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Culture studies of Dictyosphaeria (Chlorophyceae, Siphonocladales)
I. Life history and morphogenesis of Dictyosphaeria cavernosa'?

Sachito ENOMOTO and Kazuo OKUDA®

Marine Biological Station, Faculty of Science, Kobe University,
Iwaya, Hyogo-ken, 656-24 Japan

ENnomoto, S. and Oxupa, K. 1981. Culture studies of Dictyosphaeria (Chlorophyceae,
Siphonocladales) 1. Life history and morphogenesis of Dictyosphaeria cavernosa. Jap. ].
Phycol. 29: 225-236.

The life history of the marine green alga Dictyosphaeria cavernosa (FORssK.) BOERGESEN
from the southwestern part of Japan was studied by laboratory culture experiments and
field observation. Plants from the field kept in sterilized sea water produced reproductive
swarmers after about one month in culture under the following conditions: 23°-25°C,
1000-2500 lux, and a 14-16hr L/10-8hr D cycle.

Three kinds of plants were collected in the field; those producing quadrifiagellate
zoospores, those producing biflagellate male gametes, and those producing biflagellate
female gametes. No pronounced morphological differences were detected among these plants.
However, two types of growth form could be distinguished ; a smooth form and a rough form.
The former consisted of uniformly sized cells which were smaller than those of the rough
form, and the surface of the plant body was rather smooth. This type of plant always
produced biflagellate male or female gametes. The rough form consisted of various sizes
of cells, and its surface was rather rough. This type produced quadrifiagellate zoospores
or biflagellate male or female gametes. Both male and female gametes germinated par-
thenogenetically and developed into the smooth type of plant. Zoospores and zygotes
developed into the rough type of plant. Germlings derived from male parthenogametes
produced male gametes; those from female parthenogametes produced female gametes.
Germlings from zoospores produced male or female gametes, while those from zygotes
produced zoospores. The alga studied has an alternation of isomorphic generations. Cell
division of germlings was ‘segregative’ and ‘juvenile reproduction’ was observed in some
young unicellular germlings.

Key Index Words: Chlorophyceae; Dictyosphaeria cavernosa; life history; mor-

phogenesis ; reproduction ; Siphonocladales; Valoniaceae.

A number of morphological and systematic
studies of the genus Dictyosphaeria (DECAI-
SNE 1842; HARVEY 1858; AGARDH 1887;
ASKENASY 1888; MURRAY 1892; HEYDRICH
1892; CrosBY 1903; WEBER VAN BOSSE

1) This study was partially 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. 4 from the Marine Biological
Station, Kobe Univ.

3) Present address: The Institute of Algological
Research, Faculty of Science, Hokkaido Uni-
versity, Muroran, Hokkaido, 051 Japan.

1905; BOERGESEN 1912, 1913, 1940, 1952:
ARNOLDI 1913; YAMADA 1925, 1934 : SET-
CHELL 1926; NASR 1944; EGEROD 1952;
VALET 1966) have been conducted, but very
little has been published regarding its repro-
duction and life history. BOERGESEN (1912,
1913) observed °‘zoosporangia’ in D. wvan
Bosseae, and ARNOLDI (1913) presented
figures of zoospores and their formation
taken from fixed specimens of D. cavernosa
and D. versluysii. However, it is impossible
to determine whether they were truly
zoosporangia and zoospores since the authors
did not observe living material. OLTMANNS
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(1922), PRINTZ (1927) and FRITSCH (1935)
referred to the reproduction of the genus
without providing detailed information.
Although EGEROD (1952) noted that both
biflagellate and quadriflagellate swarmers
had been reported, she mentioned neither
the source of the information nor the char-
acteristics of the swarmers. ENOMOTO and
HIROSE (1972b) reported the formation of
quadriflagellate swarmers in D. cavernosa.
Hori and ENoMOTO (1978a, b) carried out
electron microscope observations on cyto-
plasmic cleavage and nuclear division during
swarmer formation in the same species.
However, the complete sequence of develop-
ment and life history have not been pre-
viously recorded for any species of Dictyos-
phaeria. Our research concerns the life
history and development of three species of
Dictyosphaeria in laboratory culture. The
present paper presents the reproduction,
morphogenesis and life history of Dictyos-
phaeria cavernosa.

Materials and Methods

Thalli of Dictyosphaeria cavernosa were
collected from the intertidal zone at Ushuku,
Ayamaru-misaki (Amami Island), Ooyama,
Komesu and Gushichan (Okinawa Island), in
the southwestern part of Japan. The col-
lections were carried out from March to
June of 1976-1980. Material was kept at
15°C and brought to the laboratory. After
being rinsed with filtered and autoclaved
sea water, each plant was placed in a
separate glass vessel containing 100-150 m/
of sterilized sea water. No nutrients were
added. The medium was changed every
3-5 days. The plants were kept under four
different conditions: (1) 16: 8 hr, 25°C; (2)
16: 8hr, 30°C; (3) 14: 10hr, 23°C; and (4)

14: 10 hr, 18°C. All culture vessels were
exposed to a light intensity of 1000-2500 lux.
Swarmers were discharged about one month
after initiation of cultures. A quantity of
swarmers was obtained using their positive
phototactic response. After washing by
micropipette, zoospores were transferred to
glass tubes containing 15 m/ of Provasoli’s ES
medium (prepared according to MCLACHLAN
1973). The tubes were kept under the
dark condition for 1-3hr, while the zoospores
scattered evenly and adhered to the inner
surface of the tubes. The sex of the gametes
was determined by crossing tests. Gametes
were then washed and mixed in a watch
glass. After 10 min, the resulting zygotes
were transferred to glass blocks (2020X2
mm) and were placed under dark condition
for 30-60 min. The zygotes attached them-
selves to the substratum within 15-30 min,
whereas unconjugated gametes continued
swimming. The blocks were then rinsed
with running sea water to remove the un-
conjugated gametes. The blocks with zy-
gotes, which were detected by the presence
of two stigmata, were transferred to glass
vessels (60%90 mm) containing 150 m! of the
same medium. Male and female gametes
were separately transferred into tubes for
the study of parthenogenesis. After the
germlings grew to 0.3-0.5mm, they were
isolated with a pipette and placed in the
tubes. When they reached 2-3mm in size,
each was transferred to a separate glass
vessel containing 150 m/ of medium. The
culture of germlings was carried out under
conditions (1) and (3). The medium was
changed every 2 weeks. Cultures were not
axenic, but they were strictly unialgal. For
light microscopy, swarmers were fixed in
49 sea water glutaraldehyde.

Fig. 1. Mature vegetative thallus of Dictyosphaeria cavernosa from Okinawa Island, smooth
form. Figs. 2-18. Light micrographs of D. cavernosa. 2. Vegetative cells; 3. Dark spots in fertile
cell; 4. Dark spots; 5. Cytoplasmic gaps in fertile cell; 6. Enlarging of cytoplasmic gaps; 7. Cyto-
plasmic network; 8. Irregularly shaped protoplasmic masses; 9. Swarmers in a mass; 10-12. Swar-

mers (arrow) being liberated from a mass;

13. A short conical outgrowth of the cell wall; 14.
Liberation tube; 15. Swollen apex of a liberation tube; 16. Burst apex;
mer liberation, side view; 18. An ostiole, surface view.

17. Open ostiole for swar-
Scale: (Fig. 1)=20mm, (Fig. 2)=1mm,

{Figs. 3, 5-8) =500pm, (Fig. 4) =100 pm, (Figs. 9, 13-18) =50 pm, (Figs. 10-12) =200 zm.
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Results and Discussion

Maturation of planis: About one month
after initiation of the cultures, vegetative
thalli (Figs. 1, 2, 19) became fertile under
conditions (1) and (3). Fertile cells were
found over the entire plant, except for the
rhizoidal and basal portions. Thalli did not
become fertile unless the medium was
changed every week. Under conditions (2)
and (4), plants remained sterile. A tem-
perature of 18°C appears to be too low and

a 30°C temperature too high to induce,
No distinct relationship was °

maturation.
observed between maturation in laboratory
cultures and the lunar day.

Swarmer formation: The first sign of the
incipient maturation of thalli was their
change in color from green to yellowish
green. Subsequently, several dark green
spots (Fig. 3), resulting from the partial ag-
gregation of cytoplasm, appeared in each
cell (Fig. 4). Just above each spot protruded
a short conical outgrowth (Fig. 13), which
later differentiated into a liberation tube
(Fig. 14). Forty-eight hr after the initial
change in color, cytoplasmic gaps appeared
in the protoplast of each cell (Fig. 5). After
52 hr, the gaps in the protoplast enlarged
to assume a brownish yellow network (Figs.
6,7). After 60 hr, the network broke down
into irregularly shaped protoplasmic masses
(Fig. 8). After 65hr, the masses, which
were surrounded by thin hyaline membranes,
developed into numerous reproductive swarm-
ers (Fig. 9). The cytological details of the
process of the swarmer formation have been
observed with the electron microscope (HORI

and ENOMOTO 1978a, b). After about 72 hr,
the thin membrane of the apex of the out-
growth swelled (Fig. 15) and finally burst
(Fig. 16), producing an ostiole for the dis-
charge of swarmers (Fig. 17). When the
ostioles opened, the swarmers suddenly began
to move vigorously in the peripheral regions
of the masses and were liberated into the
cell cavity (Figs. 10-12), and then swam out
through the ostioles, which were circular in
shape in surface view and measured 25-30
pm in diameter (Fig. 18). Swarmers never
remained near the ostioles. The discharge of
swarmers from a single reproductive organ
took place within 3-5min and that from an
entire plant lasted from 1-3hr. Discharge
was observed only during the light period.
Except for basal and rhizoidal cells, all
cells of a plant became fertile simultaneously.
BOERGESEN (1912, 1913) showed figures of
the zoosporangia in D. van Bosseae. The
appearance of the network and shape of the
liberation pore are nearly identical with
those of the present alga.

Kinds of reproductive swarmers: Three
kinds of plants were collected in the field.
One produced quadriflagellate zoospores, one
produced biflagellate male gametes, and one
produced biflagellate female gametes. No
pronounced morphological differences were
detected among the three. These results
are similar to those reported for a related
species, Valonia macrophysa (CHIHARA 1953,
1959), which is also known to be dioecious.

However, two types of growth forms
could be differentiated in the plants from
the field; a smooth form and a rough form.
The former consisted of uniformly sized

Fig. 19. Mature vegetative thallus of Dictyosphaeria cavernosa from Amami Island, rough form.

Figs. 20-34. Light micrographs of D. cavernosa.

20. Quadrifiagellate zoospores; 21. Biflagellate male

gametes; 22. Biflagellate female gametes; 23. Conjugated gametes; 24. Settled zygote; 25. Spherical
zoospore germling forming a germ tube, after 4 weeks; 26. Unicellular germling with secondary
rhizoidal filaments, after 2 months; 27. Various shaped unicellular germlings, after 3 months; ' 28.
Initiation of segregative cell division, after 3 months; 29. 8 hr after initiation of division, daughter
cells scatter along the inner surface of mother cell wall; 30. Segregative division, after 15 hr, daugh-

ter cells contact one another in mother cell;

31. Daughter cells become polygonal in surface

view, after 3 days; 32. Pyriform multicellular young germling; 33. Secondary segregative cell divi-

sion in a multicellular plant, 4 months after germination; 34. Daughter cells distributed peripherally
just below outer surface of cell wall. Scale: (Fig. 19) =10 mm, (Figs. 20-23) =20 ¢m, (Fig. 24)=10
pm, (Fig. 25) =100 gm, (Figs. 26, 28-34) =1 mm, (Fig. 27) =3 mm.
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230 EnomoTo, S. and Okupa, K.
Table. 1. Comparison of characteristics of reproductive swarmers.
Swarmer Male gamete Female gamete Zoospore Planozygote
characteristic
Number of flagella 2 2 4 4
Length of flagella 12.0-14.0-16.0zem  12.0-14.0-16. 0g4m 17.0-18.0-19.0zem 12.0-14.0-16. 0pzm
Length of body 8.0-9.0-9.5pm 8.0-9.0-9.5ym  14.5-15.5-17.0pm 14.0-15.0-16. 0gm
Breadth of body 5.0-5.5-6.0pm 5.0-5.5-6. 0pm 6.0-7.5-8. 0pem 6.5-7.0-8.0psm
Number of chloroplast 4-5 4-5 6—8 8—-10
platelets
Number of stigmata 1 1 1 2
Number of posterior 2-3 2—3 2-3 4-6
granules
Papillum + + + +
Phototaxis + + + 9
Color of condensed yellow yellowish-green yellow yellow
suspension

cells, smaller than those of the rough form,
and the entire surface of the thallus was
rather smooth (Fig. 1). This type of plant
always produced biflagellate male or female
gametes. The cell size of the rough form
varied, and its surface was rather rough
(Fig. 19). The rough form produced quad-
riflagellate zoospores or biflagellate male or
female gametes.

~Among 91 plants collected at random in
the field, 18 individuals produced zoospores,
29 produced male gametes and 44 produced
female gametes. This suggests that all
three kinds of plants commonly occur in
the field.

The morphological differences detected
among swarmers are summarized in Tab. 1.

Zoospores . The teardrop-shaped zoospores
(Figs. 20, 47) possessed a small papilla and
four flagella of equal length at the anterior
end. Each contained a parietal chloroplast
composed of 6-8 polygonal flat discoidal
platelets with 1 or no pyrenoid. It was not
clear whether the basal parts of each plate-
let were connected. The zoospores had
2-3 conspicuous small white granules at the
posterior end and a reddish yellow stigma
near the lateral side. The discharged zoo-
spores swam energetically for 1-3hr, show-
ing a positive phototactic response.

Gametes: The gametes (Figs. 21, 22, 48,

49) were distinguished from the zoospores
by their size and number of flagella. Other
morphological features were identical to
those of the zoospores. The response of
both male and female gametes to light was
also positive. The sex of male and female
gametes could only be determined by cross
testing, since no morphological or behavioral
differences were recognized. However, a
condensed suspension of the male gametes
was yellow, whereas that of the female
gametes was yellowish green. Gametes
discharged from the same reproductive
organ or thallus did not conjugate with each
other.

Zygotes: When the gametes of different
sexes were mixed, aggregation of gametes
took place immediately. After 2-3 min, the
aggregation dispersed and 5-10 min later
about 60% of the gametes had conjugated.
Their fusion began anteriorly, then grad-
ually progressed laterally until the cells fused
completely (Figs. 23, 50). The planozygotes
had two stigmata, four flagella and 8-10 chlo-
roplast platelets. The planozygotes did not
show a clearly recognizable phototaxis. Their
swimming period was shorter than that of
the unconjugated gametes. ARNOLDI (1913)
presented figures of swarmers labeled ‘Zoo-
sporen’, which measured 8-10 ym in length.
Judging from the length of the body, how-
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ever, it seems likely that they were not
zoospores but gametes.

Germination and development: Zygotes
and zoospores began development immedi-
ately after settling on the substratum. No
period of dormancy was observed. Unfused
male and female gametes developed parthe-
nogenetically. The mode of germination,
the developmental sequence and the growth
rate of zoospores were fundamentally iden-
tical with those of the zygotes and the par-
thenogametes. After shedding their flagella
they rounded up (Figs. 24, 51) and formed
a cell wall within 24 hr (Fig. 52). They
increased their volume and developed into
spherical bodies (Figs. 53-55). After 3
weeks, each spherical body produced a germ
tube (Figs. 25, 56), which developed into a
primary rhizoidal filament (Figs. 57-60).
The cell contents remained within the
original body. During the following month,
the germlings produced several secondary
rhizoidal filaments (Fig. 26). Such unicellular

rhizoidal filaments formed from the lower-

most end of young plants were also observed
by BOERGESEN (1912). After two months
germlings had grown to about 2.0-2.5mm
in diameter, and had various shapes (Fig. 27).

Morphogenesis: About three months after
germination, the first cell division occurred
in unicellular germlings which had reached
3-5mm in diameter (Fig. 28). The cell divi-
sion is of the segregative type described by
BOERGESEN (1912, 1913), ARNOLDI (1913) and
EGEROD (1952). The complete process of
division will be reported in greater detail
in a subsequent article. Briefly, division
usually began at midnight (Fig. 28) and was
finished by morning (Fig. 29). About 8 hr
after initiation, many spherical protoplasmic
bodies had been formed in a single layer
along the entire inner surface of the mother
cell wall (Fig. 29). They formed a cell wall
and increased their volume rapidly, thus
becoming daughter cells. After 15hr, the
cells came into contact with one another
(Figs. 30, 32). After three days, the cells
matured becoming polygonal in surface view
(Fig. 31), producing a hollow, monostromatic
plant body essentially identical to. the adult

plant. About one month after the first divi-
sion, the secondary division occurred also
during the dark period (Fig. 33). The sec-
ondary daughter cells were formed just
below the exposed outer surface of the
mother cell wall, and were arranged in a
single layer (Fig. 34). Therefore, even
though they enlarged, the thalli remained
monostromatic saccate structures.

In the germlings derived from male and
female parthenogametes, secondary cell divi-
sion occurred simultaneously in almost all
the cells of a germling and the growth rate
of secondary daughter cells was synchro-
nized. These germling, therefore, developed
into the smooth form (Fig. 35). In contrast,
the secondary cell division in the germlings
derived from zoospores and zygotes did not
take place simultaneously in all cells of a
germling. It occurred only in scattered
group of cells (Fig. 33). These germlings
therefore developed into the rough form
(Fig. 36). The causal factor for the forma-
tion of these different types of growth forms
under laboratory conditions may be related
to the synchronization of secondary division
which is dependent, not on environmental
conditions, but on the kind of reproductive
swarmers from which the plant developed.

BOERGESEN (1912) and EGEROD (1952)
presented figures of nonseptate primary
vesicles and young plants septated by the
first cell division. According to BOERGESEN
(1912), several cells were formed in a pri-
mary vesicle by the first cell division, while
EGEROD (1952) showed that nearly one hun-
dred daughter cells were formed in a pri-
mary vesicle by the first division. The
results of the present study (Figs. 29-31) do
not agree with BOERGESEN’s observation,
but confirms EGEROD’s report. BOERGESEN
(1912) and ARNOLDI (1913) observed that 2-
6 daughter cells were formed in a mother
cell by the secondary division. This obser-
vation differs from the present findings,
which note the formation of 7-16 daughter
cells (Figs. 33, 34).

Six months after germination, the germ-
lings had grown to about 30 mm in diameter
(Fig. 37), and the basal cells of the germ-
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Figs. 35-42. Cultured plants of Dictyospheerie cevernosa. 35. Cultured germling, smooth form,
derived from male parthenogamete, after 5 months; 36. Cultured germling from zoospore, rough
form, after 5 months; 37. Cultured germling from zygote, rough form, after 6 months; 38.
Basal cells of germling elongated and differentiated into rhizoidal cells (arrows); 39. Ruptured
plant; 40. Isolated fragment; 41. Daughter cells artificially isolated from mother cell; 42. Cross
section of thallus, showing hollow, monostromatic nature. Figs. 43-46. Light micrographs of D.
cavernosa. 43. Unicellular germling becoming fertile; 44. Row of intercellular tenaculae consist-
ing of simple haptera; 45. Intercellular tenaculae consisting of simple haptera; 46. Tenaculae
consisting of bifurcated haptera. Scale: (Figs. 35-37, 39, 41 and 42)=5mm, (Fig. 38)=3 mm,
(Fig. 40) =10 mm, (Fig. 43) =500 ;m, (Fig. 44) =100 #m, (Figs. 45 and 46) =50 pm.
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Figs. 47-60. Line drawings of Dictyosphaeria cavernosc.

47. Quadrifiagellate zoospores; 48.

Biflagellate male gametes; 49. Biflagellate female gametes; 50. Planozygotes; 51. Settled zoospores,
18 hr after settling; 52. Settled zoospores with cell wall, after 24 hr; 53. Spherical body derived
from zoospore, after 1 week; 54. Spherical body derived from zoospore, stigma still remaining, after
2 weeks; 55. Spherical body derived from zygote, after 3 weeks; 56. Germination of spherical body
derived from zoospore, after 3 weeks. Figs. 57-59. Elongation of germ tube. 57. After 23 days; 58.
After 25 days; 59. After 4 weeks; 60. Germling with primary rhizoidal filament, after 5 weeks.

ings had differentiated into long rhizoidal
cells (Fig. 38). This agreed with the obser-
vations of BOERGESEN (1912), ARNOLDI (1913)
and EGEROD (1952). As mentioned above,
the rhizoidal cells of the mature thallus of
D. cavernosa are not derived from the pri-
mary rhizoidal filament but are formed by
the elongation of basal cells. In contrast,
in the allied species Valonia macrophysa
(CHIHARA 1953, 1959), V. ventricosa (CHIHARA
1959), Siphonocladus pusillus (JONSSON 1957)

and Boergesenia forbesii (ENOMOTO and
HIROSE 1972a), a settled reproductive cell
immediately produces a germ tube which
later develops directly into the rhizoidal
cells.

Maturity of germlings: After 6-7 months,
the germlings became fertile and liberated
swarmers under conditions (1) and (3). Germ-
lings from male parthenogametes produced
biflagellate male gametes and those from
female parthenogametes produced biflagellate
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female gametes. Those from zoospores pro-
duced biflagellate male or female gametes
respectively. Those from zygotes produced
quadriflagellate zoospores. A few germlings
derived from zoospores produced quadrifla-
gellate zoospores. Germlings from these
zoospores also produced quadriflagellate zoo-
spores. This seems to be a form of ‘acces-
sory reproduction’ by means of zoospores,
as defined by IYENGAR (1951).

Although detailed cytological observations
are not presented in this study, the results
of culturing from generation to generation
suggest that Dictyosphaeria cavernosa is
heterothallic and that it has an alternation
of isomorphic generations. As all three
kinds of plants were obtained during the
same season in the field and under the same
conditions in culture, D. cavernosa seems to
have no seasonal alternation of generations.
This type of life history is also reported in

a related species, Valonia macrophysa (CHI- -~

HARA 1953, 1959).

Vegetative propagation: Basal and rhi-
zoidal cells did not become fertile. When
they were removed from a plant and cul-
tured separately in fresh medium they de-
veloped into normal monostromatic saccate
plants. In laboratory cu:lture, when adult
plants were maintained in stagnant medium
for a long time, they lost their organization
and became convoluted monostromatic mem-
branous plants (Fig. 39). If such a plant
was separated into several fragments (Fig.
40) and cultured separately, each fragment
developed into a normal new plant. This
result supports EGEROD’s (1952) observation
that “by the addition of new segments and
repeated fragmentation that thallus may con-
tinue to propagate vegetatively”. When the
daughter cells formed by the first division
were artificially isolated from the mother
cell (Fig. 41), they also developed into normal
new plants. This confirms the opinion of
BOERGESEN (1912) that daughter cells
“formed by the cell division, may occasion-
ally become free and be able to grow” in-
to new plants.

Extracellular protoplasts which were
squeezed out of plants at least 3-5mm in

diameter and placed in sea water (23°-25°C)
in a watch glass produced many spherical
bodies within 24 hr which also developed
into normal new plants. Such a phenomenon
has also been confirmed in other coenocytic
green algae, such as Bryopsis plumosa (TA-
TEWAKI and NAGATA 1970), Boergesenia
forbesii (ENoMOTO and HIROSE 1972a), and
Derbesia tenuissima (RIETEMA 1973).
Juvenile reproduction: When young uni-
cellular germlings (1-2 mm diam.) derived
from zoospores, zygotes or both sexes of
parthenogametes were cultured at a high
population density (500-600 germlings,28
c¢m?/150 m/ medium), they neither grew nor
divided. If these young unicellular germ-

lings were then isolated and transferred into

fresh medium, sometimes they became fertile
within 5-10 days (Fig. 43). The process of
maturation of unicellular germlings is essen-
tially identical with that of multicellular
normal adult plants. This seems to be an
example of ‘juvenile reproduction’ (HIROSE

- 1954).

Swstematic remarks on specific characters:
Five morphological characteristics have been
pointed out and discussed by several authors
(WEBER VAN BosSE 1905 ; BOERGESEN 1912,
1913, 1940; ARNOLDI 1913; YAMADA 1925;
SETCHELL 1926 ; EGEROD 1952 ; VALET 1966)
as specific criteria for this genus: 1) the
strectere of plants (solid or hollow), 2) the
presence or absence of spinulose trabeculae
on the inner cell wall, 3) the shape of the
spinulose trabeculae, 4) the shape of inter-
cellular tenaculae, and 5) the cell size of
mature plants. Each of these features was
examined in our cultured germlings. In all
cultures, multicellular germlings were always
monostromatic and hollow (Fig. 42). No
thalli remained solid throughout the entire
developmental sequence. The hollow struc-
ture of the plant resulted from the distribu-
tion of daughter cells in the mother cell.
No spinulose trabecula was observed in any
germling cell. Usually, an intercellular tenac-
ulum consisted of a simple hapteron, 35-
50 ym in diameter (Figs. 44, 45); however,
bifurcated haptera (35-50 gm in diam.) were
sometimes observed (Fig. 46). The shape
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of tenaculae was not always uniform, but
the dimensions of the trabeculae were within
a constant range. The cell size of mature
plants varied from 600 to 4500 ym in diam-
eter according to culture conditions, espe-
cially temperature, light intensity and den-
sity of plant population. It also varied with
the kind of swarmer and with the portion of
the plant. Therefore, the thallus structure,
presence or absence of spinulose trabeculae
and size of intercellular tenaculae appear to
be effective specific criteria. In contrast, cell
size of mature plants and the shape of
haptera were not useful criteria in this
study.
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Two strains of a unicellular alga Cyanidium caldarium (TiLDEN) GEITLER cultured in
a laboratory are compared with each other concerning their structures. The cells of RK-
1 strain isolated from Yumoto-spa, Nikko, Japan, are blue-green coloured and are spherical,
23 pm (av.) up to 5pm in diameter, and multiply through 4 endospore formation. On
the other hand, the cells of M-8 strain isolated from Noboribetsu-spa, Japan, are blue-
green coloured and are spherical, 4.1 ym (av.) up to 10.5 pm in diameter, and multiply
through 4, 8 and 16 endospore formation. Electron micrographs show that a cell of RK-
1 strain has a nucleus, a chloroplast, a mitochondrion and many starch granules, while a
cell of M-8 strain has a nucleus, a chloroplast(s), many mitochondria and a vacuole. From
these results, the authors propose that RK-1 strain must belong to Cyanidium caldarium
(TiLpEN) GEITLER as identified previously elsewhere, and that M-8 strain may belong to

the genus Chroococcidiopsis GEITLER.

Key Index Words: Cyanidium caldarium;

taxonomy ; ultrastructure.

A unicellular alga, Cyanidium caldarium
(TILDEN) GEITLER is widely distributed in
acid hot springs (DOEMEL and BrRock 1970).
This alga has been referred to various phyla,
such as Cyanophyta (GEITLER and RUTTNER
1936), Chlorophyta (ALLEN 1959), Rhodophyta
(HIrROSE 1958) and others (FREDRICK 1971),
and there is still a controversy on the subject
of its systematic position. Besides this
point, it has been pointed by DE Luca and
TADDEI (1970) that two algae belonging to
different taxa may be mixed in the “Cyani-
dium” strain from Italian acidic fumaroles.
Namely, cells of C. caldarium forma A are
about 3.4 pgm in diameter and multiply
through 4 endospore formation, and the
cells of C. caldarium forma B are about 6.6
pm in diameter and multiply through 4-32
endospore formation. The same alga as C.
caldarium forma B was later isolated from
Yellowstone (U.S. A.) and identified as Pro-

Chroococcidiopsis hot spring algae;

tococcus sulphurarius GALDIERI (DE LUCA et
al 1979).

In the present paper, the ultrastructural
features of two strains of C. caldarium
isolated from acid hot springs in Japan are
compared with each other and the taxono-
mical position of them is discussed. A
brief report on this work was made previ-
ously (NAGASHIMA and FukuDA 1979).

Materials and Methods

Cyanidium caldarium strain RK-1 was
isolated by FUukuDA (1958) from Yumoto-spa,
Nikko, Japan. This strain has been cultured
continuously in the laboratory. The strain
M-8 originally isolated from the acid hot
springs, Noboribetsu, Hokkaids, Japan, was
kindly provided by the algal collection of
the Institute of Applied Microbiology, The
University of Tokyo, Japan. RK-1 and M-8
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strains were grown autotrophically for 8
days in an inorganic medium of pH3.0
(ALLEN 1959) by shaking flasks at 35°C
under fluorescent light (1500 lux). Cell
numbers were counted with Thoma’s hae-
macytometers and their sizes were measured
with micrometers. For electron microscopy,
the cells were fixed at 4°C for overnight in
25% glutaraldehyde in 0.1 M phosphate
buffer of pH7.0, then washed in the same
buffer and post-fixed for 30min in 1%
KMnO, solution at room temperature. The
fixed cells were washed, dehydrated and
embedded in Epon 812 resin. The sections
were stained in uranyl acetate and lead
acetate, and examined with an Hitachi HU
125E electron microscope.

Observations

Optical microscopic observations: C. cal-
darium RK-1 cells are spherical and their
sizes are 1.0 to 5.0 pm (av. 23 ym, N=
200) in diameter, and multiply through 4
endospore formation, with an exception of
two ones (Fig. 1A). A blue-green chloro-
plast occupies the greater part of the cell.
C. caldarium M-8 cells are also spherical
and their sizes are 2.0 to 8.5 um (av. 4.1 pm,
N=200) in diameter. In rare cases, the
maximal cell size is 10.5 ym in diameter.
The blue-green chloroplast is found in the
cell. The cells multiply through 4, 8 and
16 endospore formation (Fig. 1B). In some

Fig. 1. Endospore formation in two strains
of Cyanidium celdarium by optical microscopy.
Scale=10u#m. A. RK-1 strain cells showing four
endospores (two ones in a few cases); B. M-8
strain cells showing eight endospores.

cases, one or two unidentified dark particles
were found to move to and fro in the cyto-
plasm.

Fine structure of C. caldarium RK-1:
The mature cell shows a double layered
cell wall by electron microscope (Fig. 2).
When the outer cell wall is adjacent to the
inner cell wall as shown in the figure, it
may be the stage in the cell cycle just
before the endospore formation. The outer
cell wall is liable to be broken during the
preparation of samples for electron micros-
copy (ENAMI et al. 1975). Only immature
cells are enclosed by a single layered wall.
A nucleus, a chloroplast, and starch granules
are seen in the cell, but no vacuole. The
chloroplast occupies a large part of the cell
and contains no pyrenoid. It shows mostly
many layers of single concentric thylakoids
at intervals of about 0.08 yum. The chloro-
plast envelope looks like only one layer (Fig.
3). The nuclear envelope is obscure, but
may be composed of double membranes.
Only one mitochondrion is always recogni-
zed between the nucleus and the chloroplast
(Figs. 3, 4). Round vesicles (0.25 ym in dia-
meter) which may be microbodies are found
near the nucleus (Fig. 4). In some cases,
electron dense bodies are also found in the
cytoplasm (Fig. 5). The strain which was
grown in the light on agar culture contain-
ing the basal inorganic medium has many
starch granules around the chloroplast
(Fig. 6). Fig. 7 shows the feature that the
chloroplast are ready to divide into two
parts. In this stage the outer layer of the
cell wall has been already formed. This
chloroplast division may be followed by 4
endospore formation (Fig. 8).

Fine structure of C. caldarium M-8:
Fig. 9 shows the electron micrograph of
a mature cell of M-8 strain. The electron
dense thick cell wall (ca. 0.07 zm in width)
is not liable to be broken during the pre-
paration of the samples. A vacuole occupies
the center of the cell. In contrast to a
RK-1 strain cell which has only one mito-
chondrion, a M-8 strain cell contains many
mitochondria (Fig. 10). Several chloroplasts
are apparently present in each cell (Figs. 9,
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Fig. 2-8. Electron micrographs of thin sections of RK-1 strain cells. Scale=0.5 #m. 2. The
mature cell is enclosed by double layered cell wall (Cw). A nucleus (N) and a well developed
chloroplast (Ch) are seen. Starch granules (S) are present outside the chloroplast; 3. A single
mitochondrion (Mt) is present between the nucleus (N) enclosed by a nuclear envelope (Ne) and
the chloroplast whose envelope (Ce) seems to be a single membrane; 4. A nucleus (N), a mito-
chondrion (Mt) and two vesicles which may be microbodies (Mb) are seen; 5. Electron dense
bodies (E) are deposited near the nucleus (N); 6. Many starch granules (S) are reserved outside
the chloroplast (Ch) in the cell cultured on an agar plate; 7. The chloroplast (Ch) is ready to
divide into two parts. The cell is enclosed by double layered cell wall (Cw); 8. Four endo-
spores may be formed. Each spore has a chloroplast (Ch) and a nucleus (N).
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Fig. 9-12. Electron micrographs of thin sections of M-8 strain cells. Scale=0.5,m. 9. A
mature cell showing thick cell wall (Cw), chloroplasts (Ch), a nucleus (N) and a vacuole (V) ;
10. The cell showing many mitochondria (Mt), several types of chloroplasts and a vacuole (V) ;

11. The chloroplast envelope (Ce) seems to be a single membrane.

A nuclear envelope (Ne) is

also seen; 12. Eight endospores may be formed in the cell. Each spore has a chloroplast (Ch)

and a vacuole (V).

10). In a longitudinal section of it, parallel
single thylakoids are present at intervals of
about 0.09 #m and they are surrounded by
a peripheral thylakoid characteristic of some
red algae (BISALPUTRA 1974). In some cases,
concentric arranged thylakoids are recog-
nized. No pyrenoid is found in the chloro-
plast. Its envelope seems to be a single
membrane (Fig. 11) as in the case of RK-1

strain. A nuclear envelope is shown in Fig.
11, but the double membrane structure of it
is obscure. It is to be noted that starch
granules which are contained in the cyto-
plasm of RK-1 strain (Figs. 2, 6) were not
found anywhere within the cell of M-8
strain. The strain multiplies by 4, 8 and 16
endospore formation (Fig. 12). In the endo-
spores vacuoles have been already formed.
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Table 1. Comparison of the structure of two different
strains of Cyanidium caldarium.

Structure

RK-1 strain M-8 strain
Size 2.3 pm (av.) 4.1 pm (av.)
Eﬁ}lospore 4, (2) 4, 8 and 16
Cell wall singlevl or double single-thick
‘Nucleus present present
Mitochondrion one many
Chloroplast one one (plural)*
-envelope single membrane single membrane
-lamella single thylakoids single thylakoids
Vacuole absent present
Starch granule present absent

*Plural chloroplasts are apparently present in a mature cell.

Discussion

Cyanidium caldarium RK-1 and M-8
strains isolated from the hot springs in Ja-
pan have some common properties. The two
strains are, however, considerably different
from each other concerning several proper-
ties as shown in Table 1. This suggests
that these materials called “two strains”
should be called “different species” of algae.
The natures of RK-1 strain in cell colour,
cell size and endospore number observed by
optical microscopy are exactly consistent
with those of Cyanidium caldarium (TILDEN)
GEITLER (GEITLER and RUTTNER 1936, NE-
GORO 1943, HIROSE 1958). It may be, there-
fore, valid that strain RK-1 is so far named
Cyanidium caldarium. The ultrastructural
features of the alga are similar to those of
C. caldarium forma A isolated from Italy
(CasTALDO 1970), the small algal strains
isolated from Yellowstone, U.S. A. (SECK-
BACH 1972, DE LucA et al. 1979) and also
the alga isolated from Kusatsu-spa, Japan
(TovyAaMA 1980).

The facts that a chloroplast of the alga
contains single thylakoids and starch gran-
ules are present out of the chloroplast
resemble well the ones recognized in red
algae. Moreover, floridoside which is an
assimilatory product characteristic of red

algae was found in the alga (NAGASHIMA
and Fukupa 1981). These facts support the
idea that Cyanidium caldarium may belong
to the Rhodophyta.

Fine structure of M-8 strain is similar to
that of “Cyanidium caldarium” (ROSEN and
SIEGESMUND 1961, MERCER et al. 1962, CAs-
TALDO 1968). However, M-8 strain is clearly
different from C. caldarium, as shown in
Table 1. The present authors propose that
M-8 strain must be an alga belonging to the
genus different from Cyanidium. The struc-
ture of M-8 strain may be similar to that
of C. caldarium forma B (DE LucaA and
TADDEI 1970) and that of Protococcus sul-
phurarius (DE LUCA et al. 1979). However,
the genus Protococcus belongs to the Chloro-
phyta to which M-8 strain does not belong
clearly, because of the presence of blue-
green pigments. In addition, the lamella
structure of the chloroplast in the alga is
quite similar to that of red algae.

The feature of M-8 strain is generally

~the same as Chroococcidiopsis thermalis

GEITLER var. nipponica NEGORO (NEGORO
1943) in cell size, cell colour and endos-
pore number. Thezgenus Chroococcidiopsis
GEITLER originally‘belonged in the Cyano-
phyta (GEITLER and RUTTNER 1936), but,
recently, its assignmeht to the Rhodophyta
has been proposéd by Kumano and HIROSE
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(1977). According to this view, it may be a
more suitable idea that M-8 strain should
belong to the genus Chroococcidiopsis and
that it may be one of the primitive Rhodo-
phyta. Further studies concerning species
names for it are now in progress.
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Thorea prowsei sp. nov. and Thorea clavata sp. nov.
(Rhodophyta, Nemaliales) from West Malaysia

M. RATNASABAPATHY* and Ryozo SETO**

*Department of Botany, University of Malaya, Kuala Lumpur, Malaysia.
**Biological Laboratory, Kobe College, Nishinomiya, 662 Japan

RATNASABAPATHY, M. and SeTo, R. 1981. Thorea prowsei sp. nov. and Thorea clavata
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Two new species of the freshwater red algal genus Thorea Bory (Nemaliales) found
in West Malaysia are described. They occur as lithophytes in cool, clear, unpolluted hill

country streams.

Thorea prowsei is dedicated to the late Professor GERALD A. PrRowse. Thorea clavata,

as the name implies, refer to the characteristic shape of the assimilatory filaments.

occurrence of any other species of Thorea in Malaysia is not known.

The

Key Index Words: freshwater algae; Malaysia; Nemaliales; Rhodophyta; taxo-

nomy; Thorea prowsei sp. nov.; Thorea clavata sp. nov.

Eight species of the genus Thorea BORY
(1808) are known. They are as follows: T.

ramosissima BORY (1808), T. violacea BORY
(1808), T. gaudichaudii C. AGARDH (1824), T.
andina LAGERHEIM et MOBIUS (1891), T.
zollingeri SCHMITZ (1892), T. brodensis KLAS
(1936), T. okadai YAMADA (1949) and T.
riekei BISCHOFF (1965). A concise historical
review including the type locality of these
species, except for T. riekei described later’
by BISCHOFF, is available in the publication
by YAMADA (1949). T. riekei, which may
grow up to 2m long, was found attached
to stream rocks in Landa Park, Texas (Bis-
CHOFF, 1965). T. ramosissima, the only
known Thorea species from India, was
recently reported from the Nakatia river
(KHAN 1978) and the Khannaut river (PAN-
pEY and CHATURVEDI 1979) in the state of
Uttar Pradesh.

In Malaysia, the occurrence of Thorea had
not been known until recently. In our

studies of the freshwater algae in West T e

found, one in the Tahan River, Pahang State Gombak River in West Malaysia.
in August 3 and 5, 1971 and the other in the show the localities of Thorea spp..

104
Malaysia two species of this genus were Fig. 1. Map of the Tahan River and the

Cross marks
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Gombak River, Selangor State in May 6 and
20, 1978 and May 12 and 26, 1979 (Fig. 1).
The morphological characters of vegetative
and reproductive organs indicate that these
two specimens are clearly different from
each other, and moreover represent hitherto
undescribed species of Thorea (RATNASABA-
PATHY and SETO, in press). In the present
paper we provide the full descriptions and
diagnoses of these two new species.

Material and Methods

The species of the Tahan River grows
on downstream surfaces of granitic rocks
10-20 cm below the surface of swift, clear,
unpolluted, fresh river water flowing through
primary mountain forest valleys. At the
points of collection the river was 20-30 m
wide and fairly exposed to sunlight, the
water temperature at the time of collection
(10: 00 am) was 24°C. The species of the
Gombak River grows on downstream or

upper surfaces of granitic rocks, 5-40cm
below the surface of clear, unpolluted, fresh,
relatively fast or slow stream water, flow-
ing through primary hill country forest with
overhanging riverine vegetation. The stream
at the sites of collection was 2-3m wide
with occasional wide breaks in the vegeta-
tion admitting much sunlight. The water
temperature at the times of collection (9.30
-10.30 am) ranged from 22-22.1°C, with a
pH of €.6. Samples were collected by care-
fully pulling off thalli with fingers from rock
substrata, and placing them in labelled tubes
with some river water. Initial microscopical
examination of fresh material was done on
the same or following day of collection.
For detailed work later samples were pre-
served in 50% SMITH'S solution (1950), a
mixture of formalin, acetic acid and alcohol
solution. Drawings were made with the
aid of a Leitz drawing tube. The mean
dimensions were derived from at least 22 to
over 250 measurements of the respective

Fig. 2

Thorea prowsei from the Tahan River.
SETO, Sp. nov;

a. Thorec prowsei RATNASABAPATHY et

b. Assimilatory filaments and medullary portion of main branch; c¢. Hair

portion and frequently branched filaments; d. Cross section of main branch (b and d are of the

same magnification) ; e—g. Monosporangia.
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Fig. 4. Hair and basal portions of assimilatory filaments and monosporangia of 7. prowse:.
a—e. Showing frequent branching of hair portion. Magnified figure a is the same material as a.
f. Plastids of assimilatory filament cell. g. Basal portion of assimilatory filaments and monosporangia
occurring at the base of filament. h—1. Monosporangia.
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cells or parts of several thalli.

Description of the Species

1. Thorea prowsei RATNASABAPHTHY et
SETO sp. nov. (Figs. 2, 4).

Thallus cespitosus, valde gelatinosus,
parvus, 5-15cm longus, brunneus, sparsim
ramificans. Ramus principalis (540-) 915
(-1500) pm in diametro crassus, ex parte
medullosa et fillis assimilativis constants;
pars medullosa (120-) 262 (-395) #m lata.
Rami laterales alternantes, prope partem
basalem saepe orientes. Hapteron generatim
discoideum, in diametro 0.7-1.6 mm crassum.

Fila assimilativa e parte basali et parte pili-
formi constantia; pars piliformis saepe et
dense ramosa, ad apicem contractae, (115-)
342 (-605) #m longa, ex (13-) 18 (-30) cellulis
constantia. Cellulae in parte piliformi cylin-
dricae, (11.5-) 21.1 (-40) #m longae, (2-) 4.1
(-7) pm in diametro crassae, cellulae apicae
subrotundatae ; chromatophora irregulariter
lobata, parietalia, et laminaria. Monos-
porangia fasciculata vel solitaria ex parte
basali filii assimilativi oriundis, obovata vel
clavate vel ovalia, (10-) 153 (-24)um
longa, (7-) 11.3 (-20) #m in diametro crassa.
Reproductio sexualis ignota.

Thallus tufted, very mucilaginous, more

Fig. 3. Thorea clevete from the Gombak River a. Thoree clavela RATNASABAPATHY
et SETO sp. nov.; b. Assimilatory filaments and medullary portion of main branch; c.

Hair portion and rarely branched filaments;

d. Assimilatory filaments and their base

showing their gradual tapering from apex to base; e—f. Monosporangia.
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Fig. 5. Hair and basal portions of assimilatory filaments and monosprangia of T. clavatia;
a. Group of assimilatory filaments showing their gradual tapering from apex to base and monos-
porangia occurring singly at the base of filaments; b. Plastids of assimilatory filament cell; c—
h. Monosporangia.
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or less small, 5-15 cm in length, deep brown
in colour (Fig. 2a), sparsely branching.
Main branch (540-) 915 (-1500) #m in dia-
meter, consisting of both medullary portion
and assimilatory filaments; the medullary
portion (120-) 262 (-395) ym in width (Figs.
2b, d). Lateral branches alternate, usually
originate near the base of the main branch,
occasionally elsewhere. Holdfasts generally
discoid, 0.7-1.6 mm in diameter. Assimila-
tory filaments consisting of the basal portion
(Fig. 4g) and the hair portion, the hair por-
tion frequently and densely branched, tapered
toward apex (Figs. 2c, 4a a’-e), (115-) 342
(-605) ym in length, consisting of (13-) 18
(-30) cells; cells of hair portion cylindrical,
(11.5-) 21.1 (-40) pm in length, (2-) 4.1 (-7)
pm in width, apical cells rounded; chloro-
plasts irregularly lobed parietal, laminate,
(Fig. 4f). Monosporangia in thick clusters
or solitary, derived from the base of assi-
milatory filaments, obovate, elliptic or clavate,
(10-) 15.3 (-24) pm in length, (7-) 11.3 (-20)
pm in width (Figs. 2e-g, 4g-1).

Holotype: Monosporangial, Aug. 3, 1971,
Peninsula Malaysia, Pahang State, Tahan
River, attached to stones in flowing water,
collector M. RATNASABAPATHY, (M.R. 21,
private herbarium).

Isotype: In herbarium Kobe College,
Japan, R. SETO.

Thorea prowsei resembles Thorea bro-
densis KrLAS (1936) in sparse ramification
and assimilatory filaments frequently bran-
ching with cells of similar dimensions, but
differs from it in shorter frond, narrow
medullary portion and large monosporangia
derived from the base of the assimilatory
filaments. Form and dimensions of monos-
porangia of 7. prowsei are also similar to
those of T. gaudichaudii from Guam and
Okinawa described by SETO (1979), but
monosporangia of the former occur more
thickly in a cluster than the latter.

This species is named in honour of the
late Professor GERALD ALBERT PROWSE,
formerly Director, Tropical Fish Culture
Research Institute, Melaka, Malaysia, for his
scholarly and dedicated contributions to-
wards the advancement of freshwater phy-

cology and its applications in Malaysia and
for his having been a constant guide in
algological studies to M. RATNASABARATHY.

2. Thorea clavata SETO et RATNASABA-
PATHY sp. nov. (Figs. 3, 5).

Thallus parvulus, potits gracilis, cespi-
tosus, valde gelatinosus, 4.5-10-(12) cm
longus, hepaticus, in thallo juveniliore vix
vel sparsim ramificans, in thallo vetustiore
saepe ramificans. Ramus principalis (480-)
864 (-1425) pm in diametro crassus, ex parte
medullosa et filis assimilativa constans ; pars
medullosa (115-) 236 (-420) ym-lata. Hap-
teron generatim discoideum 0.38-1.35mm in
diametro crassum. Fila assimilativa e parte
basali et parte piliformi constantia; pars
piliformis raro ramosa clavata, ex apice ad
basem gradatim contracta; (130-) 341 (-840)
pm longa, plerumque ex (8-) 17 (-40) cellulis
costantia. Cellulae in parte piliformi cylin-
dricae, (10-) 21.1 (-50) um longae, (2-) 5.8
(-9) pm in diametro crassae; cellulae apice
rotundatae; chromatophora irregulariter
lobata, parietalia et laminaria. Monos-
porangia solitaria vel fasciculata ex parte
basali filii assmilativi oriundis, ovalia, obo-
vata vel pyriformia, (8-) 11 (-20) ym longa,
(6.5-) 79 (-14) pm crassa. Reproductio
sexualis ignota.

Thallus small, rather slender, tufted, very
mucilaginous, 4.5-10-(12) cm in length, dull
brown in colour (Fig. 3a); none or sparsely
branching in younger thalli, often branch-
ing in some older thalli. Main branch (480-)
864 (-1425) pm in diameter, consisting of
both medullary portion and assimilatory fila-
ments. The medullary portion (115-) 236
(-420) pm in width (Fig. 3b). Holdfasts
generally discoid, 0.38-1.35 mm in diameter.
Assimilatory filaments, consisting of both
the basal portion and the hair portion; the
hair portion unbranched or rarely branched,
clavate, gradually tapered from apex toward
base, (130-) 341 (-840) ym in length, usually
consists of (8-) 17 (-40) cells (Figs. 3c-d, 5a).
Cells of hair portion cylindrical, (10;) 21.1
(-50) gm in length, (-2) 5.8 (-9) #m in width ;
apical cells clavate with rounded apices (Fig.
5a); chloroplasts parietal, laminate, irregu-
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larly lobed (Fig. 5b). Monosporangia soli-
tary or in clusters, derived from the base
of assimilatory filaments, oval, obovate or
pyriform, (8-) 11 (-20) gm in length; (5.5-)
7.9 (-14) pm in width (Figs. 3e-f, 5a, c-h).

Holotype: Monosporangial, May 6, 1978,
Peninsular Malaysia, Selangor State, Gombak
River (19 mile stone) attached to rocks in
flowing water, collector M. RATNASABA-
PATHY (M.R. 1218, private herbarium).

Isotype: In herbarium Kobe College,
Japan, R. SETO.

Thorea clavata resembles Thorea rieke:
BISCHOFF (1965) in sparse ramification and
length of rarely branched assimilatory
filaments, but differs from it in very small
frond and the club-like form of the assimi-
latory filaments. This latter feature, viz.
the gradual tapering of the assimilatory
filaments from the somewhat swollen apex
to base, is very distinctive and has not been
known in any other species of the genus
Thorea.

Discussion

The results of the present study show
that the thalli of these two new species of
Thorea in West Malaysia are usually very
small and sparsely branched. The features
shared with both species are 1) their usually
gregarious, patchy and erratic occurrence,
2) their secretion of copious mucilage, ren-
dering them slippery to the touch and 3)
their possession of parietal, laminate and
irregularly-lobed chloroplasts. NAKAMURA
(1980) observed a seasonal variation of 7.
okadai in temperate Japan and mentioned
that specimens with more branched assimi-
latory filaments occur in the autumn, their
growing season. In the present study, their
seasonal occurrence and seasonal morpholo-
gical variation have not been observed.
However, it is noted that their rarity or
absence at the sites of collection on subse-
-quent visits appear to be more a reflection
of the local habitat rather than due to any
seasonal changes. The collection sites are
characterized by relatively uniform warm
climatic condition, and BisHOP (1973) con-

cluded that water temperatures in the Gom-
bak area were seasonally and diurnally
stable at about 24°C. Thus we conclude that
our two Malaysian specimens of Thorea are
hitherto undescribed species.

Acknowledgements

We wish to express our grateful thanks
to the University of Malaya for providing
research facilities, to Professor Emeritus
Dr. H. Hirose of Kobe University, Reader
Dr. B.C. STONE, University of Malaya and
Dr. S. KuMANO of Kobe University for their
many useful discussions, critical reading of
this paper and for providing the Latin dia-
gnoses. We are also most grateful to Dr.
T. YosHIDA of Hokkaido University and
Dr. P. BOURRELLY of Muséum National
d’Histoire Naturelle, Paris, for sending xerox
copies of certain references and to Profes-
sor T. Izumr of Kobe College for sugges-
tion of French literature.

References

Acarpn, C. 1824. Systema Algarum. Lund. 5:
56.

Acarpi, C. 1828.
2: 123-126.
Bisciiorr, H.W. 1965. Thorea riekei sp. nov.
and related species. J. Phycol. 1: 111-117.
Bistior, J.E. 1973. Limnology of a small Malayan
River, Sungai Gombak. W. Junk, Hague.
Bory, De St. Vincent. 1808. Mémoire sur un
genre nouveau de la cryptogamie aquatique,
nommé Thorea. Ann. Mus. Hist. Nat. Paris.

12: 126-135. PI. 18.

Knax, M. 1978. On Thorea Bory. (Nemalionales,
Rhodophyta), a freshwater red alga new to
India. Phykos 17: 55-58.

Kiras, Z. 1936. Eine neue Thorea aus Jugosla-
wien, Thorea brodensis KLas sp. n. Hedwigia
15: 273-284.

Mosius, M. 1891. Beitrag zur kenntniss der
Gattung Thorea. Ber. d. deutsch bot. Ges.
9: 333-344. PI. 22.

NakaMuRra, T. 1980. Some remarks on Thorea
found in the Kanto district. Japan. Jap. ].
Phycol. 28: 249-254.

Paxpey, M.C. and Cuarturvebpr, U.K. 1979,
Algae of Rohilkhand Division, U.P., India—V.

Species Algarum. Gryphiae,



250 RarNnasaBapaTHY, M. and SETO, R.

Phykos. 18: 37-43.

RATNAsaBaPATHY, M. and SETo, R. Investiga-
tion on two species of Thorea Bory (Rhodo-

_.phyta) found in West Malaysia. Phykos (in

press)

ScumiTz, F. 1892. Die systematische Stellung
der Gattung Thorea Bory. Ber deutsch bot.
Ges. 10: 115-142.

Seto, R. 1979. Comparative study of Thorea
gaudichaudii (Rhodophyta) from Guam and
Okinawa. Micronesica 15: 35-39.

SmitH, G.M. 1950. The freshwater algae of the
United States. McGraw-Hill, New York.
YaMmapa, Y. 1949. On the species of Thorea
from the Far Eastern Asia. J. Jap. Bot. 24:

155-158.

M. 54 bFHNNT 4 —* - BPR=*: BYL—LTCETHLFEFRS/ VRO 25HE

RKEAZERDOF A 7 VBO 28, B~ —o 7otz —~vIlE, 2751 v 7 —nigto=vs
NTRERRShE, chid=wv—r 75 XBOBRYORETHD, COWBIABRORMMCIL LT, B4
NEDLDTUNEL, RO, BOHMTHSD, 2 —~v)Ilo T. prowsei 13 T. brodensis i b ¥
L350, HEEE—phEL, HBoENEEL, WMETEIKEL, FLROEMELE LTINS RN
ELLRB, vl T. clavate 13 T. riekei 2 X ST 54, B hX hdsmihsl, ik
FRDENRD DI > TR ML 7 b, VBRI > TO2 00 EBHFHMTHS, 0BT T
ABOBABC LR bDTHD, ZOPNEDKEENLHMILT, Zo~v—-—o 702 OThEIRD
IO R AHMETHD L% LD, (*Department of Botany, University of Malaya, Kuala Lumpur,
Malaysia. **662 PHETMMEIL 4-1, MELFEBEBEDFHE)

KBIEX: FAELZ{EE Masao OHNO: Palur Sreenivasa RAO (1931-1981)

4 v FEoHE;r Central Salt & Marine Chemicals
Research Institute @ P.S. Rao {#+»119814¢5 A
260 RABIRED A v — F DORFHREECHIB M Do
50F DAEERF Ui, Rao BXEE®A v Ko
A F— o R= FAENALAFIDAF TR« & vV F—KF
THRELY¥EV, BHOSE - EBOWRLKT TEL,

19664F1C 1 SEMIHIFX K EFEATCEAE L, AR
HEELoBE T v/ ROEERBET 5 RER L,
FRIEBNT A v FEEKIEHED Gelidiella acerosa 0
S, EEE, FRCMHETAHETH o, WHPI
HAZEL > b, HLOHKRDOHEERELEL
TEbhic, Hoddnt Gelidiella BB+ 540
NELDOWIRH D, 1 ¥ FRBTHDERFEEOH
e EBOIGAN T TRERBHEER L, ¥
Marine Algae #fIDF—7 « V) — & — & LTHED
HEYES AV E 7 SHBTAE VB 2 & v A
BB TAMELIRLEL TV,

B OBEDEENT, 19795 v VB« =5 2=
FRT, 1 v FEREROBERRCHET A EE Y v &
Uy vRBIELEI L THD S, EERIDY v EY

Y AREIML, FER%EEOEFIIEE DG CIKE)
L, EHEMEELLANS 3 7 BEBEENIEER—ON
MFEEL LTHOE N, #e &b BAOREEE AV
T, 4 v FETHEOBREARLYIT o, RILTH
Uhote, FDBL, 727 « 77 Y HHRK OUFHENF
REDIH OEEIRFIAERTZ 1 v FicRETS
L THot, TTRA VB2 22 i0ifiEh
FTuvie, BREFLHEE THolcL & HTBIN
KFEHLH Y, 1 v VBT IHFEEFEOHEL O
1ATHote. WRFERA~NGID Z LB FY
L, ZOFEHEEED TORRETH - T, BITRER
bich HABHEZ B ThH -1,

Mrs. Rao L #EH%E < A UHMo LEEE O
ek b, ¥ks 58 HLL T, Harbo
Rao LD RKRDIEX (B2 5 FHL TFIX3IAD
THEE (KEELERE) 2H TenibbFMLL 5
2 W THB]| L#EIR T,

P.S.Rao D ZERELMLLETHBE LTS,

(781-04 +-ethFEMTHR194 EMAEREEYH
HHge € v 5 =)



Jap. J. Phycol. (S6rui) 29: 251-257. December 10, 1981

Female reproductive structures and strategy in a red alga,
Constantinea rosa-marina (GMELIN) POSTELS et
RUPRECHT (Dumontiaceae, Cryptonemiales)*

Sandra LINDSTROM**

Department of Botany, Faculty of Science, Hokkaido
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LinpsTrROM, S. 1981. Female reproductive structures and strategy in a red alga, Constan-

tinea rosa-marina (GMELIN) PosTELs et RUPRECHT (Dumontiaceae, Cryptonemiales). Jap.
J. Phycol. 29: 251-257.

A morphological examination of female reproductive structures in the type species of
the red algal genus Constantinea, C. rosa-marina, indicates that this genus should be
retained in the Dumontiaceae despite some unique features of its reproductive apparatus.
In particular, as the trichogyne elongates, subtending cells of the carpogonial branch,
particularly the future nutritive cell, become lobed. Following fertilization in the spring
and transfer of the fertilization nucleus to the nutritive cell, the female reproductive ap-
paratus remains dormant until the fall when the fertilization nucleus is finally transferred
by a connecting filament to a cell of a remote auxiliary cell branch from which the goni-
moblast develops. Inner cortical cells form a nutritive network around the maturing car-
posporophyte. The summer dormancy of the female reproductive apparatus is hypothesized
to be of evolutionary advantage to the species since male plants shed most of their blades
in the spring after release of spermatia and therefore do not shade female and tetras-
porangial plants which are accumulating starch in their blades during the summer to
provide nutritive material for the relatively large spores produced in the fall.

Key Index Words: Constantinea; Cryptonemiales; Dumontiaceae; nutritive cell;

reproductive morphology ; reproductive strategy; Rhodophyta; Weeksiaceae.

Constantinea rosa-marina (GMELIN) Pos-
TELS et RUPRECHT is a subtidal perennial
red alga with a peltate habit which occurs
along the Pacific Rim from eastern Hok-
kaido, Japan, to Southeast Alaska, U.S.A.
It was first described by GMELIN (1768) from
plants collected by Steller near Cape Lopatka,
Kamschatka Peninsula. PoSTELS and Ru-
PRECHT (1840) included the species in their
Illustrationes Algarum, based on collections
by Mertens near the type locality. Although

* This study was carried out under the foreign
student scholarship program of the Japanese
Government.

** Present address: Division of Biological Sci-
ences, The University of Michigan, Ann Arbor,
Michigan 48109, U.S. A.

several other nineteenth century phycologists
included Constantinea in their taxonomic
works, probably only SCHMITZ and HAUPT-
FLEISCH (1897) in describing the cystocarps
of Constantinea observed new material al-
though SETCHELL (1906) considered that they
may have instead observed C. simplex SET-
CHELL. v

Although a number of authors have re-
corded its occurrence in Japan (OKAMURA
1910, 1936, NAGAI 1935, YAMADA and TA-
NAKA 1944), in SAGHALIEN (TOKIDA 1954),
in the Kurile Islands (NAGAI 1941), and in
Alaska (SETCHELL 1899, SAUNDERS 1901,
SETCHELL and GARDNER 1903), the species
has generally remained poorly understood.
FRITSCH (1945) included a figure of C. sub-
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ulifera SETCHELL under the name C. rosa-
marina (based on FREEMAN’S 1899 identi-
fication—C. subulifera was not yet distin-
guished from C. rosa-marina), and KYLIN’S
1956 figure (after KiTZING) resembles a rose
more than C. resa-marina. ABBOTT’S 1968
treatment of the genus, which deals mainly
with C. simplex, includes several statements
about the genus which apply only to C.
simplex, and MASAKI (1953) presents obser-
vations based only on October and November
collections.

Materials and Methods

Data in this paper are based on the fol-
lowing collections :

Date Location Habitat Collector

Apr. 8, 1970 Cap Cast M. Kuroci
Nosappu ashore

May 26, 1978 Kushiro 4-10m N. Tazawa

Aug. 5, 1978  Cape Cast M. Kuroct
Nosappu ashore

Sep. 5, 1978 ” ” Author

Oct. 17, 1978 ” ” ”

Nov. 29, 1978 ” ” ”

Slides were made from freezing microtome
sections or squash preparations. Reproduc-

tive structures were stained with cotton
blue.

Results

Carpogonial branches first appear in early
spring. They arise from an inner cortical
cell of the upper surface (never the lower
surface) of the terminal blade (Fig. 1) and
are (6-)7-9(-12) cells long. Frequently one
or two immature carpogonial branches 1-7
cells in length arise from the same cortical
cell or from the basal cell of a carpogonial
branch. :

“The -carpogonial branch initially grows
downward toward the medulla (Fig. 1).
After the future nutritive (fusion) cell is
formed, the adjacent apical cell (carpogo-
nium) begins to produce the trichogyne (Fig.
2),:at the same time cutting off two sub-

apical cells (Figs. 3, 4) such that the branch
becomes strongly recurved at its distal end
and the carpogonium remains in proximity
to the nutritive cell, the trichogyne usually
pointing back toward the upper surface of
the blade (Fig. 4). As the trichogyne con-
tinues to elongate, first the nutritive cell be-
gins to form lobes from its surface (Fig. 5),
followed by the 2nd, 5th, 3rd, and 6th cells
(Fig. 6; numbering begins from the top of
the branch, the carpogonium being the 1st
cell), none of which become as lobed as the
nutritive cell. The trichogyne is strongly
constricted just above the carpogonium and
variously coiled.

Although trichogynes usually push their
way through the upper surface of the blade,
some extend across the medulla and push
their way through the lower surface. In
either case a conical elevation with a central
pore is formed through which the trichogyne
extends. Based on the number of pores
visible on both upper and lower surfaces of
a blade 130 mm in diameter, carpogonial
branches can reach a density of at least
800/cm? near the margin of the blade; they
decrease in density toward the stipe. After
the trichogyne is retracted, presumably
following fertilization, the conical elevations
and pores disappear. The trichogyne re-
mains intact and coiled within the blade for
the duration of post-fertilization develop-
ment.

No connection was observed between the
fertilized carpogonium and other cells of the
carpogonial branch. However, remnants of
a cytoplasmic thread were occasionally seen
extending from the carpogonium toward the
nutritve cell (Fig. 7). The fertilization
nucleus was presumably transferred to the
nutritive cell via such a connection. ’

The ontogeny of auxiliary cell branches
is the same as that of carpogonial branches,
i.e., they arise from inner cortical cells in
the spring. During the summer, as new
cortical layers are added to the surface of
the blade, the inner cortical cells to which
the carpogonial and auxiliary cell branches
are attached move closer to the medulla.
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Figs. 1-8. Constantinea rosa-marina (GMELIN) PosTiLs et RuPREcHT. All scales=30 pm.
1. Immature carpogonial branch arising from an inner cortical cell of the upper surface of the
terminal blade; 2-4. Maturation of a carpogonial branch showing initiation and elongation of
the trichogyne as cells 2 and 3 are cut off ; 5. Initiation of a lobe from the nutritive cell; 6.
Initiation of lobes from cells 2 and 5 as well as from the nutritive cell; 7. Remnant of a
cystoplasmic thread between the carpogonium and the mature nutritive cell; 8. Development
of a carposporophyte from the connecting filament where it attached to the second cell of an
auxiliary cell branch. Also note development of the pedicel. AUX=auxiliary cell, CF=con-
necting filament, CS=carposporangia, L=Ilobes, and NU=nutritive cell.
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This is also due in part to the elongation
of the inner cortical cells beneath the upper
surface of the blade. By mid summer, the
auxiliary cell branches, which were origi-
nally oriented toward the medulla, now
point toward the upper surface of the blade.
They may bear one or two short lateral
branches and are (8-)10-12(-15) cells long
at maturity.

Connecting filaments were first observed
in mid October. They frequently branch
but are non-septate. After making contact
with an auxiliary cell, the 2nd or occasionally
the 3rd cell from the apex of a mature
auxiliary cell branch, a connecting filament
may branch and continue on or a new con-
necting filament may arise near the point
of contact or on the opposite side of the
auxiliary cell.

Gonimoblast filaments usually arise from
the remnant of the connecting filament near
its point of attachment to the auxiliary cell
(Fig. 8) although at times they appear to
develop from the auxiliary cell itself. As
many as 8-10 branched gonimoblast fila-
ments 4-7 cells in length are produced in a
single cystocarp. As the carposporophyte
develops, the cells of the auxiliary cell
branch and their connections broaden to
form a pedicel (Fig. 8), the term originally
used by SETCHELL (1906) in describing the
structure in C. simplex.

As previously noted, the inner cortical cells
beneath the upper surface of the blade
elongate as the auxiliary cell branches ma-
ture. By late summer, these cells are densely
filled with starch grains. The connections
between the inner cortical cells surrounding
each developing carposporophyte widen to
form a nutritive network (Fig. 9). Connec-
tions between the carposporophyte and the
nutritive tissue of the female gametophyte
could not be detected at the level of resolu-
tion of freezing microtome sections and light
microscopy.

Carpospores are released through a carpos-
tome 58-88 ¢m in diameter (ave. 74 pm) on
the upper surface of the blade during
November and December. Carpospores liber-

Fig. 9. Nutritive network of inner cortical
cells which surrounded the maturing carpos-
pores prior to their release. x442.

ated at the end of November averaged 49.4
+3.2 pm in diameter. Following their re-
lease, one to three sterile cells remain at the
base of each gonimoblast filament. Based
on an average carpostome density of 444/cm®
and an estimate of 75 viable carpospores per
cystocarp, a blade 90 mm in diameter pro-
duces about 1.5 million carpospores and one
150 mm in diameter produces about 5.2 mil-
lion carpospores.

Senescence of blades is an integral part
of reproductive maturity in Constantinea.
As the carposporangia develop and release
their spores, the blade loses its pigmentation
and soon erodes, leaving a remnant of sterile
blade about 60 mm in diameter. (PUESCHEL
and CoOLE (1981) have recently shown that
phytoferritin is produced as part of the
senescence process in C. subulifera and C.
simplex blades.)

Female reproductive structures in C. sub-
ulifera and C. simplex from British Columbia
(kindly loaned by Dr. R.F. SCAGEL) were
found to be similar to those in C. rosa-
mavrina including the structure and location
of the carpogonial and auxiliary cell branches
and the initiation of the gonimoblast fila-
ments. Release of mature carpospores seems
to vary somewhat in time between species
as well as between geographic locations,
generally occurring earlier in C. subulifera
and later in C. simplex than in C. rosa-
marina.

Observations on male reproductive struc-



Female reproductive structures in Constantinea. 255

tures will appear in a subsequent paper.

Discussion

Both PowELL (1964) and ABBOTT (1968)
have stated that the auxiliary cell branches
in Constantinea are non-functional. In con-
trast, I found functional auxiliary cell
branches in all three species. It is possible
that both authors interpreted the lobed cells
of the carpogonial branch to be young stages
in gonimoblast initiation. ABBOTT (1968)
did footnote an observation by Dr. R.E.
NORRIS of gonimoblast filaments arising
from an auxiliary cell in C. rosa-marina from
Alaska. Dr. NoRris has since kindly sent
me his drawings of female reproductive
structures and post-fertilization development
in C. rosa-marina from the Aleutian Islands,
and his observations appear to corroborate
my own. The function of the lobed cells of
the carpogonial branch is not immediately
obvious; it may be related to the delayed
initiation of connecting filaments since this
feature also distinguishes Constantinea from
other Dumontiaceae.

The occurrence of a nutritive tissue in
Constantinea has not been previously reco-
gnized. Further careful microscopic ex-
amination of this structure is necessary to
elucidate the mechanism by which develop-
ing carpospores obtain nutrition from it.

ABBOTT (1968) erected the family Week-
siaceae for members of the Dumontiaceae
in which the auxiliary cell branches are
without function, the nutritive cell of the
carpogonial branch also serving as the gen-
erative auxiliary cell. The results of this
study show that all three species of Con-
stantinea possess functional auxiliary cell
branches and therefore the transfer of the
genus to the Weeksiaceae is unjustified.

In the species of the Dumontiaceae where
the information is available, it appears that
production of carposporangia follows fertili-
zation almost immediately, as is the case in
most Florideophyceae. In New England,
male plants of Dumontia contorta are found
in March and April and mature carposporo-

phytes in May and June (DUNN 1917, KILAR
and MATHIESON 1978). In Japan, species of
Neodilsea mature and produce carpospores
in late summer and fall (MASUDA 1973a,
1973b, 1974, TAazAwA 1975).

In contrast to most of these species, in
which the upright thalli are annual or even
ephemeral, Constantinea has a perennial up-
right thallus (LINDSTROM 1980). In addition,
many Dumontiaceae are intertidal or occur
at the infralittoral fringe whereas Constan-
tinea is mainly subtidal. These facts may
be important in understanding the apparent
differences in reproductive structures and
strategy (namely, the lobed structure of cells
of the carpogonial branch, delayed transfer
of the fertilization nucleus to an auxiliary
cell, and production of a nutritive tissue
around the developing carposporophyte) be-
tween Constantinea and other Dumontiaceae.

Constantinea exhibits certain features of a
climax dominant species: It is relatively
slow growing but long-lived (plants to 18
years of age, based on the number of annual
blades or blade scars visible on the perennial
stipe, were found in this study), and it takes
several years to reach sexual maturity (Po-
WELL 1964). Like perennial species of
Laminaria (MANN 1973), it takes advantage
of stored food reserves and the small amount
of available light during the winter months
to produce a new blade which then has an
advantage over annual subtidal plants which
do not produce macroscopic upright thalli
until late winter or early spring. The new
blade of Constantinea, however, lacks starch
reserves, but these are rapidly accumulated
during the summer months. Constantinea
also produces relatively large spores, which
by their size (and food reserves) may have
a competitive advantage over spores of other
algae in the upper subtidal zone where ses-
sile organisms compete for limited space.

Constantinea plants frequently occur in
groups. Because the blades of Constantinea
lie flat like saucers, shading occurs among
the blades of individual plants and their
nearest neighbors, a factor which undoubtedly
affects the photosynthetic capacity of the
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entire population.

Spermatia are produced by Constantinea
blades in the spring. Although spring blades
lack stored food reserves, the spermatia do
not need this source of energy since they
are non-motile. Following release of sper-
matia in Constantinea, the blades rapidly
disintegrate leaving only the stipe and a
small residual blade. Therefore, male plants
do not appreciably shade female and tetra-
sporic plants during the summer months
when these plants are accumulating starch
for spore production. This argument may
help explain the evolutionary advantage of
delayed development of the carposporophyte
in Constantinea.
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Class Cryptophyceae Class Cryptophyceae (79 7+ %48
Class Dinophyceae Class Dinophyceae (RHEE )
Class Rhaphidophyceae S * (7 7 + V&R
Class Chrysophyceae Class Chrysophyceae GEEEERE
Class Haptophyceae Class Prymnesiophyceae (~7 + EA)
Class Craspedophyceae — ** (7 7 AV ER)
Class Bacillariophyceae Class Diatomophyceae (RE3AR)
Class Xanthophyceae Class Tribophyceae (BRI
Class Phaeophyceae Class Fucophyceae (HEAm)
Class Eustigmatophyceae (AIEIR & 3)

* 574 FEIEE LT X¥ 7\ T, Class Tribophyceae ®» Chlamydomyxales (7 5 3 F I+ H) &,
v e 7 x—-F) X Chlamydomyxaceae (7 5 3 F 3 +4+Fl) &L dic, MBIELIh B, Ik, SEDORD
Chloramoebaceae (7 A3 #+Ti% Raphydophyceae D#gh 2 HV-HA TV B,

75 AXRFEIME LT X\, Class Chrysophyceae ¢ Ochromonadales (+ 7 v =+ 2 ) ©
Stylochromonadaceae (R r 7 =&+ 2E}) & LTihkbh b, (FIR XEHE)
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Hiroshi YABU and Ikuko SHIHIRA-ISHIKAWA: A long chromosome
in the cyst of Acetabularia ryukyuensis OKAMURA et YAMADA

Acetabularia ryukyuensis which was first
described as A. mediterranea by OKAMURA
(1916) and renamed the present name
(OKAMURA, 1932) is known to be distrib-

uted only in Okinawa and its neighbours
(ARASAKI and SHIHIRA-ISHIKAWA, 1979).
During the recent investigation on this alga
to observe the nuclear divisions in the cyst

Ieli B

Figs. 1-12. Various stages of nuclear division in the cysts of Acetabularia ryukyuensis
OKAMURA et Yamapa. 1. Part of the cyst with two interphase nuclei (seen in the lower
side) and one late telophase nucleus (seen in the upper side). Arrow indicates the chromo-
center which was transformed from a long chromosome; 2. Early prophase. Arrow indicates
the chromocenter which began to transform into a long chromosome: 3. More advanced stage
than Fig. 2. Arrow indicates V-shaped long chromosome; 4. Nearly the same stage as Fig. 3.
The substrate of chromocenter still remains at the terminal portion of a long chromosome. 5.
Late prophase; 6-8. Metaphase; 9-12. Anaphase; Magnification: All Figures. >1900.
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leading to gamete formation, we found the
presence of an extra long chromosome in
its nucleii The examined plants were
collected on March 15, 1981 at Nagura Bay
in Ishigaki Island, Okinawa Prefecture and
were brought to the laboratory in Osaka
University to be kept alive in Jamarin arti-
ficial seawater for 9 weeks until the time
of fixing. They were fixed in acetic alcohol
(1: 3) and stained with aceto-iron-haema-
toxylin-chloral hydrate solution recom-
mended by WITTMANN (1965). The follow-
ing descriptions are based on the nuclei in
the cysts at their two to about thirty nuc-
leate stages.

The interphase nuclei in a cyst comprise
one small chromocenter (Fig. 1). When
prophase sets in, this chromocenter becomes
somewhat larger and soon it begins to form
the extra long chromosome which shows
heteropycnotic feature in early prophase
(Figs. 2-4). This chromosome attains ca 20
pm in later prophase to mid metaphase at
not later than several nucleate stage al-
though other choromosomes are less than
ca 4 pym. (Figs. 5-8). At anaphase, one or
more lagging chromosomes were occasionally
visible and the extra long chromosome was
easily recognized as a very long trail behind
behind the chromosome alignment (Figs. 9-
12). This chromosome also degenerated to
a chromocenter in the daughter nucleus
when the division was finished (Fig. 1). The
chromosome count from early metaphase
was ca 20 in number.

In Acetabularia, sufficient evidence of
meiosis has not been shown until now, so
that even at present the important fact
where meiosis takes place is still indistinct
(GREEN 1976). In the present investigation,
we could not succeed to establish the process
of meiosis in the cysts of gametangia.

The genus Acetabularia has been studied

cytologically using A. mediterranea and A.
wettsteinii by SCHLZE (1939), and with A.
mediterranea by PUISEX-DAO (1966) and
Woopcock and MILLER (1973a, b), and the
chromosome number was reported in A.
mediterranea as 2n=20 by SCHLZE (1939)
and 2n=8-10 by Puiseu-Dao (1966). In
both Acetabularia mediterranea and A. wet-
tsteinii investigated by those workers there
has not been recorded the presence of such
a long chromosome as we found in A.
ryukyuensis.
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REOA M YO ELHTR
THERIE - HEEE

JeifE A B AR AR (060 FLIRTILK L1047 8 T H)

Kupo, T. and Masuba, M. 1981. A taxonomic study of Polysiphonia morrowii HARVEY
(Rhodophyta, Ceramiales). Jap. J. Phycol. 29: 263-272.

Polysiphonia morrowii HARVEY and the alga which has been called Polysiphonia sen-
ticulosa HARVEY in Japan were investigated on the basis of material collected at Oshoro
in Hokkaido, northern Japan. The following taxonomic features which have been consid-
ered to distinguish the two algae by previous investigators are variable according to the
age or habitat. (1) The tufted tetrasporangial branchlets formed in the axil of branches
increase in number with age. (2) The thalli are dark red in color and not rigid in texture
when young, but they become brownish or reddish black in color and rigid in texture as
growth advances. (3) The relative length of the articulation (length/diameter ratio) is
correlative with the thallus length which is dependent on the habitat; the plants growing
above low-water mark are short and have short articulations, whereas those growing in
upper subtidal zone are long and possess long articulations. Thus, the alga which has
been called P. senticulosa in Japan is identical with P. morrowii. A re-examination of
herbarium specimens identified as P. morrowii and P. senticulosa by previous investigators
and now deposited in the Herbarium of Faculty of Science, Hokkaido University (SAP)
justified this conclusion. The plants with few tetrasporangial branchlets had been referred
to P. senticulosa and those with tufted tetrasporangial branchlets had been referred to
P. morrowii by the previous investigators. However, the status of genuine P. senticulosa
described by HARVEY is still uncertain whether it is an independent species or synonymous
with P. morrowii,

The previous circumscription of Polysiphonia morrowii is emended to include the fol-
lowing vegetative and reproductive features. Adventitious branches which originate endog-
enously are common on the lower portion of thalli and some of these grow into indeter-
minate branches. Vegetative trichoblasts are formed in a spiral manner at the apical por-
tions of indeterminate branches and of fertile axillary branchlets but few in number. Male
and female reproductive structures are formed both on ordinary lateral branches and on
axillary branchlets which originate endogenously.

Key Index Words: Orcasia; O. morrowii; O. senticulosa; Po]ysiphonia; P. mor-
rowii; P. senticulosa; Rhodomelaceae; Rhodophyta ; taxonomy.

Toshihiko Kudo and Michio Masuda, Department of Botany, Faculty of Science,
Hokkaido University, Sapporo, 060 Japan.

—T:D'f + 7+ Polysiphonia morrowii HARVEY
(1856) ikt EAs CER L X ik A FEo VTR
Wehic, Lk, HARYD BATHGR AL RS
Sh, BEMLIRTV S 5AREAPRERR Tt
HHEE: (YaMapa and TANAKA 1944) 75 #%3)l|

"B (SEGI 1951), # sk — ¥ 2, B AR TR EK LN

FBFfeD— e (AN

;ﬁﬂi}'{ﬁﬁéﬂ""lﬂf PG (RS
E*ﬂr 71%%%77448018) abet%o

31t (Nacar 1941), HEk (TOKIDA 1954) » & juMide
fe (VI 1956), 7 2 7 KEERBETIXY S OA AL o
7 (i 1966) 2 HHlEEYERE (Kanc 1966) %#ET,
44 (Tseng and L1 1935) WEHIRETH D, AE
LEBTHLMIZ LY 1+ 7y Polysiphonia senti-
culosa HArRVEY (1862) »i% b, % d type locality
124tk v > v + vM o Orcas Island TH %A, HA
FHTOMILER A b 7 FDEREKRAEE >T
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Wb, Thobb, KEERETIROFE (KawasaTa
1936) » 5 #EE (YENDO 1914), 4+ -2 7, H
AifpgTi, dbiREARKEE (BRS 1979) 7o
BB (WF 1916) ¥ TThB, 77 KBERRTIR
vIoAALy 7 (i 1966) 5 ML (Kane
1966) IMiF CTHFT A LAWE IR TV,
Tv A FrYE AVA L 7L SEGE (1951) X
- T Fl i MREEME 2 il h T3, Seal
(1951) (o LT/ ERE LT Hi#E Tk MalT
R FIRCBER I NS0, BHTELZD LS
R e i TR L, hoMEE L LTHRE0 M
LERBE, TR A b S TRBOED D o RO TR
WETHHN, V4 7 TRBEd L ER(0
THIHR IR & LTV 5, X512 SEGI(195])
DOWFZEOLIKIL D, NORILEEOLOMI €
4+ 79 T4 3 ENEL, AV P TIRT E
KELZ ENBMERE, LrLichh, thic Sec
(1960) i3, WHDOK N WHREANH D 2 Ll

2
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NTWb, APETIRERAS P 7HELY A b IHD
EE L hBELMCT A DR, WENEFETHZ &
D b T V5 dLiE A% (FRE 1933) Kk T
7 4 — A VRELXTIV, B8RO iR
At

HHEEHE

At AR 3T, 19785 3 AN BH1979F- 2 A
¥, SHIOMAERELTL » A 2 ERIEETT
v, ThnEERoMEERYRA L, TO/KR,
LEBIC L - TIHIRcer S + 7y OBELRT
AR, A2 4 b 7R AT O o sl
Wi a T MERARED bR, ZhbkXThZh,
Type A (Fig. 1), Type B (Fig. 2) JR¢* Type C
(Fig. 3) £¥+%, Type A BEOARNTHRCEL,
ICHIER & b0 LT O F A M T S
HBLT 5, Type B XN K Fici LED

e

Fig. 1-3. Herbarium specimens of tetrasporangial plants collected in Oshoro Bay. 1. Type A,
collected on May 12, 1978 (SAP 032213) ; 2. Type B, collected” on May 12, 1978 (SAP 032214) ; 3.

Type C, collected on May 31, 1978 (SAP 032215).

Scale in Fig. 2 applies also to Figs. 1 and 3.
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WBOLIoWihs, Type Clt, #WNOZEM Uit
DEECEED EHRMAREC £ H T, Ihic ik Z
19805 1 A ¥, Type A, B ¥ C o8I+ 51\
HRYH AT R\ T, 1o e LRI R T, o
RO DEEHOFMOTR Y X DFEL M Lic, M
PRFUEDHR S W5 (LB RO ERICHIR S h 55y
A FEBOBOEEWLELL X VST 5 i,
B (1970£5 A2 6 7 Ackid), KR er At
7@ type locality TH % pafiE (197944 J1& 5
M) OBEARLRAE L,

1979 415 A, B LY A o fofifk (Type
A, B) RUBZA LIl Tk (Type C) % HvC,
YT LT OB ERE 1T - 1o T 10 2
R, WE (1979) X b RBhTu B Jiuc it
ot DEEX R AT, 10°C, 16HEBII 8 RGNS
WD &fT 1 MRS Licic 6 BBl L, LUTFo
6 M CHER Lic, %444 5°C,10°C L Uf 15°C,
1 RS fh 8 BEUE I L6WEMEINT WD A 4 &, 160F
B30 8 eIl D R N Sefh D, & 2 DHLR (5°C,
8:16 LD, 5°C, 16:8 LD, 10°C, 8:16 LD, 10°C,
16:8 LD, 15°C, 8:16 LD, }4vf15°C, 16:8 LD)
Thb, Type A, B RUECoOVThi, #EEHLN
IKD%, 3y — U0k L, B EME, 1,
Atk 2 5, R% 34 At &>+vr—vibb 2 kT
OH|OIL, 7YY VEKETORATA V5 Al
WCEE LTEE E L,

BB LA A L LT, duid Kor
Pl B A B LW & T B (SAP 032200-032219),

Table 1.

= £

EMFEHHAEE : 1978 3 A B 2 EM D B
BRI D AFEBREOK L, L, FRNNHEZUTD
XowdHahs, Type A, B RO CouvFhick
VT, HIBMYEE LTNBIT 2 02128 bk
THo, HitHERBEOHML L) Tlunbih b,
Type A OffifkTi26J1% T, Type B &£ C T2 7
AT, WEOKT-YE 4 Aiyn SR I g,
Type A & CTix7H%¥<C, Type B Ciz8A%T
{FET 5, COX 5N PR AMEAMEBE XD
LA LB TS,

HMBFRE: 7 4 — A VD Type A ofiiffiz/ha<,
KELDE6ATL 97mm DRI THD, 1L UHEN
VERHRLE THEIL 2R A, U h T B I
iz, (A h o e h, FTLERVGEIT
Keten, Type Bir k&< 5)lckEied (225
mm), FHUVIFO OENFLET, 7Tk Type A &)
IR THDH, AR AT B eI, &
R HID D P M0 L e ), PTt Tppe A L)
iz S MIER & 75, Type C T, ERUIHH
o gL, Type A & B o), (s Type B
IV, SHED S HWT % &, Type A ofifkosy
Bix®c, Type BOZHIZBOGTHENID X Sk
2B, Lo L bakiolkEIV-3Tho Type ok
WTH LT3 —4MEiTh D,

HMOREELEEDL : HioRX LriEDlLoffiz i
B EHhD PRI TERINCWL L, hE L OB FEY

Seasonal variation of the plant length and the length/diameter ratio of the articula-

tion for Oshoro plants collected from January to July 1979. Plant length, mean value of 10 indi-
viduals ; length/diameter ratio of the articulation, mean value of 3 articulations at the middle

portion of the 10 individuals.

Collection month

Type of plant

Plant length (mm) 29.6 —

Type A Length/diameter
ratio of articulation 1.2 —
Plant length (mm) 48.5 60.8
Type B Length/diameter
ratio of articulation 2.3 4.0
Plant length (mm) 52.6 45.0
Type C Length/diameter
ratio of articulation 1.8 2.7

Dashed line indicates that no plant was collected.

Jan. Feb.

Mar. Apr. May Jun. Jul.
o EZTS 69.6 80.1 753.4 7

— 1.9 3.6 3.1 2.0

| 12&4? E57i345 7133.% . 159. 6

6.1 5.4 7.1 5.3 5.6
1 64 785 425 40

2.1 3.0 3.0 1.3 . 1.5
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Table 2. The plant length and the length/diameter ratio of the articulation for three Oshoro

isolates.

Culture conditions

5°C
and age (month)
Isolates 1 2
Plant length (mm) 0.8 2.1
1.4 14.6 2
Type A | ength/diameter 0.7 0.8
ratio of articulation 0.7 1.8
Plant length (mm) 1.0 3.3
1.8 19.0 2
Type B Length/diameter 0.6 0.8
ratio of articulation 0.7 1.5
Plant length (mm) 0.5 2.8
1.7 14.6 3
Type C Length/diameter 0.5 1.0
ratio of articulation 1.0 2.7

The data in the upper half is for short-day condition (8: 1

long-day condition (16: 8 LD).

F~Az (Table 1), WiZEORNCILEA S A HEBYIK g
RDdHNI, FENLLMETS Type B offiffTiz,
WORIEHEBEOWLIIKT. 1 &R L, EEOHEI
Type ATi13.6 ThHb, HHREROMETL WD
gL, MoEX LEEO LRI Y

w

Er@w btz hbo Type OifEMEL < #

Hhhleh otz (Table 2),

4% : Type A, B Ko C offifs & & Eiiha o 3 —
ABAEI S L AMERICIER R A E L LBz T X<
FRETHERERM LY, ThEZLIMEMCES
CEE HBRETS (Fig. 9, L<F#E L Type B
DEGETIIE 4 -S5O ETHREINEG, 2D X5
<, £RMosEIL Sect (1951) DE#is —FK LT
HERTHD, O EED T b AL RE
BhmmEh (Fig. 10), 25 b O mERE BRI R
ET 5, WA L AMBE XM T 5/ EH 5
Rz NAERCERE RS (Figs. 5-7), MiHEO B EA
CHHINDIBULE L OBEHET 5 (Fig. 5) »3,
ST ECHR IS b ook Lisy (Fig. 7),
19794E 6 A ikdi L7z Type A olUSTaFE TR
T, HFEBE R LT eI X Rl Lokt
DR BRERICE LTV 5 00 EZ X hi: (Fig.
8)s T DL Orcasia KyLiN (1941) Dk X 7c Htk
ThH5WEMCEI$ 5 R4 £ (Langtriebe) 1
BTGB, L Lichin, ZofditEm LikET

e oN
0oy DN

W 0 | N 0

=N N

W w3

Plant length, mean value of 6 individuals; length/diameter ratio of the articulation, mean
value of 3 articulations at the middle portion of the 6 individuals.

10°C 15°C

1 2 3 1 2 3
3.0 17.7 44.6 1.6 10.8 18.2
3.6 26.7 33.9 16.1 27.3 28.9
0.8 2.2 29 0.5 1.2 1.2
1.4 2.3 22 2.9 3.2 28
2.0 125 28.2 1.7 7.7 14.6
3.8 19.4 27.7 7.4 22.2 21.3
0.6 1.1 1.9 0.4 0.7 L0
L3 2.3 1.7 1.3 2.1 1.6
1.2 9.0 16.9 1.3 6.0 10.8
3.9 27.6 32.7 9.3 22.0 22.8
0.5 0.9 1.8 0.4 0.6 0.9
1.7 1.7 1.6 L9 2.1 2.3

6 LD) and that in the lower half for

HH S, MK TREEBRT RN % Jo K

Lichoh, H5\WCIREEA T @ & b h b AN
M/ U % SRV RV VBRI BRI S hic b
DDOWTFRNEEXBRD,

BEREEO L 7 4 — 1 VOO TR E L LD
KHT—F L, 10°C LU0 BTty 2
Rlg > e pinBob bt (1) i B O3 EUE
3—4MMRBTH LA, AR BEAN B L,
() TERD kD Lific F TR E L5 (Fig. 11)

Tz ERT, () PN TR ENRIC A Ui, S

#A + 74 Polysiphonia porrecta Seci (1951) o
LSRR BMCHEEIhE (Fig. 9) & EThb,
ERHK: Type A, B RUCoLFhizk T T
IRE: (trichoblast) %, 121 —2 ADRIlZE A E¥L
Hht, 3—6 ADMIRIh, EMBEYHBIL
LIcE TR T RO oBH %\, TIRE
DI D WAL ERAE BT 580 %0 (Fig. 12)
R I RS LA 2 £ LS PR B5H
w5 (Fig. 13), BRI HiEE LTHBERIhD
ZEixiek, HL oA, BrvEoliz 1 —2 A
WTHBETHHH, Wz 3— 4 AKEFER T LT
4 U% (Figs. 12, 13), TIRBULREW T, Bk
< BXIRC BT 5, $EREGO TR TR
ShBE|L, BROZOWBEILT 4 — 1 FOMkE e
S UTH-1: (Fig. 14), Lo Lichin, BESHMEA



Polysiphonia morrowii 267

Figs. 4-8.

lected on June 22, 1978); 8.

Exogenous and endogenous branching in field-collected Oshoro plants. 4. Lower
portion of a young plant (Type C) collected on January 23, 1980, showing a main axis and inde-
terminate branches of the first order formed exogenously; 5-7. Axillary fertile branchlets formed
endogenously : 5. borne on a female gametophyte (Type C, collected on April 14, 1978) ; 6. on a
male gametophyte (Type A, collected on May 12, 1979) ; 7. on a tetrasporophyte (Type B, col-

Axillary vegetative branch formed endogenously and borne on a

tetrasporophyte (Type A) collected on June 2, 1979.

Fig. 9.

Adventitious tetrasporangial branchlet formed endogenously and borne on a 3-month-

old cultured plant (Oshoro isolate, Type B) grown at 15°C, 16: 8 LD.

Tl 2em BUFOEG ML TIREABILE h, &
H & The Lififkic L b & At AR
, GIEi#ci
PRTHRLDRIRC O R UD & Ll ShTuws
(NaGar 1941, Secr 1951) 7%, YEf 6 o {4 Tins
DEULE X TVDY, B A b 7 IR & B AN
IR FERC BT B BB iR S huts, (oo
74 G IR O TR R itk B H 0 & LT

2wy a9y 2 ) P ourcolata (DiLLwWYN) GREVILLE

2N
Euf P IHELYA L SHTR

(ROSENVINGE 1923-24) 7231H T\ %,

Moy RaF AL 0 Ak Type A, B )0t C offi
Affc s LT S, SRR A U2 E Rl 7o EL
(Fig. 7) w2 ki, MEOED R E i
L IR EnG - LA EE E i (Fig. 15),
PUS R HED IR D 1Sy, U TR S 5 (T
i, TR E RS b O TIRIMIOEDOFEEM LA
wii~te (Table 3), VU9 TRUL 4 H gL
feaBe DD, IONIICRNE BieBR S h D, HE
A AT R SRR £ AN A (e e QL U R N Y
R uIRiE, b L I K WIREEDO T Tic i R/



268 Kupo, T. and Masubpa, M.

]
!
'
1
1
.
t
]
1
1
h
LY

Figs. 10, 11. Adventitious branches formed endogenously : 10. borne on the lower portion of
a young Oshoro plant (Type B) collected on January 23, 1980; 11. on the upper portion of a 2-
month-old cultured plant (Oshoro isolate, Type B) grown at 5°C, 16: 8 LD.

Figs. 12, 13. Vegetative trichoblasts of field-collected Oshoro plants: 12. borne on the apical
tip of an indeterminate branch of an immature plant (Type C) collected on March 26, 1979; 13.
on the apical tip of a tetrasporangial branchlet of a plant (Type C) collected on May 12, 1979.
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plant (Oshoro isolate, Type A) grown at 5°C, 16: 8 LD.
Fig. 15. Tetrasporangia formed on the ultimate branchlets (Oshoro plant, Type B,
collected on May 12, 1979). Scale in Fig. 14 applies alsoto Fig. 15.

e Eopusyla Farsc i LT ub, ok, Sk PEEA B (Table 3), $EIRICIER S b a5
WS UGN PR O BURRIINS 2 25, ho AR MRy, PZRMBT, BRES L KELRD
VUl RO T BUR Y T 4, Type ATLLT ) Type B oA T fitd %< 7—84A, fkEo/NEw
12, Type B Tix 6 J] DR KRS i oyl 1 Type A TIE5—6A THBH, 5H I Shic

Table 3. Seasonal variation of position and development of tetrasporangia and of number of
axillary tetrasporangial branchlets for Oshoro plants collected from April to July 1978. Ten indi-
vidual plants were examined in each collection. Stage I, young branchlets without initials; I, with
undivided sporangia; I, with immature divided sporangia; IV, with mature sporangia.

Type of Type A Type B Type C
plant Ultimate Axillary Ultimate Axillary Ultimate Axillary
Collection branchlet branchlet branchlet branchlet branchlet branchlet
date stage stage number stage stage number stage stage number
| 1-2
27 Apr. 78 Il | 1 I, I Il 1-2 IV T 1
I 1-2
I 1
fav . Il 4-5 - 1l 2-3
31 May 78 I, I I 1 I, 1 IV 6.7 I, I i 3.4
v 5-6
1 2-3
. is 3-4 1 2-3
22 Jun. 78 1 % 3 “1 [V 5-6 I, v i 4-5
5 6 7-8 6-7
2=y v 6-7
3.4 3-4
c T - ] d s
21 Jul. 78 [V 5.6 IV ;7 (é

Dashed line indicates that no plant was collected.



270

Kupo, T. and MAasupa, M.

Table 4. Seasonal variation of position and development of tetrasporangia
and of number of axillary tetrasporangial branchlets for Muroran plants col-
lected from May to July 1970. Stage I, young branchlets without initials; 1II,
with undivided sporangia; I, with immature divided sporangia; IV, with

mature sporangia

Ultimate

Collection data branchletr_* L
stage sta,

12 May 70 I, 10, v I
1

I

8 Jun. 70 I, I, IV I
It

v

I

27 Jun. 70 m, v T
1\

T

18 Jul. 70 I, v I\

Axillary

Observed

, branchlet N specimen
ge number number

1-2 15

1-2

1-2

1-2 15

1-2

2-4

3-4

5-6 12

2-4

5-6

1-2

3-4 3

5-6

Table 5. Seasonal variation of position and development of tetrasporangia
and of number of axillary tetrasporangial branchlets for Hakodate plants col-
lected during April and May 1979. Stage I, young branchlets without initials;
I, with undivided sporangia; I, with immature divided sporangia; IV, with

mature sporangia.

Ultimate 7 Ax;llary
Observed
Collection date branél‘l)et branchlet specimen
T ' - . number
stage stage number
T 1
28 Apr. 79 Im, v LA 1-2 12
m 1-2
v 3-4
m 1-2
28 May 79 I, v v 3-4 8
5-6

Type-A B\ TiE, HERME b b WAKTR
AR L AT O E N, F oMY IaT- A B
LTS EERDEER U » T i,

BWROEE THE S Wi lBA DB R L ARk
OEA LT UT, BRI LK S h 5 Myl T
PERCHEHEIND LD L I LBLERTH L, &
CEROMS T T RE OB RE T 5 2 &
Bt (Tables 4, 5),

BEREBRTIL, Rl 7 4 — 1 Vo
LR Y, NENERY b > TREWCHR S iz
H—o [T B3 hi (Fig. 9, 74 —
v FORGEE LT, ToRbERcd e 1 ek

-
i

K2 5 — 6 ATBI S Rcic F ¥ fehs - 72,

% ®

ERADPIHELAYA N SHREAMTEEE LR
L BHD Type A & Type B B Uz hbo il
o Type C OFMMAERD BBHER,1DL, 6K
BEYEGT288E shTEl, ERCHEREhsM
DIRFEE O, HhomlH, YORHOEILH
Bol (SEcr 1951) ALUTD X 5, HEhRIE,
HHIEFRREC X - TERT B Z WL
271 (1) BERCHER S hsMyBTESOEL, K
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BOBMERELICOR TS ), B—DRETH
5T Eurie (BWROBEE O BEADBEEE L 4
—ET5), (2) BETE G IO THLE
REEBRLCD, ERETHR SR TR HY, |’
LEEL D, () HioE X LHEEROLIEGOMER
CHOAILTHAL, EDOAEVLDIZE LS fEr
Y. BHROBREMEFTREC X > TRESH,
KRB LTEFT LTS DD k&, B
EROKER» S L#EHIFED bR, Type-A,B
ROCE LTEE LXK Lok, $—offid
KhbErA b 7Y EEhsd, BRIECETTS L
ShT&fcemd /9L a4+ 74 (FitE 1933)
3, MAoRTEOHBMMOMEEL &Y 4 b 74, B
BOELER Y T % S BT -fthkx € m
1P I7HELTERDDLEELZBRS, T0 Al 7y
ROAY A b7+ EREE ST B LS AL
FEEADOERMNOZRD 2 OBWELHMT 5, SEar
(1951) wkonT av s b 7H0EAL LTEIAIZH
TWh S TFH, HFHEEmhE (SAP 025872) o
LbDRETTH Y, SEGI KXo TEDLUMN RINT
W5 (1951, pl.12), Z oA, FERKCH—T
e 2 — 3 KR0Sl TR, Biicabhb,
EHiz Secr (1951) DFBUCH 5 X 51 wK/DE L
HMUSRETFEIEBR IR TS, BEShCAFRN
AZIR T e (BREE, (LIEFEY), Lol
PR THTHDH, EEoh, H, KROMWoN-r4%
DB EDGHIET LT, Mol 14 ikl
Lisd O BEA L EX bhB, Evf P /v e L
T Secl (1951) L X~ TCHIHEIRTVBBEADS b,
AT EEV-ThY SEG DB —3 LIty
RLTWB, DX, SEcl (1951) & HEHARYFE
HESRTHEE LAY A4 b7, HudDkEef 7y
ELTWehDEELXBRD, BARL (1979) 1T L -
THIREENGBE IR A Y (1 + 73 EAOHER
FHie kv, ®agt ryolSEFEOEGEEO L
DEHB LIz, BATAYA b /'y EERCE 1M
I, 'R P/ ER—METHD LERIND,
wiz HARVEY (1862) 12 X » CE# X iz Polysi-
phonia senticulosa » Ewm 4 + 7+ ORMEHRIE &
Ihiugiebicy, WENRA—ETHIUL, P. senti-
culosa | TEBEHEMGLEF (STAFLEU et al. 1978)
b iEHEY boE v A b 7 Polysiphonia mor-
rowii HARVEY O B4 & LT Hbhb, HarRVEY
(1862) DFEFEHITITAEFBECOVWToOEMILLL,
BEO L ZATIIHMARARETH H, SHEEETAD

Beit, ®5B\3 type locality o Orcas Island To
AN LB B,

KyLin  (1941) 2,
HARVEY #H ¥R L UCHIB Orcasia #3r L, *
v 7L BB LTVWS, KyLiN (1941) #%
Orcasia b4 + 7+ BOEBEICHRE L Licow, i
FZ B\ CERY: K (Langtriebe) A P94 R
EhaorM L, BRETIMEMTBR I BEBH-T
»HbH, xDfiuc KyLin (1941, 1956) i3 Orcasia o
WL LT, SMERIAE Ui % OB A& HF: Lis
WHERERE LD L, ROBRENXFEFCHhc
LovE Ule\C EREF TV B, L Lieh'n, EF
LOERA I OBREHERIE KyLn o B 3
THHOTEIg, (1) MENE LDHIL, £<D
BEEWHRE 2R T o5 CTERBAERKTH
bo (2) AEOMHMERNCE LDEIREL DBFBEA + 7
YIBE AR ERERK LB, 3) BREBTZOR
AR, A b B LR U RERCETIT 5 M
B rmt, P. senticulosa = k\ Tl KyLin (1941)
DEHE—FTHWHEERH DM, P tbead
bR WTRAEY M L I B LM LTAE
BT iy, 4% KyLiy (1941) oBZE L
BiAk% 8% LT, Orcasia O 0 BEHRIT T
Bk Ligi hudie g,

ARG (B % B do - Fo LS KBS B ARSE
PO AR LR 5, BAZHREE LOfvrade
BB BH KRFERE B ERK, W7 4~ F
FRAC B I o bRl K R BR R i SE BRI E AR
PR R L 5,

Polysiphonia senticulosa

51 A Xk

FHESA: 1966. ¥ 5 A A by 7 ROZED fHEOHE
W, M 14: 127-145.
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International
Regnum

FERF=ZR: ANV IV h9ANIH 0%

Isamu AKATSUKA :

Use of names Pterocladia tenuis OKAMURA and P. demsa OKAMURA.

STEwWART (1968) (3B 2 flix 415 Pterocladia
DO LM L RO BT v 7 A& T, 67
Az oW TR, 4 BICOWTBIER T, Zh
52 P. capillacea (GMELIN) BorRNET et THURET
(1876) L[> ¥ v A—1HEMCBT 5 L@ L,
FDtoh iy, P. nana OkAMURA PS03
Pterocladia DfffIcIzZ DENAVHRD X5 IC
feoT&1,

Lo L D AV Fo o v 7 i3 B SRS DT

}, BEBECOWTH T v F AT hcbOTIE

o leDT, FHHFMAERETI OERFE 2\,
P. tenuis v 70« 4 LT THH, BEOH
AT E LTz v, T, 863 Buito fi
FHENBRE o EEL TR oo L, 2 s e,
VOBRb eI highot, Vv xl1s.d. @
LA S RIcH, HOBIH TRV OT, HEHFAY
TLEEMHHT 5 Z L3N ETH D, vV oMlE
LU O el x b iz > T T e o TV B2, 47
BAGROREATTIL > T B 2 i b\, i

Do 1ot v FARBOHIB IO I 1T cbh
e otel LiTle B, AIBRE 2 flih 3L TIofIH (1934)
DEFENFIHEh T oie, ToHHE - FirfEail
DESUERIIE & bR TH B, P. capillacea x
DM EIW ORI I TVWD, bbAAL
OB A e ShH RETH B,
PLEoBRBUC X b, EkoH 2 WERROFRLY I
% ¥ T, P. tenuis OKAMURA ¢ BHONZ P. densa
OKAMURA D f4 1AM Pterocladte o 2 #iFHic
HLTHBhBEXRETHD,

OKAMURA, K. 1934. On Gelidium and Pterocladia
of Japan. J. Imp. Fish. Inst. Tokyo 29: 47-
67.

STEWART, JoaN G. 1968. Morphological varia-
tion in Pterocladia pyramidale. ]. Phycol. 4:
76-84.

(193 AFLTHiMEII1262 A AEY BHPIEH)
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2EEBHRAOBHCHBRT2EMT 77+ (B)
ToFAMAFRALRBEE/ T 71T 14ILE

H ot IE B

TR AHTRA € v 2 — (462 FNVERTIEENTEH 7-6)

TaNnaka, M. 1980. The plankton algae of “Tame-ike” ponds in the suburbs of Nagoya,
Japan (5). Ankistrodesmus and Monoraphidium. Jap. ]J. Phycol. 29: 273-276.

Occurrence of 7 species of genus Monoraphidium and 11 species of genus Ankistro-
desmus are reported from “Tame-ike” ponds in the suburbs of Nagoya.

Among them, Monoraphidium dybowskii (WoLosz.) HINDAK et LEGNEROVA, M.
pusillum (PrinTz) LEGNEROVA, M. saxatile LEGNEROVA, M. griffithii (BERKEL.) LEGNE-
ROVA, M. setiforme (NYG.) LEGNEROVA, and Ankistrodesmus densus Kors. are recorded

in Japan for the first time.

Key Index Words: Ankistrodesmus; geographical distribution; Monoraphidium ;

morphology ; taxonomy.

Masaaki Tanaka, Aichi Environmental Research Center, Tsuji-machi 7-6, Kita-

ku, Nagoya, 462 Japan.

ok BT S AT % 18tk 5 @i h HERYE LIk
M T50 v iRHoOWT, ZhETi Crucigenia,
Tetrastrum, Chodatella, Lagerheimia, Polyedrio-
psis, Tetraédron, Oocystis, Palmellocystis, Ne-
phrochlamys, Nephrocytium, J ¢ Siderocelis o}l
BfEh s L

A[alt Ankistrodesmus } ¢ Monoraphidium o
WS SO\T, B, B, HKER O E:
WET 5,

1. Monoraphidium braunii (Nic. in KiTz.)
LEGNEROVA var. braunii (Figs. 1,2,3,4,5,6,12)
Syn: Ankistrodesmus falcatus (CorRpDA) RALES f.
braunii

martae Ankistrodesmus

KAMMERER,
(NAG.) CoLLINs

iy 15-51.5 pmx1.2-7.5 pm DMK T, H
EEIEI L, WHRIR DV, Rk 1
DV /L FEFET5,

FAYY, ~viy) -9, Faye3%70, 73
AN, 4 v FO hbEIbRD,

2. Monoraphidium dybowskii (WoLosz.) HINDAK
et LEGNEROVA var. dybowskii (Figs. 7, 8)

Wit 7.5-15.5 pm x 2.8-6.5 pm DOHAHHK T, WP
BLBIL, WAL, TR TR LRESE

WioMnbHsb, LM ¥ L, Kffiiz M. con-
volutum (CorRDA) LEGNEROVA 125 A%, WAL
VERCHIRR AR Ui ETRAlER S,

Fao—nD FaveAxTO MbHMbLRS, U
AHE,

3. Monoraphidium pusillum (PriNnTZ) LEGNE-
ROVA var. pusillum (Figs. 10, 11)

Ay 15.5-22.8 pm x2.8-6 pm T, 1hrHiep
W26 AR K. TN O D, Ml
b WiHEIZEL 2 1 FERL,

KA1 71)' NYHY =D FLoayvalFFD o
meohsd, HAFE,

4. Monoraphidium minutum (NiG.) LEGNEROV A
var. minutum (Figs. 13, 14, 15,25) Syn : Raphidium
convolutum (CorDA) RABENH. var. minutum
(NAG.) RABENH., Selenastrum minutum (NAG.)
CoLLINs, Ankistrodesmus .convolutum (CoRDA)
var. obtusus PRINTz, Ankistrodesmus minutis-
stmus KORS. '

AT, 7-15.8 pmx2.6-5.5 pm, WA
RHF, HESHEML, hithsdz 2%, G
IR v /4 FERL, VAT LSEOEW
LONH B, . ’
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FAID, vy 99, Foayeix7?, J
FTAYA®, =, —H =TI A= T Y HO,
1V FO pbdbh, ABTLEERCEDIS,

5. Monoraphidium tortile (W. et G.S. WEST)
LEGNEROVA var. tortile (Fig. 19)

i 14-18.8 pm x0.6-0. 9 pm DRI T,
HE B L, W LEEWiRfi s h R 5,
RV 14 PR,

F=a2V BT nbMbLAD, KIBTH KU
R bhan (CorpA)
RaLFs & LTHRE IR DR L,

6. Monoraphidium saxatile LEGNEROVA var.
saxatile (Fig. 20)

Mk 14.5-18 pm x 1. 6-3.8 pm OHFHEF T, -
ST L, Wik s, FERE IO
v/ A4 F& 14 3%, LEGNEROVA? T L% F = =
v rA% 7O (K& X 12-25 pmx1.4-7.6 pm)
CHARTMITH -1,

FzaVerAxTY hbAILRD, BAFN,

1. Monoraphidium convolutum (CorDA) LEG-

Ankistrodesmus falcatus

NEROVA var. convolutum (Fig. 24) Syn: Ankis-
trodesmus convolutus CoRDA, Ankistrodesmus
curvulus BELCHER et SwALE, Raphidium con-
volutum (CorDA) RABENH.

AL 9-12.8 pm x 3. 2-4.5 pm DIEIE W FifEIE T,
RUKEH L, Wik, EHRER LV 1 FEX
o AfElX M. pusillum (PrRINTZ) LEGNEROVA &
LTI D, MK X - TRBIMRRFOL AL
Wi Db dHb, Alilfds i HEkHE HorToBAGYI®
Xs 1 v F ofs (K&EE 6-7Tpmx1-1.2 pm),
BV LEGNEROVAD [ LB F = 2 ¥ v 3% 7 OB,
(K& X 5-11 pmx1.4-5.8 pm) T~ Th7e H KK
T o1,

FADY, k7297, 75240, 7795, 1
VED, Foavelx7? mbMbhb, B-hEK
MR/ D LB LT 5,

8. Monoraphidium irregulare (G.M. SMITH)
. LEGNEROVA var. irregulare (Figs. 27, 31) Syn:
Dactylococcopsis irregularis G.M. SMITH

FlEiX 52.5-74 pmx1.6-2.8 pm T, WL £ <
&Ko e, M AHANC M L, Fig. 31 ok
SEWEYETLIOH Hv, ERMFICL/ (¥
*R<,

F=aVRARTY hbMbh, FEEF=FA4 T
NH/ETHD, ARTLHLOBB LRSS,

9. Monoraphidium contortum (THURET in
BrEB.) LEGNEROVA var. contortum (Figs. 28,29,
30) Syn: Ankistrodesmus falcatus (CorRDA) RALFsS
var. spirilliformis G.S. WEsST

Ml < ¥wilh L M\ #i#ER T, 10-50 pmx
1.5-5.5 pm, Mz Th, S BEIE « Br RS
L0085, FFEI LY 2 1 FERL

FAYD, ~yHY) =9, Fzayeix7?, (v

KO, zsAEThbAbhD, APTHE L EH
Hohb, a-PRKHHRERE,

10. Ankistrodesums bibraianus(REINsCH) KORS.
var. bibraianus (Fig. 9) Syn: Selenastrum bib-
raianum REINSCH

“ifaek 24-31 pm x5.5-6.8 pm DIEA W = H A
T, Wi KD, BAET 4 Mlah FmEA B L
tet e, 2GR ELDZ LD, G
BV A FERL, R ILAED (AIPE OB (K
%% 5-15 pmx6-8 pm) & LTHRIEL v o%
RLTWA2, SEESh7-H L BRUNNTHALERD
s P4y ofES (K¥& 16-23 pmx5-8 pm),
Bt LEGNEROVAP IZ LA F = 2 V B3 7 DOE,
(A% & 18-38 pm x2.5-6.5 pm) T\

FAYPD, F-a3ye %70 2 Hbhd, K
ENGE Y TR ST TR Y (I

11. Ankistrodesmus densus KoORS. var. densus
(Fig. 17) Syn: Ankistrodesmus spiralis var. fas-
ciculatus G.M. SMITH

iy 50-65.5 pmx3.5-5.8 pm D P T, H
BB L, BHER TS Db %\, MfEEd
arks, HERLSBEoMESRRCEST S,

F=aYRARTY BHMbLNRD, KPHFE,

12. Ankistrodemus spiralis (TurN.) LeEMM.
var. spiralis (Fig. 18) Syn: Ankistrodesmus fal-
catus (CorpA) RALFs var. spiralis (TurN.) G.S.
WEST

ki 42.5-53.2 pm x 3.8-6.8 pm @ M T,
W EE R D, BER Uhb o L%, FERER
RTBE 4 M 2OW5, 4EE S hfc# R,
BRUNNTHALERY & 1% N4 v DS (K& X 32-45
pmx1.8-2.2 pm), B\ ik LEGNEROVA® I X% +
=2V eAx7 OFG (KX 37-67 pm x 1.4-4.3
pm) THARTRRK,

FA 9D, L7 2 Y4, 75249, Faveix
TOTI7H=2AZYD, = —~F =79 hHbhb,

13. Ankistrodesmus falcatus (CorpA) RALFs
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AbFb—
B———— {0um
CcH 4

Figs. 1-6. Monoraphidium braunii 7-8. M. dybowskii 9. Ankistrodesmus bibraianus 10-11. Monora-
phidium pusillum 12. M. braunii 13-15. M. minutum 16. Ankistrodesmus falcatus 17. A. densus 18.
A. spiralis 19, Monoraphidium tortile 20. M. saxatile 21. Ankistrodesmus fusiformis 22-23. A.
falcatus 24. Monovaphidium convolutum 25. M. minutum 26. Ankistrodesmus fasciculatus 27. Monora-
phidium irvregulare 28-30. M. contortum 31. M. irregulare 32. Ankistrodesmus stipitatus 33. Monora-
phidium griffithii 34-36. M. setiforme

(24 —n Aj; Figs. 9, 17-18, 32-36, =% —r B; Figs. 1-6, 10-12, 16, 21-23, 26-31, A4 — C; Figs.
7-8, 13-15, 19-20, 24-25)
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var. falcatus (Figs. 16,22, 23)

A 35-70 pm x 1.5-4 pm D FRRE 1T I Hj
BT, WNmIRy, HE<CHLABIlL, Hth
Lhs, MIEEIMTHEETS 2 LEBT, SHOMl
TanEa LTHRROMEAHNT 5, ERETEEC
VA4 FERL,

FAYY, ~vH Y= Fo2vyeix79 Jt7
797, 729 AW, T5AID, L V¥, HvE
T4 7Y hbHbhE, AR THEBECEORS, B-
oI K M 45 AR,

14. Ankistrodesmus fusiformis CoORDA sensu
KoRrS. var. fusiformis (Fig. 21)

Ml 38-65 pmx 1.8-4 pm DAL - o ik
BT, HESHPPWEIT5, BdRRkEs &
LHn0, % GMphRcdite , REAL T
BB SHR OB E 2 TS 5,

F=a2VRrARTO bEbRE, AFTLEL S
132 L Bbh3n, BEEEomBIS,

15. Ankistrodesmus  fasciculatus  (LunNDB.)
LEGNEROVA var. fasciculatus (Fig. 26)

ffais 25.5-35 um x 1.8-4.2 pm D FA#HET, ilj
BRI e v B, Ml L, 2 Hil
B 4 MU ST T L O A TER T 5, Al
LTI hi-boodiciy A. falcatus (CorRpA)
RALFs O WHIIEE R - 7o Glhih7c b H b Higs
B35,

F2ay B ARTD BLHbRD,

16. Ankistrodesmus stipitatus (CHop.) LEGNE-
ROVA var. stipitatus (Fig. 32) Syn: Ankistro-
desmus falcatus (CORDA) RALFs var. stipitatus
(CHOD.) LEMMERMANN

L 75-110 pm x 2. 8-4 um D {E\ 5 T,
WA b, HE <20 ¥ 5, B 2 Mfag
Wik 4 MRAAETHE CHED e B,

FAYY, F2avrix70, =5+ 700605
ha,

17. Monoraphidium gri ffithii (BERKEL.) LEGNE-
ROVA var. griffithii (Fig. 33) Syn: Ankistro-
desmus falcatus (CORDA) RALFs var. acicularis
(A. Braun) G.S. WesT

HfRIx 65-105 pm x 2-4. 2 pm D HEFiFEE Tl
GRS KRB MIRLHE <0 RWHT 5, JEk
BEv/ M rekl,

FAIY, ~vHY =D Foayrix7?, =5
FETALHbLND, BARFE,

18. Monoraphidium setiforme (NvG.) LEGNE-
ROVA var. setiforme (Fig. 34,35,36) Syn: Ankis-
trodesmus falcatus (CorDA) RALFs var. seti-
forme NYGAARD

it 88-175 pmx1.5-2.8 pm T, HIE < W
BRRE 2T 5, MlRGEE < Er BT, B
Bz v/ 4 FERL,

FzaVRAFTY, =FFETHLHBRS, H
Ak,

5 B X ®
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Marul, M., INa1, S. and YosHipa, T. Growth and maturation of six species of Sargas-
sum and Cystoseira (Phaeophyta, Fucales) in Oshoro Bay, Hokkaido, Japan. Jap. J.
Phyclo. 29: 277-281.

Growth in length of thalli and period of maturation were studied for Cystoseira hako-
datensis, Sargassum horneri, S. mivabei, S. confusum, S. thunbergii and S. sagamianum
var. yezoense in Oshoro Bay, Hokkaido, Japan, for the period of 1980-1981. These algae
attained their maximum development in July and August. Formation of receptacles began
in June and July following the order given above, and the period of maturation continued
two to three months. After maturation, old thalli decayed away from the upper part,
while new branches grew from the remaining basal portion in the perennial species. In
autumn oospores grew up into macroscopic young thalli. The fact that all the species
mature in summer in Oshoro Bay contrasts with the spring maturation periods reported

for many species of Sargassum in the southern warmer parts of Honshu.

Key Index Words:
phyta ; Sargassum..

Cystoseira; Fucales; growth; Hokkaido; maturation; Phaeo-

Mitsuru Marui, Shigeomi Inai and Tadao Yoshida, Department of Botany, Faculty
of Science, Hokkcido University, Sapporo, 060 Japan.

AARBICIETED+ v £ 7 SEOEENR AL N,
Z D% XTI AT K X B YR T 5,
B DI RO L YL OREES M5 7o b D BB 7o
@85 B CIiEEN R ARBC AT TS 6 o+
v &Y S, Tihit, v/ € s Cystoseira hako-
datensis (YENDO) FENsHOLT, 7 7 & 7 Sargassum
horneri (TurRNER) C. AGARDH, i{¥~X%s S.
miyabei YEnNDO, 7 v AL E7 S. confusum C.
AGARDH, ¥ i + 35/ # S. thunbergii (MERTENS)
O. KuNTzZE, =V / %Y ® /7 S. sagamianum var.
yezoense YAMADA I 2\C, BEOEFHHBE, &

QEBBHOREL T > D THRET 2,

REHOWELAE

DB ACHEE B AR R SO 7959 10km «©
HBHPMET, AFNBOBRCIET 5, Kiliik Fig.
LRt o, Eiffix 22°C L, £ 3°C

* BUET 087 BEHL 3-28 RGN
;ﬁ

¥ CHTT5, FEXITE - 7219805 XFEME (1970
~1979) & bl L C{ERIRORES FEL oo

TV Y SEEBOFHNBERY MBS, BA1
P ORRAYWNE Lic, A—EFoByRciiEm
EEST2 A, The B E Lo, EEESR EE
ficoWV T, AEDLVRIVEGEEYRE LFY
SRR U, IR HRTI DR, 6~
8 ARIOR B lHEX Tt ZDHAE, WE%E
EEccREeY, AEEMALOBEGR2ME S
WTOETARIKOTBUREE, @OBEBVERMBIKOH &,
@D FEEA B L1,

w e

FE L FhEhoBicounT, £AROREELATE
med o Ty Figs. 2-7T 71, EE&E#E7)
NAEETh -TcuH /) £V, 7VAVES, VIAT
) ARAWTUE, ZD 1FIOHRDOERMBER LI,
ALY %/ €7 T8 AERBEINFL Lici®
FRUBITFHEOFHEE TR LI, ek, 7HE



278

25

Marul, M., Inal, S. and Yosuipa, T.

20 //

Q\ 1970-1979

~.

/
1980

Water temp. °C
3

(4

N

/7

A

J F M A M J J
Fig. 1.

7, IY¥REY, =V RTEILOCTULEHED
B E R L, BEARSHIC oWk, fE L
6 MOBZBERY LT Fig. 8 kiRLi, DK
T, EFSRRERIN & B A R Lic, 22T
ACBRBIAE SRR, ERMBKEER LI LD T
OIS FToOMMRIETZ LT 5,

v 477 & 7 Cystoseira hakodatensis (Fig. 2) 4
Adfyn s 5 B3 T, BEOMENE Lol
6 AT AD LR D, LB IEE - 10
6 H10A I &l Lic, Bl & big\vy, EhE
TOWWADFEIRBE LY, @RS L
B, ZOMTSEE LV RDM, KRETERL
TfEEEA RS 8 B £ Cio i L btk Lic, B
X6REAIVTATATH LV 25, 10RITHK
> Tak 2ecm BOBEWESARER S h, HE2 Ak
ERLA 10~15cm ERE LTV,

7 A€ 7 Sargassum horneri (Fig. 3) 5AmbH
6 B AR Ui, SRR EomMIL6 B
10AKE Y, Tl LB HPHB LI, 7
AT, A& 2 ckimfiimsk L, RooRs
PEBOCES LUK DEE D, 8 Al
TR IR T 5 EER S b, Ikt eL]
BETELh o, LhLZDZ A, RFETHHEET
VRIEIRAE DR DRI % D&M & AL FETEAE
WIZEI IR LORIBTIR S hut U, i re it @l
2L, ZoFEMIIROaTRBIuiihcAsk

A S O N D J F M

Seasonal change of surface water temperature in Oshoro Bay.

ERBRITESD, 8)120H, FLMOA AR
B LI IR L, coo 2@ BADIRkiESL 8 ATy
TR D, WO TN TE Lic, LT,
R 6 Aty X Y 8 ATHTHolcb Vv b, 9
AdigoBzEi, Frfbis LT 3em AR
LAy, 11 Figiix, Thbiifdgg 10~25cm 12
L7,

1 ¥ ~x/s S. miyabei (Fig. 4) W358l
gL, 6 A TACAMBKOBELHBED, 7
N BRa i Uiz, 8 Aicis b & afIXHEIL L,
LAY IAMIBH LI, 8 ATH, KoL
g Lok, IRIET5 40Tk, 7 7[Rk &R
F15E DR D Bl AR B E hic, 9
Awfwe, ZoFERChikd 54 2 B E IR HIA
BEIhA, FhEQ T, 9 Admial
WEIR TR THIR L, UL 6 AKSH 9 AFI
Tholeb i b, 12JICBEIREER, Hifisk
THoleDh, HELOIKEIHLHELE LIcERTH »
TeDmTHIR E Lich, AFRIR$TXT 3~10ecm T
3‘5 of:o

7y A xy S, confusum (Fig. 5) #ifki 6 J)
AN B R Lo RIBIRIERLL 7 A LAkl
¥Dh, 8 AWDIILIEHIN Lic, 9 A &8k
W EICHiN, WERTHIED L ol 10AITEE
B & LA IE LTHWEIRZEDFRA EXEL L, b
o TEBMDO T T B FE T 5 kRO B DA RA
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Figs. 2-7. Growth in length of 6 species examined.

A M J J A S O N D J F

Labelled thallus was measured for

Cystoseira hakodatensis, Sargassum confusum and S. thunbergii, average of about 10 thalli
for S. horneri, S. miyabei and S. sagamianum var. yezoense.

Fricoto, WAL 7 by 9 A TFTH -1
vz ko,

% I +35 /A4 S. thnnbergii (Fig. 6) 5/)InH6
BT, S adiuchik L, 7 Adimc
BRI E D, 7T AR IO fita Bbbh
720 DEBCHUT O J] L4gECHiVIcA, 9 AT/
LIREUY, BRI E oL RMBKIT A B S h

1l te»toe Ui L10H s BT 3 CHRE e SRk
WAd 1o LAEH WEIZRTRIZERIR L, o TH
WL EARD BN B2 X S Cis ot HoTT A
L D10 A A TH D L2 X 5.

=~y ) xy%s S. sagamianum var. yezoense
(Fig. 7) ‘EFABHIHBULT AhaciaE b, 8 A
BERLIEChEFTICBEEShTUWHEROKE S
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C. hakodatensis

S. horneri

S. miyabei

S. confusum

S. thunbergii

»

sagamianum
V. yezoense

May June July

Fig. 8. The period of maturation of 6 species observed.
column indicates the period of receptacle formation,

period of oogonial liberation,
oogonia liberation.
in 1975.
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HELHAVICEETNSIE/NAT T

J TR/ A4 BIC2WT Tadao YOSHIDA, Hideki MATSUE and Akio
FUKUZAWA : Polyhalogenated monoterpenes from Plocamium telfairiae

(Rhodophyceae, Plocamiaceae)

= V@ Plocamium OFFMEATVWB E ) F AN
VEUEEHIEOWTE, TTRWL 2h0#iERH S
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Different chemical types of Plocamium viola-
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unusual monoterpene aldehyde from marine
alga. J. Org. Chem. 39: 3303-3304.

MYNDERS, J.S. and FAULKNER, D. J. 1975. Poly-
halogenated monoterpenes from the red alga
Plocamium cartilagineum. Tetrahedron 31:
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Publications of the Society

Inquiries concerning copies of the following publications should be sent to the Japanese Society
of Phycology, c/o Institute of Biological Sciences, The University of Tsukuba, Sakura-mura, Ibaraki-
ken, 305 Japan.

1. Back numbers of the Japanese Journal of Phycology (Vols. 1-28, Bulletin of Japanese Society
of Phycology). Price, 1,250 Yen per issue for members, or 1,800 Yen per issue for non member.
Lack: Vol. 1, Nos. 1-2; Vol. 5, No. 1-2; Vol. 6, Nos. 1-3; Vol. 7, Nos. 1-3; Vol. 8, Nos. 1-3; Vol. 9,
Nos. 1-3. (incl. postage, surface mail)

2. Index of the Bulletin of Japanese Society of Phycology. Vol. 1 (1953)-Vol. 10 (1962), Price
1,500 Yen for member, 2,000 Yen for non member, Vol. 11 (1963)-Vol. 20 (1972). Price 2,000 Yen for
member, 2,500 Yen for non member. (incl. postage, surface mail)

3. A Memorial Issue Honouring the late Professor Yukio YAMADA (Supplement to Volume 25,
the Bulletin of Japanese Society of Phycology). 1977, xxviii+418 pages. This issue includes 50 articles
(26 in English, 24 in Japanese with English summary) on phycology, with photographies and list of
publications of the late Professor Yukio Yamapa. Price, 6,000 Yen. (incl. postage, surface mail)

4. Contributions to the Systematics of the Benthic Marine Algae of the North Pacific. Edited
by I.A. AssorT and M. Kuroai. 1972, xiv+280 pages, 6 plates. Twenty papers followed by discus-
sions are included, which were presented in the U.S.-Japan Seminar on the North Pacific benthic
marine algae, held in Sapporo, Japan, August 13-16, 1971. Price 4,000 Yen. (incl. postage, surface
mail)

5. Recent Studies on the Cultivation of Laminaria in Hokkaido (in Japanese). 1977, 65 pages.
Four papers followed by discussions are included, which were presented in a symposium on Laminaria,
sponsored by the Society, held in Sapporo, September 1974. Price 700 Yen. (incl. postage, surface mail)
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