
mation of reproductive cells in fertile cells.
Both processes are very similar, but they
are easily distinguished by the following
features: 1) during swarmer formation the
protoplasts change their color from green
to yellowish green, 2) several protoplasmic
dense aggregations are formed in a fertile
cell, 3) ostioles for swarmer discharge are
formed in the cell wall of a fertile cell
(Hor! and EnoMoToO 1978; ENOMOTO and
OxupA 1981), and 4) the network during a
vegetative growth division appears only
during a dark period, whereas the network
formation leading to reproductive cells in a
fertile cell is not always restricted to a
dark period (ENOMOTO and OKUDA 1981).

Present observations suggest that cell
division requires a dark period, for several
hours at least each day, and that continuous
light or lacking of darkness inhibits cell
division. However, once division has begun,
several short periods of illumination do not
inhibit the normal progression of division.
Further studies on the relationship between
cell division and light conditions (intensity,
quality, photoperiod etc.) will provide a
better understanding of segregative cell

division. The systematic significance of the
division will be discussed in a subsequent
article.
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The life cycle of Tinocladia crassa (SURINGAR) KYLIN
(Phaeophyta, Chordariales) without a haploid gametophyte
from Kuchinotsu, Kyushu, Japan
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of Fisheries, Nomozaki-Cho, Nagasaki, 851-05 Japan.

Yorsul, T. 1982. The life cycle of Tinocladia crassa (SURINGAR) KyLIN (Phaeophyta,
Chordariales) without a haploid gametophyte from Kuchinotsu, Kyushu, Japan. Jap. ]J.
Phycol. 30: 113-118.

The life cycle and cytology of a strain of Tinocladia crassa growing at Kuchinotsu,
Nagasaki Prefecture, Japan, was investigated in culture. Biflagellate zoospores liberated
from unilocular sporangia of macroscopic plants from the natural habitat developed directly,
without fusion, into sporophytic plants identical to the mother plants. The chromosome
number of both macroscopic plants in nature and cultured germlings of zoospores from
unilocular sporangia was found to be about 2n=24. It is thought that meiosis failed to
occur in the unilocular sporangia and that the strain of T. crasse at Kuchinotsu has no
haploid phase in its life cycle.

Key Index Words: Chordariales; development; life cycle; cytology; Phaeophyta;

Tinocladia crassa.

Tinocladia crassa (SURINGAR) KYLIN is one
of the edible brown algae of Japan. It is
distributed widely in the warm temperature
regions. ARASAKI (1941) investigated the
life cycle of this alga using material collec-
ted at Ise Bay, Mie Prefecture and Mikawa
Bay, Aichi Prefecture. According to him,
T. crasse has an alternation of hetero-
morphic generations, with a microscopic
gametophyte and a macroscopic sporophyte.
Yotsui(1978) confirmed the same life cycle
using T. crassa collected at Nomozaki, Na-
gasaki Prefecture. However, a similar cul-
ture study using material growing at Ku-
chinotsu and some other localities of the
north western coast of Kyushu showed an-
other type of life cycle without a haploid
gametophyte. In the present paper, this
type of life cycle in T. crassa is reported.

Materials and Methods

Macroscopic Tinocladia plants were collect-
ed in May 1979, at Kuchinotsu on the
southern end of the Shimabara Peninsula
where the plants grew on stones from 0 to
1 meter below the low tide mark. Material
was also collected at Nomozaki and Sasebo,
Nagasaki Prefecture, and Nishinoura, Fuku-
oka Prefecture (Fig. 1), for comparison of
the life cycle. In the laboratory about ten
mature plants were selected and each was
put into a small glass vessel containing
sterilized sea water and placed in the light.
Within a few hours, zoospores were libera-
ted from unilocular sporangia and swam to
the darker side of the vessel. The liberated
zoospores were rinsed several times with
sterilized sea water and allowed to settle
on a small glass plate. The zoospores liber-
ated from one individual were cultured in
a vessel.

Culture were carried out under the follow-
ing two conditions; a) in a culture cabinet
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Fig. 1. A map of north-west Kyushu showing
the collection sites (solid circle) of Tinocladia
crassa.

kept at 12-14°C and illuminated with fluore-
scent lamps of 4000 lux light intensity for
10 hours a day; b) in a room of the labor-

A C E

atory exposed to ambient temperature rang-
ing from 22°C to 30°C, and the illumination
kept at 3000 lux in early summer and at 500
lux in mid summer. The culture medium
used was Schreiber’s solution enriched with
modified Pl solution (FujiTA 1965).

For chromosome counts, the aceto-iron-
haematoxylin-chloral hydrate method (WIT-
TMAN 1965) was employed.

Results

Mature Tinocladia plants in nature bore
only unilocular sporangia on the basal cells
of assimilating filaments from mid April
(Fig. 3A). Cultures of zoospores from uni-
locular sporangia were started early in May,
1979. The development of the zoospores
from Kuchinotsu plants was as follows.
The unilocular sporangia liberated biflagel-
late zoospores (6.5~8.0%3.0~4.0 ym in size)
having a single chloroplast and an eyespot
(Figs. 2A, 3B). They settled down on the
substratum in a few hours and became spher-

Fig. 2. Development of zoospores from Tinocladia crassa collected at Kuchinotsu. A-H,
culture at low temperature; I-M, culture at high temperature. A. Zoospore from unilocular
sporangia; B. Settled zoospore; C-G. Germination and early developmental stage of the zoo-
spore ; H. Formation of hairs and erect assimilators; I. Formation of plurilocular sporangia on
the sporeling at high temperature ; J. Zoospore from plurilocular sporangia ; K. Settled zoospore;
L-N. Early developmental stage of zoospore from plurilocular sporangia.
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Fig. 3. Development of zoospores from Tinocladia crassa collected at Kuchinotsu. A-H,
Culture at low temperature; [-M, Culture at high temperature; N. Cultivation in the sea. A.
unilocular sporangia on the macroscopic thalli in nature; B. Zoospore from unilocular sporan-
gia; C. Settled zoospore; D-F. Germination and early developmental stage of the zoospore;
G.H. Formation of erect assimilators; I. Formation of plurilocular sporangia on the sporeling
of zoospore at high temperature; J. Zoospore from plurilocular sporangia; K. Settled zoospore ;
L.M. Germination and early developmental stage of the zoospore; N. Macroscopic Tinocladia

thalli growing on synthetic string.

ical (Figs. 2B, 3C). At this stage they
measured 4.0 to 6.0 ym (average 4.9 #m) in
diameter. In the cooler conditions of the
culture cabinet, they sent forth a short
germ tube and divided transversely into
two cells within 1 or 2 days (Figs. 2C, D,
3D). By successive transverse cell divisions,
the germlings continued to grow in length and
branched thickly in the horizontal direction
and formed colorless hairs (Figs. 2 E-G, 3E,
F). In 2 or 3 weeks, the germlings became
creeping discs which formed a series of
erect assimilators in the central areas and
within 2 months they developed into young
Tinocladia plants reaching up to 2 mm in

height (Figs. 2H, 3G, H). Development of
the zoospores liberated from other material
examined showed the same results.

On the other hand, in the high room tem-
peratures, the germlings of zoospores did
not form erect assimilators and remained as
adherent thick branched filamentous thalli.
These creeping filamentous thalli frequently
bore plurilocular sporangia (Figs. 21, 3I).
The plurilocular sporangia liberated biflagel-
late zoospores having a single chloroplast
and an eyespot (Figs. 2], 3]). They settled
down in a few hours, with no sign of fu-
sion, and at this stage they measured 4.5
to 6.5 um (average 5.5 #m) in diameter (Figs.
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2K, 3K). These zoospores were somewhat
larger than those from the unilocular spor-
angia.

Development of zoospores from plurilocu-
lar sporangia was similar to that of zoo-
spores from unilocular sporangia. In the cool-
er conditions of the culture cabinet, settled
zoospores sent forth a short germ tube and
divided transversely into two cells within
1 to 2 days (Figs. 2L-N, 3L, M). By suc-
cessive transverse divisions, they formed
adherent discoid thalli and gave rise to
erect assimilators and finally grew into
young Tinocladia plants. In the warmer
conditions of room temperature, they devel-
oped into adherent thick branched filament-
ous thalli and produced plurilocular sporan-
gia again, repeating this stage several times.

During mid summer, under high tempera-
tures of above 28°C in the laboratory, the
germlings of zoospores from unilocular and
plurilocular sporangia ceased to grow. Their
cells became spherical and passed through
the summer in this state. As room temper-
ature decreased in the autumn, the germ-
lings began to grow again and produced
plurilocular sporangia and released zoospores
which grew directly into young Tinocladia
plants. After removal of the germlings to
the sea on a synthetic string, they grew to
adult macroscopic thalli (Fig. 3N).

The same mode of development of zoosp-
ores from unilocular sporangia was observed
in culture experiments using material collec-
ted at Sasebo and Nishinoura.

On the other hand, as previously reported
(Yorsul 1978), regarding the material coll-
ected at Nomozaki, zoospores from unilocular
sporangia developed into adherent discoid
thalli in the early stages in a similar
manner to those of the Kuchinotsu plants.
Later, the germlings did not produce erect
assimilators, but continued to grow as ad-
herent branched thalli and formed pluriloc-
ular gametangia. The plurilocular gametan-
gia released gametes and they fused to
form zygotes. The zygotes germinated into
adherent discoid thalli and produced erect
assimilators in the early stage, developing
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Fig. 4. External appearance of field thalli of
Tinocladia crassa collected at Kuchinotsu (A)

and Nomozaki (B), and cultivated plants derived

from the Kuchinotsu (Ac) and Nomozaki (Bc)
field thalli.

finally into young Tinocladia plants.

The external appearence of field material
from Kuchinotsu seemed more slender and
thickly branched than the Nomozaki materi-
al, and the same difference in the morpho-
logy also appeared in cultured plants derived
from Kuchinotsu and Nomozaki field thalli
(Fig. 4).

Cytological observations on the chromo-
some number were carried out on the cells
of macroscopic thalli from nature and on
those of the cultured germlings of zoospores
from unilocular sporangia. As far as could
be ascertained, the chromosome number of
macroscopic thalli in nature was about 24
(2n) in the plants from Kuchinotsu, Nomo-
zaki (Fig. 5A, C) and the other two localities.
In the germlings of zoospores from uniloc-
ular sporangia, the chromosome number was
about 24 (2n) in Kuchinotsu (Fig. 5B), Sasebo
and Nishinoura plants, but it was about 12
(n) in Nomozaki plants (Fig. 5D). The
chromosome number of the germlings of
zoospores from unilocular sporangia of No-
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Fig. 5. Chromosomes of Tinocladia crassa.
A. Macroscopic field thalli from Kuchinotsu (a
chromosome number 20 or 21 was counted) ; B.
Germling of zoospore from unilocular sporangia
of Kuchinotsu (22) ; C. Macroscopic field thalli
from Nomozaki (24) ; D. Germling of zoospore
from unilocular sporangia of Nomozaki (12).

mozaki plants was reduced to about half of
that of macroscopic thalli in nature. On the
other hand, in the plants from Kuchinotsu
and the other two localities the chromosome
number was the same for both macroscopic
thalli in nature and the cultured germlings
of zoospores from unilocular sporangia.

Discussion

ARASAKI (1941) studied the life cycle of
Tinocladia crassa collected at Ise Bay, Mie
Prefecture, and Mikawa Bay, Aichi Prefec-
ture, and found that zoospores from uni-
locular sporangia germinated into adherent,
thickly branched gametophytes. These ga-
metophytes produced plurilocular gametan-
gia which released gametes. The gametes
conjugated isogamously to form zygotes and
the zygotes gave rise to Tinocladia plants.
Yorsul (1978) observed the same develop-

mental pattern using material collected at
Nomozaki, Nagasaki Prefecture.

In the present study, 7. crassa collected
at Kuchinotsu and two other localities show-
ed a different type of life cycle, in that
zoospores from unilocular sporangia grew
directly into sporophytic plants without
passing through a gametophyte generation.
In unfavorable warmer conditions, the thalli
remained adherent branched filamentous
forms producing plurilocular sporangia and
giving rise to plethysmothalli which pro-
duced several successive generations. Similar
development of sporophytes in unfavorable
culture conditions has been reported for
Nemacystus decipiens (MIGITA and YOTSUI
1972) and Cladosiphon okamuranus (SHINM-
URA 1977).

The development of zoospores from uni-
locular sporangia directly into sporophytic
plants was also reported for a few related spe-
cies. KORNMANN (1962) reported that zoo-
spores from unilocular sporangia of Chordaria

flagelliformis developed directly into Chorda-

ria plants. However cytological evidence
of such an alternation was not provided.
BLACKLER and KATPITIA (1963) reported

|. Nomozaki-type

Sporophyte

macroscopic(2n) —

Zoospore(n) 1

Gametophyte

P microscopic(n)

Gamete(n)

Zygote(2n) PG
N Gamete(n)

Zoospore(2n)

2. Kuchinotsu-type

Sporophyte
ceeseopieor) q:> Zoospore(2n)
Zoospore(2n)

M

2o 4

71 microthallus(2n)

Fig. 6. Diagram showing the two types of life
cycle of Tinocladia crassa.
U: unilocular sporangium, PG: plurilocular ga-
metangium, PZ: plurilocular sporangium.



118 Yorsul, T.

that zoospores from unilocular sporangia of
Elachista fucicola developed into sporophytes
and mentioned the probability of the plants
being haploid.

In the case of T. crassa collected at Ku-
chinotsu and two other localities, both the
germlings of the zoospores from unilocular
sporangia and macroscopic plants from the
field had the same number of chromosomes
and are thought to be the diploid phase.
Here the gametophyte generation is elimi-
nated from the life cycle. On the other hand,
in the case of T. crassa collected at Nomo-
zaki, the germlings of the zoospores from
unilocular sporangia became haploid gameto-
phytes, and it is thought that the meiosis
occurs in the unilocular sporangia on the
macroscopic sporophytes.

From the present and the previous studies
(YoTsur 1978), it is clear that T. crassa has
two types of life cycle; one is a heteromo-
rphic alternation between microscopic game-
tophytes, and macroscopic sporophytes, as
seen in the Nomozaki population (Nomozaki-
type) and the other is a type of cycle with
only a diploid sporophyte, as seen in the
population from Kuchinotsu and two other
localities (Kuchinotsu-type) (Fig. 6).

Comparison of specimens from the field
shows that there is a slight difference in
the external appearance between the plants
belonging to the Kuchinotsu-type and that
of the Nomozaki-type. This difference in
morphology will be closely investigated in
the future, using samples from various
wocalities.
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RaTNAsaBAPATHY, M. and Kumano, S. 1982. Studies on freshwater red algae of Malay-
sia II. Four taxa of Batrachospermaceae from Sungai Gombak and Sungai Pusu, Selangor,
West Malaysia. Jap. J. Phycol. 30: 119-124.

The present paper deals with a part of the collection of freshwater red algae from
Sungai Gombak and Sungai Pusu. Three species of Batrachospermum are described here
as new taxa. Batrachospermum gombakense differs from the taxa belonging to the section
Turficola in having a very short carpogonium bearing branch consisting of only one or
two cells. B. hirosei differs from B. intortum Jao in the size and shape of the tricohogyne
and in the absence of monosporangia. B. hypogynum differs from B. breutelii in having
rosette like hypogynous cells.

Key Index Words: Batrachospermum gombakense, sp. nov.; Batrachospermum
hirosei, sp. nov.; Batrachospermum hypogynum, sp. nov.; Malaysia; Rhodophyta;

Taxonomy.

The water chemistry and biology of Sun-
gai Gombak were briefly reported by No-
RRIS and CHARLTON (1962). BisHoP (1973)
provided a comprehensive treatment of the
limnology and biology of the river, includ-
ing the description of the freshwater algae
especially in the main river. RATNASABAPA-
THY collected algal species, including those
identified in the samples supplied by BISHOP,
for the use of students attending field courses.
This handout formed the basis of his
publication of 1975, which included species
of Auduinella, Batrachospermum, Hildbran-
dtia and Ballia. KuMANO (1978), who was
exploring Tasik Bera, the largest natural
lake in Malaysia from 1970-1973, under the
Joint Malaysia-Japan Project of Scientific
Investigation into Freshwater Lakes of Ma-
laysia as a contribution to IBP, extended his
field investigations to the Gombak River and
reported on Ballia pinnulata, Batrachosper-

mum vagum and Caloglossa ogasawaraensis
var. latifolia. RATNASABAPTHY and SETO
(1981) have described Thorea clavata from
a tributary of the river.

Batrachspermum described here were col-
lected from tributaries of Sungai Gombak,
namely, one close to the Field Studies Centre
of University of Malaya named here the
Field Studies Centre tributary and another
Sungai Pusu (Fig. 1). At the time of
collecting the samples in the morning the
water temperature and pH at the Field
Studies Centre tributary and Sungai Pusu
were 23.0-24.5°C, pH 6.2-7.1 and 25.4-26.0°C,
pH 6.5-6.9 respectively.

Description of species
1. Batrachospermum gombakense KUMANO

et RATNASABAPATHY, sp. nov. (Fig. 2)
Frons dioica, 1-2 cm alta, 200-400 pm cras-
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Fig. 1. Map showing Gombak River (Sungai
Gombak) and its tributaries.

sa, plus minusve dichotome ramosa, parum
mucosa, viridia. Cellulae axiales cylindricae,
10-40 ym crassae, 40-100 ym longae. Verti-
cilli contigui et plus minusve compressi.
Ramuli primarii unilateraliter ramificantes,
ex 9-15 cellulis constantes ; cellulae fascicu-
lorum cylindricae vel doliiformes, 5-7 pm
crassa, 5-10 ym longae; pili nuli. Fila corti-
calia bene evoluta. Ramulisecundarii numero-
si, totum internodium obtegentes. Antheridia
globosa, 4-8 ym crassa in diametro, in ramulis
lateralibus vel ramulis abbreviatis terminalia.
Ramuli carpogoniferi e cellulis basi ramu-
lorum primariorum orientes, ex cellulis 1-2
hexagonis constantes; carpogonium basi 3-5
pm crassum, apice 10-15 ym crassum, 40-50
pm longum ; trichogyne indistincte pedicel-
lata, obconico-clavaeformis. Bracteae e cel-
lulis 1-2 hexagonis orientes. Gonimoblasti
singli, elliptici, magni, 140-210 um crassi,
185-330 #m longi, in centro verticilli inserti.
Carposporangia obovoidea, 8-11 ym crassa,
20-25 pm longa.

Frond dioecious, 1-2 cm high, 200-400 gm
wide, more or less dichotomously branched,

not very mucilaginous, green. Axial cells
cylindrical, 10-40 ym wide, 40-100 #m long.
Whorls touching each other, more or less
compressed. Primary branchlets unilaterally
branching, consisting of 9-15 cell-stories;
cells of fascicles cylindrical or barrel-shaped,
5-7 pm wide, 5-10 gm long; hairs none.
Cortical filaments well-developed. Secondary
branchlets numerous, covering all the inter-
nodes. Antheridia globose, 4-8 ym in dia-
meter, terminal on lateral branchlets or on
shortened branchlets. Carpogonium bearing
branch arising from the basal cell of a pri-
mary branchlet, consisting of 1-2 hexagonal
cells; carpogonium 3-5 ym wide at the base,
10-15 #ym wide at the apex, 40-50 ym long;
trichogyne inversed conical or club-shaped,
indistinctly stalked. Bracts arising form
1-2 hexagonal .cells. Gonimoblast single,
elliptical, big, 140-210 ym wide, 185-330 ym
long, inserted centrally. Carposporangia
obovoid, 8-11 ym wide, 20-25 ym long.

Holotype: Sungai Gombak, Selangor,
Malaysia (RATNASABAPATHY No. 1220, 31/V
1976, Private Herbarium, Department of
Botany, University of Malaya). Isotype:
(RATNASABAPATHY No. 1221, 31/V 1976,
Herbarium of Faculty of Science, Kobe
University).

Habitat: Attached to large submerged
rocks or boulders, 10-25 cm below the surface
of clear stream waters which flow through
reserved forest.

Distribution: Known from the type local-
ity only.

SIRODOT (1884) assigned B. vagum (ROTH)
AG. with ten varieties, B. dimorphum
KutTzING and B. bambusinum BORY to the
section  Turficola of Batrachospermum.
ISRAELSON (1942) reported three species of
this section from Sweden, viz., B. vagum
(RoTH) AG., B. vogesiacum T.G. SCHULTZ
and B. globosporum ISRAELSON. JAO (1941)
described B. sinense JAO as a new member
to this section and SKUJA (1968) also des-
cribed B. vagum (ROTH) AG. var. periplocum
SKUJA belonging to this section. B. gomba-
kense KUMANO et RATNASABAPATHY belongs
to this section based on the nature of the
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Fig. 2. Batrachospermum gombakense KuMANO et RATNASABAPATHY, sp. nov. A. A part
of frond with confluent whorls and gonimoblasts inserted centrally; B. Structure of whorls
with antheridia; C. A carpogonium and a carpogonium bearing branch consisting of two
cells (cb); D. A carpogonium bearing branch consisting of only one cell (cb), arising from
the basal cell (b) of primary branchlets; E. Carposporangia.

Fig. 3. Batrachosdermum hirosei RATNASABAPATHY et KumanNo, sp. nov. A. A part of

frond with confluent whorls and a gonimoblast inserted centrally; B. Structure of whorls

showing primary and secondary branchlets, well-beveloped cortical filaments and carpogonium

(¢); C.A part of a whorl showing a basal cell (b) of primary branchlets (p), a cortical

filament (co), secondary branchlets (s) and antheridia(a); D-I. Development of twisted
carpogonium bearing branch; J. Carposporangia.
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trichogyne that is indistinctly stalked and
conically inversed and has a single large
gonimoblast inserted centrally. But B.
gombakense differs from the above mentioned
taxa in having a very short carpogonium-
bearing branch consisting of only one or
two hexagonal cells, from which many
bracts arise.

2. Batrachospermum hirosei RATNASABA-
PATHY et KUMANO, sp. nov. (Fig. 3)

Frons monoica, 1-3cm alta, 100-220 pm
crassa, plus minusve irregulariter ramosa,
valde mucosa, viridis vel fusca. Callulae
axiales cylindricae, 15-30 ym crsaasae, 100-
190 ym longae. Verticilli pyriformes, in
parte vetustiore frondis obconici vel contigui.
Ramuli primarii abundanter ramificantes, ex
6-8 cellulis constantes; cellulae fasciculorum
fusiformes vel ovoideae, 4-5 ym crassae, 4-
14 pm- longae; pili nuli. Fila corticalia bene
evoluta. Ramuli secundarii numerosi, totum
internodium obtegentes. Antheridia globosa,
3-5 ym diametro, in ramulis primariis et
secundariis terminalia. Ramuli carpogoniferi
e cellulis basi ramulorum primariorum ori-
entes, longi, ex cellulis 6-13 doliiformibus
constantes, valde tortuosi; carpogonium basi
4-10 pm crassum, apice 7-10 ym crassum,
19-35 pm longum ; trichogyne ellipsoidea vel
irregulariter spathulata, distincte pedicellata.
Bracteae breves. Gonimoblasti singli, globosi
vel semiglobosi, magni 110-200 gm crassi,
100-140 pm alti, in centro verticilli inserti.
Carposporangia obovoidea vel globosa, 7-8
pm crassa, 8-15 ym longa.

Frond monoecious, 1-3cm high, 100-220
pm wide, more or less irregularly branched,
very mucilaginous, green or brown. Axial
cells cylindrical, 15-30 ym wide, 100-190 ym
long. Whorls pear-shaped, in an aged frond
inversed conical or touching each other.
Primary branchlets abundantly branching,
consisting of 6-8 cell-stories ; cells of facicles
fusiform or ovoid, 4-5pm wide, 4-14 ym
long; hairs none. Cortical filaments well
developed. Secondary branchlets numerous,
covering all the internodes. Antheridia
globose, 3-5 ym in diameter, terminal on
primary and secondary branchlets. Carpo-

gonium bearing branch arising from the
basal cell of a primary branchlet, long, con-
sisting of 6-13 barrel-shaped cells, strongly
twisted ; carpogonium 4-10 ym wide at the
base, 7-10 um wide at the apex, 19-35 ym
long; trichogyne ellipsoidal or irregularly
spatula-shaped, distinctly stalked. Bracts
short. Gonimoblast single, globular or semi-
globular, large, 110-200 gm wide, 100-140 gm
high, inserted centrally. Carposporangia
obovoid or globose, 7-8 pm wide, 8-15 ym
long.

Holotype: Sungai Pusu, Selangor, Malay-
sia (RATNASABAPATHY No. 1201 b, 2/VI
1979, Private Herbarium, Department of
Botany, University of Malaya). Isotype:
(RATNASABAPATHY No. 1201 b, 2/VI 1979,
Herbarium of Faculty of Science, Kobe
University).

Habitat: Attached to sides of submerged
rock about 10 cm below the surface of clear,
quiet and shaded pool waters of Sungai
Batang Pusu near Kampung Sungai Pusu.

Distribution: Known from the type local-
ity only.

Batrachostermum hirosei resembles B.
intortum JAO (1941) which belongs to the
section Contorta in having a strongly twisted
carponium bearing branch, but differs in the
size and the shape of the trichogyne, in
having confluent whorls due to the develop-
ment of the secondary branchlets and in the
absence of monsporangia. This species is
named in honour of Dr. Hiroyuki HIROSE,
Professor Emeritus of Kobe University for
his scholarly and dedicated service to phy-
cological advancement and his help and
continued interest in our studies on fresh-
water red algae.

3. Batrachospermum hypogynum KUMANO
et RATNASABAPATHY, sp. nov. (Fig. 4)

Frons monoica, 3-7cm alta, 300-570 ym
crassa, plus minusve irregulariter ramosa,
valde mucosa, brunnea vel vinacea. Cellulae
axiales cylindricae, 30-90 yum crassae, 150-
380 yum longae. Verticilli vel distantes et
ellipsoidei, vel contigui et plus minusve
compressi. Ramuli primarii abundanter, vel
plus minusve unilateraliter ramificantes, ex
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Fig. 4. Batrachospermum hypogynum KUMANO et RATNASABAPATHY, Sp. nov.

A. Struc-

ture of whorls; B. Primary branchlets with antheridia; C. A young carpogonium bearing
branch; D. Terminal portion of a carpogonium bearing branch with hypogynous cells; E. A
gonimoblast; F. Carposporangia formed terminally on gonimoblast filaments.

8-11 cellulis constantes; cellulae inferiores
fasciculorum arcuato-clavaeformes, 5-7 ym
crassae, 17-23 pym longae, cellulae superiores
fusiformes vel ellipsoideae, 3-5 ym crassae,
6-10 ym longae; pili nuli. Ramuli secundarii
rari. Antheridia ovoidea vel globosa, 4-6 ym
diametro, in ramulis primariis terminalis vel
lateralia. Ramuli carpogoniferi e cellulis
basi ramulorum primariorum orientes, 40-70
pm longi, ex cellulis 5-9 doliiformibus con-
stantes; carpogonium basi 8-10 ym crassum,
apice 10-13 ym crassum, 40-45 pym longum;
trichogyne indistincte pedicellata, urniformis.
Cellulae hypogynae rosulatae, lateraliter
prolatae, magnae. Bracteae inferiores nume-
rosae, elongatae. Gonimoblasti singuli, glo-
bosi, 100-200 ym diametro, in peripheria
verticilli exserti. Carposporangia magna,
obovoidea vel clavata, 18-35 um cressa, 50-
65 pym longa.

Frond monoecious, 3-7cm high, 300-570
pm wide, more or less irregularly branched,
strongly mucilaginous, deep brown or wine-
colour. Axial cells cylindrical, 30-90 gm
wide, 150-380 ym long. Whorls distant and
ellipsoidal, or touching each other and more

or less compressed. Primary branchlets
abundantly or more or less unilaterally
branched, consisting of 8-11 cell-stories;
lower cells of fascicles arcuate-club-shaped,
5-7pm wide, 17-23 ym long, upper cells
fusiform or ellipsoidal, 3-5 #m wide, 6-10 ym
long ; hairs none. Secondary branchlets rare.
Antheridia ovoid or globose, 4-6 ym in
diameter, terminal or lateral on primary
branchlets. Carpogonium bearing branch
arising from the basal cell of a primary
branchlet, 40-70 ym long, consisting of 5-9
barrel-shaped cells; carpogonium 8-10 ym
wide at the base, 10-13 ym wide at the
apex, 40-45 pym long ; trichogyne indistinctly
stalked, urn-shaped. Hypogynous cells in
rosette, laterally elongated, large. Lower
bracts numerous, elongated. Gonimoblast
single, globular, 100-200 gm in diameter,
extended from the perphery of a whorl.
Carposporangia big, obovoid or clavate, 18-
35 ym wide, 50-65 ym long.

Holotype : Sungai Pusu, Selangor, Malaysia
(RATNASABAPATHY No. 1201, 2/VI 1979,
Private Herbarium, Department of Botany,
University of Malaya). Isotype: (RATNASA-
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BAPATHY No. 1201, 2/VI 1979, Herbarium of
Faculty of Science, Kobe University).

Habitat: Attached to submerged stones
up to 15 cm below the surface of clear, swift,
shaded waters of a small creek, about 30-45
cm wide, of Sungai Batang Pusu near
Kampung Sungai Pusu.

Distribution: Known from the type local-
ity and Sungai Air Terjun, Pulau Langkawi,
Malaysia.

Batrachospermum hypogynum resembles B.
breutelli RABENHORST which belongs to the
section Aristatae in general appearance, but
differs in having the rosette like hypogy-
nous cell and having large carporangia but
not forming tetrasporangia. In B. hypogy-
num, a nutritive hypogynous cell of the
carpogonium bearing branch becomes en-
larged laterally and produces protuberances
upwards in a rosette. After fertilization,
the protoplasmic connection among the
carpogonium, the hypogynous cells and the
underlying cells is especially pronounced.
The carpospores of this species often ger-
minate within obovoid or clavate carpo-
sporangia, and initiate an uniseriate creeping
filament as reported in the other taxa of
Batrachospermum.
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Reproductiv¢ phenology of Gigartina pacifica-ochotensis and
Petrocelis (Rhodophyta) in Oshoro Bay, Hokkaido®

Yukirnasa OHNO**, Michio MASUDA and Munenao KUROGI
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Sapporo, 060 Japan

OHnNO, Y., Masuba, M. and Kuroci, M. 1982. Reproductive phenology of Gigartina
pacifica-ochotensis and Petrocelis (Rhodophyta) in Oshoro Bay, Hokkaido. Jap. J. Phycol.
30: 125-133.

The seasonality of reproduction in Gigartina pacifica-ochotensis -and Petrocelis sp. in
Oshoro Bay, western coast of Hokkaido in Japan was investigated. Gigartina plants with
mature cystocarps were found throughout the year. Nearly all of the carpospores cultured
(65 isolates of 66 isolates) from the Gigartina gave rise to basal discs with upright
Gigartina blades that reproduced by putative apomixis and only 1 isolate grew into Petro-
celis crusts. The results of carpospore cultures from periodic sampling of individually
tagged plants indicated that all the plants investigated were consistent in reproductive
type. Petrocelis crusts showed a clear seasonal pattern in reproduction. Tetrasporangial
primordia appeared during mid-October and early November. Mature tetrasporangia were
found from late November to early February, occasionally mid-April. Cultured tetraspores
from Petrocelis gave rise to dioecious Gigartina plants. The female plants produced
cystocarps only in the presence of male plants with spermatia, and not in their absence.

Key Index Words :

Gigartina; Gigartinaceae; G. ochotensis; G. pacifica; life

history ; Mastocarpus ; Petrocelis ; phenology ; reproduction; Rhodophyta.

The species of Gigartina subgenus Masto-
carpus possess both sexual and putatively
apomictic life histories (WEST 1972, CHEN
et al. 1974, POLANSHEK and WEST 1975, 1977,
MasupA and UcHIDA 1976, WEST et al. 1977,
RUENESs 1978, WEST et al. 1978, DIoN and
DELEPINE 1979, MAsuDA and KuUroct 1981).
The sexual life history involves the alterna-
tion of foliose dioecious gametophytes
(Gigartina) with a crustose tetrasporophyte
(Petrocelis), whereas the putatively apomictic
life history involves only cystocarpic plants.

* This study was supported by the Japan-U.S.
Cooperative Science Program, the Japan
Society for the Promotion of Science.

** Present address: The Shin-Nippon Meteo-
rology & Oceanography Co. LTD., 14-5, Ta-
magawa 3-Chome, Setagayaku, Tokyo, 158
Japan.

The relationship of the sexual and apomictic
plants has not been resolved.

This study was undertaken to investigate :
(1) the seasonality of reproduction in both
sexual and apomictic Gigartina and in Petro-
celis, and (2) whether seasonal changes be-
tween sexual and apomictic reproduction
occur in the same plant. The investigation
took place in Oshoro Bay, western coast of
Hokkaido, where the reproduction of indivi-
dually tagged plants was closely followed.
The results of our investigation of reproduc-
tive phenology in Gigartina and Petrocelis
are presented in this paper. The detailed
results of the culture experiments will be
presented in a separate paper together with
information on other Gigartina and Petrocelis
populations growing in northern Japan.
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Fig. 1. Map of Oshoro Bay, showing horizontal distribution of Gigartina pacifica-ochotensis and
Petrocelis, collection sites and individually tagged plant number. I-VI, collection sites; W, G,
Gigartina; %, P, Petrocelis; arabic numerals, initially tagged plant number ; numerals immediately
followed by A, newly tagged plants in the course of investigation.

Materials and Methods

Field investigations on the distribution of
Gigartina and Petrocelis in Oshoro Bay
(43°13'N, 140°51’E) were undertaken in April
1979 and the survey sites were recorded on
a map (Fig. 1). There are two types of
Gigartina populations ; those (I, II, IIl and V)
associated with Petrocelis crusts and those
(IV and VI) not associated with the crusts.
In the six populations 17 plants of Gigartina
and 9 plants of Petrocelis were individually
tagged. Each plant was marked with a
nail hammered into rock near the plant and
then tagged with colored tape. Three more
Petrocelis plants were added to the survey
after December 1979. However, of 17 in-
dividually tagged Gigartina plants, only 3

plants (G-6, G-7 and G-20 in Table 1) were
traced throughout the study. The others
were lost by various disturbances. After a
plant loss, another plant growing near the
missing plant was tagged anew (Fig. 1,
Table 1). One or two blades of the Gigar-
tina plants and a piece of the Petrocelis
crusts were sampled monthly or twice a
month and reproductive structures were
examined from April 1979 to March 1980.
When spores were released, laboratory cul-
ture experiments were initiated to ascertain
the fate of the sporelings.

Unialgal cultures were established as fol-
lows. Fertile Gigartina blades or Petrocelis
crusts were cleaned by Kimwipes and
washed in sterile seawater. From August
1979 Gigartina blades were surface sterilized
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Figs. 2-3.
15, 1979. 3. G-11A plant (G. ochotensis form) collected on January 10, 1980. Scale in Fig. 3 applies
also to Fig. 2.

in 22, NaOCl/sterile seawater for 1-2 min,
and rinsed 1 min in sterile seawater. Libe-
rated spores were inoculated into several
drops of PES culture medium on slide
glesses placed on the bottom of Petri dishes
(90 mm <20 mm) using finely-drawn glass
capillary pipettes. The Petri dishes were
then placed under culture conditions. The
spores attached to the slide glasses 24-48 hr
after inoculation, at which point about 50 ml
of medium were introduced into the Petri
dishes. After 7 days, the slides were trans-
ferred to individual glass storage jars (65
mm X80 mm) containing 200 ml of medium.
One ml of 0.1% GeO, solution was added to
cultures contaminated with diatoms (WEST
1972). The cultures were placed in freezer-
incubators (2000-3000 lux) at 15C, 16:8 LD
(light-dark cycle), 10 C, 16: 8 LD, 10 C, 8:
16 LD and 5C, 8: 16 LD. The culture
medium was changed monthly.

Observations

Gigartina

Gigartina grows on rocks in sheltered
places in Oshoro Bay (Fig. 1). Plants with
cystocarpic papillae were present throughout
the year, but plants with spermatangial
sori were never observed. Two forms of

Herbarium specimens of Gigartina.

-~

E
S

2. G-8 plant (G. peacifice form) collected on June

plants with cystocarpic papillae could be
distinguished. The plants with papillae both
on the blade surface and margin (G. facifica
form) luxuriated in summer and decreased
in number in winter (Fig. 2). On the other
hand, the plants with papillae only on blade
margins (G. ochotensis form) predominated
in winter and diminished in summer (Fig.
3). However, it was frequently observed
that both forms arose from the same
basal disc at the same time. Both forms
reached a maximum height (5-7cm) in
summer. Gigartina pacifica KJELLM. and G.
ochotensis (RUPR.) RUPR. have been reported
in Oshoro Bay (ToKIDA and MASAKI 1959).
However, our field observations indicate that
the aforementioned two forms can not be
disitnguished at the species level. At present
we are unable to assess the influence of
environmental factors on the position of
cystocarpic papillae of Gigartina.  The
taxonomic relationship of G. pacifica and G.
ochotensis will be discussed in another paper
on the basis of hybridization experiments.
Carpospore liberation occurred throughout
the year in the Oshore Gigartina popula-
tions, although not all plants traced con-
tinued to release carpospores. The results
of culture experiments with carpospores
from periodic sampling of individually tag-
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Fig. 4. Cultured apomictic plant (8 months
old) derived from a single carpospore from G-13
plant, which was collected on May 16, 1979, and
grown at 15 C, 16: 8 LD.

Fig. 5. Section through a Petrocelis-like crust
(7 months old) derived from a single carpospore
from G-16 plant, which was collected on October

OHNoO, Y., MASUDA,

M. and KurocGi, M.

ged plants are summarized in Table 1. The
vast majority of the carposporelings grew
into Gigartina plants again as reported for
the Muroran isolate of G. ochotensis (MASU-
DA and UcHIDA 1976). These Gigartina
plants formed cystocarps after 6-9 months
at 15 C, 16: 8 LD (Fig. 4). Only one isolate
derived from the plant collected on October
16, 1979 (G-16 in the II population, see Table
1) grew into Petrocelis-like crusts (Fig. 5).
Seven-month-old Petrocelis-like crusts grown
at 15C, 16: 8 LD reached about 6 mm in
diameter and were transferred to 5C, 8:16
LD and 10 C, 8: 16 LD. These crusts
formed upright blades 6 months after trans-

16, 1979, and grown at 15 C, 16: 8 LD. fer. Sections of the crusts showed no signs
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Fig. 6. Summary of reproductive phenology of individually tagged Petrocelis plants from April

1979 to March 1980 correlated to average monthly

surface seawater temperature (solid line) and day

le'ngth (dashed line). (), tetrasporangial primordia (see Fig. 8) ; 0, young undivided tetrasporangia (see
Fig. 9) ; €B, mature tetrasporangia (see Fig. 10) ; —, no reproductive structures; blank, no sampling.
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Figs. 7-11. Sections through Petrocelis crusts.

L
: §
% T i‘

. Non-tagged plant collected on December 13,

1979. Note that the hypothallium is incomplete; 8. P-19 plant collected on November 10, 1979, show-
ing tetrasporangial primordia; 9. P-20 plant collected on January 23, 1980, showing young undivided
tetrasporangia; 10. P-19 plant collected on December 13, 1979, showing mature tetrasporangia; 11.
P-7 plant collected on February 9, 1980, showing a tetrasporangium germinating in sitz. Scale in

Fig. 8 applies also to Figs. 9-11.

of tetrasporangia. We are uncertain whe-
ther in situ germination occurred in these
crusts. Five-month-old blades were shifted
to 15C, 16: 8 LD. None of the blades reach-
ing up to 2cm in length has produced any
reproductive structures as of May 1981.

We also cultured 11 isolates derived from
11 non-tagged Gigartina plants, whicn were
in association with Petrocelis crusts, during
the study. All the carposporelings grew
into Gigartina plants that reproduced by
Carpospores.

Petrocelis

Petrocelis plants also grow in sheltered
places in Oshoro Bay (Fig. 1). Tetras-
porangial primordia which were deeply pig-
mented, single and intercalary on perithal-
lium filaments appeared during mid-October
and early November (Figs. 6, 8). Tetras-
porangia became mature after late November

and in all the Petrocelis crusts examined the
sporangia reached maturity in December
(Figs. 6, 10). Mature cruciate tetrasporangia
measured 18-28 #m in diameter and 25-38
¢m in length (Fig. 10) and released tetra-
spores averaging 19.m (15-25¢m) in diameter.
From January to March new tetrasporangial
primordia and yvoung undivided sporangia
(Fig. 9) appeared in other sori, but the
number of mature sporangia diminished.
Only the P-17 plant in the II population (see
Fig. 1) formed a few mature sporangia in
mid-April. From January to April tetra-
sporangia germinated in situ frequently (Fig.
11). This might indicate that tetraspore
liberation came toward the end. No upright
thalli were found on the Petrocelis crusts
of which tetrasporangia germinated in situ.
From May to September no tetrasporangial
primordia were present except in the P-20
plant in the II population. This plant bore
a few tetrasporangial primordia in June and
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bore the numerous primordia in July. How-
ever, mature sporangia were not detected
from August to November (Fig. 6).

Fertile Petrocelis crusts were 4-15cm in
diameter and yellowish brown to dark red-
dish brown in color. The crusts ranged
from 300 gm to 1100 x#m in thickness in the
soral portion. They consisted of three tissue
layers: a densely cellular hypothallium of
100-380 pm in thickness, a reticulate lower
perithallium of 80-400 ym in thickness
formed by secondary pit connections between
the vertical filaments and an upper perithal-
lium of 120-500 #m in thickness composed
of loosely coherent filaments (Fig. 7).

Culture experiments with tetraspores from
individually tagged Petrocelis crusts were
started on December 14, 1979 (2 isolates
from the P-17 and P-18 plants at the II
population), December 15, 1979 (1 isolate
from the P-23 plant at the III population),
December 19, 1979 (4 isolates from the P-20,
P-24, P-25 and P-26 plants at the II popula-
tion) and February 10, 1980 (1 isolate from
the P-23 plant). The tetraspores germinated
in culture and grew into discoid thalli. After
2 months, upright thalli arose from those
discs which reached 800-900 ym in diameter
at 15C, 16: 8 LD. The upright thalli grew
into dioecious Gigartina blades which reached
reproductive maturity after 6 months (Figs.
12, 13). Mature cystocarps appeared in
female gametophytes 50 days after starting
mixed cultures of female and male plants,

Figs. 12-13. Cultured gametophytes derived
from single tetraspores of field collected Petro-
celis. 12. Male gametophyte (6 months old) from
P-18 plant, which was collected on December 13,
1979, and grown at 15 C, 16: 8 LD; 13. Female
gametophyte (6 months old) from P-26 plant,
which was collected on December 19, 1979, and
grown at 15 C, 16: 8 LD. Scale in Fig. 13 ap-
plies also to Fig. 12.

although female plants established in single
culture did not produce cystocarps. They
released viable carpospores which gave rise
to crustose thalli with anatomical characte-
ristics of the parent Petrocelis. These
crusts have reached up to 3 mm in diameter
and 300 ym in thickness at 10 C, 16: 8 LD
and 6 mm in diameter and 350 gm in thick-
ness at 15 C, 16: 8 LD as of May 1981.

Discussion

Gigartina plants in Oshoro Bay form
cystocarps and release carpospores through-
out the year as do G. stellata (STACKH.)
BATT. in New Hampshire (HEHRE and
MATHIESON 1970) and in Nova Scotia (CHEN
et al. 1974), G. papillata (C. AG.) J. AG. in
California (WEST 1972) and G. jardinii J.
AG. (=G. agardhii) in California (WEST et
al. 1978). The results of culture of these
carpospores indicate that the vast majority
of the sporelings reproduce by putative
apomixis. Sixty-five of 66 isolates derived
from 25 individual'y tagged plants and 11
non-tagged plants reproduced by apomixis
and only 1 isolate reproduced sexually.
Thus, apomictic Gigartina plants predom-
inate in Oshoro Bay. However, it is
curious that the sexual Gigartina plants are
few in number in spite of the occurrence
of its sporophytic Petrocelis crust. Although
Petrocelis crusts in Oshoro Bay are not
common, we have cultured carpospores from
Gigartina plants associated with the crusts.

WEST et al. (1978), who first attempted to
culture Gigartina carpospores and blade tips
from periodic sampling of individually tag-
ged plants, reported that most plants of
G. jardinii were consistent and predictable
in the nature of their reproduction, but one
plant produced carpospores giving rise to
both Petrocelis-like crusts and discs with
blades at the same time. Furthermore, they
reported that the blade tips formed procarpic
papillae at one time and cystocarpic papillae
were produced at another time. The results
of our carpospore cultures from periodic
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Table 1.

131

Summary of reproductive phenology of individually tagged Gigartina plants from
April 1979 to March 1980 and of their carpospore cultures.

+, carpospores released; —, carpo-

spores not released ; v, vegetative ; G, carposporelings giving rise to basal discs with Gigartine
blades; P, carposporelings growing into Petrocelis crusts; blank, no sampling.

"S.__ Month
T v VI VI VI X X Xt XI I it i
Plant no. S
G-3 + - —*
G-3A + G G -
G-6 + + + G —* v G G G
G-7 + + + - —* G G G + G
G-16 v v v - - —* P
G-16A +
G-17 v v + G —*
G-17A G
G-18 v G + + —*
G-18A G G v 4
G-19 v v + - —*
G-19A v + G
G-20 - - + - —* + G G G G G
G-15 G + + + + —*
G-14 + G - + —*
G-14A v - G G
G-23 v v + _* +
G-23A G G G G
G-13 + G - —* G G
G-13A G G G G
G-12 - - -
G-12A - G G G G G
G-21 v + G - = v
G-21A v —
G-8 G G G + —*
G-8A — -
G-11 v G + + —* G G
G-11A G G G
G-10 G + + + —*
G-10A v - G G

* Carpospore liberation may have been inhibited by a high concentration of NaOCl in seawater.

sampling of individually tagged plants
indicate that all the plants investigated
are consistent in reproductive type. How-
ever, we did not culture all the carpo-
spores liberated and moreover, we were
unable to obtain viable carpospores from

the plants collected in September 1979 be-
cause of strong surface sterilization by
NaOCl seawater solution (Table 1).

Our periodic examination of Petrocelis
crusts in Oshoro Bay indicate that the
crusts show a clear seasonal reproductive
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pattern (Fig. 6). This may correlate with
day length and seawater temperature. The
formation of tetrasporangial primordia began
during mid-October and early November,
when the day length was about 10-11 hr
and the seawater temperature was about
10-16 C. Tetrasporangia reach maturity
from late November to early February
(sometimes to April) when the day length
was about 9-10hr and the seawater tem-
perature was about 3-8 C. FUNANO (1972)
reported the occurrence of tetrasporangia
in unidentified species of Petrocelis at Mu-
roran, south coast of Hokkaido in Japan,
from December to February. In describing
Petrocelis  franciscana (=P. wmiddendorffii)
from California, GARDNER (1917) stated that
the crusts bear the tetrasporangia during
December, January and February. HEHRE
and MATHIESON (1970) reported the repro-
ductive periodicity of P. middendorffii in
New Hampshire. Its tetrasporangia are
present from October to June. In laboratory
culture experiments, P. middendorffii became
reproductive at 10-12C, 8: 16 LD (PoLAN-
SHEK and WEsT 1975) or 15C, 8: 16 LD
(PoLANSHEK and WEST 1977), and Petrocelis
crusts derived from carpospores of Gigartina
ochotensis reached repreductive maturity at
5C, 8: 16 LD (MAsupA and KuURroGI 1981).
Thus, the tetrasporogenesis of Petrocelis
may be induced by short days and relatively
low temperatures. Several Petrocelis crusts
derived from cultured Gigartina were shifted
to 10C, 8:16 LD and 5C, 8:16 LD in May
1981 for further investigation.

Three species of Petrocelis with inter-
calary solitary tetrasporangia are known:
P. cruenta ]J. AG., type species, P. midden-
dorffii (RUPR.)) KJELLM. and P. ascendens
DAWs. P. cruenta is the naturally occurring
tetrasporophyte of Gigartina stellata (WEST
et al. 1977) and P. middendorffii is that of
G. papillata (POLANSHEK and WEST 1977).
Oshoro Petrocelis crusts examined are similar
to both P. middendorffii and P. cruenta.
According to WEST et al. (1977), these two
algae may be distinguished by hypothallium

thickness. In specimens of P. middendor(fis,
overall thallus thickness ranges from 250 ym
to 1100 ym, the hypothallium constituting
less than a quarter of the total thickness of
the crust, whereas in specimens of P. cruenta
thallus thickness is 700-800 ym, the hypo-
thallium constituting approximately half of
the total crust thickness (WEST et al. 1977).
In Oshoro specimens total crust thickness is
300-1100¢m and the hypothallium constitutes
one-forth to four-tenths of the total thick-
ness of the crust. At present we are unable
to determine the specific status of Petrocelis
found in Oshoro Bay.
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MaTsuyama, K., ABE, E., and KanNEko, T. 1982. Seasonal variation of chemical components
of Laminaria religiosa at Oshoro Bay, Hokkaido. Jap. J. Phycol. 30: 134-138.

The seasonal variation in the contents of ash, total nitrogen, total carbon and calorific
values in Laminaria religiosa MivaBe from Oshoro Bay, Hokkaido were investigated.
Ash content in dry fronds was at a maximum (32-40%) in April and at a minimum (ca
20%) in September, total nitrogen was at a maximum (ca 3%) in March to April and at
a minimum (ca 0.5%) in July. Total carbon was at a maximum (34%) in October and at
a minimum (26-29%) in May. The ratio of total carbon to total nitrogen in thalli col-
lected from 0-1.2 meter depth attained a maximum (ca 25) in October and a minimum (ca
9.5) in March to April and that from 1.2-3.4 meter depth attained a maximum (45-65)
in July and a minimum (10-14) in April to May. The calorific values were at a maximum
(3.27-3.43 kcal) in September and at a minimum (2.69-2.81 kcal) in April to May.

Key Index Words: ash; calorific values; Laminaria religiosa ; Phaeophyta ; seasonal
variation. total-C; total-N.
Keiji Matsuyama, Eiji Abe and Takashi Kaneko, Hokkaido Central Fisheries

Experimental Station, 238 Hamanaka, Yoichi, Hokkaido, 046 Japan.
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Fig. 1. Map of Oshoro Bay, arrow indicates
location of sampling site.
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Fig. 2. Laminaria religiosa. Seasonal varia-
tion in total ash by means of dry and fresh
weight at each zone, showing the average values
of two years (1976-1977) ; +0.5-0 m (), 0-1.2m
(@), 1.2-2.3m(O), 2.3-3.4m(A).
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Fig. 4. Laminaria religiosa. Seasonal varia-
tion in total nitrogen and total carbon contents
of dry matter at each zone, showing the average
values of two years (1976-1677) ; +0.5-0 m (),
0-1.2m(@), 1.2-2.3m(0d), 2.3-3.4m(A).

c), BIE « Bm (1951), Kain (1971 8/ X% =
v 7 BEHOAEAREOEL L IER—EAZ R L,
7 RRAEFKEC X hERBEHOLERECKE
ENBbhh, ChicBT3BRECBRE XLV 7ok
CuapMmaN and CRAIGIE (1977) XA F FD /) A2
S7ITKIES, 9, 18mD 3 EFT% B AP
FETAEBBEFER LT cEET5 L. longicruris
DERPBEGAHNOEZEOELEREL, AHOHHE
BEZRIERT (6mkX0r9m) OEGETILI A
WALy, ZOHIXIATTERDTAA, EHF (18
m) DEFETERESEI DIz EXBLIL

Z D L RIER TR i Lk o EfEE %
ERFREBERD LI E2RBEL T\ % L HEE
L, SOREGNOMBREERILT ALEION Tk
BEAEFELRZEXBE LTS, T, #L
3h> (1980) 1%, THEEAREERUANOEREERIIEN
kY 22T TRREBER Sz R RELTE
D, ElBil e =K% (1979) XA UHMEAY 2 2 v
7T, BENOWBEERIIACSL, 6 A
DB EHRE LTS, SEDKROLERE
D7 A L0 RTR OB H HHER U TizisH i
RERBEOELLEEL LR, B bDRETELIDRL,
TR EEEA KR E D 5T, BREBOEOHAEDUE
KpDOEHEEZREI—BEEBTECE < ®W10
¢#M Total-N) ¢33 eficfE<, kg x
2L I (EUEERERLE). SERORELAIT
BRI X 2BBROBEY KEL T B0, KE

DEC L HBKRPOEBBERROEI IV LHE
Eh, $EORLEDRERT, £FKEFC X hERER
DEEFRETENEbNIcDIREKFOEREEEE
KT BEROPELEEBKELTHEEDE
EZxzbhd,
EHOOBLERKREDOEFHEILD 5 5 A LI
BLack (1948a, b, c¢), CuapmaN and CRAIGIE
(1978), Kain (1971 218), BFE « B2H (1951), #
IEAa (1980) A FAN‘c=2 v 7BHEYTO<V = —
LEBIVS 175 vEOEILE RS —FK LI, AR
Q977) IhiE, =v=r—AKIVT 157 VL
ThZhREREY, WBESETHD b, 5
RUBXAERMNIERICIL S Z LA MRS R, —5,
TAFVEEL Y= —AKIVT I +5 VEBEKR
WML EERE& TR T 5, BLack (1948 a, b, ¢)
F LU Kan (1971 2/8) 2&EHED 2 v 7Bl
RGO LR, BELLREAT TR~V =
F—ARIOFIFFTVREALL, ZOBHcT X
VEEBEBAEEY LS LERELTVB, BIF - BE
(1951) X 1 EMTHHAEDO 7 A ¥ vEERBIZOWT
4AMLBTAITEARNICERE, 4AKXKHB5A8K
EhFTEBTAEHBELTV%, ARBOKRIA
BLV04 ARERERNDENST-DIIXTAF VEEEIZ
IBERREVLEBbRS,
FEMEYEULCeREELLEFEOKEK (C/N) 11
Fig. 5 DXk dicicsd, c VY rav7OEFBIZHLK
b KTk fliogFatic b, C/N gL, 4 AU#%7

50 |

wl |
3 . §
20 "’—j/d~\s

10F

RATIO

PN

c

Fig. 5. Laminaria religiosa. Seasonal varia-
tion in total-C: total-N ratios at each zone,
showing the average values of two years (1976-
1977) ; +0.5-0 m (M), 0-1.2 m(@), 1.2-2.3m (O),
2.3-3.4m(A).



Chemical components of Laminaria 137

BETRSLHICERL, 7TAUBBRIEF—FEDME (21—
25) HRLI, —F, CRKIVAETIRT AcED
TEWEE LY 9 AcizEd L,

3. BBOFHE(L

EREEYM Y oHE (Fig. 6) 11, bXT3HiC
2.95 kcal, 4 A»55Benid T (2.69—2. 81
kcal) &7ch, DigMmLT9 Bk (3.27—3.43
kecal) &feotc, HBKRKFCLBEIDEDROAL
Motc, MANN (1972) B HhF+ 4 E=2 v 7BIGEYH
WTBB R RN LB, B B, ficowvTo
EXFEAEBRDLRALVERRT LS, L, K
KB TRBABOFMBEIIAEL, RADHEESH9A

KR of -1

CALORIFIC VALUE (kcaygdty wt.)
I
]

25k, . . N R =

Fig. 6. Laminaria religiosa. Seasonal varia-
tion in calorific values of dry matter at each
zone, showing the average values of two years
(1976-1977) ;+0.5-0 m (W), 0-1.2 m(@), 1.2-2.3m
(0O), 2.3-34m(A).

100
=
o
P
e
- .E = =
N
b 1R I | (1111111 S—
=
-t
—J
=
b R 111 1] e aaa, B
(-
“ 10 2
B
o
=
=
0

M A

Fig. 7. Laminaria religiosa. Diagram showing
the relative proportion(%) of each component at
0-1.2 m zone.

D TEEZ R LI,

bED&KY 22 v 7IZDONT, KT ESY L 2
LBESM ) OFBM L ERY, X5 2ERER
6.2 ¥ T THEREY R » T h b O EMT(Y
Fig. 7 WiR LT, ZhabdBhait Lo, 48
Mo HEARIES 2.4% SEL, TRz
REFCHDENR S HL 0B, Zhics LT, EH
WEIKERTR VI RADIEE S 9 A+
BT Ehbhots,

LIchioTER*+ Y 2 2 v 7DEEAOLEERES
DEBEEFEN ED 5 HERL OEHTL, REH
CEZERENED XS G TIREI N1 ED4ER
ERAAXDILENDS 5, 1ok v 22 v FLHD
BRECHOVTHILRFER, 2EEES IUBBELHEN,
BRACKT2@BEHEOEENZHLMC L, HAKS
M~OWBRBEYHDZ LNSBOBELRETH S
LEZ2 5,

& &

ARO M & W b KA
PERCECEBT DL L b, ARECEELEAH
fER % 5 > T & » fodbifal L - K 2 A BRISHIAH T
REE R, il K% 2 B RS K FIER
B, 3KkECHT2RELORYEAHRTE -1
e P RKERBHE DR R RCEROBL LT
%o

3 B X &

BLack, W.A.P. 1948a. Seasonal variation in
chemical constitution of some of the sublittor-
al seaweeds common to Scotland. Part I.
Laminaria cloustoni. J. Soc. Chem. Ind. 67:
165-168.

Brack, W.A.P. 1948b. Seasonal variation in
chemical constitution of some of the sublittor-
al seaweeds common to Scotland. Part II.
Laminaria digitata. ]J. Soc. Chem. Ind. 67:
169-172.

BLack, W.A.P. 1948c. Seasonal variation in
chemical constitution of some of the sublittor-
al seaweeds common to Scotland. Part III.
Laminaria saccharina and Saccorhiza bulbosa.
J. Soc. Chem. Ind. 67: 172-176.

CHapMAN, A.R.O. and ].S. Craicie 1977. Season-
al growth in Laminaria longicruris: Relations
with . dissolved inorganic nutrients and
internal reserves of nitrogen. Mar. Biol. 40:
197-205.



138 MaTsuyvyama, K., ABE, E. and KaNeko, T.

CuapPMAN, A.R.O. and J.S. Craicik 1978. Season-
al growth in Laminaria longicruris: Re-
lations with reserve carbohydrate storage and
production. Mar. Biol. 46: 209-213.

REBE « BEALSE 1951, KME+R Y 2 BARS
DEHIZE, KR AH 8: 7-13.

KaiN, J.M. 1971. Synopsis of biological data on
Laminaria hyperborea. In FAO Fish. Syn-
opsis no. 87. FAO, Rome.

Kain, J.M. 1975. The biology of Laminaria hyper-
borea VII. Reproduction of the sporophytes.

conditions near Helgoland, 347-361. In D.]J.
Crirs(ed.), Proceedings of the 4th Europian
Marine Biology Symposium. Cambridge Univ.
Press, London.

ManN, K.H. 1972. Ecological energetics of the
seaweed zone in a marine bay on the Atlan-
tic Coast of Canada. I Zonation and hiomass
of seaweeds. Mar. Biol. 12: 1-10.

FEIR—% 1977. %¥EME, 430-464. In #k #E=(R)
B L L EREY. BER HiR.

PaiNE, R.T. and R.L. Vapas. 1969. Calorific

J. mar. biol. Ass. U.K. 55: 567-582.

LArseN, B. 1978. Brown seaweeds: Analysis of
ash, fiber, iodine, and mannitol, 181-188. In
J.A. HELLEBUST and ].S. CrAIGIE (ed.), Hand-
book of phycological methods. Physiological
and biochemical methods. Cambridge Univ.
Press, London.

Luning, K. 1971. Seasonal growth of Laminaria
hyperborea under recorded underwater light

values of benthic marine algae and their
postulated relation to invertebrate food pre-
ference. Mar. Biol. 4: 79-86.

BILTEC - =AEFER 1979 B =2 v 7EERCE
F 5 EEEER DR 1 2 L, JEKFHRE 44:
67-72.

BOILTEC « =4CEEE « BEKE 1980 &= v 7
EZRERAYOER LEFTER L OBGR, dUKFHsk
45: 43-50.

w R OB N — W77V HhESEONE-E —

BECOHRBC K LT, FETHRIASBERORESD 5 \VVIIRERHE IV, L RFAREICOWTL
S5Thb, i, BEHNMEEBEINBE7 7Y »3#ME (RSA) OpENRY —HEAF LIcOTENT 5,

1) SEAGRIEF, S.C. 1967. The Seaweeds of the Tsitsikama Coastal National Park. National
Parks Board of the Republic of South Africa #f7, A5 Ik, 147 pp. FEflETc L, JETTM?

ELEAHC I AEEBRNER -V, RIGTEER-CRBZOHENEL bA, TRTOXER-LD
=7 23HE, 250377 ) -V AETHEIND, BERIRICIZA 7y — A iE2TH D, ABIIXE7 7Y
HHHMECEADCHIR IR OO H M V7 y 7125 THDH, Afithe LTRBI o iitR—#Ec
LDONTHb, BRIACBILBCRONB bDDTEHL Iel, FWI2E, B, FIHES3, AKES T
b, AKEHFNELIL>TVHDEE L, BHIIBETHINEFCHTORT B, #O0NDR - S
BEONS, 14t Gelidium amanzii OKaM THh - T, & hit Gelidium amansii LAMOUROUX HIIE L\»,
AFEORNZDER L LT MANzA, a botanist #2851 C\ 543, Zhiti& b, LamMouroux & kiuf M.
de SAINT-AMANS KRB I D TH D, MHERDOE Y OBRITHETE LEV-2FEA (1934) & X 5RO
PFEBEORKXLEFB LTI bHN, BB7 7Y pTIflic d EERDOB S ¥R XAV (Bxif L.
F. JacksonN 1976) 734 %, BEBEORIIENEL-TWBHI5Bbh5, BBRRONMBIIMNELLEH TR
HFTUBH, BHORKBECIERERIEL bR Ty, BHAOREIRTWIEWIOAULH Y, Zhitd
BIMED20%  hisd B, CORRIIHT 7 Y HEREOEBENMFEELRBFTHL  LEBRT 2004 MMt
\y, TeREEOFNEIL Botany Department, Rhodes University, GRAHMSTOWN, R.S. A.

2) SiMons, R.H. 1976. Seaweeds of Southern Africa: Guide Lines for Their Study and Identi-
fication. Fish. Bull. S. Afr. 7. 113 pp, B5.

KRB TH D5, RERSSEFHA IR TS, TXTOBIZXNRRBECE > TRIIZh TV 5, ¥4
NOMBELDHEILR TN DD TMEISHEENR D D, FBHLY —7 %V vOKEWRERT, FIAOWTHER
LTwb, zhick i, 87 7Y » TEXEE - LTERBCEFT T5 811 Gracilaria verrucosa ¢, Gelidium
ZHECESI DV, BARD 7 VEFEC LA TV5, 7 7Y 2 DREEFRLIEYRIEE L Ecklonia maxima
HIERLE LTHVTWS W5, SR EGBHTHELY, MBS HORBRTER /LD, BRIhicEoi
LA Lk Cape Agulhas O F X BERMD L L —HIDHRETTH EDHEETH B, (& DI HA OREEE
LI 5> T g DT, FEFHILZOBFHLDMESDOE—DOREBRF X KIRICRD T %, 2EDET 7V 5D
R CGERE) LR BERE) OMCBRcSREERYH->T, TORJII—EXBUTUTEAEELL
W Z LI X B EEBLTW5, fif5 Cape Agulhas & Cape of Good Hope ol ¥l ERER DR A 1%
ThH->T, KBRIIFEFCERTHH, L UT Agulhas BHIB L v EVEACHS L\ 5, BESMATIT,
BREOFROM R 2HM) RUEA F e 7—=ADFRIEDONT, BEMAXHFTHRRTVW5, Rz
B5E7 7Y 2 DBEIHOHRBS —HYETIT > T\ B, KEBREDORICITVE L BE, £I15E L4,
SR, WMERBROSEHORSIND D, TBIIS3HFLATW5, HRTLHEEOEFER VL= LT
6hbﬁﬁ&@77Uw@ﬁﬁoiﬁﬁmﬁﬁﬁkﬁ@tbmutﬁ2%@%%KE<ME%%§&§%6§

FRIFF=R



¥4 Jap. J. Phycol. 30: 139-146. June 20, 1982

HKkEFRCETS MY Aulacosira italica (EHR.) SIM. Q#MEEICDOWNT

I BL-BFREET
RRFERFEMERE (184 N HHAHAATI-1-1)

KoBavasi, H. and Nozawa, M. 1982. Fine structure of the fresh water centric diatom
Aulacosira italica (EHR.) Sim. Jap. J. Phycol. 30: 139-146.

Aulacosira italica (EHR.) SiM. is very rare in Japan. It was found only from two
localities, Ryugakubo pond and Oze-numa pond, by the present authors and the material
collected from the former was mainly examined using scanning electron microscopy.

The marked curvature of the valves leaves a large gap or pseudosulcus, however, to
which the basal thickened parts of the spines protruded from the adjacent valves fit with
each other. The separation valves with different type of spines were not found. The
valve appeared to be pseudoloculate with poroid areolae with a cribrum supported by stick-
like costae projecting from the margin of the loculus to the inside and open to the outside.
Each loculus is an oblong elliptic cylinder in shape and is expanded longitudinally towards
the surface in one third of the wall thickness.

The girdle is composed of six to nine open bands, a valvocopulae, four to seven copulae
and a pleura. These three types of bands were different in the arrangement of fine pores,
the presence or absence of ligula and their length.

Key Index Words: Aulacosira italica; Melosira italica; centric diatom; SEM fine
structure.
Hiromu Kobayasi and Michiko Nozawa, Department of Biology, Tokyo Gakugei

University, Koganei-shi, Tokyo, 184 Japan.

Aulacosira B3 1848 iz THWAITES 12X » T
Melosira crenulata % % 1 7fEL LTHRTIhid
DTHAHH, M. crenulata |3 EHRENBERG IZ & »
T1841%EI, ¥ 7= M. italica 3 [F U <{ EHRENBERG
ZXoTISBELBABINTE Y, SHTIRZN2HE
RRA—SEH LEh TWBE DT, X h g0 M
italica NIE& L7c» T\ b, Lichi» T Aulacosira
Bo x4 7Y A italica L\5Z itk b,

A1z A. ambigua (GRUN.) SiM. 23X hIEE
#C, A. italica (Er.) SiM. BIEEI Al L
2L, ke BFR (1981) »bibnd X 5 i, A
ambigua ILHFEFEMBE LV <A THEBIhTELL
5 I REBED BT Te  BfAC X - Tix HusTEDT (1930)
DT WD M. dtalica DR ELLBULIRE LB
¥, AITD M. italicea HBE L& T 5811k
W (185 1958), % H< HusteEDT (1930)
% A. ambigua *H\ T, A. italica DFE LicD
Ttk EBbh %5 2, X b & v GrRuNow (in
VAN HEURCK 1882) @ M. crenulate ¥7:1% M.
crenulate var. italica DEZHTHIPINTWBRE X

° MULLER (1906) oR%* R 5% &, A. italica D%
ANt - & D EFARRND,

EEEFEME (SEM) @ & % 8 213, MILLER
(1969) & CrawFORD (1975) iZ X » Tfrbh T\ %
2, MILLER R TW5Di A. italica Tixic <,
F0D%fE var. valida ThHH, CRAWFORD (L 3HER
LWERCOVWT SOEE YR, A. embigua
ERELTERBVIREALERNTHD Z EiElL
TWBR, BEROLTIZh TV IR,

EX O, APEOMEMSEY SEM & AT X b M
REZEZTV, BE LOBRHEOMECOVWTHET
DHMRXBL-OTHE TS, ok, HREMOAEC
ST, Ross et al. (1979) =5t » 7,

HEEFE

BuvicRkhi, FRREs# @71, 77 v 2 ¢
V) BIUBHERRER (53.5.3, KiR) © 2#sh
LRE LdoThHD, KEH FvF—F IV
SEM D7 DK O MEIZ/ K « TR (1981) ©F
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B - 7o, BELBHOBRE L HIIIBAEY
BEVCEERB LRI KTHELT Ay, SEM
XA ABT JSM-25S ¥ X8 JSM-F15 # A7,

BREER

A. italica ZAHTRHET, BrEFIVREHE
BLUSATILTET (1975) oHxicthd LEEEY R
% (pl. 1. £.10,15) OATHBH, ErEBORKIC
BEBOEGNREETRTWEDT, BEIISIEY
BEDLDITHOWTITE T,

REIC L DEBFER - BB 9-18 pm, FEIL 9-
17.5 pm <, #BEM (valve mantle) D HEFNIER
BT LTz & A EFETH, Elidb Tt d
ONEHETH b (Figs. 1-3, 5), 10 pm Ei1216-224,
SRR BT B AR 10 pm 1B 12-160H % B o
R 0ERfEIX MULLER (1906) Ditike 3 X<
—% L7, Eukitt #HWTHALLE (Fig. 4 T
i1, RREEL AT — 1T, RS (pseudosulcus)
IEL YA e, R (sulcus) (XEk < KEBRY)
MAATR 2, FORMCIBER (ring-costa) &IF
N5 EDRE LICHEIR DR, BROBEIMD
Wit EETEL (Fig. 5, ®RE> LRz OPc X 5T
RECEHE LTS (Figs. 1,3-5), 2D k5/kx41
75 EHRENBERG (1838) & X - T, Gallionella
italica & LTHHBLINLIDTHD, Lhiiy, B
HES LR WA b0 Rk (Fig. 2), 2
5 Lt &4 7% LT EHRENBERG (1841) 3 Gal-
lionella crenulata 1c 5 B4 % 5 % too BEIXAET,
FOIIIER T H 523, BRI E D < THIELS]
T5ERFIDESFRCABIhS (Fig. 6), zhboD
¥#uz, HusteDT (1930) Ofitdh (RTixis) &
L —% L, ¥#,FoceED (1974), Gasse (1980)
CROIhAZFEEREENL L COBEOLDTH 5,

SEM (C & 2E8ER : #isMA/Y (Figs. 7, 9,
11), BAENE 2 20FE « B TRIB LK ABF %
#FHbH (Fig. 9), 2O L WORKAC L > TEWIREE
CES LAVWRVBEY DL 5, BE S LOREIRRE
< BRALELAAT 5 LYEE (hals) THMEL, BED A D
2BRTODHMTHEIhS Z Lic/ b (Figs. 7, 8),

BEEIIITLRIT I 5T 0.8 um DEXF L b,
T IBE LR b mx b o & -
AHIN T2, BECIBIINRE S50, &8

ALERE TIIFERNCED, RETIHOEREY
ZIL L5 (Fig. 9),

HimixhsET (Fig. 13), A. ambigua TRHAT:
IO e EREEE (DK« BFIR 198L) xR Bieh
ot i, BIkE#& (rabiate process) I3 A.
ambigua [RHE, BEEOREMOME LI 1RO
T 1EpEl&TcR N (Figs. 13, 15), K& ik
0.5um F&T, hRWZ1AKDRAY » bEHD, L
2L, TOBREEOFREE~OHMOIIL, LoEEK
HR BN H 5T,

B, HWEM LABRBEORS (Fig. 9 &H) &%
HOBEREH L, KFI-5ADICh 1 KOEETE
W LTw5%, RoEMER and Rosowski (1980) i+ M.
roeseana RABH. DREMIC A L5 &% “Step”
LIZA TV B, A, italica DER S - ST 5
LDLBEbh5, BMIREAZE, KMt
DOFROBREOBAPMLBME 2 LFREH L
(Fig. 8), R fOM - SedmfiebiTs miciiigE LI b
BOBMETFHEHTESE LTIADR L - THREM Y E
WwWTw3  (Fig. 10), %7, BioXE{oOEEIL 5
108z ¥ OYEkL (granule) A% LT\ 5, A
granulata (DiLLw.) SiM. (FLorIN 1970), A. baika-
lensis (K. MEYER) SiM. (CRAWFORD 1979), A.
ambigua (GRUN.) SiM. (/h#k » BFiR 1981) Tit,
BB LICELROBN Y » A —RICAZRE 5 HRART
HBHH, A dtalica TiZ, BE>5 LOELAEVWTE®R
AR OBENRICRT VB LIXEBbhiy, ZDJ
FDREEIIIDIL Y ORMHEH D, B E I ROBRE
5 Logg (Fig. 8 BRM) MY 25AKH (Fig.
11), & 5 R BARDINER THAR S 5 L ATt »
T\ b, Lo LIBERFIEEZR D e S BV 0T, HRO
KBTI Z O X5 I0REEIRE 5 B AT, 3Tk
REVBRTHMT 2 b0 L Bbh b, CLEVE-
EuLer (1951) i%, Zo@EEEMOBOZY o5
HER (separation value) IXFFE LAV L LTW5
2, BADTENICE ZATHHHERIRE O Beh o
fo D HERDRINE, EIRO X 5 e X B S DI
AT VHEE L o, fFISHDOREFHESD D L
Bbhb, ok, BuihET (Fig. 9), BOoR, L
RiBa L roERcI L Rb -5 (Fig. 8),

lafudsteEic A - TR 0 3 % #4738  (pseudo-
loculus) THh %, REEE DA 2/3 13 & H BT 1A
AR RAEFE T, Z O/ X b BRRET Ee ik
MoTr—bRRER->TWB (Figs. 12, 14), Licat
- T, SEMEc R 5an (foramen) (LR D
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REOH2EHEOERY L, R 0.4 pm . £F 0.4
0.6 pum FETH oto KO ER I A#Y) > T
BADERGYH D, FORMLER (velum) 235
AHLLT 5D, ThEBNE»ORSE, F—aik
Y ER S oidgcic->T\w5 (Fig. 13), @D
Bisgi3, A. granulate wo\TdD OkuNo (1964)
DOFEAEFHEKE (TEM) © X 5H% % X FLorIN
(1970) ©» SEM s i ic R b h, F ik, A
ambigua 3 ZhCEELULICEER L > TWBZ &M
HBI LTV B (v « BFiR 1981), LaL, A. granu-
late 3} X0° A. ambigue DFh &, BWROTHE
RELALVCETRIL> T3, BfFI% < ik
DERITHCTH B, i, FEIEREROTETIC
BEELIL,

RO PNMENCIIE L fiskE: (sibling valve) 2C
EHDT, TOBWHITRROBELED, BELHET
BEHFCELA TV EHSEL 5 T OWEIVREIL,
FRRcREf LT Bbhs (Fig. 11), ER#
(cinglum) ¥ 6-9 ¥ DH &7 (band or segment)
LTETW5Y, WH ERRESRZEREOE DD,
BERHET (valvocopula), pfdlfffii (copula), HfE
85 (pleura or connecting band) @ 3 DICX4HT
&5, BRHEIMKE T (Fig. 16), &4 (suture)
AL s THI > CTROTEPEEITL LTEH D,
FDERMEBIL X L s> TR a v h, Thdi3-
THEE > TRzl s (Fig. 19), Ff, HHF OB
DFROER (Fig. 18 BRH) &LmEE 5 ME/H
LHAVERDTH b0, R HFEH L LR b /ME
(ligula) % & opAEAE T (Fig. 17), NEOHWALE
CCELHHOMBREESEEZ LTV 5, PR
HOREMOMEIERTH LG LALRULTHDH,
BAFCHRONMID L DI LE D TLEE LTEH
FMrcies v 5w Rbhie (Fig. 20), Kimo#E
EEHERE 1KLY, chiEBchds, ThT
IO EC 3B/ MR —EDOEREE 2 - TESIL
T35, ZOFEXNS=ZBORTELIOHERINALR
fz (Text-fig. 1), Ticbb, BEREEH LR
TS &BARR bR, 1pem BI5-6K5 D, &
BAERTAHNMLOBT 1pem BCHIEROR
5o FREFE TR, B OHERICERE L RITEV-E
WOMID X b SR o ERGHESR D D (Fig.
18), ZhEEC LTHNMLO BFIN R - T 5,
M TIREEIHR IR, 1pm Bi29-1045 D,
T DEEEBRT 5B 1 em BIZHI0ER SR
7o (Fig. 18 A&M), —77, EIMUTEBUNMLET

0000000000000000900000000000a00
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Text fig. 1. Diagrammatic illustration of a
girdle of Aulacosira italica. Epicinglum has eight
bands, while in hypocinglum only valvocopula
can be seen. The dimension of each component
is modified so as to see simply the distinction
between three band types. E.V=epivalve, H.V
=hypovalve, E.C=epicinglum, v.c=valvocopula,
c=copula, p=pleura.

BRI 2L, &BrMLORRSHEY, ST
IR e <, WEIOE S 1.5 pm 13 & TRUNML
IR ETIY LT 5, #HEOMS LT,
4-Ciz Melosira varians C.A. Ac. (CRAWFORD
1971), M. roeseana RaBH. (ROEMER and RosowskI
1980) I oW TEHMISHIELTThITW5h, Thb
A italica DL DRz THELICEZ S, M.
BUNLOFLE « A TMORREES « FREF OHBEX
RETIR K E LHERRRLhRD o1, T,
M. varians TI%, #EEOBNLBECSEF%
DL BHRTHERRLA S,

b X 5w, Sk (epivalve) DFEFHEIKMED
LOBENTETHHH, HNE (hypovalve) D3R
FREWTWHIEORMICE > TR IR TV 50D
T (Fig. 21), ZoRE - BRSO MMAREIBE
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T&lehots, LiL, VoN StoscH (1951) =B

bhaXoe, KOKHUTE, ZOFEKRHE S LW

HTERTEBEH R, S20Y8% L 150k0 CLEVE-EULER, A. 1951. Die Diatomeen von Sch-

DI L LT, FOABIC 75 Ly ik /5 ::d;;l 2un<il 1I:j:lannland. K. Sv. Vet. Acad.
i - . . ndl. 2: 1-163.

#Hio< 5?2“‘< o LIA ST, LM HD CrawFORD, R. M. 1971. The fine structure of the

T—EXARHTE LTUEREhEDTHh, Bisic frustule of Melosira varians C. A. AGARDH.

BLTRELLILHALEELTIVRDTH S, Br. phycol. J. 6: 175-186.
CrRAWFORD, R. M. 1975. The frustule of the ini-
tial cells of some species of the diatom genus
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Figs. 1-6. Light micrographs showing the variation in breadth and in length of the valves of
Aulacosira italica. Scale=10 ym. 1. Filament consisting of short valves which are connecting tightly
with each other, mounted in Pleurax; 2. Two loosely connectcd sibling valves with longer height
than and nearly same breadth as Fig. 1; 3. Two sibling valves of which lower one has a girdle
showing band traces; 4. Mid-focused filament mounted in Eukitt showing shallow sulci (arrows)
without prominent ring-costa; 5. Broader filament showing marked spines of the top valve; 6. Valve
face showing short marginal striae.

Figs. 7, 8. Scanning electron micrographs showing a pair of sibling valves of A. italica. 7. Two
sibling valves linked by large interlocking spines with several granules on each basal surface. Hyaline
hals and a row of linear granules on its abvalvar edge (arrow) are visible. x2000; 8. Inside view of
two sibling valves fractured along the pervalvar axis showing solid ring-costae, contact of two valve
faces (black arrow) and pseudosulcus filled with the thick basal parts of the interlocking spines
(white arrow). x2000.

Figs 9-15. Scanning electron micrographs showing fine structure of A. italica. 9. Oblique view of
valve showing interlocking spines located on the junction of the valve face and mantle. Mantle slopes
toward the face forming obtuse angle on which the rows of areolae are continuous (arrow). x3800;
10. Detail of interlocking spines whose tops expand transversely and on the basal surfaces several
granules are visible. x6500; 11. Two pairs of sibling valves, one covered by girdle and the other
without it. x2000; 12. Detail of each areola on the valve mantle with basal frame work composed of
the stick-like costae across it. Loculus graduately expands outwards, foramen is about two times
longitudinally wider than the inside diameter of the cribrum. x40000; 13. Inside view of fractured
valve mantle showing raised cribra closing loculi and one labiate process placed on a inside slope of
the ring-costa. x8000; 14. Fractured valve mantle through loculi in profile. Frame work composed
of stick-like costae appear to be attached by cribra. x16000; 15. Detail of labiate process. Lips and
longitudinal slit are visible. x 30000.

Figs. 16-21. Scanning electron micrographs showing fine structure of girdle of A. italica. 16.
Valvocopula showing the suture (s) which is clearly thinner than the rest. x3700; 17. Copula with
ligula (arrow) on advalvar edge opposite to the open end of the band. Note the fringe at the end of
the suture. x3700; 18. Detail of bands surface with fine pores. Three copulae and one pleura of the
epicinglum and one valvocopula of the hypocinglum are visible. Copula composed of the two porous
areas divided by inner poreless narrow band-shaped area. Abvalvar one has pore rows vertical to
band edge (white arrows) but advalvar one has pores scattered at random. Rows of pores on the
valvocopula are parallel to the pervalvar axis. Note a row of linear granules near the mantle edge
(black arrow). x12000; 19. Detail of fascicles forming fringe of the pars interior and a row of small
granules (black arrow) near the advalvar edge of the pars exterior of the valvocopula. x27500; 20.
Detail of trianglar fascicles forming fringe of the copula. x21700; 21. Fractured girdle showing two
layers of epicinglum (E) and hypocinglum (H) which are penetrated by small pores. Note the terminal
expanding parts of the interlocking spines (S) of a sibling valve covered by the two layers of epicin-
glum and hypocinglum. x 15800.
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Kanpa, F. 1982. 'A new form of Cladophora sauteri from Lake Toro in the Kushiro moor,
Hokkaido. Jap. J. Phycol. 30: 147-153.

Lake Toro, which lies about 20 km north-east of Kushiro, is 7m deep and covers 6.2
km?. Most plants of the alga grow on gravel or stones. Others form free floating ag-
gregations on the bottom of the lake, and their individual filaments also attach to coarse
sand grains or shells. Individual filaments are 0.2-2.0 cm long, branched densely. Many
adventitious rhizoids are alternate, sometimes opposite, composed of cylindrical or some-
times slightly clavate segments. The diameter of the cells of branches of the alga growing
on stones is (30-)40-60(-80) ym and that of free floating aggregations is (30-)50-70(-100)
pm. The ratio of length to diameter of the cells of the alga growing on stones and free
floating aggregations is (2-)4-10(-14) and (2-)6-10(-12), respectively. Branchlets are
composed of cylindrical segments. The diameter of the cells of branchlets of the alga
growing on stones is (30-)40-50(-70) pm and that of free floating aggregations is (30-)
40-60(-70) #m. The ratio of length to diameter of the alga growing on stones and free
floating aggregations is (4-)6-12(-14) and (4-)6-12(-20), respectively.

The present alga is well allied to Cladophora sauteri (Nees) KitzinG f. sauteri in
many points but it differs chiefly from the other forms of Cl. sauteri in its saxicolous habit
by adventitious rhizoids. This alga resembles Cladophora okadae Sakal et YosHIDA f.
crasse SAKAI in attaching to stones, but differs from it by the shape and dimension of the

segments.

According to the above mentioned characters, Cladophora sauteri (Nees) KuTzING f.
toroensis f. nov. is proposed as a new form based on specimens from Lake Toro in the

Kushiro moor, eastern Hokkaido.

Key Index Words: Chlorophyta; Cladophora sauteri; Cladophora in Japan; fresh
water alga; lake ball; Marimo; Kushiro moor ; Lake Toro.
Fusayuki Kanda, Biological Laboratory, Kushiro College, Hokkaido University of

Education, Kushiro, 085 Japan.

REWIZ~ ) e RRYE T 5HBX 10 MBED Y

(BRI » I 1977), FISEMIo~ ) = LA R
fEn <Y & (Cladophora sauteri (NEes) KuTziNG
1. sauteri) XETAHIHBIL 202h B, FDPT,
FIgEMO = v B 2\WTik Sakar (1952, 1964) &2 Xk
BHELVERSED D, St EERBO<)Y
EFLOWTREENUIICE LSS L (#H
1979a, b, 1980), Sakar (1964) & X hi¥, & B
25— o, JIRBFEAOHERML, BoHBE >
WTORBIL A, =Y (Cladophora sauteri
{. sauteri) DEHMEIATWD, —F, B (1934)
B OWOEY Aegagropila sauteri f. profunda

s LT=Y=x (Cl sauteri f. sauteri) Lix3B|5HE
ELTHP->THE D, b, KE- ILERCX5A
AYRKERE (1977) TH, FL VRBLLVWRH,
Cladophora sauteri f. profunde » Z hiz¥4T, *
re ) BRAFMEE S L, HREL LTH>T5,

19795 & 1980F I TEBR D b < V) T B LR
WML, WBOFELWEAEX T OTEORBREYH
&T5,

AEOBEL FEORR .
FER WAL, SR O ILHAI20 km DR



148 Kanpa, F.

b, iR 2 km? FPR18 km, f KK 7 mo,
HiPEI6. 5 km, FEdtic2. 5 km & B HIRVEIT S
5 (Fig. 1), HEBRE~oKIL, HEFO7 v+ 1]

Lake TORO rEvr Y YNENLHAL, EHROMNEINTH
& HWLTW5, o cldliosimen b, ik

05:3

River

Kushirg o

19794F 6 J1 ~19804E10 H 1wl T, JEERWIO~ ) =
i BESE D SRIA T - 7o SRIBUE SRR O B 5.0 1T 7
Sty FOHRTH NSRS & ENTELD
2%, Fig. 1 ORHTRULIHET, ARREOLED
7o DL 19804E10A30HIC C Z THIRE hic b DT
Bhe L, WFEOERVWIITREEFT, X

l BIFEFI KD TH %,

HOKKAIDO

lis Torgeys

Fig. 1. Maps showing the locality of Lake
Toro and the collection site(arrow).

A

T I T
pELER b g e

€

Fig. 2. A. Cladophora sauteri f. toroensis growing on a stone collected from the bottom
of Lake Toro; B—C. Lower portion of filaments (scale, 200 #m); D. Middle portion of a
filament, showing branching manner (scale, 200 #m) ; E. Cylindrical cells (scale, 100 zm) ; F.
Middle and upper portions of a filament (scale, 500 #m) ; G. Upper portion of a filament (scale
500 pm).
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e =

W

f{o~

3

Fig. 3. A. Free floating aggregation of filaments of Cladophora scuteri f. toroensis from
Lake Toro; B—C. Attaching manner of filaments to gravel or a shell; D—G. Filaments
attaching to gravel (arrows indicate rhizoids; scale, 500 #m); H—I. Branching manner of
filaments (scale, 500 zm).
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FEWHITIR0.7X0.7mm OB A » ¥ 2 D e
BT Lot OREVCHITIE T AHE~ b+ EMD
LR OREFEE BT 2%

KEEOBE

BRIhi<) eHFEIACAHEL TV S b0k
(Fig. 2), SRRG1LELTEELTVS L0 (Fig.
3) LBt

Fig. 2A W R L IS CARMAEFE LTS~y =
B AREDOREH0.2—2.0cm T, FELTVW5A
DAZIIFEW3I—10cm THDH, 1—2cm D/NXix
FARIIFEEME LT ish ole, fIEHRML X R
LR bicoTode, FHELTWA~ Y T
2 Fig. AR LItk 5T, 0.2—1.0cm DEXD4%
RGP BES LT, IHILZDESGYERK
FETHETHLER 0.2—2mm OAPDR X = oD
AR T L £ LT\ i (Figs. 3B—G), LT
WHLDRAZLACHBZLT2H0 X0 H{ERD
RENED LL, KOWAWARLEESD LRI
T\ i (Figs. 3D—G),

SREVCTFhbL =Sl cECES PR LT3
(Figs. 2F—I), 280 LHRELED 5 \VIIRET,
EMTRERCHEDOHE S H B (Fig. 2C), KK
INEE 1—9 MIfRTH b, IMEDI B DR O Ml
Bix2—7Thot, HETHEOTAER, A
fFE LB doTigiAaTc (Figs. 2D, F-G), #
BCREACGEVCEALH B, TEHELTWB LOE
WAt TAM VT WS Rwie, e XenkTa
Ed—#Thev (Figs, 3D, H-I),

SHRREEBR LTV 5 Al AR IR T h
» (Fig. 2E), Eiil MR TIeeBERE LT
WB Db H ot (Figs. 2B—C), BERD/INEO Ml
DRI Figs. ACD R Lic X5 i g~ v i i
D, BICAEOEBETITA0—50 pum D L DA%, i
L 44 MR D313 46.0 pm THh -1 (Fig. 4C),
FEE LTV AETI40—60 pm D DAL, HAL
746K D FE11349. 9 pm TH - 1= (Fig. 4D), B3k
DMEDRIRRDO R X1k, BRMAEDOET 1T 300—500
pm DHDHEL, Fit 404.9 pm TH -t (Fig.
5C), HHE LTV BT TIZ400—500 pm D DHI% <L,
P51 440. 1 pm TH -7 (Fig. 5D), Fig. 6 1o

average
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Fig. 4. Distribution in diameter of filaments of the alga from Lake Toro:

A. Cells of

branches of the alga growing on stones ; B. Cells of branches of the free floating alga; C. Cells.
of branchlets of the alga growing on stones; D. Cells of branchlets of the free floating alga.
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Fig. 5. Distribution in length of cells: A. Cells of branches of the alga growing on stones ;
B. Cells of branches of the free floating alga; C. Cells of branchlets of the alga growing on
stones; D. Cells of branchlets of the free floating alga.
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Fig. 6. Distribution in the ratio of length to diameter of cells: A. Cells of branches of the
alga growing on stones; B. Cells of branches of the free floating alga; C. Cells of branchlets
of the alga growing on stones; D. Cells of branchlets of the free floating alga.
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LicX o, BROPMEDOLhZThOMEADORI LE
LOHRBAEABEDLDOTE—1204b 003 %<, T
11.8.7CTh-1- (Fig. 6C), FFELTWLETH 6—
120 b DREL, T 1 TH 1

BRROPMERBRL BoMlaoRis, ARfELTY
5Tt Fig. 4A WRLI XS5 HE LTE Y,
40—60 pm D H DA%, 57 MlADFH X 50. 4 pm
T, BEROPEOEL YRRk Er ol FELT
BEETIL50—70 pm D DA%, 58 MBOFHT
58.4 pm T, BRED/PEOMHEL VA Er-Ic (Fig.
4B), ZhboofoMfanR 3L, ARMEOETIL
Fig. 5A RLIcX 5 ez L Tk b, 200—500
pm DLOAEL, FHT3I80.7 um Thotc, Filf
LTV BT 300—600 pm D 3D 3% <, FHT
440.0 pm Th -7 (Fig. 5B), HofilanE I LEF
L DMk Figs. BA—B D Xk 5725 —viinh, ¥
BARCMHEOEDS, BELTVWHLOFEULT, 7.7
Thotie EFLHERONMICHN, Thbik /ML
DEIRFEHTL0MD 1.4/M&L, BROPEDH
I IRV EEL D T,

LERDO XS ERBO <~ Y R, SRRBEERK
THHROBRLREE, B LRBL DA EHTEY,
v brill, EHREBO < V=E (Cl sauteri f.
sauteri) LB SLFHIHZ LRIV, L L, BEX
hiceTo®EDR, EECPIIRAELEDT, ALHER
TRHELTVS, ZHIEZhETREREIATWB
EHo <Y =R b AR L, EEHLUENC
FELLC L P rHCEERBO~Y) T THHER
hish ol EThHb, The, ERHOLBIESFE
Th (fE RKEBEK), ERIhdboWTFhik
ERACHEFE LT B0, BFHEETHEECNILAL
HBELTBHDTHote, SDXSIHFEHEMLD, ¥
BWEOEXFHEL L, AL LTI ARRKER
ETHERIhTWA ey sX¥HVBT L E LI,

Cladophora sauteri (Nees) KiuTzing f. toro-
ensis Kanpa, f. nov.

Frondibus ca. 0.2-2 cm altis, caespitosis in saxis
vel formatis pilis natantibus ; rhizoideis adventibus
numerosis affixis in saxis glareisve; segmentis
ramurorum cylindricis, raro leviter clavatis, (30—)
40—70(—100) pm in diam., (2—)4—10(—14)-plo
diametro longioribus; segmentis ramulorum et
ramulorum ultimum cylindricis, (30 —)40-60(—70)
(4-)6-12(—20)-plo

pm in diam.,, diametro

longioribus.

Jap. name: Toro-marimo
Type loc.: Lake Toro, Hokkaido (October 30,
1980, F. KanDA)

% 2

#E (1934) (% BranD (1902, 1906) X HEERING
(1921) LOKBCTREN, BKBBED < V) HREY
Cladophora Bph>bihir & Aegagropila BL L,
FORIOPTHEBMO ~ ) % Aegagropila
sauteri f. profunda (BrRanND) HEERING & LTH
EHO< ) LEAREE Lic, TORML, FHEKE
DR AR LITIERBO b D & MEE LI,
TR AIBIR O £ [/ C AR R T R TRK IR A
FBETHEVILDTH b, % f, BARKERE
(1977) Th, HEOHAL T heT o Ll
LR BIGE L LTH\ Cladophora sauteri f.
profunda (BrRanDp) HEERING & LT\ 5%, L»L
ML BRBRIBERC L 52 L 5 MIHREERI
IBZENCONDRETRBEI R Tk Y, BHF
(1952) ®EAKEH (1976) XPFIE#MO~Y £ OLEY
FLLAN <~V E0ZEROLIDLEE R — FIROER
WEMTFRERBEN L b DTl L BT W5
WALFETHI LR, MEMCEETZ2 <Y ETIX
2 BRCIRRE~THAGRROERR LW L%
WE LT3, SHIIUE BRI (1961) iR «
B (1973) XERAVIC~ Y EARBERL T L%
AL, BRPEFRCCIERCBIED M/ & DR
KERMKEVWZEEZR LI, 2hboZ &b
o~y e, BRBERC bW Ex b -T
AMBEE L, FERELLT L. profunde #HTHC
LRFZYTREWEELBRD,

VERR WO M iR CHIBRIEPIC, ~ I+ =il
LEHRRBRHD, WTho#HBredb=y=e (CL
sauteri f. sauteri) HEETET S (FiE 19792, 1980),
ChBOWBO <Y £ HRREEFAPIC 1 mmiiko
BTN ERREEEATWDZERHBN, WThi
RIS LA TE, FERTHE L TRV,
e, Bem ORAFELTVB LD L Db o T
o T, AREBTHETS &5 HEITHER
HMoOBERFOMETHD LEX OIS, ZDOARE
LTMEHDOBECIAFEOARD 5, Tichb,
BR3H « A (1960) 1 L hiE, FIZEMcit Cl. sauteri
f. sauteri DMCRIBIC XA AICTER DO~ Y 2HE
NEEL, fMROMEDL ~ Y oAk Tciril,



A new form of Cladophora sauteri 153

BERY LC\w2nicjlfED Cl. minima f. crassa
SAKAI & LTHEIhTW5 (Sakal 1964), = h
BOZ Ens, ERHO~Y) =HEEY <Y € (Clado-
phora sauteri f. sauteri) %, Cl. sauteri f. pro-
funda L3BIREE L, Hici@iE . toroensis %
BTz wER L,

3 A x ®

Branp, F. 1902. Die Cladophora-Aegagropilen
des Siisswassers. Hedwigia 41: 34-71.

Branp, F. 1906. Uber Cladophora crispata und
die Sektion Aegagropila. Hedwigia 45: 241-
259.

HeeriNg, W. 1921. Die Siisswasserflora Deutsch-
lands, Osterreiches und der Schweiz. Heft 7.
Chlorophyceae 1V, p.57. Jena.

FEHRELSE o \LREIER 1977, HARKERE., HHE
EREHT TR

WHET 1979a. >S4t rlo= V) EIZDWT,

- U =

B 27: 39-44.

WEBRBT 1979b, >S4t eiickiT 5 <) EDH
. BE 27: 149-152.

WHEBET 1980. EHRBICKITB~< ) EDHMHEF
BB, TR 28: 123-127.

EFEFIB) 1934 BAE~ Y =OP%E, T LTHEHE
HEMCgET, HKEE 2: 217-228.

BARRW « ILEKIE « FEBE 1976, < ) DL,
Wk EEBE, BRFHER, BARKRLSHME
B0 <Y =04 QIR L BREE: 1-21. fRHE].

FIREF « FIESF 1973 &EO ATERL, &8 21:
53-56.

PRHAEERE 1952. <V =DM, EHiEHE ~V =<
FEME : 57-66. ~V =EHMEAES,

Sakail, Y. 1964. The species of Cladophora from
Japan and its vicinity. Sci. Pap. Inst. Algol.
Res., Fac. Sci., Hokkaido Univ. 5: 1-104.

PRABRERE « EAEA 1960. NACEETH<Y
BHEWOMESRTE. BHE 8: 117-123.

IWAES « [RFABEERE 1961, ~ Y T OERPEMBRK
B 5 —ER, FHE 9: 73-75.

JtmERE A RERANY 060 FLIRFPREIE47E6 BHEREEA

PTSEBEIRABER S 085-04 L EFT 2EfT S RENT T SEilmE
BREFRARKASE 160 RRAEHEREE 1-29-8 MEEAAREEC LA
BB T EGR R L AEEAR A ABRET 100 HAUETRERX AP 1-6-1

KFHT €L

SEHSRARGXEDAEGESGS 108 EREEXEEH 2-16-5
K. K. BERBHEMER - R B $ 173 HRSsE K LEET 32-17
HRL&H REEME 113 HRSXREAS5-25-18

BR &Y 7 0 b A-BIEAT 189 FREE IR AR 1769
INAHEEDIRAT 143 FRE AR K AR 5-2-12

L RIS 150 BRI EE 1-21-9
BAEHRER & FREBIER 214 )i S EEX 4 M 8580-61
AKETE 410-21 #6 5 H J7ERIE LLIETPE B HT 227-1
LHEBEEEHEEEEERE € v & — 440 BETHEHET 69-6
TBEEGRSE  742-15 1IN RABEEH A ERT T 962-1
HR&H vrosfEs 260 TEMHA 1-12-9-103




154 & Jap. J. Phycol. 30: 154. June 20, 1982

FF B eEORE: gmEE/ —+ 6). Pyre-
mimonas aff. amylifera CoNnraD (7 >/ #) Isao
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Oumori, T. and HasHIDA, J. 1982. An analysis of tetraspore development in Dictyopteris
divaricata VII. Effects of colchicine on tetraspore development. Jap. J. Phycol. 30: 155-
158.

Tetraspores of Dictyopteris divaricata were cultured in seawater solutions of colchi-
cine at various concentrations. In solution at a concentration higher than 0.2%, most of
the spores (more than 80.7%) died. At concentration of 0.05%, germination rate was
markedly lower. At concentration of 0.001-0.05%, spores formed thick and giant rhizoids.
Diameter of the giant rhizoids was about 1.7 times as large as that of the normal. Thick-
ness of the giant rhizoid was almost constant at any concentration of colchicine of
0.001-0.05%. Colchicine at 0.005% completely inhibited formation of the segmentation
wall of germlings.

When cultured under continuous unilateral illumination with colchicine, more than
80% of the spores developed rhizoid away from the light source. Therefore, it is presumed
that colchicine is effectless for photopolarization.

Key Index Words: colchicine ; Dictyopteris divaricata; giant rhizoid ; morphogen-
esis; Phaeophyta; photopolarization ; tetraspore development
Takeo Ohmori and Junko Hashida, Sanyo Gakuen Junior College, Hirai, Okayama,

703 Japan.

wWEeHTs are sV OHRLBERCBETS
Fucus (ABE 1969, QUATRANO 1973, BRAWLEY
and QUATRANO 1979) = Pelvetia (& 1978) O
Z¥EON 35 L O BEEC BT 5 Acetabularia (WERZ
1969) oW THFARNLA TV %,

ABE (1969) ¥ Fucus evanescens D%¥508% 50
ppm D 2 Ak F VEEKERTHEERETS L FROE
BH LR BNEREDERIZDRR T L2l
LTw5%, QuaTRANO (1973) 3 Fucus distichus
DEREIE 1mg/ml OEEDOa L e s/ THEELL
BR, EEMRCEhEE UL, —HBshc X2
FROEN ¥ fxBHEIOEEIL 2 Ve F VIIHE
Litwz EXBLAC LTV 5B, EHIEH (1978)
13 Pelvetia wrightii OSFEI%Y 21 e F v THEE
T 5 L EROH{titEh 55 photopolarization ik
BBy R LF RNV LR #E LT\W5, Acetabu-
laria Ti3 areF ViR X h cap ORI B FAE
Xha o Enabhtws (WErz 1969),

AP TIt = /v -~ X Dictyopteris divaricata 0

alaFE 2 e F VBKBRTERELILLIAEX
RREE IO TEOBREFET 5,

HHEAFE

AgeTiE, 198146 A 1 Hk XU 6 A30B R
BEFHE)I T EE Shic = Vv~ X (Dic-
tyopteris divaricata) DMELHITFH FAVTERET
Teote, HER B —REFICKEL, T A8
WX LicAT v v — vic@ LTS RRT 2B
g, SEHELUARKE SR ESETFLELLT
#3, EB AV, 0.001, 0.005, 0.01, 0.05, 0.1,
0.2 5L0°0.5% DareF v Sk EREZED,
R TlRFYESE LL, RiZareFynboEE
2HNDB 1%, &EF 0.001,0.005,0.01 35 X T0.05%
D areFy RAUEAKBRTEEL, KEEREAKE
3,17.5,25 % L O 67RE 2 W E il L BRI BRI
B RCEEAKCE b2 X TRBRL T, B EDOERT
NI ERET ERERER 17.5£0.5°C TH-T,
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Figs. 1-6.
1. 45 hr in seawater.

Yo B R o E (photopolarization) (== 4k 5
VINED LS Y 52 DM ARDICHIT,
0.005 5 X0 0.01% O =it F v GicfiKERHh
€ “7"‘1’% LicsfaFic ea—Jim bIRgt L, £5385 H

AR D T ) A U Lic, ek 15W o
&h)’ﬁﬂ Z VT 1000 lux oA bzt BT
NNy o=V (8 6em) %{liH L, FEEL %
vy —1ic Tml 'J:OA%LB;%Lf;O

& R
RIBERICELETOALEF L DEE: 215V
WKBK P T= Vv~ XD T2 355% Lo E,

0.01% DispETI382.3% DT LXKy, 0.1%
Tk 66.4% DT EER -7, #50.2~0.5% T
13 80.7% LAEDITFHIER LTz,

B 3 0k, OB T 45.8% DRaTH R
L7zhs, B8 0.01% O =24 b F VKR Tl RER
35.6%, E 0.05~0.2%
BENEL D 1T Lt Do TRFERIIEL Kot
FiA% 5 HEE T, BRI Tlh62.4% D 1ri 33

2. 45hr in 0.005%
3. 45hr in 0.01% colchicine.
5, 6. 72 hr in 0.01% colchicine.

TILFREHR 11.4~4.7% &,

® gl

Stages in the development of tetraspores in Dictyopleris divaricata.

colchicine.
4. 72 hr in seawater.

L7c25,0.01% @ 2 v e F VIEIRFP Tl F3116.4%
B L7l ¥, 0.05% LI EoRE TR R0
A bR T ThDBRORROMELBESI ek -
b

0.001~0.05% Oyl THEFR Licdici, A4 Uk
FREFEHEDO S DIHERTELL AL Lo TW5HDH
Bzzshie (Figs. 1~6), @K H TliooLs
feEAGBRIES. 3% Lind biish -7z, 0.001, 0.005
FIV0.01% & 2 r e s v ORENEL it Lich
5T, ELRIROIEHR$18.2,32.3 3% L0U°55.7% &
&< fe ot (Table 1),

EROKEERWE Lick o A, EHERIE33£5
pm DRETHHDICH L, 0.01% D =2 L ke F ViffK
VTG Lic 85 & © EAEOK Sk 56+7pm
CEHOM LTI o T, 2L eF VORE
0.005 &= LT 0.001% OEHE S, 4 U BERE ’rﬂ‘D
KE30.01% D4 L 12IEF UTHh -1 (Table 2),
ELR R 24 U ;vk:»z?zﬂu %, RO
A R X e,

photopolarization (T3 L(FTEE: 0.005 5 LO°
0.01% =V e 7 Vi K ey a2 8% L, ch
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Table 1. Formation of giant rhizoids in tetra-
spore germlings cultured with colchicine for 5
days.

Colchicine
Sea concentration (%)

water 001 0.005 0.01 0.05

Number of 120 126 102 106 10
germlings

Giant rhizoid (%)

8.3 18.2 32.3 55.7 50.0

Table 2. Average diameter of giant rhizoids
in culture with colchicine for 3 days.

Colchicine
Srelzn\:aallter __concentration (%)
(rhizoids 0.001 0.005 0.01
Number 30 19 30 30
Diameter (gm) 33+£5% 54+7 557 56+7

* Standard deviation

Table 3. Inhibition of segmentation wall for-
mation in tetraspore germlings cultured with
-colchicine for 5 days.

Colchicine
Sea concentration (%)

water o1 0.005 0.0l

‘Number of germlings 118 127 118 108

Germling with
segmentation wall(%) 61.0 50.4 0.0 0.0

T—JFh b BEERITT 1000 lux O¥x #EERE L
foo BERSHBICHBELLLEZ A, BBIEKTIINY
DRFAFEFRMC AR A LTy, 0.005 % &
U0.01% = L e F VKB FPTIE, ThEh80ks &
U82% PDRFAREEMAR L ME LTEH, =2

v # ViRBF oK X B RiR B D E Rz (photopolar-
ization) EEA R LIF LT Z Eddibhote,

NEBERICH LETALEFoOHE: K 4A
BoBETIR, ®REYHRT S L LiclaFMlan
5%+ % L5 apolar efEIHé, KT TIX
5.6%,0.001% D 2 L & F v fKIEKF TI5. 2% HFE

L7z, 0.005% L EDBETIRE FELichs1,
T HIEHE 6 AREBR Y & U RFHh0 5 b, 61
KHTI161.0%,0.001% D 2 L e F v K EBER P Tk
50.4% D b DAHEEEA TSR LicAd, 0.005% LA ED
BE T EERT MR E hich » 1 (Table 3),
0.005% LAEDEED =L e vidELCRTARD
SEIRAE LTV,

JLEF U HBRBENSEEBKICBLILIBGEDOR
£ORE: 0.01% =21 e F VKIEKRT3,17.5,25 %
TUCTRR E h Fhigsk Lictkhic, T2 @K
3 L LCEERY T, 3,17.5, 3 XU 25T
BEAKIC S & LTEREYTR -0, RO»HHE
BEEAKTER LD LRABREDORFER R LI, 67
BRSBTS b & Lo DIRRRFERIZEL, #H
iz e s VEROBAICE %R L (Table 4),
2 eF B ATES EEREIBEE LSS, 20
BE L eF VAHEOBELAE G EEXFEBOEEK
RILEL e otce ThE I A F VEFKERY LA
Kz & LicEs, BhTRFLTELLODORR
DEERBAHETIHTHA 5 EBbhb, 0.01
%L e F vEBKERP TS LIS oEEELLe
SR I AS, 3,17.5% X OS50 41 JEEHE K
Th E LTEEAITINS &, 57.4~67.1% D b DTSy
HENTER I N T, BB TEELICLD
LRBEDHEBEMMER AR LI, - DBE, FHIEE
DABH NI EBROMEF R LTEATH HIEFR
RHDER L TH ot EXEBREECILEDTD,

Table 4. Recovery induced by transferring the germlings to sea water after
culture with 0.01% colchicine. Germlings were counted after culture for 140 hr.

Germination rate Giant rhizoid Segmentation wall
(%) (%) (%)
Sea water (SW) 62.4 8.3 62.2
3 hr Colchicine — SW 75.2 14.3 57.4
17.5 hr Colchicine — SW 70.9 16.2 62.2
25 hr Colchicine — SW 59.8 20.8 67.1
67 hr Colchicine — SW 44.4 28.2 38.2
Colchicine 42.0 55.7 0.0
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HEBEZEFE TR S 1,

ThHDZ ENnDaneF v BN EEEBAK 25K
MR ORIZIE, 2t eF VIT X 3RTFRECHEIEE
HROMETIHEITH S = Ldlbh i,

Z %®

=Y~ ADESIATF % 2 v e F VK IER THE%
ThHE, BEO2% U ETIX80% A EDRTFHIER L
7o 0.05% LI EDRETII, RBEEBIMREhSDN
SEBRITH I NI o, SHRZDHORBOM
ELBEIhishot, ¥, 24 e F v aEIR
photopolarization 1Z@&Ea 5 2 ez LA LM
ot thbDiERIY Fucus (ABE 1969, QUAT-
RANO 1973) %5 X 0% Pelvetia (%45 1978) D3ZHs0R
TORFBRE—-FK LT3,

BfEos FolaFhare s v SR cEETS
L, FREH LU a e s vOZELWEBEIELR
RVh, FAGOMRSBRBCEEIER L TR LTHA
RieEE Lisvz &% Nakazawa (1968) 1334 L
Tbd, =V Y ~X OMESIETFTIE, 0.001~0.05%
DRED 2 1 e F Vi KBER TEXRR OB HE
Shic, BEAFBRYE U, FOKIizares
VOBRECEGREL —BTH -, EXFEROBK
RIBEHLFEL BB EEL It 21 eFVidTF
2= TV VEHThB 2 VA7 BLEBERMCEST S
WEDDHB, cDE, IAeFUEFL—T ) UMRE
fLEie> THBRIh TV ABME ORI EE Yk X
FL, ZOBREARERMELCEELORD, 20
b F VIR XY SEBEOHBAAME S hs 0, BUMNE
2ol HHE RO EIND e THS 5,

R (1969) X Fucus DZHEI% Kl @HKBRTHEE
THLERERVIEBRENBC EEHE LTS, =
V¥~ XomEyaTF cik KCI % X0 KBr #XBHK
X ) EXREBIURERSD - L 2KE « K Q977)
NEELTWS, ZhbDOHEDOEAFERE, 4E =
Ve F VBRI Y o T LIBEXEROTBED 2 # =
ALANRR UL THHENE I PISEORFC i h
i bigu,

51 B X &k

ABE, M. 1969. Rhizoid differentiation under low
temperature condition in Fucus eggs. Bot.
Mag. Tokyo 82: 53-55.

R SF 1978. =V 1 ¥ & OBHRERICOWT,
A A E R A3 ST RELHF p. T4
BrawLEY, S.H. and QuaTrAaNO, R.S. 1979. Ef-
fects of microtubule inhibitors on pronuclear
migration and embryogenesis in Fucus disti-
chus (Phaeophyta). J. Phycol. 15: 266-272.

Nakazawa, S. 1968. Growth patterns of fern
gametophytes with colchicine and sulfhydril
groups. Bot. Mag. Tokyo 81: 575-581.

thiR{E4 1969. Fucales / — b (5). ¥ 17: 122-
125.

KEBEH « RRERF 1977. =V v~ X omHaF
R0l KCl, KBr i X % K18 O 4k ..
L ERER T e 8: 47-50.

QUATRANO, R.S. 1973. Separation of processes.
associated with differentiation of two-celled
Fucus embryos. Develop. Biol. 30: 209-213.

WERz, G. 1969. Wirkungen von Colchicin auf die:
Morphogenese von Acetabularia. Protoplasma.
67: 67-78.
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#l5 F:F. DROUET QEERIHSEAOHEE Isamu UMEZAKI : Comments
on F. DROUET’s classification of the blue-green algae

EERIMEELRA U EREDTH - T, 2tk
FRIELHHL, FDREALEDBRERAEFT LTV 5,
ZOGHIIBD THETH B, BERCI->TL04t
BHEO—IEIEHD LvbhTwb, MBI
LERBMVES LTV, TOARHEL I L
HEALEMEHEC X 50BN LTV 5, &AM,
EREIEERES TRV OT, RV EOERY
ZHBRET, RRECEAS 3B EELRE AT
HEROPWRELBETHI L I - THENIThhTE
Tco XD, HHERH (B-8) 1ERCHEMLT
itz B,

% Z T, DROUET and DaiLy ¢ DROUET 7'30%
HicE -ttt ROBEROKIEZROKE L, £t
ROBEERS IVHERSE, SOLEEREE»LEL
LhEARBOEADREY L, HBI034EE
BAOBHEY L, ¥l sSRsEE (b0
FRIEXRML, ERIEBHE LT 2T-T2E
BHOSBOBRI T -1 IBERE L), Ik,
ANEREE B DR (1956) 1WEIL-T, TOEH(1952)
HREL, 1B57FECIEOMBETELYH L, 7,
=2 VERORIL (1968) & »LARTIc = vt 2 D4
BRI OWTHEEL (1962, 1663), FDHOEH A
BOBOERNILE LY Ld L,

DROUET i3, BEEERBAEI TEXTCELIIRS
BosEE (B8 »EETIOTIRL T, Eid
BRI X > TEA/4EFR (ecophenes) # Lt
DEEZI, LT, BEFTRRIN LML,
BORDIRONIEOEFTRHTH-T, TORKZE
LT#H o7z, BlziE, GomonT (1892) AT &
L7z Microcoleus vaginatus, Hydrocoleum homoeo-
tricum, Lyngbya aerugineo-caerulea, Phormi-
dium autumnale, Oscillatoria amoena, %5 XU*
Phormidium incrustatum, P. toficola, P. umbrica-
tum I\ Fh { DROUET @ Microcoleus vaginatus
(VaucH.) GoMONT D+EE4FR, K Ficii—
KREAFHS IOCAREFHTH-T, TORAMEE
Lic, Thif, ZEIEFTREC L > THAHO LY =
—ADFE, MOKE BOBR To@rEbs
W5, i, $ETCR=VERK IR VY. 2RO
FRRGOBIE EE L BRI DI, BOFELED
REZ L > THERIhC Y Shish-chT58, A

F I3 <ROMKIT LY 2 — ADEELHE TS E
BE-TETHHDOT, ANRTFIRIZEDHIELE
zle COX5KBENL, FHESG (MR TR
M, HEEMEB TR Y = — & L XD AL OoR
BHEhR T80y, EREOXSENE
EE 2T Bl JRERD s e A2y, 7 AFOR
DB EWEOF, WO LEImEE zosEFiOR
Kx, EEO Anacystis OO HFII MR OBE
lRoFE KOEOHBOFE MROEREEOX
FIHERLoTWB, ¥, HHsH=2vER=2LE
BOBOSEHEL L ) 2 — ADMEOHBIR, +Y =
— AWM O, MBRORI(EREEILDH),
Bl OEE, KOEDOHROEESTH S,

L, ARV ESEILTLIMEBOWL D
TV, Bz, 7 md =, 7 RFD Anacystis,
h==v7 3 vED Entophysalis, 83XV v/ Y a
=fo Calothrix ODEB T I\VTH L HBEREBRK
EOFELXEDHT 50, BKEDLDEV-THIZA
RTEWDEALSIh, —F, vy axBo Scyto-
nema hofmannii (Hofmannii ¢ L. T) $IXVP¥=v=E
Bl Schizothrix calcicola |3 FR DI LA LD
BRCAEFTTAECIBVEIGEEZ oL LT3,
¥fz, = VERD Schizothrix (L +V 2 —rDBER
» 3.5pum FTDOID% S. calcicola iz, 4—65 pm
DHDO% S. mexicana £ LT\5%, BIED LY 2 —
ADEEOERIINIVE, BETRIKEVWERLYR
BHTW 5B,

FRN OB THEDE, FEHESG (NREETIRE
Wk, EMEGEHTIRNY = — A lZoMia), Mk
LU MY 2 — Ak B DEHEY (GESHGE TG
DRFHIZSWT, BEDHEXSEC LTHEREL
LTOEANE 2 2 BRT WD, KT, BAOK
Gk L REE, SEE GE¥EM REoEFIOMHH
E) BOoWTER LT 5, Bk IVBRIZERLER
DHER S TOEERE, TOFRRAIHNEIL, BREY
REERIFFIELTH D, FUL B EERmE L
ZTOHEEEEER, HOTRERERECRELENRET LR
T35, HREEANRETERL - ILEFEAIL, TOE
RE 21 7L LTHRY, ZhREFERIFCRET
BB B L HSBOWF LIcEALXEHNCEE LT
boo-FEH Bl B B ofntkoR® (77 ViE
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LHEEDOHRE) RXLTHY, TD/ -+ bbb, HE
INICEERR, ZoMOTTR L o &4 OREST

(B3RS LOBEARA D) a5 (1956, p. 9 A&

L) TLHIhTW5,

NERAE B DFRST (1956) [TIXFEEA O BEERIFL K
®HRTW5H, HEEEE ORI (1968, 1973, 1978,
1981) CRRBEAD R 7 » FEHERLPHERLEh TR
& LThD, £#icid Nomina excludenda DIF
BRI Hh, TORCRERINOEL 04l (fto
BE, Ml BE 1th B HEEIhTWB0
T, BRIERDLEDRD D, FRILDERCIIES DD
50T, AELSETOLERLOBFRELMDDIE
FITH B, BRI (1981) X LPEDOEHI %L
DR—IHIVTENTHD, BUA, #, B &0
RRE, ThEhRORERLD D, FTh, BILict
DB LOTEAhORE 2 bhTwb, ZDE
ik, Zo—HEORNEEMETIOLD, Ay
FRALEAT Oy Sv, COBEHICLD L, BER
# (Myxophyceae) (% 2 B [Chroococcales (/J\Ekfk
H), Hormogonales (HgH{AH)] /I h, /Ek
f£Bi1x Chroococcaceae [Coccochioris (4 1),
Anacystis (7), Johannesbaptistia (1), Agmenel-
lum (2), Microchlocis (1), Gomphosphaeria (3)],
Chamaesiphonaceae [Entophysalis (5)] & Cla-
sidiaceae [Clastidium (1), Stichosiphon (1)] iz,
g4tk B L Oscillatoriaceae [Spirulina (1), Schi-
zothrix (7), Porphyrosiphon (5), Oscillatoria
(6), Arthrospira (2), Microcoleus (3)], Nos-
tocaceae [Scytonema (1), Loefgrenia (1) (1973
it Raphidiopsis & LT), Calothrix (2),
Nostoc (2), Anabaina(2)] % XU' Stigonemata-
Brachytrichia (1),
Mastigocoleus (1), Nostochopsis (1)] whHEX
hTwb, ZOfT, Anabaena (7+~x+gE) M
Ancbaine ) 7ch, Brachytrichia quoyi (714 3 ¥
V) H B. Quojii (BAX/IIFIC LickHi k) &
FEIhTW 5, #EAE4%D Hormogonales (%
Nostocales [ Nostoc GEOFFR. (ex LINNAEUS 1753)]
ELRTR IV, Eh, §F CKREL E hCHS
(Rivulariaceae, Scytonemataceae) ¥ L B4
(Lyngbyd, Mastigocladus, Microcystis, Phormi-

ceae [Stigonema (2),

dium, Plectonema, Rivularia, Trichodesmium)
WL TR LTV D,
Z O—@EOFH L BOoRNET and FLanauLT (1886-

1888) # L U'GomoNT (1892) LA\ icEEESE
DFEE—BERLDIELDTHD, ¥, ORI, |
KRBT, BFFeksErBEmcHmEY 62/
L) LTLE-fkefcdicitfid £, ZoNEY R
AL CREEL S\ Ll ZORIERE L
T, A£RR IORRIC L DR, oI EENE
B L > TEREONMELYBERF L L 5 L3585
%I v o025 B, IR, BEEEOMORME R
BEh5%55 L, DROUET DR b BIHI S h %2
b HEIRIS N,

5 B X

BorNET, E. and FLanauLT, C. 1886-1888. Revi-
sion des Nostocacées hétérocystées. I-IV. 1.
Ann. Sci. Nat. VII. Bot. 3: 323-381(1886) ;
II, ibid. 4: 343-373(1886) ; III. ibid. 5: 51-129
(1887) ; IV. ibid. T: 177-262(1888).

DroukeT, F. and DaiLy, W.A. 1951. A synopsis
of the coccoid Myxophyceae. Butler Univ.
Bot. Stud. 10: 220-223.

DrouEeT, F. and DaiLy, W.A. 1956. Revision of
the coccoid Myxophyceae. Ibid. 12: 1-218.
DroueT, F. and DaiLy, W.A. 1957. Additions
and corrections. Trans. Amer. Micros. Soc.

T1: 219-222.

DRroUET, F. 1962. GoMmoNT’s ecophenes of the blue-
green alga, Microcoleus vaginatus (Oscillat-
oriaceae). Proc. Acad. Nat. Sci. Philadelphia,
114 191-205.

DroueT, F. 1963. Ecophenes of Schizothrix calci-
cola (Oscillatoriaceae). Ibid. 115: 261-281.
DroueT, F. 1968. Revision of the Oscillatoriaceae.
Monograph 15. Academy of Natural Sciences

of Philadelphia, pp.1-370, Philadelphia.

DroueT, F. 1973. Revision of the Nostocaceae
with cylindrical trichomes. pp.1-292, Hafner
Press., New York & London.

DrouceT, F. 1978. Revision of the Nostocaceae
with constricted trichomes. Beih, Nova
Hedwigia, 57: 1-258, Cramer.

DroueT, F. 1981. Revision of the Stigonematac-
eae with a summary of the classification of
the blue-green algae. Beih, Nova Hedwigia,
61: 1-221. Cramer.

GomonT, M. 1892. Monographie des Oscillariées
(Nostocacées Homocystées). Ann. Sci. Nat.
VII. Bot. 15: 263-368, pls. 1-4; Ibid. 16: 91-
264, pls. 1-7.
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NFESE - AR - BARS: ¥HRUAWICL D BAABMESOLE
Hiroshi KAWAI, Mitsuru MARUI and Munenao KUROGI : Comparative
measurement of water movement with a hemispherical block of plaster

MW X HKOB & FFERDOKF « BESAL
FOWMBCKELEBYSIETEELLRD, O
fedh, ZOKOBEXERADL LBELLTED
2 &9 ETHREMILZIN, chETIEH\LDO0D
FERBAER TS, EELRITABDS5HD1D
T#»% Doty (1971) o FFic X aHkcERL, =
DHER BB LIEBY BV TKDOE X DX D HE
CRWERB T\ 5,

#3° Doty (1971) OFF XBHEEL V5 DI,
BERH & KB LEIR AR Thtodic b 0 x MiE
SoEhcEE L, —EREICKOBXIZ X > THlD
Boh-GHEOE*EBETHEL, ThZhoiiaT
DROBY & X HMENARET 5LV 52D THD, =
DOFH T EBEN BRI IER, EBELRTV
H, KoBEAEEIRLCLOL LTHRTE B Ak
ETTHEhTuwa, Lvl, BUWEDH1-5EEH T
DERCRATOBIIETES - LPEEOHE L
M@ DB LEZDND, LTI TEELIEEOW -
KEI%E2D, AEYEETHDOEFELEL
5, BADEEEY TR THEDOHR XTI -1,

Co¥EBE (K1) RAGRIORE L AT YEST
piEfbe=—nl] (L7790, AHx
BTagiesint o+, b, RUBCEARTSD
DFIryTF—7 (10 vEBEFEAOD), T20%
NHHEREND, AERYIOBRFIHREOEAT (L
FATF K. K. 81) 280g itk 160 m! #pnx THEH
L, EfR16cm OFHRFBOFEFEY L (£ 7 vHillE
B) CRLIATHcHDELOTHD, ZOREYHE

avz)—bKE

® 1. #EHNE

LY KEXOEY =~k @mm E) C&EETS,
BEERB-REOF AR 2 ROEER (K ¥
G17 a=>K. K. #) THEd, FE~OEED
B, AE S AREIRIRE LT EiEoEbe =~
MRERUAE X)o7/ (10mm B) 25T,
PIRBic R EHF AL b o+ o b (b LRERY) T
FArvF—7 (BAOD) LELREETE, &b
ZoDF1evF—70hic T 2A0HDER (51T D
HFa—7HFME) XBL, ZOTA0BII HHIE
HEDOTE (Beflotczv s ) — 1 ¥%) cElE
cRETH, RENEROERNEIAGTS L AKEK
Uz 109 MBE Lick, K2 A1 STKkExB-oR
E (BER) THid, & —7 vETERIRIRE
(EE) Tl HhHN LW EHTHELELOR
B0, HbE = — A IcEE LicE F TR es
hicu b, &g - M X hEEN CbheTk?
ENBBID, BERIC Lo, ¥, ke =—
ARObHIZ5mm BEREDT 7 ) LiREERTS
LEHERITRETH LM, ZOBEARFNCL LSAL
rhe+lis,
ZOHETIRROBEDOHIN 2 HETHNERHD
BAED 251275 &\ o BT L FIBI R 7 AY,
W oD DI W TN e i 177 9 LTI
B THD, EEOWMBIZHI» Tk, HSOET
EBEYPE LAAC SV TRERBHCERE « BN
DUENH B, FoREREE, BRI DO
B ET—BREE, % hlEoHicbitW ks
e & T—BEBENEMUTH D,
PUTFieAkEBOMHO—F L LT, 198146 A30H
72571 BRI TRRTITR > LEROFREYT
T+, BRI AGRSCELY = -V DL
7Y ARG LDOm AR HER L, EREREI
AEDPC OV TFTE 5T FDIOAKERICAE
BB LRBD, AERSOERL VT h B
450g THhot, EBIECIT-1cdAkD2v 7))~
FERFTHEEL, KB BCREBE LI, &
BLEBILORAEY»ABEEOEOLTREYM
5 BT » oo, A X h Ry, EERN
EMB+T0cm FTThHhoTe, FEFFREIL6H30H
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R

1 2 3 4 5 6 7 8 9w R
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1) sEfbe=—1iER, 2) 779 ARER
£l EBR 747y 7IRBRACET 2KREBES HEREDCHESR (1981426 A30B—7 A 1 H)

8: 00~7 A 1 H8: 00024 T, REWEADOHE
LKL 1IT~24RETH B0, EECIZBEOR
B 0 o LS 1 ~ 3 Tk 2 ~ 3 BER

A6~ TRLI~2BHMTH -7, HIHL, 5T

{) DAIKOKU 15t

Q 5 10 kM
2 B

CAPE AIKKAPU

=S NWwH

Q3 300m

R2. Ee74%y 7IREALR L OFHEHS

L BERTHZ Lidlehot, FhBILEXKPTOR
FOBRHEL B 1%, HARICURBRBGE LD
ARBELTR L, EENER LM X/ bc X b,
HMEEILIE6 ETH D,

HEMEOER Y BR5 L (K2), BREOTAH
v TURO B2 O H LREES R OO ME
HEZTBENS G, HE L~ 4RO EMTHEOY
BEEFT B, PTHHAL~3XERO Lnpic
DTV E Y ST A4 LREI R TV
B, HE5~9 X IMCERTc o T\ 5 ER]
BCXBEHTAEIBEL, = v 7ENEETA D
BoOFEINLVEDLRD,

(E1l) CHEORERETRTA, BohEREN
EMEOHENLFHEINBKOBEOME, THN
TelEDHEBE L X —FK L,

5l B X #

Doty, M.S. 1971. Measurement of water move-
ment in reference to benthic algal growth. Bot.
Mar. 14: 32-35.
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