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Mitosis in Spirogyra (Chlorophyceae) Jap. J.

Mitosis in three species of Spirogyra, S. crassa, S. crassa X and S. hunanensis, was

observed.

The chromosome numbers of S. crassa and S. crassa X were 12 and 6 respec-
tively, and S. hunanensis had four chromosomes.

The chromocenters and nucleoli, the

origin and formation of the chromosomes, the nucleolar substance, the nucleolar organizing
chromosomes, the parallel separation of chromatids, the stickiness of chromosomes and
cytokinesis were observed during the mitotic cycle.

Key Index Words: Chlorophyceae ; chromocenter ; chromosome ; cytokinesis ; mitosis ;
N.O. chromasome ; nucleolar substance; parallel separation of chromosome; sticky

chromosomz ; Spirogyra.

WISSELINGH (1900) observed mitotic divi-
sion in Spirogyra and mentioned that chro-
mosomes are derived partly from the nucleolus
and partly from the karyoplasm. Since then,
special attention has been paid to the origin
of the chromosomes and differing opinions
regarding this point have been presented by
various workers (DORAISWAMI 1946).

GEITLER (1930) and DoraAiswami (1946)
investigated the process of mitotic division
and suggested that the chromosomes are
derived solely from the karyoplasm and noted
the existence of the nucleolar substance.
WISSELINGH (1900), GEITLER (1930) and
GODWARD (1950) mentioned the existence of
nucleolar organizing chromosomes. GODWARD
(1954) also observed bipartition of the chro-
mosomes using the iron alum acetocarmine
method (GODWARD 1948). GODWARD (1956),
GODWARD and NEWNHAM (1965) published
cytotaxonomical studies of Spirogyra. FOWKE
and PICKETT-HEAPS (1969, 1969a) reported
the ultrastructural observations of cell division.

In Japan, cytological investigation of
Spirogyra was conducted by SUEMATSU
(1936), OURA (1935), UEDA (1956) and TA-

TSUNO and IiyAmA (1971). TATSUNO and
ItyAMA published a report on the chromosome
numbers of some species, including three
species having only two chromosomes.

However, many questions on the mitotic
process in Spirogyra remain, and in the pre-
sent paper, mitosis in three species, Spirogyra
crassa Kiitz., S. crassa X and S. hunanensis
Jao, is described.

Materials and Methods

Fertile filaments of S. crassa were collected
from rice fields of Shigisan, Nara Prefecture,
in Novemter, 1968, and from January to
November, 1969. S. crassa X was collected
from Yata, Nara Prefecture, from November
1971 till May 1972. The taxonomic charac-
teristics of this material are similar to that
of S. crassa, except for the smaller cell
dimentions, and this material was provision-
ally designated as S. crassa X. S. hunanensis
was collected from a pond in Fujii, Nara
Prefecture, in August, 1971.

The materials were fixed with acetic-alcohol
(1 : 3) mixture. By mixing the two fluids
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immediately before use, this fixative gave
good results during staining. The fixed
materials were stored in the same solution,
and kept in a freezer box. Fixation was
made at intervals of an hour throughout a
twenty-four hour period, and the most
abundant mitotic material was generally ob-
tained from sunset to midnight.

For observation, the modified WITTMANN's
(1965) method was employed, and serial treat-
ments were carried on the slide as follows:

1) The fixative was absorbed from the
material by filter paper, and the remaining
alcohol was evaporated by heating.

2) The material was pretreated with 1N
HCI, and one drop of 1-4 iron alum 45%
acetic acid.

3) Aceto-iron-haematoxylin-chloral hy-
drate was added to the material. This solu-
tion was made by throughly mixing 2.0 gm
of haematoxylin, 0.5gm of iron alum and
20 gm of chloral hydrate in 50 ml of 45%
acetic acid. This mixture used immediately
after melting, and gave clear chromatic
results. Furthermore, the staining ability
was retained for a long time.

4) Then, the material was heated, and
squashed with a cover glass. By heating,
the chromosomes were sharply stained and
the cytoplasm became transparent.

Observations.

1) Spirogyra crassa Kitzing (n=12)

Interphase: The nucleus was lenticular,
and was surrounded by cytoplasm, which
spread out in all directions as cytoplasmic
strands. The nucleus had one, sometimes
two, large nucleoli which were seen as bright
bodies in living cells (Fig. 1). In these
nucleoli, two densely stained thread-like
structures, called organizer tracks (GODWARD

1950) were clearly observed (Figs. 2, 3 and
4). When two nucleoli existed in a nucleus,
each nuclolus had a single organizer track.
Many irregular thread- or rod-shaped chromo-
centers were seen in the karyoplasm (Fig. 3).
Near the nucleolus, there was one or two
small spherical bodies which were as densely
stained as the nucleolus, and had been termed
Nebenkorper by GEITLER (1930) (Fig. 1).
However, no activity of these bodies at any
time during the division was observed.
Prophase: At this stage, the organizer
tracks in the nucleolus appeared as compact
winding cords (Fig. 4). Many chromocenters
linearly arranged were observed in the
karyopiasm. Then, the chromocenters con-
densed gradually and chromosomes formed
(Fig. 4). At mid-prophase, twelve chromo-
somes were counted. Two of these were
nucleolar organizing chromosomes (N.O.
chromosome, GODWARD 1950) that connected
with each of nucleolar-organizing region
(N.O. region, GODWARD 1950) in the nucleolus
and a satellite ahead of the nucleolus (Fig. 5).
At late prophase, the nucleolus changed into
a deeply stained substance, called the nucleolar
substance (GEITLER 1935), and the two N.O.
chromosomes and the ten other chromosomes
which originated from the chromocenters
located in karyoplasm were compltely en-
veloped in the nucleolar substance.
Metaphase: The nucleolar substance was
lenticular in shape and located in the equato-
rial plate of the nucleus as in S. crassa X
(Fig. 21). Twelve chromosomes in the
nucleolar substance were clearly observed at
this stage. Two of these chromosomes were
the N.O. chromosomes and had a satellite at
one end, about 12 gm in length (Fig. 6).
The other ten chromosomes were almost the
same in length, about 10 um. By pretreat-
ment with 1 N HC1, a banding pattern clearly

Figs. 1-10. Spirogyra crassa (n=12) 1-3. Interphase nucleus: 1. Two nucleoli and Nebenkérper
(arrow) ; 2. Organizer tracks in a nucleolus; 3. Chromocenters in karyoplasm; 4-5. Prophase: 4. Two
organizer tracks (arrows) in a nucleolus and bead-shaped chromosomes; 5. N.O. regions (arrows)
pretreated with HCI; 6-7. Metaphase: 6. Two N.O. chromosomes with a satellite (arrow); 7. Sticky
chromosomes ; 8-10. Anaphase: 8. Beginning of parallel separation and ladder shaped chromosomes;
9. Symmetric arrangement of chromatids in each daughter nucleolar substance; 10. Two horn-shaped

N.O. chromosomes (arrows).

(Scale bars=10 #m).
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appeared on the chromosomes of this stage,
and the number of bands on each chromosome
was nearly constant (Fig. 6). Some of the
chromosomes in metaphase showed some
stickiness, and were connected with one
another by a sticky substance at the end or
side (Fig. 7).

Anaphase : In early anaphase, the lenticu-
lar nucleolar substance began to separate
parallel to the equatorial plate of the nucleus.
Twelve chromatids embedded in this sub-
stance were thus moved to the opposite poles.
As a result of the separation of the nucleolar
substance into two round shaped disks, all
of the chromosomes began to separate in
parallel. Then the densely stained portions
of each chromosome began to strech and all
the chromosomes assumed a ladder shape
(Fig. 8). As the satellite of the N.O. chro-
mosomes separated later than the other parts,
it was often seen as two trails or horn-like
processes between the two nucleolar substance
(Figs. 9 and 10). The twelve chromatids in
each nucleolar substance disk was assumed
to have a symmetric position (Fig. 9).

Telophase: The chromatids that reached
each pole became fragments or rod-shaped
chromocenters. The daughter nucleolar suk-
stances changed from a round to a spongy
form and then to irregular shaped masses.
At the end of telophase, one or two nucleoli
occured in each daughter nucleus (Figs. 11
and 12).

Cytokinesis: At late prophase, a ring
consisting of minute granules appeared inside
the cell wall at the middle of the cell. The
ring was identified as two circles of granules
which were unstainable and were not affected
by heating (Figs. 20, 21 and 26). After
nuclear division, the granular ring developed
centripetally into a cell plate, and chloroplasts
and cytoplasm were divided into two cells

formed nucleoli.

by the plate.

2) Spirogyra crassa X (n=6)

At the begining of prophase, the nucleus
and the nucleolus began to swell up, and the
organizer track in the nucleolus gradually
became loose and short (Fig. 13). At midpro-
phase, the chromocenters connected to each
other and formed six bead-shaped chromo-
somes. Two of these chromosomes were the
N.O. chromosomes (Fig. 14). The nucleolar
substance was formed as in S. crassa (Fig.
21). The spindle was organized at four cor-
ners of the nucleus (Figs. 15 and 16). The
barrel-shaped spindle developed gradually and
was finally completed at late prophase (Fig.
17).

In metaphase, the two N.O. chromosomes
were about 12 #m in length and the other
four were the same shape and about 8 #m
in length (Fig. 18). On the chromosomes,
banding pattern was clearly observed.

At early anaphase, in strongly squashed
preparations, by bipartition of the chromo-
somes, the densely stained bands stretched,
and two parallel chromatids showed a ladder
shape (Fig. 19). At a later stage, these
chromatids separated from each other, but
the satellite of the N.O. chromosomes sepa-
rated later, as observed in S. crassa (Fig. 20).
Finally, a new cross wall was formed in the
same way as that in S. crassa.

3) Spirogyra hunanensis Jao (n=4)

At the begining of prophase, about 20 dot-
shaped chromocenters were observed in the
karyoplasm (Fig. 22). The chromocenters
gradually joined with each other and formed
four bead-like chromosomes. Two of these
were connected at their terminals in the
nucleoli (Fig. 23). In metaphase, four chro-
mosomes embedded in the nucleolar substance
lined up on the equatorial plate. All four
chromosomes were rod-shaped and 5-6 #m in

Figs. 11-12. Spirogvyra crassa (n=12) 11-12. Telophase: 11. Fragmented chromosomes; 12. Newly

Figs. 13-20. Spirogyra crassa X (n=6) 13-16. Prophase: 13-14. Two organizer tracks (arrows)
and six bead-shaped chromosomes; 15-16. Spindle formation and nuclear membrane (arrow) ; 17-18.
Metaphase : 17. Spindle and chromosomes enveloped with nucleolar substance; 18. Two N.O. chromoso-
mes (arrows) ; 19-20. Anaphase: 19. Parallel separation of chromosomss showing ladder-shape; 20.

Two daughter nuclei and dictyosomes (arrow).

(Scale bars=10 #m).
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Fig. 21. Spirogyra crassa X.
and dictyosomes (arrow).

21. Metaphase.

Figs. 22-26. Spirogyra hunanensis (n=4) 22-23. Prophase: 22. Two organizer tracks (arrow) and
chromocenters; 23. Four bead-shaped chromosomes; 24-25. Metaphase: 24. Four chromosomes having
bands; 25. Parallel separation of chromosomes; 26. Anaphase: 26. Symmetric arrangement of chromatids

and dictyosomes (arrow). (Scale bars=10 zm).

length. The two N.O. chromosomes had a
satellite at their tips. Each chromosome had
clear bands (Figs. 24 and 25). At anaphase,
the nucleolar substance enclosing four chro-
mosomes split transversally into two. On
the chromatids of this stage, the same band-
ing pattern characterized metaphase chromo-
somes was observed (Fig. 26).

Discussion

Through the present study on three species,
S. crassa, S. crassa X and S. hunanensis, a
general mitotic cycle of Spirogyra can be
shown in diagramatic form (Fig. 27).

Densely stained chromocenters and nucleoli
in interphase nuclei are prominent features
of Spirogyra. GODWARD (1956) mentioned
that the nature of the chromocenter was
regarded as a feature of cytotaxonomical
significance in Spirogyra. However, various
forms of chromocenters, thread- or dot-shaped,
were observed in each of the three species
investigated, and of the other species used
for coromosome observation (HARADA and
YAMAGISHI, in preparation). Thus, a clear
specificity of the chromocenters can not be
recognized. GODWARD (1950, 1956) suggested
that the number of nucleoli and the organizer
tracks in each nucleus was related with the
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Fig. 27. Diagram showing mitosis in Spirogyra.

H I

A. Interphase; B-C. Prophase; D. Metaphase;

E-G. Anaphase. bipartition of chromosomes enclosed with the nucleolar substance; H-I. Telophase.
(c: cytoplasm, p: pyrenoid, cp: chloroplast, n: nucleus, nl: nucleolus, cc: chromocenter, ot: organizer
track, sf: spindle fiber, ns: nucleolar substance, st: satellite, nor: nucleolar organizing region, noc:

nucleolar organizing chromosome, d: dictyosome).

number of the N.O. chromosomes. Through
the observation of the three species, it is
confirmed that the numbter of the nucleoli
coincides with the number of the organizer
tracks.

GEITLER (1930, 1935) and DORAISWAMI
(1946) reported that all of the chromosomes
originated from the karyoplasm in Spirogyra.
However, it was observed that all of the
chromosomes except the N.O. chromosomes
were formed from the iinearly arranged
bead-like chromocenters in the karyoplasm,
as mentioned by WISSELINGH (1900) and
GODWARD (1954). The banding pattern
(Figs. 6, 18 and 24) in the chromosomes at
metaphase became clear in pretreated pre-
paration by 1N HCl. The number of the
bands in each chromosome in metaphase is
constant in three species investigated. More-

over, it was confirmed that the number of
bands on each of the four chromosomes is
equivalent to the numbers of chromocenters
appeared in early prophase in S. hunanensis
(Figs. 23 and 24).

GEITLER (1935) first described the nucleolar
substance in Spirogyra. DORAISWAMI (1946)
also suggested that the nucleolus changed
into a substance, called the granullar homo-
genous substance, in midprophase. In Siro-
gonium (Zygnemataceae), a similar substance
was also reported by WELLS (1969) and
HARADA (1981). GODWARD (1953) traced the
relationship of the nucleolus and the nucleolar
substance in S. crassa. Figures 14-16 show
that the nucleolus completely loses its sharp
outline, then changes into the nucleolar sub-
stance. During late prophase, all the chro-
mosomes are completely embedded inside the



nucleolar substance. This substance scatters
and changes its original form in the squashed
preparation of mid, and late prophase, and it
remains only around the N.O. regions (Fig.
5), as GODWARD mentioned.

WISSELINGH (1900) and GEITLER (1930) ob-
served the N.O. chromosomes in some species
of Spirogyra. GODWARD (1950, 1953) illus-
trated a gradual emergence of the organizer
tracks and development of the N.O. chromo-
somes in S. crassa. Throughout this in-
vestigation from early prophase to metaphase
in the three species, it is demonstrated that
the process of N.O. chromosome formation
agrees with GODWARD’s observations. More-
over, the existence of the N.O. regions in
the nucleolus was ascertained by the pre-
treatment with 1 N HC1, which decreased the
staining ability of the nucleolus (Fig. 5).
GEITLER (1930) and GODWARD (1953) reported
the existence of a satellite of the N.O. chro-
mosome which projected from the nucleolar
substance. In this study, the satellite at
metaphase was observed as a horn-shaped
projection. Moreover, it was confirmed that
the satellite does not slough off and is com-
pletely enclosed in the nucleolar substance
(Figs. 6 and 18).

GEITLER (1930) first mentioned the parallel
separation of chromosomes in S. crassa, and
he attributed this to the fluidity of the spindle
and the rigidity of the chromosomes.
GODWARD (1954) considered that the separa-
tion of the chromatids was due to the fact
that the chromosomes had polycentric or
diffuse centromeres instead of a localized
centromere. The barrel-shaped spindle and
the parallel separation of the chromosomes
are observed in the three species used in this
study, as has been reported by the previous
workers. When the chromatids separate in
parallel and move to opposite poles, the chro-
matids hold the same position and the same
shape in each daughter nucleolar substance
in polar view (Figs. 9, 20 and 26). This
phenomenon may mean that the chromosome
itself does not divide into two chromatids,
but that the parallel separation of the chro-
mosomes may be due to the separation of the

HaraDpAa, A. and YaMmacisHl, T.

nucleolar substance itself.

Sometimes chromosomes in metaphase are
connected to one another with sticky threads
at the terminals or the sides. At anaphass,
each chromosome shows a ladder shaped
chromatic figure at the beginning of separation
(Figs. 8 and 19). GEITLER (1930) first ob-
served the stickiness between the chromosomes
in S. crassa. Moreover, GODWARD (1950,
1953, 1954) mentioned that the sticky matrix
was the nucleolar substance itself. By the
staining method used in this study, the chro-
mosomes are distinguishable from the nucle-
olar substance or nucleolus by their staining
ability. After pretreatment with 1 N HCI,
the staining ability of the chromosomes de-
creases in contrast to the nucleolar substance,
which is never stained. By this method,
chromatic strands or sticky threads between
the chromatids and the chromosomes are
stained in the same degree as the chromo-
somes. Judging from the staining ability, it
is considered that the sticky threads and
sticky substance are composed the same sub-
stance as the chromosomes.

WISSELINGH (1902) observed that the spindle
did not develop to extend to the karyoplasm
through the nuclear membrane in S. setiformis.
The spindle formation was also investigated
in detail by GEITLER (1930, 1935) and
DoraiswAMI (1946). Spindle formation was
observed in S. crassa X (Figs. 15, 16 and 17)
in material stained but not squashed, because
the spindle loses its structure in squashed
preparations. The process of spindle forma-
tion is similar to that described by GEITLER
(1930) for S. crassa.

Cells which entered into division always
had a circle of minute granules (Figs. 20, 21
and 26), called dictyosomes (WELLS 1969),
at the area where the new wall is formed.
These organelles were also observed in
Sirogonium by HARADA (198l), and in Zyg-
nema by HARADA and YAMAGISHI (1980).
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Meiosis in Spirogyra (Chlorophyceae)

Jap. J.

Meiosis in four species of Spirogyra, S. crassa, S. crassa X, S. hunanensis and S. lacustris,
was investigated. The time of occurrence of meiosis, the pairing of homologous chromosomes
in young zygospores, the bivalents which formed in each conjugated nucleus, nucleolar

organizing chromosomes, sticky chromosomes,

abortion of three nuclei were observed.

parallel separation of chromosomes, and

Key Index Words: meiosis; pairing of homologous chromosomes; bivalent for-
mation; chromosome; N.O. chromosome; sticky chromosome; Spirogyra; Chloro-

phyceae.

Meiosis in Spirogyra has been reported
previously by only a few workers, KARSTEN
(1908), TRONDLE (1911) and GODWARD (1961),
but these reports have dealt with only part
of meiotic division. In the present study,
the entire meiotic cycle in four species,
Spirogyra crassa Kiitzing, S. crassa X, S.
hunanensis Jao and S. lacustris Czurda, is
presented.

Materials and Methods

S. crassa, S. crassa X and S. hunanensis
were collected from various rice fields or
ponds in Nara Prefecture. The places and
dates of collection were the same to the
materials used for our previous observation
on mitosis (HARADA and YAMAGISHI 1984).
Fertile filaments of S. lacustris were collected
from a rice field in lkebe, Nara Prefecture,
in August, 1975.

Materials were fixed with acetic-alcohol
(1:3) mixture. For observation of the meiotic
cycle, the zygospores were isolated from
fixed filaments. Then, the contents of the
zygospore were squashed on slides. Then,

the zygospores were pretreated and stained
using the same methods as reported for ob-
servations of the mitotic process (HARADA
and YAMAGISHI 1984).

Observations

1) Spirogyra crassa Kiitzing (n=12)

Zygospore formation and meiosis: A zygo-
spore was formed in a female cell. The
zygospore wall immediately after conjugation
was thin and soft. Inside the young zygo-
spore, the remainders of the choroplast
were seen as light green coloured contents.
Shortly after formation of zygospore, the
green colour of the zygospore faded away,
and oil drops accumulated. The zygospore
wall became gradually hard and thick, and
finally developed characteristic ornamentation
on the surface. Meiosis began early in the
green zygospore and was already finished
when the zygospore wall fully ripened.

The fusion of two gametangial nuclei: In
the young zygospore, the two nuclei which
originated from the gametes stayed in contact
with each other without fusion, and the
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nuclear membrane remained intact. It was
very difficult to stain the nucleus at this
stage, and moreover, the nucleolus was not
as distinct as the interphase nucleolus in the
mitotic cycle (Fig. 1). In the karyoplasm,
a densely stained amorphous substance and
short thread-like bodies were observed (Fig. 1).

The first division. Prophase: In early pro-
phase, the nucleoli in each of the contacting
two nuclei enlarged gradually and stained
homogenously. Many stained thread-like
bodies were observed in the karyoplasm.
This stage seemed to be leptotene. Mean-
while, the many thread-like bodies which con-
sist of granular chromatins began to form a
line and constructed chromonemata. This
stage was considered to be pachytene (Figs.

2 and 3). These granular chromatins on the

thread-like body condensed gradually and
formed twelve chromosomes in which two
were the nucleolar organizing chromosomes
(N.O. chromosome, GODWARD 1950) (Fig. 4).
In each nucleus, homologous chromosomes,
including two N.O. chromosomes paired in
parallel and formed six bivalents (Fig. 5). In
this stage, which seemed to be diplotene,
densely stained chromatined arranging on
each chromosome were cleary observed (Figs.
4 and 5). The bivalents at this stage were
seen as two groups and gathered around each
nucleolus of the two contacted nuclei (Fig. 6).
The N.O. chromosomes attached to densely
stained regions in the nucleolus at one end
(Fig. 5).

The thread-like structure in the nucleolus
during mitotic division, illustrated by
GODWARD (1950), was not observed, and only
a stained portion was recognized in the
nucleous.

At late diplotene, each chromosome con-
tracted. The terminal of the bivalents ap-
peared to separate into four chromatids, and
almost all of the bivalents seemed to consist
of two parallel homologous chromosomes
(Fig. 7). Chiasma was not observed. At this
stage, the membrane of the two conjugated
nuclei, which were still in contact with each
other, disappeared and the two nuclei fused
into one. At diakinesis the bivalents began

to move to the equatorial plate of the cell,
and the nucleoli attached to the N.O. chro-
mosomes became invisible (Fig. 8).

Metaphase: Each of the twelve bivalents
on the equatorial plate consisted of four
chromatids, was either 0 shaped or quadran-
gular which were connected at both ends and
separated in the middle (Figs. 8 and 9). The
nucleolar substance that enveloped all the
chromosomes at metaphase in mitosis could
not be recognized.

After a short time, the spindle was formed
from both poles and the whole nucleus was
enveloped as observed in S. hunanensis (Fig.
23). Spindle fibers that were observed at
prophase in mitosis could not be observed in
meiosis. When all the bivalents were ar-
ranged at the equatorial plate, the completed
spindle had a barrel shape (Fig. 11).

The sticky thread-like stainable substance
between the chromosomes, seen in mitotic
metaphase, was also observed on the bivalents
(Fig. 10).

Anaphase : The bivalents divided into two,
and these half-bivalents moved in parallel
towards the poles, being pulled by the
spindle fibers. The half-bivalents did not
change their form or position at metaphase
(Fig. 13), as in mitotic anaphase. The tooth
or woolly shaped sticky substance appeared
between the half-bivalents that began to
divide (Fig. 12).

The second division. Interphase, prophase
and metaphase: The half-bivalents that
reached to each pole immediately began the
second division. Therefore, the interphase
between the first and second division which
occurs in higher plants was not observed.
When the first division was complete, two
nuclei were distinguishable, but the membrane
around them could not be observed. In these
two nuclei, the second division occured at the
same time. The half-bivalents were formed
with two parallel or 0 shaped chormatids
which were connected at the ends. In some
cases, a nucleolus-like body at the end of
one, or two half-bivalents was observed
(Fig. 13).

Anaphase :

At second anaphase, these
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chromatids divided in parallel in the same
way as at first metaphase. As a result of
the second division, four nuclei were formed.
The twelve chromatids in each of four nuclei
remained in the same shape and arrangement
in polar view (Fig. 14).

Telophase: The chromatids gradually be-
came fuzzy and broke down, and then
changed into many short irregular fragments.
At the same tims, the nuclear membrane
appeared. Two or more globular or irregular
shaped nucleoli were reformed in each
nucleus, but finally they became one or two
in number. On the other hand, individual
chromatids changed to rod-shaped or thread-
like chromatins scattered in the karyoplasm
(Fig. 15).

Degeneration of three nuclei: Only one
nucleus of the four nuclei which formed in
telophase had one or sometimes two large
nucleoli and many thread-like chromatins.
The other three nuclei changed to densely
stained irregular bodies and finally disap-
peared (Fig. 16).

The fully matured zygospores had a hard
and coloured wall, and only one large nucleus
with many short zigzag thread-like chroma-
tins, and one or two large nucleoli. More-
over, one or two small globular bodies, called
Nebenkorper (GEITLER 1930), were observed
together with the nucleolus (Fig. 17).

In the dormant zygospore, the nucleus had
no thread-like chromatins, and showed a
rather homogenous condition. The nucleoli
also stained homogenously and contained no
structure, as had appeared in mitotic inter-
phase.

Germination of the zygospore: At germi-
nation, the zygospore wall split and only one
new cell appeared. In it one nucleus and
one clearly stained nucleolus were found.
Then the cell began to divide. The basal
cell elongated, but did not divide further.
Another top cell divided repeatedly and the

filaments elongated, but there was no syn-
chronous division.

2) Spirogyra crassa X (n=6)

This species showed a process similar to
that of S. crassa mentioned above, except
having smaller and fewer chromosomes.

In prophase of the first division, a densely
stained region that was assumed to be the
organizer track (Fig. 18), as in mitosis, ap-
peared in the nucleolus, but the relationship
of this region to the N.O. chromosome was
not observed clearly. At diakinesis, each
bivalent was contracted and three bivalents
appeared in each nucleus. Six bivalents ar-
ranged at the equatorial plate were observed
in metaphase (Fig. 19). At anaphase, the
six half-bivalents separated towards the both
poles. In some cases, one of the half-
bivalents had a nucleolus-like body at its end.
The process of the abortion of three nuclei
was similar to that in S. crassa (Fig. 20).

3) Spirogyra hunanensis Jao (n=4)

This species had four chromosomes and
size of each was smaller than that of the
two other species observed. Therefore, it
was diffcult to clearly observe the relationship
of the N.O. chromosomes to the nucleolus
and the process of bivalent formation. The
outline of meiotic division of this species was
similar to that of the two other species
studied.

At prophase of the first division, each of
the two contacted nuclei in the young zygo-
spore had a prominent nucleolus. In the
nucleolus, there was a large globule having
an inner reticular structure (Fig. 21). At
diplotene, the nuclei became indistinct and
four bivalents having a banded pattern were
observed (Fig. 22). At metaphase and
anaphase, the four bivalents showed similar
behaviour to the two former species, except
for their smaller size (Fig. 23). At anaphase,

Figs. 1-10. Spirogyra crassa (n=12) 1-10: First division. 1. Two contacted nuclei in a young
zygospore ; 2-3. Pachytene: Granular chromatins and nucleoli in each of contacted nuclei; 4-7. Diplotene :
4. bivalents, N.O. chromtixébmes (arrows) and nucleoli (n) in two nuclei; 5. Five bivelents and a N.O.
chromosome (arrow) in one nucleus; 6. Two groups of bivalents around each nucleolus (n) ; 7. Parallel
structure of bivalents; 8. Diakinesis; 9-10. Metaphase : 10. Sticky chromosomes. (Scale bars=10 ym).
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Figs. 21-25. Spirogyra hunanensis (n=4)

sticky chromosomal fibers connecting the
separated half-bivalents were observed (Fig.
24). The fibers were also observed at
anaphase of the second division (Fig. 25).
After the second division, in the daughter
nuclei, two, or rarely four, nucleoli were
observed.

4) Spirogyra lacustris Czurda (n=28)
The behaviour of the nucleolus and chro-

21. Leptotene.
structure in nucleoli (arrow) ; 22. Diplotene. Four bivalents; 23. First metaphase. Spindle and chro-
mosomes ; 24. First anaphase; 25. Second metaphase.

Figs. 26-27. Spirogyra lacustris (n=8) 26. Diakinesis; 27. First metaphase.

Two contacted nuclei and reticular

(Scale bars=10 pm).

mosomes in the first division in this species
was similar to that of the former three
species. At diplotene, in each of the two
connected nuclei, one N.O. chromosome and
three other chromosomes gathered around the
nucleolus (Fig. 26). At first metaphase, the
eight bivalents arranged on the equatorial
plate consisted of two short rod-shaped chro-
mosomes (Fig. 27).

Figs. 11-16. Spirogyra crassa. 11-12: First division; 11. Metaphase: A barrel-shaped spindle;
12. Anaphase; 13-16. Second division: 13. Metaphase; 14. Anaphase; 15. Four nuclei after meiosis;

16. Two aborted nuclei.
Figs. 17-20. Spirogyra crassa X (n=6)

nucleoli in two contacted nuclei; 19. First metaphase; 20. Three aborted nuclei (arrows).

=10 pm).

17. Leptotene; 18. Chromatids arranged in a line and

(Scale bars
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Fig. 28. Diagram showing meiosis in Spirogyra.
division ; C. Leptoene; D. Pachytene; E-F. Diplotene; G. Diakinesis; C-E. Bivalent formation in two
contacted gametangial nuclei; F-H. Fusion of two conjugated nuclei; H-I. First metaphase; J-N. Second
division ; K. Second metaphase ; L. Second anaphase; M-N. Tetrad, newly formed nucleoli; O. Abortion
of three nuclei; P. Nucleus of the next generation; Q. Dormant nucleus; R-U. Germination and first
mitosis. (n: nucleus, nl: nucleolus, b: bivalent, a: aborted nuclei, z: zygospore).

Discussion

The meiotic cycle of Spirogyra observed
during this study is diagrammatically shown
in Figure 28.

rrom observation of meiosis in four species
of Spirogyra, the most prominent feature is
the pairing of homologous chromosomes.
After the conjugation of two gametangial
cells, the two nuclei still remain in contact
with each other without fusion in the young
zygospore (Figs. 3, 18 and 21). During first
prophase, the pairing of chromosomes occures
in each nucleus (Figs. 4 and 5). The first
observation of meiosis in S. jugaris was by
KARSTEN (1908). He reported that the chro-
mosomes paired at first metaphase, but he
did not mention the continued contact of two
nuclei nor bivalent formation in each nucleus.
TRONDLE (1911) reported the process of meic-
sis in three species of Spirogyra. He observ-

A-B. Conjugation of two nuclei; C-]J. First

ed, in S. neglecta, that the pairing of chro-
mosome occured in ech of the two contacted
nuclei. However, he stated that such a pair-
ing might occur probably for some artificial
effect.

The pairing of chromosomes before fusion
of two nuclei has been confirmed in four
species studied. In S. c¢rassa X and S.
hunanensis, which have smaller number of
chromosomes, the process of bivalent forma-
tion was clearly observed in each nucleus.
This pairing of the homologous chromosomes
in each nucleus originated from two game-
tangial cells has not been reported for any
haplont plants. However it seems to be com-
mon in Spirogyra. Moreover, a similar fea-
ture has been previously observed in two
species of Sirogonium at first prophase in
meiosis (HARADA and YAMAGISHI 1981).

Bivalent formation in Spirogyra can ex-
plained as the following: considering the
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example of S. crassa X (n=6), the two N.O.
chromosomes and four ordinary chromosomes
(autosomes) appear in pachtene, then the
three bivalents occur in each nucleus in the
diplotene stage, It is thougt that the six
chromosomes are composed of three homolo-
gous pairs, The authors conclude that the
chromosome -composition in the nucleus of
Spirogyra is acutually diploid, not haploid.
Therefore, the bivalents that are arranged
on the equatorial 'plate in first metaphase
have a different origin from those of higher
plants.

GODWARD (1961) mentioned chiasmata at
the formation of bivalents, but in diplotene
and diakinesis, chiasmata could not be ob-
served. The paired chromosomes of each
bivalent are parallel and they reach maximum
contraction at first metaphase.

The existence of N.O. chromosomes in the
mitotic cycle were reported by WISSELINGH
(1900), GEITLER (1930) and GODWARD (1950).
However, there is no report of the N.O.
chromosomes in meiosis. Regarding the
chromosome formation in the meiotic cycle,
KARSTEN (1908) mentioned that the chromo-
somes originated from the nucleolus in the
zygospore, and TRONDLE (1911) observed the
existence of the nucleous, but did not men-
tion the relationship between the nucleolus
and the chromosomes. GODWARD (1961) paid
special attention to the behaviour of the
nucleolus in both mitosis and meiosis. How-
ever, she could not clearly trace it in the
meiotic cycle.

In this study, the relationship between the
N.O. chromosomes and the nucleolus is con-
firmed for the first time, through observation
of first prophase and second metaphase in
meiosis. In S. crassa (n=12), there are two
N.O. chromosomes in each conjugated nucleus.
At diplotene, these two chromosomes, form-
ing a bivalent,are attached terminally to the
nucleolus (Figs. 4 and 5). It is difficult to
distinguish the N.O. chromosomes from the
other chromosomes at first metaphase. In
second metaphase, nucleolus-like bodies were
observed at the terminal of two half-
bivalents. It is suggested that the nucleous

is reformed at the terminal of the N.O.
chromosome.

GODWARD (1961) observed the stainable
woolly-shaped or fiber-like threads between,
or around the separating half-bivalents at
late diakinesis and first anaphase, and she
mentioned that these stainable structure were
derived from the stickiness of the nucleolar
substance enclosing the chromosomes.
KUSANAGI (1962) also observed similar stain-
able fibers in Luzula (Juncaceae) which ap-
peared on the chromosomes at anaphase of
the first division.

During prophase of the first division, each
chromosome was observed as a clear outline,
somewhat rigid, and such a woolly structure
was not observed. At first metaphase and
anaphase, the fiber-shaped threads between
the chromosomes and dividing chromatids
were observed (Figs. 8,9, 12 and 13). As
mentioned in the previous paper (HARADA
and YAMAGISHI 1984), the sticky substance
is considered to be homogeneous with the
chromosomes from the view point of staining
ability.

TRONDLE (1911) first reported that S.
calospora and S. longata had diploid chromo-
somes at first metaphase, and four nuclei
having haploid chromosomes were formed in
the second division, and the three of them
aborted and only one developed. From ob-
servation of four species, the process of the
abortion of three nuclei agrees well with
that noted by TRONDLE.

KARSTEN (1908) mentioned that the meiosis
occured at the time of the germination of
zygospores. TRONDLE stated that the meiosis
completed at about the same time as the
maturation of zygospores. Moreover,
GODWARD (1961) observed that the meiosis
finished a week after conjugation. In all four
species investigated in this study, however,
meiosis was observed in young zygospores,
and finished before the maturation of the
zygospores. Only one nucleus was usually
observed in the matured zygospores laying
dormant.
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The present paper deals with a part of collections of freshwater red algae from Sungai
Bakar, Kelantan, West Malaysia. A new species, Batrachospermum bakarense (Rhodophyta,

Nemalionales) is described here.

This species may belong to the section Viridia and

differs from others in this group, in having a slightly curved carpogonium-bearing branch

with short bracts issuing unilaterally.

Key Index Words: Batrachospermum bakarense sp. nov.; freshwater Rhodophyta;

Malaysia; taxonomy.

The wide distribution and diversity of the
freshwater red algal flora of South-East Asia
has been shown (KumMaNO 1980), and the
genus Batrachospermum is well known from
Malaysia (RATNASABAPATHY 1974,1981,1982,
KuUuMANO 1978, RATNASABAPATHY and Ku-
MANO 1982a, 1982b, KUMANO and RATNASA-
BAPATHY 1982), northern Australia (BAILY
1895) and Papua New Guinea (KUMANO and
JouNsSTONE 1983, KumaANO 1983, KumaNO
and WATANABE 1983). The present authors
report here on a new species [of Batracho-
spermum collected from Sungai Bakar,
Kelantan, West Malaysia.

Location and Habitat

Sungai Bakar, lying between latitude 5°41’
and 5°45’N, longitude 102°14’ and 102°17’E
in the state of Kelantan flows generally in
a northwesterly direction through mostly
primary forest-covered hills of the Hutan
Simpan Ulu Sat before discharging into the
Sungai Kelantan via Sungai Sat (Map 1).

Bukit Bakar, the highest hill in the area, is
about 615 m above mean sea level. Recent
disterbances of the forest and the stream by
human activities are noticeable. The stream
is subject to seasonal fluctuations in water

SOUTH CHINA

THAILAND

— 120 Km.

Map 1. The collecting site of
Batrachospermum bakarense.
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level and an inspection of the stream banks
showed that during rainy monsoonal months
the level may rise to a metre or more in the
vicinity of the Forest Depertment Nursery
located about 0.8 km below the site of collec-
tion of the alga. The stream bed varies in
structure, consisting of granitic rocks, stones
or sand, of riffles and some rock pools and
cascades. At the time of collecting of the
alga in the afterncon, the water was 5-35cm
deep, very clear, its temperature 26-27°C
and pH 6.5.

Discription of the Species

Batrachospermum bakarense KUMANO et
RANTASABAPATHY, sp. nov. (Figs. 1-8, 9-14)

Frons monoica, ca. 1.5cm alta, 70-300 ym
crassa, plus minisve regulariter ramosa,
parum mucosa, atrovirens. Cellulae axiales
cylindricae, 15-40 pm crassae, 40-130 um
longae. Verticilli doliiformes, in parte vetus-
tiore frondis contigui. Ramuli primarii abun-
danter ramificentes, ex 7-9 cellulis constantes ;
cellulae fasciculorum fusiformes, 10-12 gm

longae ; pili nuli. Fila corticalia bene evoluta.
Ramuli secunderii numerosi, ex 5-7 cellis

Figs. 1-8. Batrachospermum bakarense Kumaxo et RATNASABAPATHY, sp. nov. 1. A carpogonium-
bearing branch with a young carpogonium; 2. An early stage in the development of the carpogonium-
bearing branch; 3-4. A slightly curved carpogonium-bearing branch, showing bracts unilaterally issued
and club-shaped trichogynes indistinctly stalked; 5. Antheridia terminal on the primary and secondary
branchlets; 6. A part of thallus showing antheridia terminal on the primary branchlets and two carpo-
%onium-bearing branches, one of which has developed as a lateral of the other; 7. An early stage in

the development of gonimoblast filaments; 8. Carposporangia terminal on gonimoblast filaments. (a:
antheridium, b: basal cell of primary branchlets, cb: carpogonium-bearing branch, cf : cortical filament,
cp: carpogonium, ¢s: carposporangium, gi: gonimoblast initial, gf : gonimoblast filament, s: spermatium,
tr: trichogyne).
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Figs. 9-14. Batrachospermum bakarense Kuzmaxo et RATNASABAPATHY, sp. nov. 9. Structure of
whorls; 10, 13. A part of thallus showing an axial cell, primary branchlets and a carpogonium-bearing

branch with a fertilized carpogonium; 11. Antheridia terminal on secondary branchlets; 12, 14. Carpo-
(Scale: 100 #m for Fig. 9, 10 pm for figs. 10-14) (tr:

sporangia terminal on gonimoblast filaments.
trichogyne).
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constantes, totum internodium obtengentes.
Antheridia globosa, ca. 4 gum diametro, in
ramulis primariis et secundariis terminalia.
Ramulis carpogoniferi e cellulis basi ramu-
lorum primariorum vel e cellulis intercalaribus
orientes, breves, 12-30 ym longi, ex cellulis
2-5 doliiformibus constantes, parum curvati;
carpogonium basi 4-6 pm crassum, apice 4-6
pm crassum, 23-36 pm longum ; trichogyne
claviformis, indistincte pedicellata. Bracteae
numerosae, elongatae, unilateriter evolutae.
Gonimoblasti singuli, semiglobosi, ca. 60 gm
alti, ca. 90 ym crassi, in centro verticilli in-
serti. Carposporangia obovoidea vel clavata,
7-10 ym longa.

Frond monoecious, ca. 1.5cm high, 70-300
pm wide, more or less regularly branched,
slightly mucilaginous, blackish green. Axial
cells cylindrical, 15-40 ym wide, 40-130 pm
long. Whorls barrel-shaped, toucging each
other in older part of frond. Primary bran-
chlets abundantly branched, consisting of 7-9
cell stories ; cells of fascicles fusiform, 10-12
pm long ; hairs none. Cortical filaments well-
developed. Secondary branchlets numerous,
consisting of 5-7 cell-stories, covering all the
internodes. Antheridia globosa, ca. 4 ym in
diameter, terminal on primary and secondary
branchlets. Carpogonium-bearing branch aris-
ing from the basal cell and the intercalary
cell of the primary branchlets, slightly curved,
short, 12-30 ym long, consisting of 2-5 barrel-
shaped cells; carpogonium 4-6 ym wide at
the base, 4-6 #m wide at the apex, 23-36 ym
long ; trichogyne clubshaped, indistinctly stal-
ked. Bracts numerous, elongated, unilaterally
produced. Gonimoblast single, semiglobose,
ca. 60 um high, ca. 60 #m high, ca. 90 ym
wide, inserted centrally. Carposporangia
obovoid or clavate, 7-10 um wide, 13-18 ym
long.

Holotype : RATNASABAPATHY No. 13, 3/VI,
1982, Herbarium of Faculty of Science, Kobe
University. Isotype: RATNASABAPATHY No.
3, 3/VI, 1982, Herbarium of Department of
Botany, University of Malaya.

Type Locality : Sungai Bakar, Kelantan,
West Malaysia.

Distribution : This species is gregarious,

localized, and epilithic; grows attached as
dense tufts to submerged stream rocks and
stones ; known only from the type locality.

Discussion

Batrachospermom bakarense may be as-
signed to the section Viridia, primarilly on
the basis of the short carpogonium-bearing
branch composed of 2-5 barrel-shaped cells
and of the club-shaped trichogyne. As the
number of cells comprising a carpogonium-
bearing branch increases, the branch of this
species becomes slightly curved and bears
many bracts unilaterally. This type of car-
pogonium-bearing branch is very character-
istic of the section Contorta. Some members
of the section Contorta have carpogonium-
bearing branches that are spirally twisted or
bent like a hook (SKujA 1938). Some taxa
such as Batrachospermum tortuosum and B.
tortuosum var. majus whose carpogonium-
bearing branches are only curved have also
been assigned to this section (KumaNO 1978,
1982, 1983). B. bakarense resembles the latter
two taxa of the section Contorta in having
the slightly curved carpogonium-bearing
branch, it more closely resembles species of
the section Viridia in having a short car-
pogonium-bearing branch and a club-shaped
trichogyne. Hence, the present authors place
it here in the section Viridia. B. bakarense
differs from other taxa of the section Viridia
in having a slightly curved carpogonium-
bearing branch with bracts produced unilater-
ally. The characteristics of B. bakarense
suggest that there are close relationships
between the section Viridia and Contorta.

The authors wish to express their sincere
thanks to Dr. H. HIROSE, Professor Emeritus
of Kobe University, for his critical comments
on the manuscript.
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Studies on freshwater red algae of Malaysia V.
Early development of carposporophytes of Batrachospermum
cylindrocellulare KUMANO and B. tortuosum KUMANO

Shigeru KUMANO

Department of Biology, Faculty of Science, Kobe University,
Rokko-dai, Nada-ku, Kobe 657, Japan

Kumano, S. 1934. Studies on freshwater red algae of Malaysia V. Early development of
carposporophytes of Betrachospermum cylindrocellulare Kumaxo and B. tortuosum Kumano.

Jap. J. Phycol. 32: 24-28.

Observations on the early development of the carporophytes of Batrachospermum cylindro-
cellulare and B. tortuosum are presented. The carpogonium-bearing branch of B. cylindro-
cellulare is relatively short and is not provided with bracts in the early stage of develop-
ment so that its differentiation from the vegetative fascicles is remarkable. The carpogorium-
bearing branch of B. tortuosum becomes curved strongly in the progress of its development.
The trichogyne of this species is formed asymmetrically and falls sideways on the terminal

cell of the carpogonium-bearing branch.

Key Index Words : Batrachospermum cylindrocellulare ; Batrachospermum tortuosum ;

carposporophytes development ; Malaysia.

The degree of differentiation of the car-
pogonium-bearing branch from the vegetative
fascicles varies from species to species in
the genus Batrachosperum. KUMANO et al.
(1970) emphasized that the more highly the
carpogonium-bearing branch is differentiated,
the shorter is its length. Thus, for example,
the section Aristatae is characterized by the
possession of a long carpogonium-bearing
branch whilst the section Contorta is charac-
terized in having a twisted carpogonium-
bearing branch. KuMANO (1978) described
Batrachospermum cylindrocellulare and B.
tortuosum from West Malaysia, and he as-
signed the former to the section Moniliformia
and the latter to the section Contorta. This
paper deals with the early development of
the carposoporophytes of the above two

species in detail from the point of visw of
phylogeny.

Materials used in the Present Study

Materials used in the present study were
collected from Fort Iskandar in Tasik Bera,
Pahang, Malaysia by the author on 16th
April, 1971 (B. cylindrocellulare) and 12 th
July, 1971 (B. tortuosum). Specimens have
been deposited in the Herbarium of the
Faculty of Science, Kobe University.

Observations

1. Batrachospermum cylindrocellulare
Kumano Fig. 1. (1-13).
The carpogonium-bearing branch of this

Fig. 1. Batrachospermum cylindrocellulare Kumaxo 1-4. The early stage in the development of
carpogonium-bearing branches without bracts; 5-6. Carpogonium-bearing branches showing mature
carpogonia with spatula-shaped trichogynes; 7-8. Carpogonium-bearing branches showing fertilized
carpogonia with spatula-shaped trichogynes and bracts; 9-13. The early stages in the development of
gonimoblast initials and gonimoblast fflaments. (BC: basal cell of the whorl).
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species arises from the basal cell of the
whorl, consists of 6-8 barrel-shaped cells, and,
in the early stage of the development, has
no bracts. The differentiation of the car-
pogonium-bearing branch from the vegetative
fascicles is very remarkable. The terminal
portion of the carpogonium sticks out, be-
comes a rod shaped initial of the trichogyne
and finally gives rise to an ovoid or spatula
shaped trichogyne with a long stalk (Fig. 1.
1-6). After fertilization, the basal portion of
the carpogonium extends a lateral outgrowth
and cuts off the first initial of the gonimoblast
filament, then on the opposite side of the
carpogonium a further initial is produced in
the same manner (Fig. 1. 8-13). The well-
developed carpogonium-bearing branch is
shorter than the vegetative fascicles of the
whorl and is provided with numerous long
bracts embracing the gonimoblasts, which
are inserted in the middle of the whorl.

2. Batrachospermum tortuosum KUMANO
Fig. 2. (1-19).

The carpogonium-bearing branch of this
species consists of 3-4 somewhat disc-shaped
cells and arises from the basal cell of the
whorls. In the process of development, the
carpogonium-bearing branch becomes curved
strongly to one side. The side portion of
the carpogonium protrudes and develops into
a cylindrical initial of the trichogyne (Fig. 2.
3-4), thus the trichogyne becomes to be
formed asymmetrically. This situation is
very different from the other species of
Batrachospermum in that the trichogyne is
formed asymmetrically and falls sideways on
the terminal cell of the carpogonium-bearing
branch. A well-developed trichogyne often
bends at the basal portion at an angle of 90°
or more (Fig. 2. 9-13, 15). As the trichogyne
bends, the carpogonium-bearing branch twists
spirally because its cells elongate on one side

only, thus becoming trianglar in shape as
observed in longitudinal view. As a result
of . the above mentioned development, the
terminal portion of the trichogyne faces out-
ward of the whorl. After fertilization, the
manner of the development of the gonimoblast
is the same as those of other species of
Batrachospermum (Fig. 2. 10-16). The
gonimoblast grows out into radially branched
filaments (Fig. 2. 17, 19) and forms a big
hemispherical gonimoblast inserted centrally
in the whorl.

Discussion

Among the taxa having the long car-
pogonium-bearing branches, the section Mon-
iliformia is regarded as a primitive one and
the section Aristatae as an advanced one.
KuMANO and RATNASABAPATHY (1982) point-
ed out that Batrachospermum beraense is a
primitive form among the species in the sec-
tion Aristatae, because its trichogyne is not
so large, the carpogonium-bearing branch
consists of 7-11 barrel-shaped cells and is
less differentiated, and the 2-3 gonimoblasts
are scattered within the whorl, whereas B.
cayennense also of this section is considered
as an advances form because its carpogonium-
bearing branch is very long, consisting of 9-14
cells, its differentiation from the vegetative
branchlets is clearly recognizable, and its
cells are very different from those of the
vegetative branchlets in the size and the
shape. In B. cylindrocellulare, assigned to
the section Moniliformia, the carpogonium-
bearing branch consists of 5-8 barrel-shaped
cells, however, in its early stage of develop-
ment, it is similar to that of B. cayennense.
Therefore, B. cylindrocellulare is here re-
garded as an intermediate form between the
sections Moniliformia and Aristatae.

The section Contorta is characterized in

Fig. 2. Batrachospermum tortuosum KumANO

1-2. Very early stages in the development of

carpogonium-bearing branches; 3-4. The early stages in the development of carpogonium-bearing branch,
showing cylindrical trichogynes formed asymmetrically; 5-8. Strongly curved carpogonium-bearing
branches and mature carpogonia with trichogynes often bent at the basal portions; 9-10. Fertilized
carpogonia; 11-17. The early stages in the development of gonimoblast filaments; 18-19. Carposporangia
development terminal on gonimoblast filaments. (BC: basal cell of the whorl).
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having a twisted carpogonium-bearing branch,
whose length varies from species to species.
Some taxa such as B. tortuosum and B. tor-
tuosum var. majus, whose carpogonium-bear-
ing branch is also curved, have been assigned
to this section by KumaNO (1978, 1982). As
pointed out above, this condition is very
different from the taxa belonging to the
section Viridia in that the trichogyne of B.
tortuosum is formed asymmetricall and falls
sideways on the terminal cells of the car-
pogonium-bearing branch. Recently, KuMANO
and RATNASABAPATHY (1984) described B.
bakarense as a new species from West
Malaysia, which resembles the above-men-
tioned two taxa belonging to the section
Contorta in having the slightly curved car-
pogonium-bearing branch. However, they
pointed out that B. bakarense closely resembles
those species belonging to the section Viridia
in having a short carpogonium-bearing branch
and a club-shaped trichogyne. Therefore,
some taxa such as B. tortuosum and B.
bakarense may be regarded as the intermediate
forms between the sections Contorta and
Viridia. Further collections and studies of
hitherto unencountered new species of
Batrachospermum from the relatively unex-
plored areas such as South-east Asia could
substantiate this point of view.

The author wishes to express his sincere
thanks to Dr. H. HIROSE, Professor Emertitus

of Kobe University, for his critical coments
on the manuscript. Grateful acknowledgment
is expressed to Associate Professor M.
RATNASABAPATHY of University of Malaya,
for his constructive criticism of the manu-
script.
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BEEYLSFHHEICE T3 RFHo—H,
Codiolum petrocelidis KUCKUCK O & 3E5RD2

" OB M E

RRAFHFMENFRE 274 TERMBH=1L 2-2-1)

Mivaji, K. 1984. The life history study on a sporophytic form of Spongomorpha-Acro-
siphonia complex (Acrosiphoniales, Chlorophyta), Codiolum petrocelidis Kuckuck from
Nothern Japan. Jap, J. Phycol. 32: 29-36.

The development of zoospores from Codiolum petrocelidis Kuckuck, which grew in Petro-
celis sp. collected at Rausu in eastern Hokkaido, was investigated in culture. Immature plants
of C. petrocelidis were isolated into unialgal culture and kept in freezer incubators illuminated
with cool-white fluorescent lamps (1,000-4,000 lux) at 5°C, 14: 10 and 8: 16. The plants
became fertile in both the conditions and produced pear shaped quadriflagellate zoospores
after one to two months in culture. The zoospores germinated and grew into either pro-
strate pseudoparenchymatous discs or prostrate filaments. Erect filaments developed from
both the type of germlings at 5°C, 14: 10 and 8: 16 two weeks and three weeks after
germination. These plants were detached from the substrate and cultured individually in
separate dishes at 5°C, 14: 10. They were branched repeatedly, reached a length of 3-4 cm
and became fertile two months after transfer. The fertile plants produced biflagellate
gametes which were tear-drop in shape, 6-8 umx2-3 um. This alga was dioecious and
formed isogametes. The zygotes issued a germination tubes into which most of the
cytoplasm flowed. The tubular projection then elongated and became differentiated into a
broader distal portion and a narrower proximal portion. Thereafter, the distal portion
gradually increased in volume and became obovate or globular with stalk like the field
Codiolum. The proximal portion was extended in length and septated. The cultured
sporophytes did not become fertile, although they had been cultured under long day and
short day at 5°C, 10°C and long day at 15°C for five months. Unfused gametes showed
two developmental patterns. The majority of gametes germinated into sporophytes which
were similar in morphology to the sporophytes derived from zygotes and produced quadri-
flagellate swarmers at 5°C, 14: 10 and 8: 16 three months after germination. A few
gametes germinated and grew directly into gametophytes. The gametophytes derived from
zoospores of C. petrocelidis are identified as Spongomorpha saxatilis (RUPRECHT) COLLINS
by having erect filaments, 130-150 ym broad. acute apical cells and no hooked branches.

Key Index Words: life history ; heteromorphic life cycle ; Acrosiphoniales ; Codiolum
petrocelidis ; Spongomorpha ; Acrosiphonia; Spongomorpha saxatilis.

Kazuyuki Miyaji, Department of Biology, Faculty of Science. Toho University,
2-2-1 Miyama, Funabashi, 274 Japan.

Codiolum petrocelidis Kuxuck |3 BHIRABER D ko> TREENTUR  Acrosiphonia  spinescens
BET, RIRILE Petrocelis BOWHPTHET 5o % S. aeruginosa D ATHTLHBZ LA RESH
@ C. petrocelidis 1285 h UIcBFIAIRDORE T\5% (Jonssox, S. 1958, 1959, 1962, KORNMANN
Spongomorpha (£v v /%) B DL, S. coalita 1961, 1964),

(Ruprecht) CoLLiNs DRaF#4TH 5 & Fan (1959) Zx I AAFED C. petrocelidis DEEFDIEHESE
1) BASMEERETRAR T, | BakIitot, FOKR. BAED C. petrocelidis

2) CEMEBREP RIS No. 254229 12 X %, Mbit ki 3fEL Bicn Spongomorpha B 11 S.
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saxatilis (P> oYV IY) ERLhS DM
¥L, IBRIhCEBTIHEINLOT, £OHR
BT e AT ORI OWTIEN S,

HHEEHFE

Codiolum ¥ LT DR AERTH 2
RN 19754 6 F27H £ 19764 8 F1 25 A JkifgE B BUES
FEFIN 77 45T B4 Ut Petrocelis sp. 129 LT
Wb DTHB, =D Codiolum petrocelidis DA
H: LT\ % Petrocelis D&% ~»—Vv (BR9
cm) KEMAETOARTER L, BRI THEETYR
HEet, HEETFORFFIELALBR LK, 1
BT oEE s »— v (100ml) wBML, R
I,

Codiolum & 3EEFDEEFRRE & BUINERDL 5°CE
H (14:10) & 5°C mH B: 16) O&MTRI /-
tro BEIXEEFBEITY AV, WBE 1.000-4. 000 lux,
By PES BEbd i Uic, EEBRO AN O 1o
gty r<=v24 0.5mg/ml ¥EFH AV -1 ¥
<y PTHEMLI,

FUBF DR & AT O« Codiolum TN
B LR R ORMAG & e b MFL KL
te, BBTIXEOEN A F LADT, LN Y
FIFLTERy PTRWET, 254 V275 ALK
FLTHE R, ThiESy»—Vv (200m]) 1=
ANEER LI,

BT R @A, D i T DM T g
ey, MEERKOHEER LI,

HEHE R O HEME O BUR TR A A —D > » — VIR AR T
HE IR, EATREMT &L AOELEKER
LicDT, ThEFIMLT#EETFEZERy P TRV
W, 254 F7 5 AL T LHGESRESE Y »— v
T Lic, BAT & 84T o BRIE L R%
5°C &H (14:10), 5°C & A '8: 16), 10°C £ A
(14: 10), 10°C 48R (10:14), 15°C £A (16:8)
5 4TIV, X0 5k ik Codiolum o T
HOBPA LR LTH -1,

FBADOEOYEIILERSE~~ b+ > ) viaksm
5 — (Aceto-iron haematoxylin-chloral-hydrate)
WA i L (WiTTMANN 1965, YaBU & TOKIDA
1966) .

# g
Codiolum DI HE ; Codiolum petrocelidis i} Petro-

“celis sp. DEEN ORI P4 LT (Fig.

1c), C. petrocelidis 3PP\ LEKHK (Fig.
la-c) #RL, BICIBEOL DB -7, EOAE
X126 L8 ADHEILT, BROANETKEN -
too 8 ADEETIENGY & ¥ I\ FEM O RETS-125
pm, 4% 17-68 pm (F#5 96.3 pmx 48.0 pm) TH
o3 N

1B LAY ORECHNEEL, TOHORILEGE
Xy, BLWboT 65pum T, HALWHOTIX
FEREBETH -7 WIRFARIRE Y, ETHOEN
Clihs - TH {7 »Tuhiz, WLk —tfic Petrocelis
DABAECEVT I (Fig. la, ¢, ORI
LbD L5 MmhRbohic,

EZEIEEOCV ) 4 Vo2 ILNEETH B
(Fig. la), #EFthrtho L O L, T &l
Wl D Z &b e, FTIXERV SRR bh,
RO D SR leB T i T,

BETHRE FO3E: 5°C £ « BADLMETRER
LichDiz6 A& 8 AottktLd, Codiolum 13 1~
2 y RTH LT,

Codiolum R I hiclaFix 4 R EDHEET T,
HEUE% 7L, 1O L/ 4 FEBEREL, kX
X% 6-8 pm X 3-5 pm TH - 1o,

HEFIZBCEDOESERRT, HkT B RHE
Pk, g LAB LD, EERT LT
5h, [BAEIR 1~2 AR ->T\V-%, AR -l
HTOMEFOBERL 5-7.5 pm ThH -1 (Fig. 1d),
ff#% LiclEETF IR A2k ELeh, €v/4 ¥h8
icic s (Fig. le), €V /4 FHi 2 @icic b & (Fig.
1f), 2filaca®+5 (Fig.lg), Totk, FFEx
DEEEEVEL, AHEA o R o ARAREEE
(Fig. 1h-j) B2\ 3 B —MAEAREHE T2, @
WO RD, BHFBT 10-15 pm OKE 1B %
7% (Fig. le-h), Mila¥h ¥+ & &b Mgk &<
wh, v/ 4 Fd 2l Eofucic s (Fig. li),

5°C £HTIX 12-15 A cRAMGKO ML T 5~6
i s CEZARER Lica (Fig. 1), —ifc
111 ~2HfRT, FAX108IELl bic/c - T biET
FERTHZ Ehb -1, 5°C HH Tt 5°C KA
X hHEREMNEL, 2085 52568 Cl0MIfaLL ko EaEk
CEILAPTHRE NS b DOhi%h -7 (Fig. 1K), %
7o 5°C EHOHAER LY MEAGEN L RE LA
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Fig. 1. Vegetative plants of Codiolum petrocelidis. Vegetative cells of Codiolum petrocelidis (a,c)
embedded in perithallus of Petrocelis and fertile cell (b) after cultured at 5°C, 8: 16 for fifty days,
and development of zoospores of Codiolum petrocelidis in the culture at 5°C, 14: 10 (1) and 8:16 (d-k).
d, settled zoospore; e-f., one cell stage with one or two polypyramidal pyrenoids; g-i, two cells or
more celled prostrate discs; j, two initials of erect filaments (arrows) originated from a prostrate disc;
k, initial of erect filament developed from a prostrate disc; I, erect filament developed from a 5-celled
prostrate disc. (Scale in b applies to a and d-i. Scale in k applies also to j and I).
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< Te B E A
BRI S B <A
OHERRY 2 » A THELLA

Rohie (Fig. 1)),

T 5018 5°C FH THo7,
XA 3-4 cm DR
(Fig. 2a), W/ ET %2 o7, R

Mivaji, K.

Fiz#y €3
el (DD el

HANC 2 RO S te, O, $isH
TEWH (Fig. 2b) A fileh, -7 kE 2f, g), R~
i ote (Fig. 2¢), Lvl, #FRCZ e b e d fila A R T

ol

(Fig. 2c),

=

Fig. 2.

b, obtuse apical cell in early stage;
cells of middle portion;
pores and lid (arrows).

Af Uic ik o &in
#e 60-90 pm  (Fig. 2d),
p#m (130-150 #m) # b,

DR &L
i F ke = 100-170
it 80-130 um TH -

K Eheh%

(scale in ¢ applies also to d-h).

Mk 8T %
s xAMTHD (Fig. 2e),
5°C RATIA
SO A E L,
2f, @) o IMCHGHIIE (X JEIERET 12 T
dikE LT (Fig. 2h),

VDJf‘iéz:tlll.m 0.5
A S B ALASTE R S
wuuam(.m- %o

W 2 RDWTEA A3 5

¢, acute apical cell in later stage;
f, long gametangium; g, short gametangia;

LM oERELEL, v/ A

M, 1oy AnD 2 5 A OMICESL
kGt A Tk Uth o7 (Fig.

W &hsn (Fig.

S RSl i )

N I DN FEHNA TR Do BT

(Fig. 2f-h), Roiliac

(Fig. 2h), i

2 f5HH

AS

Gametophyte developcd from zoospore of Codiolum petrocelidis.

a, habit of adult plant;
d, basal portion; e, vegetative
h, emptied gametangia with circular
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Fig. 3. Codiolum petrocelidis. Parthenogenetical development of gametes (c-i) and development
of zygotes (j-m) from gametophytes of C. petrocelidis cultured at 10°C, 14: 10 (d-g, j-1), 15°C, 16: 8
(h), 5°C 14: 10 (m) and 5°C, 8: 16 from h (i). (Arrows in e, f indicate marks of circular original
gamete.) a, gametes; b, copulation of gametes; c, settled gamete; d, 2-day old germling issuing a
tube; e, 7-day old germling. differentiated into a broader distal portion (vesicle) and a narrow proximal
portion (germination tube) ; f, 14-day old grmling; g, I-month old plant; h, 2-month old plant, with a
stalk showing chloroplast being unevenly distributed in the upper portion; i, 5-month old fertile plant
grown at 15°C, 16: 8 for 2 months and then transferred to 5°C, 14: 10; j, settled zygote; k, 2-day
old germling, most of cytoplasm flows into a germination tube; I, I-month old plant, with a septated
germination tube; m, 4-month old plant showing chloroplast being unevenly distributed in the upper
portion. (Scale in b applies also to a. Scale in d applies also to c¢. Scale in k applies also to j. Scale
in | applies also to f-i and m).



34 Mivaji, K.

¥ 7= Codiolum D iEETFn b RHE Ul B tEHE R
DEBETH S LD 0D~ 1o, MEME & M ORBE
RURBTFOMCIIFELHEOKX & SicE A E05D
bhich -t (Fig. 3b),

EETFOBE : BRBTXEBKCLEDY » 7RO
#RAc 1OV, 4 FEREXFE-TW5 (Fig.
3a), K& X% 6-8 pmx2-3 pm (¥4 6.8x 2.3 pm)
Thotz, BREBEFIERVGCEDOELMELYRT,

EE L AERE, FEECERBTIEFLERTS
7%, 10°C BEHRHOERITOWTARS &, FHEE
BFEHL D, BENHEL (Fig. 3¢) BFER T
(Fig.3d), #ivTHE LARFEORIRCIILELR
875, FEOFET BEMBE ALy, Eific
REBTFOML Kok EDOMlar L bhs (Fig. 3e),
KL lg o BRI FHBER T, THOKF 2 AMEE
TTELMCELTFEST S (Fig. 3e, ), TOREM
Wik Table i@ thaicKE<cn, HEHIFEC
FERM OBk e s (Fig. 3g, h), Z LTHV IR 2E
KRR K EL LB EEDITKRS KRS, Lo,
TR TEER T, THOMEENEL 554
355 (Fig. 3h), FHICERFIC > IBERML
LWL, ER-Aiflased E< iebrcw (Fig. 3i), 2
» A LEERTICH 5 ER AT LMCBEEL, B
Knig<iesd (Fig. 3h), BFLTL » AHE TR
ErEL, RAZKKEOFHERTOERIIVA, £
Ui /iesd &, FORBTHIESLLB, Ll
AREMHC X » TETERRBOMENELLTED,
£ B & T EE-CEMT TROT B E AL
HY, EEKBETIKRELRBR RO 2VEL
BUEED D - o RIEGOBELIT DML BHLE

Table 1.

KT, MAcRED L 5 efieTER LR T L bh
% (Fig.3e), ERIH K &< 7en & &b BRI
k<73 (Fig. 3h, 1), ¥LORKIIEREO Bk
PREIRCHE LTV BIED D TR, BRBOED
ke b inT s AR D o1 2 » AUBRICHS &
RO TEEL CGEHRIMCER IR ) Bk
LTWBZ Ebd T,

10°C BEETIRIRIE 4 » ARCIIER IR E E - 7225,
FhUBLRIER bR 7, 5°CR-EHAT3
# At 10°CHEHETIZS » A B LichbDrd -
foo ¥7c 15°C £H T2 5 A ¥#% L% 5°C RA
(Fig. 3i), MHTEEE LSO, 10°C KEAT3 » A
%%, SSCHEACBLAELDTRERFNS , A
2 5 A D & Bhulc, BUEAME 2 Hik KA ©
Codioum rRIBICAAHEEOFEEME 2 HBL, ©
oEEMiaL Codiolum 0 iEF & FERICKIRDOELE
iR L,
WAREEDI B, 1HITHEA, 1, ABEKLE
NOIHL DT ATA K75 AD 1 I BBED£IR
THRLERBHEOER LTV 2ONEEIRI, &
ELEBEIBELA LI LT, L
LROEBECRET 5 BARFHIEL ThicL
PERE R, ZOERBHRIEBTFELERL, BB
FORFTEANCIE L OEBT LA il
EREICREE L,
BATFORE: BT I EKM OBRBTOMT
(Fig. 3b), #&TFXMEH © BRIBFTHEL 120
LT h, ARDEEORETHKE, EWcMEL
Thb s, ZOHDREELECERDEATE
BFOBELE-<AULTHh (Fig. 3j-m), EIB

Growth of sporophytic plants developed from gametes and

zygotes when cultured at 10°C, 14: 10.

Culture times

(days) Gametes Zygotes
Size of vesicle portion in pm Size of vesicle portion in pgm
(long diam. x short diam.) (long diam. x short diam.)
Ten days 50-70x 5-10*(60x 7)

Fourteen days
Twenty one days
Thirty days
Sixty days

16-28 x 10-15(22 x 11)
20-30 x 18-23 (23 x 20)
20-50x 13-23 (38 x 19)
38-70 x 15-33 (46 x 23)

18-30x 12-18 (22x15)
30-50x15-20 (37x17)
46-64x 18

* Size of whole plants including germination tube.

numerals in parentheses are means.
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TORELXBIH KA -7 (Table 1), HEEFHH
RELKCRTHEIAZR»LEE L C. petrocelidis
LSBT s » 2o A% (Fig. 3m), 5°C, 10°C ¢5 4
AL A ST 7h, BB LTch -7,

% %®

BF T4 Ui Cdiolum petrocelidies iz T-ix
RFELT, S L BIRRGETHB = Vv L 7y
(Spongomorpha-Acrosiphonia) FoOBEthicic, *
NCEBTFHERIh, HEREGKTERBTIEALT,
Wt Codiolum =i ~7-, BITE ¥ THHE &hic C.
petrocelidis DA FE L Rz (FAN 1959, JonssoN
1958, 1959, 1962, KorNMANN 1961, 1964), H A
D C. petrocelidis }, & v 74 ¥F (Spongomorpha-
Acrosiphonia) DRTFHTHEHZ LWL T B
& hiHR,

RFELLCRBEILEETH >, B, Spongo-
morpha t Acrosiphonia \ZEBEMNSEMIIZ L > TD
ARG EhTvWB, 2O EBHC ¥, BHo C
petrocelidis p~0F%E UI-Bi{BIkIL Acrosiphonia iz
B35, Lo LAk Spongomorpha 4, Acrosiphonia
3 KuTzING (1843) & AGARDH (1846) iz X »T*%
hZhRicsHicd &3& Conferva k h iz Lic
BRTHoH, 2O0BIEBZOBEL EHOBLEE
RTwi, 0%, WILLE (1899, 1900) i kiaiHE
b, BoELLY, FREXLETLOo0RYIT
ELTwicl, SHEBHGABIICHE > THBOBIR
YEITETHLEND S, KRXTRXFEBEX XA L
WTCE Y U 78 (Spongomorpha-Acrosiphonia) &
LTEhikot,

R LU7-E B Spongomorpha-Acrosiphonia DI
RHEEEY DT B L, 1) HERONED I, 2) D
B EH ML 78D, 3) BEILARDKIA 80-150 pm
ThbH, BE, dimERE» DRE I RIchH EFRPE
DigEY VB 4B2E DY, hErEv LS
+ (S. duriuscula var. cartilaginea), =V &> v 7
4+ (S. duriuscula var. tenuis), ¥z 3 €Y Vv /Y%
(S. breviarticulata), +#»+>vEY V74 (S sax-
atilis)., S. arcta TH% (YE~xDO 1915 [LiFH « Hrb
1944, Sakar1 1954), EFERDOEEHEMBHRT, SmEIFEF
Lt EY V7Y by F vy v+ Sosaxatilis
(RuPrecHT) CoLLINs EH#EE& N7 (SETCHELL
and GARDNER 1920, NacGar 1940, Tokipa 1954,
SAKAI 1954, SCAGEL 1966), IFfE7cFER M+ 57

iz C. petrocelidis p3H7F LT\ IcPT &R UEBRTT
BELILY XY F o2V V7Y OEEO/NEL DB
BLUCEEBEAL R LY, GEORBHARVES
R TFHREDEDHBERNBDLRLH -
2o FRHEORBSE»LBOALEBTHITLHESE
BikfTolcbln, BAETFHERIHh, BFLL (B
e REFEK), COKEENLSFEMAD C. petrocelidis p»
LEFLLEY VI LY F 2V LIy S sax-
atilis L[FE L,

4FTHREINRT\B C. petrocelidis inbIEL
tee v v 79 EiL S. coalita (Fax 1959), S. aeru-
ginosa (KORNNANNa 1961, 1964), % LT Acrosi-
phonia spinescens (JonssoN 1958, 1959, 1962) o
3WTHh, ThHOELUID S. saxatilis =
vV 7+ EORMTho—> Codiolum ics = &H85
L dhi, B« BA (1976) 12/ER G4 L
Chlorochytrium inclusum » & S. heterocladia, S.
spiralis LT S. duriuscula 3D =Y v 7/+HH
BRELLZ EXTTRRELTHR Y, AACEFT
DEYVIVEIODS b £ 4 FEARTAitt iz
BARERC RS LA o,

SR THDEY v/ EO s ThF it i
HfRZER I 7 B DIXBIE T T A. spinescens (JoNssoN
1958, 1959, 1962) & S. coalita (Fan 1959, HupsoN
1974) D2 LB TV L, L L, EEHN
B LI L1 Cod. petrocelidis & Chl. inclusum
DEFROPTENI O AEDE Y v 7/ HEDRENBE
Sh, ThLRTXTERGTH T, S0
V7 BITIZADDEFRROD A & — v hi b B H (KORN-
MANN 1971), %< DO%BifdD v v 7+ EIzlaTFH5
A BARERICL B Z LR LMT 57,

FATHE L Codiolum petrocelidis DWHEIT
#¢3k Kuckuck 1894, H. Jonsson 1903, SETCHELL
and GARDNER 1920, S. Jonsson 1958, 1962, FAN
1959, KORNMANN 1961, 1964, ScAGEL 1966 %1z
o THEZR TV S D LEAM—FKT5, Fax
(1959) 12HEEA BV IR TV B RIS FiL TERE D
FhEABXTVBD, SERIDEHEERICIL T, Th
BRHFEDOME LIS DMRE - T LB IR,

S. JoxssoN (1962) 12X % &75vRemRa7
E®D C. petrocelidis DA EFIZEMICL > TR,
FCHA LI C. petrocelidis 7% DEETFILHUH
MR gEk D Codiolum Lich, FKab&T LI
WL A. spinescens ioie B EBE LT, B
FAEEn C. petrocelidis 766 F & 8 A icikE L
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Codiolum DEFETFHNHOEMATER CIs Z Ll
Mot DT ED C. petrocelidis DT
b, FOHBARERCILBEFEIORE R,
Wb, RIBZ O RIChic-»T, HiESEGE,
F I ARBO B A ) - fodbiil A RASH B
B ELEBLETFS, £, MRE2RELTWAR
&, Petrocelis (BT 2 R BEH O HE A - 7o
Jeip K EE R AR B O EY FLE T,
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TErRAWAKI, T.* Nozawa, K.** and SHINMURA, [.*** 1984. Studies on morphogenesis in
the early stages of Sargassum (Phaeophyceae, Fucales). VI. Sargassum asymmetricum.
Jap. J. Phycol. 32: 31-42.

This paper deals with morphogenesis in the early stages of Sargassum asymmetricum
cultured in the sea. Embryo developed the first primary leaf which was subcylindrical in
shape. When the plant attained about 1 cm long, primary leaf became broad linear in shape
with clear midrib and undulate margin. When the total length of plant reached about 3
cm, primary leaf was furcate to alternate-pinnately divided with sharply dentate to serrate
margin. The primary leaves were arranged spirally on the stem, and the older ones fell
off successively. When the plant attained about 5cm long, it developed the main branch
in spiral arrangement at the top of the stem. Many divided spines were formed on the
main branch. The leaf on the main branch was similar in shape to that primarily formed
on the stem. When the plant grew about 20cm long, lateral branch and vesicle were

S U

..

observed on the main branch.

Key Index Words: Fucales; growth; morphogenesis; Phaeophyceae; Sargassum;

Sargassum asymmetricum.

*Aquatic Biology Department, Biology Laboratory, Central Research Institute of
Electric Power Industry, 1646 Abiko, Chiba, 270-11 Japan; **Laboratory of
Marine botany, Faculty of Fisheries, Kagoshima University, 4-50-20 Shimoarata,
Kagoshima, 890 Japan; ***Biology Department, Kagoshima Prefectural Fisheries
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BE - RV L7 FTHEIE, PEEEROE8ICE
WT, KRS BEEOFRRE,I B, HOCTHRTS
THEI B SR AEF TR I LBIC, EENZE
Lz bRABRFITHEREN, Uik EEO MR, EE
Licr@EENADRD, ThHORT~ £ 27 7 Sar-
gassum piluliferum (TUrRNER) C. AGARDH (¥
5 1982) X Uv¥ v <x%€7 S. patens C. AGARDH
Gl 1983a) TIRERKIC B IN D ERTHL,

FOMELSIRELE LTS, 75=22 S. dupli-
catum J. AGARDH (FH5H 1983¢c) kst t¥=27 /7w =
7 S. crispifolium Yamapa (FS 1983d) Tz,
FHICHR SN HENBET, @& LTORBRILE
BATRL, PELIKES RT3, =7, 7
#® 2 S. horneri (TurNER) C. AGarDpH (FiHb
1) AH: FHo BREKERERB LR IO

—6550

T 1983b) DFfICENK E MR LA, TE SERE

PHERIN BT Lixle, B DR DR
Ehalic L OBREXRTERLADRS, §EIL,
Eusargassum #iJg - I T BH27%27 S
asymmetricum YAMADA {22\ THRET 3,

HHEHEHEFE
B#S ik L OBREHEIHER GRlpo 1982) &
CEH T -7,

BETIBRMS4E T A 6 Hic, HEELERMOGERET
AEBERNCE > TR F I EOhHLLEMELICH £
vE /T, SROEMBREZML T, HRELCE
B AW —5—CTRAL, BERERKERBH
B, KERTHRAKEREZ TR -1, 7AL2AKE,
PR MBEREICHE, 1 LTV 20288 H b
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i, FI3[, Mz, €, b THEMEAEZ
Otk 4 FvKETHNL, 8 AI0E (REtk 28
R) & oiRifEw Sy 28 E~E L LT, i
HERA PR L,

¥ ES

BEOES: BE 2EH T0em (2EL,
T, SN eBRTHSE, IhER»S L EADE
SET AR OZEERE U, £ OEAGE» bEADOIE;
&SR T 5, FHIRKE 2~3mm oA
T, RLREL, 0.5~2 cm WA THY L LR B
D2 BT Do ER D ECiL Lo nik3 5/

Figs. 1-3. Sargassum asymmetricum.

flaEELTwWB (Fig. 1), I v L EMEM
BT, MEELIXRACLEAFRCHAL, &
3em, ZK ol 3mm L, FERA AL, SR
LW, A9, iiln siv b on b
FIBOLDETH Y, RN AY L TH5, il
B D, hiein - TEHRS AT 5, AUl
RS 6mm ET I e LIME T, Sy
DRI LFEFLVRELCHEZE L, METHZ,
i Eiia L, AMBKERBETIHELALR
%5 (Fig. 2), WEHEMPET, [R—4R0 KN < ik
ERHE AR ZS & v (androgynous), AL E X
2mm EL, oz L, FRRRT, EEa Mt
by, MMilxkHAzT5 (Fig. 3),

3

1. A main branch with divided spines and muticous vesicles :

2. Vesicles mucronate at apices mixed with receptacles; 3. Receptacles.

HEEBR: B RY Fig. 4 105 L.
WIR AR e LIS ¢ (Fig. 5), 30fEf#FiED Kk
XN 184(x18) x144(+12)pm TH -1z, Hiid
HETx, hiE25 8 AD ?4“3'1ik{&wﬁifl"l‘tﬂ‘t
(Fig. 6) fHHED % v 7 NHEME, o hliss
HoT, JE, REE, HoKkEScpLT, IA\'J“L’{)J@I[:
Sl 2 it Lich DTkl h o 1o hs,
200 # 2.5mm t:jifiLf: 8 H10H o {ipH Ltk iz
IR Rea " L, 9 B Fcs#y lem o Lic, 4
D%, EFEOBECRY, LEEHIES bR, BE
X ARELHEEINCIY, 118 9 Hic i~ B
«wML@;%ﬁ%cm¢H¢MWLtﬁ 9~11H

FoNIcFEI TR ERO N A TE 2T b DA L
/’:; FAE6~T Hwcik#y 30em L, TH T
LARE, BRI A TSR 2 T e T 36 4 7% LT 4k
L, —Ji, HOEEOHEAEd bR, 2EAOEE
WA -7,

10H #% 0.5mm,

30
~10
E
&
T
o 1
z 30,\
'i.J & (3]
o
% o
30 e
53 =
< -
=
0.01 T T T T T T T T T T
;7 89101112,1 2 3 45 6 7
79 80
Fig. 4. Growth of Sargassum asymmetricum.

@@ : cultured in the tank, (O-(): cultured in
the sea, A-A: water temperature.
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HEHER £ RERCRT 5B IO ENS T,
BEELLTOFE D TH -1

2R 1mm: F1PHEOHEL, ©RRELE
FARHC, #¥iEH 0.2 mm BETH - - (Figs. 7, 18),

2k 2~3mm: E 1L 5 v 7 NEHBRICE
1875 0.4~0.6mm &K</ h, REIAMEL, i
BB ERT DL AR, LaL, FHiEMEA P

LLc#icis, 51 o3EH 3518 0.2~0.3 mm o=
RRELCAEELRL, 2 0BEI R I hED
TWwWabdDHAbhi: (Figs. 8, 19),

LA, kx LB CEEDTBENEHE SN, Th
DIXFPBELNATH -1,

2R$ lom: FYEZELT, EAEH 1.5mm
DIEHHEERL, FEEEAPENT, UM

Figs. 5-17. Morphogenenesis of Sargassum asymmetricum. 5. Embryo detached from receptacle;
6. Five days old plant after sowing; 7. After 15 days, development of first primary leaf; 8. After 25
days, first primary leaf and bud of second one; 9. After 74 days, plant with broad linear primary
leaves; 10. After 122 days, development of divided primary leaves; 11. After 165 days, plant with
primary leaves divided dichotomously to pinnately; 12. After 209 days, development of main branch;
13. Apex of young main branch; 14. After 269 days, plant with two main branches; 15. Main branch
with divided spines; 16. Apex of main branch with leaf buds and spines; 17. After 328 days, develop-

ment of vesicles and lateral branches.

w).

Lateral branch (1) ; main branch (m) ; primary leaf (p) ; vesicle
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Figs. 18-25. Morphogenesis of Sargassum asymmetricum. 18. After 15 days, development of first
primary leaf; 19. After 25 days, first primary leaf and bud of second one; 20. After 74 days, plant
with broad linear primary leaves; 21. After 165 days, plant with primary laves divided dichotomously
topinnately ; 22. After 209 days, development of main branch; 23. Young main branch; 24. After 269
days, plant with two main branches; 25. Apex of main branch with leaf buds and spines.



Morphogenesis of Sargassum asymmetricum 41

2% 10em: #E: 1~2 Hik-Tk b, %kin
PEED, UhTuw5 00 %h o7 (Figs. 14, 24),
THr 2~3 X EhTHDH, ER 2~3mm O
Mok ¢, FEMiE, Er T 5/ (Fig. 15) »3
FEEANE» S BEE L, RIS
IhTwic (Figs. 16, 25), FxHA L, EiFOTY
HIeb D%, BEDS D) BRI LEAETN
KAHETHLIDOETAHALR, HKBLVLEVCHET
B gRE e TR b, WELN TR
ELRULT VA,

2R 20~30cm: WA EA BB LET, ¥
OFEEH Smm BEICHEL, 3~4 £OXENIBK R
NCWBHDNEN -1 (Fig. 17), EEH KN
R, S HE LT, SR cHE
50, HOKRTIRBER,N A LR, WAIAEMR
WTlEMiz Tl MR EE ERERBTHY,
MR IhiED D L AHMPRTHIDODI S5 THoTo,

DEn ko, 2KE#H 20cm Lhlod 0, 4
BEINh >R R R, BEOHET A
HexFEbL T, —7F, s, Ltk
SROERAECH K LSRG LTER S
T ofe, KEOMEBRIMIKTH B, v Fodiz
RERAOBAR DRI EROETMI LT HBID
DL ALR, £F 20~30cm o R ETiL, B
B 4.2mm r—7%3F 1/3/ LT,

% %

AT THGIRET, TR X O IR D H i
chicrarves (UM 1942) LX< —% L, 4%
T, FEASAEKRTHY, Ky HETHERYET
50850, [MEEHBKENRET 2HELE
Dol EDEND, BEX N &V EZ LFAELI,
LaL, im (1942) iz x 3 &, Fv-ix 2 S alter-
nato-pinnatum YAMADA {1 2 V% 7 LI#%/cHT
SARLEERIL, iz S. polyporum MONTAGNE % 7.
WIEBRDO b DT, Jh< F0EARY HBCEUTIET
BB, PERoOBAE—~IhBEnb ANV ESHh
T\ 5,

ABOMFELE, IV, TOBROBELBZHT S
BEZRUDN X5 THBY, AR L D XD
BEAHILAIRT B ENTEL, Ticbhbb, AHOY)
WIS OB B IZIERD L 51t Lobhb,

AREOHHINC OV TR SEBE T & ieh » 1odd,
HEDORKEINLART, HFKMONTWDRyET 5

B DB O T N T B B (BEF1947)
o, BLRERED 8ATH -7,

WS BIER Shic 5 1 ¥ 1L, 28 1~2mm
DOEEFERIET, % v 27 NH MG < EE» 0.4
~0.6mm LIEL et b DbHRbhich, FHHEEY
L LB d B OERE 0.2~0.3mm ORE LA
MR & e - Tute, FEOE DYV =2 £ 7 DF
L e b A bhie (FFiph 1983a), Thbai 4
ERBCHT 5 ERMNIEETH B 0n, BEOEIC
IBLDTHEDOM bl oT, TOEERIRS
INZEDIL L, B 5D IE TH B AU ERH A
(e, &R 2~3em E T3 & HHE THLOLE
b, &f 4~bcem THAEFR U EBW &85,
Efo, EZOHENTL S O RS S B iRl
Mo 5 (S 1982; FiHS 1983a,b, ¢, d) oy
Nfid BB LI THD, ThLTMELLRAHRE
FamUTBREh, R > TRSRELTV &,
2R20cm IZFELLSDTIRFEAERABRLL LD,
EXRFIERIhT L,

AR A~5em IET B AMD, EO LRI
W - CTEEIERENED B, EHRERS L
BYNTI/E L, BICiERE L i Tk Y, TEEMC
BRI ML L BEL LT %, 24 20em
FT B &, Gl BE S h, KD EENSEE
HAb LT %, EROWRETIZLE D BENERE &
Y, ZOMRIBDTEG LD, 25K 20~30 cm
WIE L EEOZEDE L lem UTFThs, i,
AMFicH TR, BEIEATORARGIBES
nish otehy, 5% BRATAILE HB EBDL
na,

KEDYIIZEE R OMRE, Ticbhb, 5 1 ifiE
PRRRE LM Thr &, Ok, HEEl
IO T AN E LICHRAEFTEMER IR
THbEENERERBZ &, LHICERIh HEEN
HhEL, KEX, HELILOMELRPLTVWZZ L,
BIV, FHEREBCREDME M BIg LB L
Fo—#o;EEH, Phyllotricha WIBIZAHHI AT
B=22v35 (FHS 1982) Drh & & HTEUT
AT TR LTS, —F, KB LR U Eusargassum
MWRBICHEIRTWB 7 2 =% 7 (GRS 1983c) B X
a7 ez s (FiHS 1983d) Tit, HBT I
DK E CRARE L ABEOBRERT OO, ERIC
MRINBHENESET, PEL R -THELLD
BEOERNBILM LI 5T,

®o, WBRE TR Ao db i R B S



42 Terawaki, T., Nozawa, K. and SHINMURA, L

HHEEBLCES SHLAB LET S, i, AP
RORBRICE LHEEL AW ICE IR RFFERT £
PMEFTRPHEF LS LOCRKERRTR it
EHELYRT 5,

53l B X ®

FE R 1947, @wEORE, B, B
FIBFUE « TFIRIBE - i & 1982. +v 45958
DY EMBCET 2T ~2 295, &

¥H 30: 305-310.

LFHFNE « FIRBTE - FFF 819832, AE—O v
~xx7, %8 31: 38-43.

LIEFIE « FFIRIATE « Hikd $£1983b. @L—MI 72
%7, B 31: 97-101.

HIFIE « FFIRIETE « Hikt 8 1983c. @E—IV 7 %
=% 7, B 31: 190-195.

LIFIE « BIREE - FiHF #1983d. @ E—V 27
swmx7, ¥E 31:196-201.

INMESES 1942, FEEAEIZALEHD BOEEICHT
(3), fEBF 18: 553-562.



#8 Jap. J. Phycol. 32: 43-51. March 20, 1984

B O SN EO BRI T 5 Pk, WiLson

BEOEBICRETHRAEORE IV

FHEE" - FibkEH

*(BR) WBEDFERT (108 HpUETMEX kG 5-1-15)
** RITKERFEMERE (108 HEEEX kR 4-5-7)

Aral S. and Aral, A. 1984. Effects of grazing on algal succession 1. Jap. J. Phycol. 32:
43-51.

The effects of grazing by small snails, Nerita albicilla, on algal succesion were assessed
in four artificial tide pools (75cm(L) x25cm (W) x75¢cm (D) each) on a lower intertidal
rocky shore at Kominato, Chiba Prefecture, monthly from June 1979 until June 1980. Snails
with a density of 0, 50, 150 and 300 individuals were kept in the tide pools respectively
after the pools were completely cleaned and covered with stainless-steel screens. The
coverage and number of algae were recorded.

In the tide pool without snails, attached diatoms initially colonized abundantly within
the first month and Enteromorpha intestinalis dominated in the second month; then Ulva
conglobata dominated in the fourth month, and finally in the sixth month and later such
perennials as Sargassaceans, Padina arborescens and Corallinaceans were dominant. In the
tide pool with 50 snails, the coverage of attached diatoms and E. intestinalis was lower
than that in the tide pool without snails; however, the coverage of U. conglobata,
Sargassaceans and P. arborescens was almost the same as that in the tide pool without
snails. In the tide pool with 150 snails, attached diatoms and E. intestinalis were scarcely
observed. As most of U. conglobata, Sargassaceans and P. arborescens were probably
eaten while they were sporelings and germlings, the coverage of these algae in this tide
pool was lower than half that in the tide pool without snails; Melobesioideans, however,
showed the highest cover percentage all the time. Similarly Melobesioideans dominated
all the time in the tide pool with 300 snails; but the coverage of Melobesioideans in this
tide pool was lower than that in the tide pool with 150 snails probably due to the excessive
grazing by the snails.

Key Index Words: algae; grazing; Nerita albicilla; succession; tide pool.

Shogo Arai, Marine Algae Research Co., Ltd., Konan 5-1-15, Minato-ku, Tokyo,
108 Japan; Akemi Arai, Laboratory of Phycology, Tokyo University of Fisheries,
Konan 4-5-7, Minato-ku, Tokyo, 108 Japan.
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Table 1. The number of algal individuals observed monthly in each tide pool from June 1979 until
June 1980. Tide pool 0, without snails; Tide pool 50, with 50 snails; Tide pool 150, with 150 snails;
Tide pool 300, with 300 snails.

1979 1980
Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June
Padina arborescens
Tide pool 0 32 33 52 45 43 41 40 36 35
50 8§ 16 35 26 28 26 25 21 19
150 1 3 6 7 7 8 8 8 8
300 1 2 2 2 3 2 2
FEisenia bicyclis
Tide pool 0 2 7 3 1
50 1 9 10 4 4 1
150 14 16 4 8 13 12
300 9 24 43 3B 40 37
Hizikia fusiformis
Tide pool 0 25 63 67 25 25 12 6 5 5
50 39 55 65 22 20 15 10 9 11
150 2 2 2 2 2 2 2 2 2
300
Sargassum patens : ’
Tide pool 0 + 33 59 90 8 76 72 71 71 64 68
50 + 32 25 33 35 33 AU M 33 32 4
150 + 4 3 3 3 3 3 3 3 3 3
300
Sargassum thunbergii
Tide pool 0 + 142 288 940 292 146 138 201 120 146 120
50 + 129 100 243 276 84 102 9% 105 99 59
150 + 7 7 22 29 20 23 36 31 45 32
300 + 2 1 1 3 2 6 3 11 18 14
Sargassum muticum
Tide pool 0 3 2 2 1 1 1 1 1
50 2 2 8 3 3 3 3 3 3 3
150
300 5 16 36
Gelidium amansii
* Tide pool 0 1 1 6 6 4 6 5 5
50 1 2 4 4 3 2 5 6 5 4
150 12 35 44 56 61 59 63 65 98 60
300 2 10 17 25 27 28 28 41 40 36
Pachymeniopsis elliptica
- Tide pool 0 ' 1 1 1 3 2 2
50
150 1 8 14 14 14 13 10 13 13 13
300 2 2 2 4 7 8 7 6 7
Grateloupia sparsa
Tide pool 0
50 1 1 2
150 1 7 5. 5 9 10 9 8 10 12
. 300 » 6 5 11 17 17
Grateloupia imbricata oo '
Tide pool’ 0 15 2 2 1 4 6 2 2 5 5
50 1 1 2
150 1 4 17 15 12 13 15 13 13 14
300 2 4 7 8 7 9

+, Species recorded but not counted.
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Iorivya, T., WATANABE, M. and Haca, M. 1984. Algae in the mountain streams of the
Satsunai-gawa River 1. Distribution and standing crop. Jap. J. Phycol. 32: 52-59.

A survey was made on the sessile algae in the mountain streams of the Satsunai-gawa
River, Hokkaido. In this paper 79 taxa are listed. A summary of the taxa is as follows:
49 taxa of Bacillariophyceae, 17 taxa of Cyanophyceae, 10 taxa of Chlorophyceae, two taxa
of Chrysophyceae and one taxon of Rhodophyceae. Among them, Achnanthes linearis,
Cymbella minuta, Diatoma hiemale var. mesodon, Fragilaria vaucheriae, Chamaesiphon
minutus, Homoeothrix janthina, Phormidium autumnale, Ulothrix zonata, Hydrurus foetidus
and Phaeodermatium rivulare are widely distributed in this area.

The standing crop of the sessile algal community was measured by means of chlorophyll
a method. The annual mean value of chlorophyll a content of organisms on the river bed
was 19mg/m?% So far studied, the definite rhythm was not observed in the seasonal

changes of chlorophyll a content of those on the river bed of this area.

Key Index Words:
sessile algae; standing crop.

chlorophyll a; distribution; Hokkaido; mountain streams,
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A

A
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yama
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Fig. 1. Locations of sampling stations (1-10)
in the mountain streams of the Satsunai-gawa
River. A : Tomuraushi-zawa stream; B: Koika-
kushusatsunai-zawa stream.
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Table 1. Algal standing crop (chlorophyll ¢ mg/m?), sampling time (year-month) and species identified and their relative abundance
in river bed of the Satsunai-gawa River mountain streams.

Station number : 1 2 3 4 5 6 7 8 9 10
Sampling time (year-month) ’81-9 7823 °82-7 °83-3 *83-7 *83-11| *81-9 ’82-3 *82-7 *83-7 ’83-11| *81-9 ’82-3 *82-7 *83-7 *83-11| *81-9 *82-7 *83-7 *83-11 ’83-7
Standing crop (chl. ¢ mg/m?) 4 17 17 31 18 27| 5 28 49 24 43| 7 4 7 19 16|10 5 14 15| 7 17 23 45 23 18
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Table 1. (continued)

Station number 1 2 3 4 6 7 8 9 10

Sampling time (year-mouth) ’81-9 ’82-3 82-7 ”83-3 ’83-7 *83-11| *81-9 ’82-3 *82-7 ’83-7 "83-11| *81-9 *82-3 ’82-7 ’83-7 ’83-11| *81-9 *82-7 "83-7 *83-11 '83-7
Amphore ovalis + + + + - -|- - 4+ - -|=- - - - =-|-=- 4+ - + + H + - +
Cymbella minuta R T S S i B S R I T T i o s s + o+ + + +
C. naviculiformis B e e - 4+ = = =
C. proxima B T T e - 4+ - 4+ -
C. sinuata - - = = = 4+|- - = = |- = = = 4+|- - = - - 4+ = = =
C. turgidula T B S e - - - - -
Diploneis elliptica - - = = = == = = = == = = = —|= = ¢+ - - 4+ - = =
Frustulia rhomboides var. capitata | — — — — — —|— — — — —|—- — — — —| = — — -— - 4+ = = =
F. rhomboides var. saxonica - - - - - = = = = =+ = = = == = = = - - - = =
Gomphonema abbreviatum + 4+ + = — 4| = + ¥+ H —|H - + = F+|H + - + - - 4+ = =
G. intricatum - - - — + + |- - - = —-|=- = = 4+ —|= = = - - H - - +
G. olivaceum - - = = = =-|=- - - - 4|4+ - = = —-|= - + + - — H H#+ +
G. parvulum - (= — 4+ = |- = = 4 = - 4 4 ~| = = = = - - = =
G. subclavatum - - 4+ = = == = = = == = = = == = = - - - - - -
G. tenellum - - - - - == = = = == - - = - = = = = - - + = -
G. truncatum - - - - - - |l= = - — 4|= = = - -] = = = = - - - - =
Navicula cryptocephala - - - - - = = = = -+ = = = —|= = = = - 4+ + - -
N. graciloides L e I e - - = = =
N. halophila f. tenuirostris - - - - - = - 4+ = = = = = == = = = - - = - -
N. muralis I - - = = =
N. seminulum var. hustedtii - - - - = == = = = == = = - = = = = - + - - -
N. tripunctata e e e B S —
Navicula sp. - 4+ = = = =|=- = = = |- = = - 4= - - - - - - - %+
Nitzschia sp. - 4+ - = = 4|- - - - -+ + - - +|- - - = - 4+ - = =
Pinnulaiia rupestris e B T [ - 4+ - - -
Pinnularia sp. T e B T -+ - - _
Surirella linearis - - - - - = - - 4 |l -4 = - Z-|= - - - - 4+ - - =
Surirella sp. - - - - - = = = = — = = = - = = = = - + 4+ = =
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Table 1. (continued)

Station number

Sampling time (year month)

3
’81-9 *82-3 782-7 *83-7 ’83-11

4
’81-9 °82-7 ’83-7 83-11

6

7

'83-7

CYANOPHYCEAE
Calothrix sp.
Chamaesiphon confervicola
C. minutus
Clastidium setigerum
Coleodesmium wrangelii
Cyanophanon mirabile
Homoeothrix janthina
Lyngbya allorgei
L. kuetzingii
Oscillatoria kuetzingiana
O. subbrevis
Oscillatria sp.
Phormidium autumnale
P. corium
P. mucicola
P. subtruncatum
Pseudoanabaena catenata

CHLOROPHYCEAE
Closterium tumidum
Cosmarium sp.
Cylindrocystis sp.
Draparnaldia glomerata
Microspora pachyderma
Oedogonium sp.

Penium sp.
Spipogyra sp.
Staurastrum sp.
Ulothrix zonata

1
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+ o+ o+

’81-9 *82-3 *82-7 ’83-3 *83-7 ’83-11| *81-9 ’82-3 *82-7 ’83-7 *83-11| "81-9 ’82-3 *82-7 ’83-T ’83-11( ’81-9 ’82-7 ’83-7 *83-11

Station number

Sampling time (year-month)
CHRYSOPHYCEAE
Hydrurus foetidus

Phaeodermatinm rivulare

RHODOPHYCEAE

Chantransia sp.

many and # =a great many.

=few, H

The relative degree of abundance of each species was indicated by +

CEEEE R CILME R OE#E v 2 X5, Bk
LD, KRNOERFHHS Stn. 10 T3, HEE
PUERHMENIDORTH >, GARRELLD,
#, T W, B eRS R EEY Lo Sto.
7, 3xh l TRIBASEHRIIThFh32, 40,
BERREL, T, BEFUSNCERECREER
EhHxbhi (Table 2),

FTARTOFENAIB Lcfi, HEED Dia-
toma vulgare, Fragilaria vaucheriae, Achnanthes
linearis, Cymbella minuta D 4 &<k H, C. minuta
Do 3 fluriminc b < Abh, ZoExEEs
FTCWBHEE x5, 7108 EMmSH 7S e
WH LA, H:# o Diatoma hiemale var.
mesodon, Amphora ovaris, Tabellaria flocculosa 3
(ii-EE KD Hydrurus foetidus, Phaeodermatium
rivulare, B3 D Homoeothrix jahthina o> 6 &,
Bz HMBL Licd o Do hiemale var.
mesodon, H. foetidus, P. rivulare O 3#ETHH =
NbbLFELOJURE BESTTW5 ik 515,
108 £t 26D FE P & & 1 xBAR 7R < [R < 2
HCWB L, frd~Nicdoofic, EREEO
Chamaesiphon minutus, Clastidium setigerum #F3:
Hio Ulothrix zonata, Spirogyra sp. Closterium
tumidum TH-T, hbdFiZOfELEE>
BTwaiitEx L5, 1EREMICDRBER LD
B b £ Abhicd D, Stn. 3 OEEH Cy-
anophanon mirabile t Phormidium subtruncatum
D2/REFTTH Y, TOfMCHE—DOREEIT DL
B LB EC D 7  BRMCHBL Lg%
zbha,

P ko Z ofisic @S Bl L% (oo LR
LHELTHB L, HEWROEFI (LF1972) &
onfE, FEED Ulothrix zonata, FHEWEE
o Hydrurus foetidus @ 2 D&, KMo
MEFER (1 4R1962) & DA FEREE D Cymbella
minuta, Diatoma hiemale var. mesodon, BEFEIHD
Chamaesiphon minutus, FHEMWEREF DO Hydrurus
foetidus D4, BEREBIILERE A% - ER
1979b) & o JuimfEIY, HEED Fragilaria vau-
cheriae, HEHWESEE D H. foetidus O 2EDHRT
Boto X, =2—ry OLMER (Kann 1978) &
O BEC HE L 00 LRI HEEEEEHD
H. foetidus, P. rivulare D 2fEDHRThoTo 2D
Lo, WS oroUMERE TIcEBT 5 ELEL
SEB e, EENEOBIIEBC X b EhZh
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Table 2. The number of algal taxa identified in each station
of the Satsui-gawa River mountain streams.

Station number 1 2 3 4 5 6 7 8 9 10
BACILLARIOPHYCEAE 21 16 21 17 9 8 28 13 8 11
CYANOPHYCEAE 5 6 10 4 1 7 3 6 2 0
CHLOROPHYCEAE 5 5 6 6 0 1 1 0 1 0
CHRYSOPHYCEAE 2 2 2 2 2 2 2 2 0
RHODOPHYCEAE 0 1 1 0 0 0 0 0 0 0
Total number of taxa 33 30 40 29 12 18 32 21 13 11

Ric-Tkby, WHEERKE LTO—E0MAR<5 2
LRG0 EZ AR L D> TH D,

7me7 40 e BTHED LLBERY Table 1 @
ALl TRTOFHRIWETOWTDT —2hh 5
1983 7 ARy Fig. 2 1T, YiloF—21c kb
EEGELEMBZ LDOTES, Stn. 1—4 Ofij% Fig.
3WWRLI, Stn. 2, 7, 8 % XU 9 CRECHEAFREN
%<, Z7rn7 i vafiivThi 20mg/m? % = 2
T3 (Fig.2), L2 L Zh bR s cEsic i
BLABRZThERE T, Thobb, L
#3% Stn. 7—9 D 5%, Stn. 8 & 9 CRHEOMESE
B H. foetidus L P. rivulare Oz il DEERE
BN BdBILS, Stn. 7 Tl h bEaHEE
Bl 2 Bz A oh 3 sl & 88 (Dreparnaldia
glomerata) H\% < MBL Lz, Tiio Stn. 2 Ci3i3%
o U. zonata & Spirogyra sp. FhicH:EEOK
HMAKBZHE LBERCFE LTI,

50t
e
> 201

£

o 101
5 5}

1234567 8910
Sampling stations

Fig. 2. Algal standing crop in the river bed
of the Satsunai-gawa River mountain streams in
July, 1983.

o Enb, RIINOEFETE, EifVE
AKift, FIR7L & OREDORE D, BHNT L b LB
MirEs2, 7re7 LaBTELTERETHD
BERREN VIRV EELBR S,

¥REREOFEMLZEL (Fig. 3) 13, £t
HELRRAD LBV LV I SGEENRR OIS
LoD, FELFEHECZISCERENEORT, “h
RN LA (KoBayasr 1961, ToMINAGA and
IcHIMURA 1966), %RE)I| L (B4 « 5 1979a),
, REUNLERE CEA « JES 1979b) ToJH Lot
[, T7bb, Bdicd (9—200 mg chl. a/m?) %441
Ho25f%7%\ L 10 % (100—500 mg chl. a/m?) o
HERRD VI EHELEIRE->TW B,

198341 7 J1 D M ED 7 m m 7 4 A a B DT
fiiy 21 mg/m?, £W#E (26 @) Pz 19 mg/

o
Sep. Mar. Jul. Mar. Jul. Nov.
‘81 '82 ‘82 '83 '83 ‘83
Fig. 3. Changes of standing crop at four
stations in the Satsunai-gawa River mountain

streams. @ =station 1; A =station 2; O =station
3; A =station 4.
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m? Thoto Zhid I EFEOFSE 25 mg/m?
(KoBayasi 1961) & i#)I| L ifi 5 o 15 26 mg/m?
(BA - BB 1979b) i<, L) EFE O SFiofl
73mg/m? (A « fi731979a) & H#z 5 e b
toe ShuE, T OFPIN LS BAN DLk
FEi L b LB NCKENEL, TAAMNLEEL
Pl kB EBLRBED, OO A M
Blcditiy, ILRFMABEILETHAS I,

Z DFECHKIE W TR, deimE bz &
HHRERRBK, RpSBaATShRBKRE Wi
MBFIC, ROFHFFR, Jbimd s SR ik
HfKKbiEHoELELET,

51 B x #k

FE R FER R 08z 1984 HLPILLERE D
HHL 3. WEWTEER, H8 32: 65-70.

HBARE= - EE R 197%. sk4fEY, 270-307, %
B > B AR D IRGHE & B B3 2 & TR, W
TR HS ).

LIARE= - ER £ 1979, REIACROBEEA &
ZTOBRGEE, BERPUKEKAFER 3: 135-143.

nIREEE 1978, itEE R R DAERE, 3-91, WIREEE &
f, EHL, FH. )

Ka~nn, E. 1978. Systematik und Okologie der
Algen osterreichischer Bergbiche. Arch. Hyd-
robiol. Suppl. (Monograph. Beitr.) 53 : 405-643.

KoBavasi, H. 1961. Chlorophyll content in
sessile algal community of Japanese mountain
river. Bot. Mag. Tokyo 74: 228-235.

AR 8L 1962, FENPERERRE, BB REIFEDE
WHR (11) - 33-40.

SCOR-UnEsco W.G. 17 1966. Determination of
photosynthetic pigments. Unesco Monogr.
Oceanogr. Methodol. 1: 9-18.

TomiINAGA, H. and IcHIMURA, S. 1966. Ecological
studies on the organic matter production in
a mountain river ecosystem. Bot. Mag.
Tokyo 79: 815-829.

W« FE e fE R O1984 AL LD
HEl 2. B M1 32: 60-64.

HoeEiE 1972, HEURIR R & R O 3% K.
HE5rEHE®EH (5) - 163-172, pls. 2-3.
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WaTANABE, M., HaGca, M. and Ioriva, T. 1984. Algae in the mountain streams of the
Satsunai-gawa River 2. Notes on blue-green algae. Jap. J. Phycol. 32: 60-64.

Seven species of the blue-green algae from the mountain streams of the Satsunai-gawa

River in Hokkaido are enumerated.

Among them Clastidium setigerum, Coleodesmium

wrangelii and Cyanophanon mirabile are newly added to the Japanese flora. Five species,
Chamaesiphon confervicola, Ch. minutus, Coleodesmium wrangelii, Homoeothrix janthina
and Phormidium autumnale were relatively abundant in the surveyed area.

Key Index Words:

blue-green algae; Chamaesiphon confervicola; Ch. minutus;

Clastidium setigerum ; Coleodesmium wrangelii; Cyanophanon mirabile; Hokkaido;
Homoeothrix janthina; mountain streams; Phormidium autumnale; taxonomy.

Masayuki Watanabe, Department of Botany, National Science Museum, Sakura-
mura, Ibaraki, 305 Japan; Masaru Haga, Biological Laboratory, Iwamizawa

College, Hokkaido University of FEducation,

Iwamizawa, 068 Japan; Teru

Ioriya, Laboratory of Phycology, Tokyo University of Fisheries, Konan 4-5-7,

Minato-ku, Tokyo, 108 Japan.

LB BElR, LRI LD AL S s
198149 A, 198243 A, 7H, 198343 A, 74,
N AR E Sh B ORI LT EHOBER D
bhis Th b oM B K HEDIGE Clastidium
setigerum, Cyanophanon mirabile, Coleodesmium
wrangelii & RSB Rl 4 i@
B, £EEEROD A G LEMOFMCOVTIRNR (S
f1984) WA hicv, BERL IV E—ALT LT
FTEESH, EMEEEmEREEREYRCRE
IhTw3,

1. Chamaesiphon confervicola A. BRaun
(Fig. 1 h, i)
ERRER, HEi\ LETs, THEROE 4-
1) BARRHMERBERSRI
2) de¥gEEERKEE , — +, 6. (Notes on fresh-

water algae from Hokkaido. 6.)

5.5pm, £ 70 pm E T3, HEERL Moz
JAH T 3-4 pm, EITH 2 pm, IS, EE Lpgm
LT, . A4RFERERC o LEBIEREh %,

Coleodesmium wrangelii Dk iz H5FET 2D
rEEIhic Fig. 1 h, i), WAKROER Ficd Lig
LikAxbhts,

2. Chamaesiphon minutus (ROSTAFINSKI)
LeEmMMERMANN (Fig. 2 a, b)

EHAEVCAER LV LAMIKIGE I, 18 3-4
pm, RIFEOH L5 {5, ¥V L 5L, &
B, RDLARVEE LS, HMERTRER 1-
@) B EIh 3,

Coleodesmium wrangelii D iz ¥ EET 5D
AEEIhic (Fig. 2 a, b), fKFOEE Lz b4
BT 5,



Blue-green algae of the Satsunai-gawa River 61

3. Clastidium setigerum KIRCHNER
(Fig. 2 ¢, d, Fig. 3 ¢, d)

BERER T EET S, BN, AEBL-
LEIWY CRSmCME %, 182-4.5pm, EX 4-10pm,
FEHe BT il VERCHEOEVEX
Do FICEEOHECHMNED LIS (Fig. 3 o),

KR ORDERCERE, Chamaesiphon, Homoeo-
thrix, Phaeodermatium 75 ¥ » 3tz & 35,
Spirogyra Dk b bV BHET B E A (Fig.
20, AEIBVRACHEVTHELHMLCWB LA
bh32, EROEARBIAMMOELRESKT,
REINEHTDTHA S,

4. Coleodesmium wrangelii (AGARDH) Borzi
(Fig. 1 a-g)

EAIRESAL VG LERA I IHBOAY SUELE
Tho LIgWLWLEAED F Y 2—AH0D EODIH -
THRRBEERT 5. ARBIIBEIEE TS, Y =
— & 1 AOBEDARE ORI 17-28 pm, 24K DR 30
pm, 3ADORH 30-44 pm, 6 A DR 50 pm, FAiT
EEIWLERE, EI 2-6-(8)pm THIKE, LIEL
WBHEEYRL, RREDEME S THEITO, BHK
izt Tolypothrix BOBD L 5 REHNANHHFE
T584 (Fig.1c) &, Plectonema Bl DED X
SKRBAMEL LeEBBE (Fig.le) &23h 5%, %
7c Scytonema BOBIR OIS X 5 lexhic iz 545
BifmciEs, Mlargv-Biay LEVHAET, i
R E - TLIEY, BAEERO MY 2 — 2138
Hoflars<, BvAEmEBOMIEEDOFRLET
W Bbh sz i %\, BFoMaoE 9.5-12
pm, B X 3-4.5pm, B\AEHEOMEOEIL 8-
10 pm, E X3 5-8 pm, Y 2 —ADEHOMIT
FERW (Fig.1lg), 98 10-13.5pm, £X 6-11 pm T
X b RECT ENS, REMALEY 2 — 20K
W B L, I LB CREMRICET 3 /N
B s 2 Eh% <, 18 10-13.5-(16.5) pm, X
11-17 pm, 7% — FXBD B ieh -1,

A ATV Y FAREFTOEDOKEL Y, ¥
DULFEEFEEOK S LERAX R L TEF LT
T2 FOM, AP EFROFIER A TEH L mm OB
SEROZEAXE-TWBDLRbhi,

HANOER L b Hz 3 C. wrangelii LREIH
1oy, BEEAEE L TERIhCE L orIEV<

ONDORESEL BB Bln, FY 2—ADEIm\T
AN DEFEEMDO Zh & h KX\, HRNOHET
EhY 2 — AERIMOEAD LREL D Z LML
(Fig.1g), fit5 GEITLER (1932) % STARMACH (1966)
A LTw5% FrREMY (1927) ORTiE, FV =2—
2MIEEF > THLME >THRL B,

C. swazilandicum WeLSH (348 & LT\ 325,
FY 2 —a0fF (9.5-11.3 pm) ik &<, MR
HTHRIDEE (¥ 1/2-2/3) L KE\WHLEDET
A% (GEITLER 1932 iz L #i¥, b} U = —A0fE 3 9-
10 pm, HRAOEHTHREDEGIH 1/3) LR
723 &5 (WELsH 1962), % 7= South West Africa
MOEFELE LR S hic C scottianum 3+ Y 2 —
LDFIERTABEE—FT5H, MEoECHT 3
REIDEFIREL (B 1/2-2/3), ooz mE
BAblenig b DETAEE Rics &5 (WELSH
1965) ,

DX ERDBERTHNBR D, HANIDOEL
C. wrangelii C. swazilandicum, C. scottianum o
HRFNEEEEDLEFE->TWBDT, L& 20
CREIN 2B IHHELLBEL, SEFITFR
HEmz B LE BB,

5. Cyanophanon mirabile GEITLIER
(Fig. 1 j-1, Fig. 3 e, f)

BARERTOCEET S, Bl ERVCAR
¥, t& 1.6-3.1 pm, MSHIZAL, BRIk THL
5, £ 100 pm LU FITET 5, KRS
BBz inibs (Fig.31), BT 2 LEKILE
Thic-> TEDH 1.5-2) gk E T Uh (Fig. 1
k, Fig. 3 e), ZThoiernTEEoNERT LS,

24 h vV FMA RERTOELCEFTS
Coleodesmium fk iz Chamaesiphon minutus &
e FEE LT Wi, ¥90RO&MSD Coleo-
desmium Dk FIZ S8 & 4 3 % Chamaesiphon
confervicola LI EBTTHDOMNELRT,

AEIEA—A MY 7T OERDOHE % b LICGEITLER
(1B5)iIc L ~THFEE LTELHEIh, FERCHFLVB
Cyanophanales 23337 Shic, &FZ DX Tolypo-
thrix distorta var. penicillata DFELEFE L LTH
Lxhitc, ZD#% FRIEDMANN (1964) (33 ED Lake
District OAJIliC B CABOEETHREYAN, B
WA, AEM2M, BE2EEBIF VB, Tod
1z Coleodesmium 1358 FH T\ 7ol
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6. Homoeothrix janthina (BorNET and
FranaurTt) StarmacH (Fig. 3 a, b)

BWARIA Licw LARDORRIE L v, T
PCEET B, MY 2 — A ERChI - CH UREx
AIYE L, kLT ELAEL, MiciE - T
KECHML e Y BV E &b 5, 8 1.5-2
pm, EOHZTH L pm, fRESTEHL S OChBHE
b b, MRERTCREL, MldoR S o 1/3-1 £,
Ty TIEORS 7o U106, i3l e,

fi kb o iz Chamaesiphon, Clastidium, Phaeo-
dermativm g & L3 AT B, WHEMICIE AR
THONED BRI,

P50 (1968) 12 ARH & [AE S B EEAN L AbifkhE
DHEDOWINICEECHFETSH 2L, TLTEhDH
PEOFJNCBWTIAS A LT WS AREMEL B 5 &

WART D, R« PR (1977) 12 BARKERE
BT, EHOHE Liciaa Homoeothrix varians
L LT -7, KoMAREK and Kaxx (1973) (i
LERENDHED LRI AR O EAR L FH~, Homoeo-
thrix J&O 5 & A RED A B O FE 7 Fge #i5 &
Wi Ut, Fohc H. janthina » H. varians o
BRI OWTRD LS G X R T 5B, “F U=
— 2 OWEE H. janthina 2 3\~ T (1)-1.2-2-(2.3) ym,
H. varians \2 \~C 2-3.5 pm, HlO L i# Tl
FIETTE, BE TN TR EON 1/2, fic
WE)ie F7e 3 A4 3 B i i s W CIE A IRE
(Silikatgestein), #H&ICH LT HIKE (Kalk) 7 = =
Tk KOMAREK B D# 2 126 » TRGE L7z, LHEIII
DA AN B B 51, Homoeothrix
JBO v TORENERE L7 h, BADMII
AT T 5 EEDED S HIZFE LB, EREs

Fig. 1. Blue-green algae in the mountain streams of the Satsunai-gawa River. a-g. Coleodesmium
a (x40), b-g (x200), h-j

wrangelii ; h-i. Chamaesiphon confervicola; j-1. Cyanophanon mirabile.

(x400). k, 1 (x1000).

Fig. 2.

Blue-green algae in the mountain streams of the Satsunai-gawa River.

a, b. Chamaesiphon

minutus ; ¢, d. Clastidium setigerum; e-g. Phormidium autumnale. a-c (x400), d (x1000), e (x100),

£, g (x400).



64 WaTANABE, M. fHaca, M. and Ioriva, T

S|
£
)
-
248
o
il
k3
o
P
=
i
2
An
-
£
£
*
Bl
Ed
=
.
s
"
ff.i
W
B
1.3
3
£
-
£
B
H!

b c¢cd e
Blue-green algae in the mountain
streams of the Satsunai-gawa River. a, b. Homoeo-

thrix janthina; c, d. Clastidium setigerum; e, f.
Cyanophanon mirabile. a-f (x1000).

rig. 3.

HIRE EEh 5,

7. Phormidium autumnale (AGARDH) GOMONT
(Fig. 2 e-g)

BERSENLEVES VY 2—2 ki), HE
BOEBEYEHT 2, MV 2—2xERE, 1§ 4.8-
5.6 pm, EIRERCHIE b EIROMIRIEMT v L
PSR DAY 7+ SE LD, FREEI < Chutisl,
FREESICRI 2 L SBEND S, HlRORE J1ZED
1/4-2/3-(1) f&,

D9 DREWDO LR, 9 DR, 8DROEFH
CHDEDRECEIMH I mm OFEZXHBR LT,

MOBEERT,

AR Rk FEKO BEEEIh TV (Bl
PaLMER 1980), L2 L&E®D X 5 12i&EE 7 IURFEH
CHESHBLILZANBRS LHFEKDOIEERE T
B ERIEMEY DD, THIFHLVWAEENLRLY
CARENRESLETHSH, bz TAERXR
BIEHRE L LT REEEZ D,

50 B x m

FrEMY, P. 1927. Les Scytonémacées de la France.
Rev. Algol. 2(3-4) : 258-279, pl. 3-8, 3(1-2):
55-98, pl. 3-15.

FRrRIEDMANN, 1. 1964. Contributions to the know-
ledge of Cyanophanon mirabile GEITLER.
Brit. Phycol. Bull. 2(5) : 369-387.

GEITLER, L. 1932. Cyanophyceae.
Kryptogamenflora 14: 1-1196.

GEITLER, L. 1955. Lebensweise, Fortpflanzung
und Wachstumsvorginge bei Cyanophanon
mirabile, n. gen., n. sp., einem merkwiirdigen
Blaualgen-dhnlichen Organismus. Osterr. Bot.
Z. 102: 235-272.

IRWELEE « PEF R 1977, BEEE. IR - IUERE
ARAKEXE 1: 1-151.

Er R-EQEZ-FE &£ 1984 HA kKo
B 1. o EBlHFE. B 32: 52-59.
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LANLERZOELE 3. HEEERHEY?

HE OE*-EHR

B BAHE 2

Y ABEEE N R RO AN FHE (068 5 RRM#HEHNE 2-34-1)
*ORFUKERFRERDEHE (108 FREHREER 4-5-7)
O EN R R R TEE (305 FIRELHRTIRI RAR 4-1-1)

Haca, M, Ioriva, T. and WaTAaNABE, M. 1984. Algae in the mountain streams of the
Satsunai-gawa River 3. Notes on Chrysomonads. Jap. J. Phycol. 32: 65-70.

Observations were made on two species of Chrysophyceae, Phaeodermatium rivulare
Haxsc. and Hydrurus foetidus (ViLL.) TREV. collected from the mountain streams of the

Satsunai-gawa River.

The former is described as a newly found species to Japan.

The latter has ellipsoid

cells with a long flagellum-like pseudopodium, which metamorphose into zoospores, in

amorphous gelatinous colonies.

It also has cysts with a characteristic encircling wing that

was described by Hovasse et Joyox, born at tips of thalli composed of branched tubular

gelatinous stalks.

Key Index Words: Chrysophyceae; Phaeodermatium rivulare ; Hokkaido; Hydrurus

foetidus; morphology ; mountain streams.

Masaru Haga, Biological Laboratory, Iwamizawa College, Hokkaido University of
Education, Iwamizawa, 068 Japan; Teru loriya, Laboratory of Phycology, Tokyo
University of Fisheries, Konan 4-5-7, Minato-ku, Tokyo, 108 Japan; Masayuki
Watanabe, Department of Botany, National Science Museum, Sakura-mura, Ibaraki,

305 Japan.

iRk (b 1984) oBEEECSIHEE, ARTI
19814E 9 A% 19834117 % T 6 @iz 7z » TALHE
BEIWRLAIN EF 6B el bR GEHESR
w#H LV, AAHEHECTHDH Phaeodermatium rivu-
lare HansG. 1 LU0, Z0RKEKD ZEHEEREOH
bhts 3 X4 Hydrurus foetidus (ViLL.) TREV. {22
WTRRB Z &I Licvye ThBDREIZDOVTi21983
F£IANAKE ;v 2 vofik (Stn. 1) 2HBLA
TeRBEEFOETETARL, HEKS ARCHIi-T
BRESELCERYE L LA, Trumimcizfio
INE—ATAFe FRELERBIC LB L2540 H
b ek, ThbOEDHANINC KT S5 L HFEN
ZOWTILHT ~ ) (FEA11984) X bh T\ 5,
1) BRREZITRELSR

2) dJt#pEERKEE, —+. 7. (Notes on fresh-
water algae from Hokkaido. 7.)

1. Phaeodermatium rivulare HANSGIRG
(Fig. 1 a-c)

BAIAREE DR LSRRI HE L, MR
T FRETB MR L, Rk X % 40-
200 um BB, WENEETD L ERE 2 ORI
Bz b, £k LTREDOARY TR e, —
B dh R 2 — 38, FUMTI12 1 BoTAR
RoAMaE, b sh, HL ST 1IBOXT
»% (Fig. 1a, b),

AL %O, BIHOLDIEDIEHY, D
Hlich > TRRPEL D, HiRk XX 4.7-8 pm,
1(-2) Aok E ek B Otk &, 1-2(-3) @D
FER 7V V5 1FY v, BXUWL OO
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Fig. 1. Phaeodermatium rivulare (a-c) and Hydrurus foetidus (d-j). a. Thallus encrusting on a
grain of sand; b. Portion of a thallus; c. Portion of a thallus showing cells with single parietal
chromatophore and chrysolaminarin granules; d. Upper portion of a typical thallus; e. Apex of a typical
thallus; f. Portion of an amorphous colony; g. Cells with a thread-like pseudopodium in an amorphous
colony ; h. Cell with a pseudopodium, a chromatophore with a pyrenoid, and a short flagellum (slightly
visible) ; i. A sharply turned pseudopodium about the middle of the length (see Fig. 1h); j. Cells with-
out a pseudopodium and a flagellum. (Scale bar in a, d, and f=50xm, in b-c, e, g-i=10 zm).
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Palmella ROthL b bbb LR LI, X
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Trevisian (Fig. 1 d-j, Fig. 2 a-x)

BEIAKbROER - BECAEL, Kifcko X
BN LIEBBEBEDOREAREREADOEY 2L %, =
DEED ORI E NI TIL, RRKEEASI
R, HmAGE, ¥ i iro, k&
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Ok 5 MM ELOMED 5 b, EEXETS
HEEYPO L LTRIESBRCER LCBRELR
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== d-hk,l|

Fig. 2. Hydrurus foetidus. a. Cells in an amorphous colony showing active metaboly at the
colorless portion of the protoplast; b-c. Cells assuming obovoid or obconical shape, bearing a flagellum
and pseudopodia; d. Typical zoospore; e. Thallus consists of branched tubular gelatinous stalks with
ellipsoid cells: f. Cells transforming into cysts at swollen apices of gelatinous stalks; g. Cysts with a
narrow undeveloped wing stained with methyl violet; h. Cyst with a complete wing stained with methyl
violet; i. Apical view of a cyst, focus on a protuberance of the wall; j. Apical view of a cyst, focus
on a pore: k-1. Side views of cysts, with a well developed wing stained with metyl violet; m. Showing
a long pseudopodium, a short flagellum, a special hemispheric chromatophore with a pyrenoid, and
several contractile vacuoles (see Fig. 1 f, g); n. Optical cross section of a cell, showing a chromato-
phore with indentations; o-p. Cells assuming obovoid or obconical shape, bearing a flagellum and pseudo-
podia (see Fig. 2 b-c); q. Typical zoospore (see Fig. 2 d); r. Cell in a gelatinous stalk (see Fig.2e) ;
s-t. Side views of cysts (see Fig. 2 k-1) ; u. Cyst with a wing rounding only about a half, the rest
of wing possibly lost through breakage; v. Apical view of a cyst (see Fig. 2i-j) ; w. Cyst with a narrow
undeveloped wing (see Fig. 2 g, x); x. Cyst with a developing wing. (Scale bar=10 zm).
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Masaki, T. 1984. Crustose coralline algae. Jap. J. Phycol. 32: 71-85.

The crustose coralline algae of Japan are reviewed with emphasis on taxonomy, struc-
ture, reproduction, ecology and practical issues. The taxonomy is summarized historically
but not comprehensively from the 1800’s to the present. These algae exhibit a variety of
forms which often are useless in distinguishing the taxa. Anatomical features, however,
are taxonomically pertinent and data on, for example, the arrangement of vegetative cells,
heterocyst distribution, and cell fusion characteristics, are useful. Some anatomical features
are illustrated for the Japanese species. The unusual reproductive features, namely, the
hermaphroditic conceptacles in Lithothamnium japonicum and the cruciate tetrasporangial
divisions in Sporolithon schmidtii, are illustrated.

It is well known that crustose coralline algae are important constituents of reefs in
tropical seas and that they form extensive beds in arctic areas. A species closely related
to Lithothamnium australe is a conspicuous reef-builder on the west coast of Kyfishu in
southern Japan.

The geographic and vertical distributions of species off Hokkaido in northern Japan are
discussed in relation to water temperatures as influenced by currents. Off the southwest
coast of Hokkaido the rocky sea bottom is covered by extensive populations of crustose
coralline algae, especially Lithophyllum yessoense, and the fleshy algae have mostly dis-
appeared. In Japan this phenomenon has been known as “Isoyake” since the beginning of
this centuryand its occurrence is concomitant with a lowered production of sea urchins,
economically valuable molluscs, and useful seaweeds. Lithophyllum yessoense has been shown
to slough off outer epithallial cells and discard anything attached to its surface. What
causes “Isoyake” is not certain yet, but the antifouling mechanism of this coralline as well
as the grazing activities of sea urchins probably contributes significantly to the barren
aspect of the areas.

Key Index Words :crustose coralline algae; ecology ; “Isoyake” phenomenon ; repro-
duction ; Rhodophyceae ; structure; taxonomy.
Tomitaro Masaki, Faculty of Fisheries, Hokkaido University, Hakodate, 041 Japan.
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IR HET B ZOMEERTWTH B, HH

DFEEN A OFRFBJELREIC L KV cBifr b 2
e oFIEE T LRI Tw5 (Dixon 1973),
FERF IS v U—E’Cbifﬁ:nﬂ”ﬁ@ﬁﬂ‘ﬁ BER ST B
T I 5 T B, —HETILHBRCE D LEE
%baof,#ﬁﬁu%mwﬁ&i<ﬁﬂT6M%m
BH5o

KB ~BEOLENEL, BICX > T—EDH
Bam3bonbhs (Figs. 7,8), flxii=4v 514w
BTuEiktHdh (Fig. 6), 7V ~==E Dermato-

Fig. 1
Fig. 1.

showing a prominent tetrasporangial conceptacle and vegetative portion.
Enlargement of a part of Fig. 1, showing deposition of CaCO3. Bar=5 ym.

Fig. 2.

Fig. 2

Scanning electron micrograph of vertical section through a crust of Mesophyllum sp.,

Bar=100 zm.
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Figs. 3-9. Sturcture of coralline algae. 3. Multilayered epithallium (e) and upper part of peri-
thallium (p) in Clathromorphum compactum, showing meristem (m). Bar=20 pm; 4. Single-layered
epithallium (e) and upper part of perithallium (p) in Leptophytum laeve. Bar=20pm; 5. Single-
layered epithallium (e) and upper part of perithallium (p) in Lithothamnium japonicum, showing
frequent cell-fusions (cf). Bar=20 gm; 6. Coaxial hypothallium (h) in Mesophyllum nitidum. Bar=
100 gm ; 7. Multilayered hypothallium (h) in Lithothamnium japonicum. Bar=500 ym; 8. Part of vertical
section through a crust of Lithophyllum yessoense, showing isodiametric, single-layered hypothallium
(h). Bar=50pm; 9. Part of vertical section through a crust of Dermatolithon tumidulum, showing
palisade-like hypothallium (h). Bar=50 gm.

lithon T3 1 BoMillarnEE s L TRtk i rhE & B Ci BT A Mlafhc izl 2 kK ILY
& (Fig. 9), X, EEOEIRR—&TLHcE HiagEanb Y, CaslocH (1972) MaHh v A v 2@
T %, Flxifs v <42 DcEBORE L% THWENRELTBZ LB ETVBLUME, WT
LE bl % BB DTN X %, MMo#K h—ooW Mo xH L, BYRIT 8-
LWEETLHEBCHECALEALIELTY & T3 (Fig. 5),

b5 (Fig. 7),

Figs. 10-20. Reproductive organs of coralline algae. 10. Two trichocytes (t) of Neogoniolithon sp.
Bar=20 #m; 11. Horizontal heterocysts (h) of Porolithon boergesenii. Bar=50 pm; 12. Male conceptacle
in Fosliella lejolisii, showing short spermatangial mother cells (s). Bar=20 pm; 13. Male conceptacle
in Clathromorphum compactum, showing column-like spermatangial mother cells (s). Bar=50 pgm; 14.
Hermaphroditic conceptacle in Lithothamnium japonicum, showing dendroid system of spermatangial
mother cells (s) and procarp (c). Bar=50 gm; 15. Detail of spermatangial mother cells in dendroid
system shown in Fig. 14. Bar=10 gm; 16. Procarpic conceptacle in Clathromorphum compactum. Bar
=50 pm; 17. Cystocarpic conceptacle in Leptophytum laeve, showing discontinuous fusion cells (fc).
Bar=100 gm; 18. Cystocarpic conceptacle in Neogoniolithon sp., showig coherent fusion cell (fc). Bar
=20 pm; 19. Asexual conceptacle in Fosliella paschalis, showing zonately divided tetrasporangia. Bar=
50 ym; 20. Asexual conceptacle in Sporolithon schmidtii, showing cruciately divided tetrasporangia.
Bar=>50 #m. (Figs. 11, 12 and 19, Masak1 1968)
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(Fig. 14),

HHATEREIR TR T s B4l 38 S
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12) 8, 1 v =g, 21 vER, =8FvF1 v
£ ETREVERCEERY LT3 (Figs. 13, 14,
15), ch bRl £ E KT S HmE
EOIBELE DB,

MEHEAEFEZRE L TR RO KR £ Trhn 7
(KyLIN 1956) &7 »THFILTV %, ThbD7m
AN FITHERRE ChhbET 5 1~ 3 EDRKRIES
BAr—Bfr i, ThZhOBEFIRRIZHEEY %
WA T HERRE 1 EORTMAaN B, Ab
BHOBUBEITeILTOREZD b O A %\
(Fig. 16), k5%, %< DT ZHEMAMEN£HE
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EE-TERLEVWbDLHB  (Figs. 17, 18),
Fhie LT L XA BMao® Y15 EE1 5
R, BERAMREAROEIMe L@ ALEL, %kl
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eltb¥saq v VERB =FvF(LVERT
27 e A TREERT, FIMCh D RREEOHEE
BEO—HOLLPMAROEAXRLTV5 LOER
R TU B,

& &

Wiy v T TR OARBOBMTRERI A H
NEEBVETH Do TOETRENEEDHOE
7=ABERTHH, X, KBFHEBHSMCKE B E
EZTVB, EBEZOMEYIEFILLOAFCES
TORBETIERCRES = LA KD, Fiibitici
FTarboL LT XimbhT\w3% (AbEY 1973),
F728 Lithothamnium-bank XMEEh % L DX HDHT
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—DfFREIC) 3km OfEEICHL D, HELKREXL
FEHERRE > TV 3HETHRIR TV L,
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ME—EA B IR TV BENIBED /) Y EL Y TE
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Tk FE—AEDOHEL O Haingsisi B K & infEn
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v TRy Y TEOERCHFSFLTH L
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Dt & = A% Porolithon-rim L3 BREND - 1=
(WorMERSLEY and BaILEY 1969) 7%, fhooffi T
MENTWBEELH 5O THEDAI % DT
Algal-ridge & $ /A T\WW5%5 (ADEY 1973),

AATX BARAWRSEOKE 10m O HEC
Lithothamnium australe (FosL.) FosL. Zfl7-f&
NORBHELD D, WM~ ITRERLTB2, %
DL T H 2BEF LTS (I 1954), X, B
REFLEREORPHAEH 300m ihEchs
£ & 800~1000 m DEFULEM LIFOER v ==
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HHEBEM=F B X 1 £ 1 > = Lithothamnium
intermedium KjELLM. R F D FEHHELX T L,
FOLEMABELTWE 2y TOREERE Y 2D
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IMNEDE I E » TV B (Masakl and Tokipa 1963),

&Y v T OWMYEEMTIFL ApEy (1964,
1965, 1966b, 1968, 1971, 1973) It Lt »TA A v{&%
Sl APEHETER, TAAFVE, /Ay 2—, H
Eie CIRH R ERIC bl > TIHBEEHTA S 2 — 3 —
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HEETOERES MY WS L, RERPFRI
HEEDOIRETLIT-7- (ADEY et al. 1976, k[ « IF
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Fig. 21. Winter (bottom) and summer (top)

mean sea surface temperatures (August, February)
on the Hokkaido coast (ADEY et al. 1976).
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=Y 2L OE S BT TR ERHF R B HT
, RoTEHEDO=Vf vavebMv/ I2FFF
Bo—@nELfisics, Lol, ERMTIXERDOE
E2H DI HBIEHENOEOSER LN 3 (Fig. 24),

Pacific
Ocean

7/'1( uroshio

Fig. 22. Map of Hokkaido showing transect stations and the
positions of the major ocean currents (ADEY et al. 1976).
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Fig. 23. Area coverage of crustose coralline species in Hokkaido along
the coasts of Pacific Ocean and a part of Okhotsk Sea, as a function of '
geographic location, ocean currents and depth.
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Fig. 24. Area coverage of crustose coralline species in Hokkaido along the coasts of Okhotsk Sea
and Sea of Japan, as a function of geographic locatin, ocean currents and depth. (ADEY et al. 1976).
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Fig. 25. Map of Japan showing “Isoyake” areas represented by solid lines.
(Fisheries Agency 1981).
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Fig. 26. Relative abundance (area coverage)
of crustose coralline algae extending acoss the
Kaitorima (113) and about 1km off the shore:
uppermost illustration is a bottom profile (Noro
et al. 1983).
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Fig. 27. Scanning electron micrograph of
crust surface of Lithophyllum yessoense, showing
epithallial shedding. Bar=50 pm.
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(3)~(4): EBEARE Lk - KE) (37)~(38) : BIURAT Bk - 3 - £4)
(5)~(6): HF ki (BB (39)~(41) : /bk BL GRZEX - £4)
(7)~(8): &S FHfF GEmERK - B - £¥) (42)~(43) : RE ¥ (BREKX-E-4£4%)
(22)~(23) : RiE Bk GFEKX - B - &b (4)~(45): & BB LBk - £PBER)
(24)~(25) : 0 B (EMLAE - £5 - £10 (46)~(47) : ZHE —B HERUEME)
26)~27) s fkil B (BRK - 8F - &% (48)~(49) : W 5 (BLAEWR

(28)~(29) : %\ 4 dok - E - EY) (50)~(51) = g EEE (B - &8 - £4)
(30)~(32) : 5% fiiE GRAKK) (52)~(53): K IFk (Bak - MHELEYLY £x-)

(33)~(34) : A f& (HAWRK - £%)
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s B E K

& 8184 FREEVGH IR A 4 —1—1
FORFERY - F3FH
FI44E 1 0423-25-2111 P 2667 - 2672

B2L3LDK—w

J \o

E

20JH R ENE

C I rpmxmmm,
ox &
EERRA TR TE LOBHLA A HTENORS CRE AR [NEEMA] 10D, (kTN
Wil CTHE (9104, 120/),
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BARR¥S SO XLBRES

(1) COFigs A%* - [ EEA* . hoig stgee
Volvulina steinii (% - AAE4#<I7UR) ©
REERCHTBEL /4 FOBIE - HklcoWT

HE DRI Cic Volvulina steinii DEBMIC
BBV /4 FORE - BEOBBAERHB Lz
K - BETHEL, TOBRLHELL (AARE
FLEOEALR), AWD €L /4 FIZ—E0RESR
BT TSR L L Lic de novo (B - S8 LT
BT ENHERS I, € v/ 4 FILEFEERST
A3y THEREDOGITHBL, F0BT v 7 vE.N
EEMYBO %L X5 CBbh, #AkT5, Sbicy
VA4 FEBCERENBAL, RBLEBEBEKS,
R, ZOE VA FOMB - RESRBETRAET
LREILVCTLEE 52 & 2 BER DI & ROSOWSKI
& HOSHAW (1970) DRE(RTHEIDSIE,

—77, ABERH LEHICEET 5 L RBEIBR Y
BILTHE L /4 FAGRIE - L LTWL 2 Lk
BV A THERIRT B, SENEZ 0 V. steinii 0
Ev /4 FORIE - HROMBERIEERICH > TEHE
HRAICHEE L, REMIIRB LI L /1 Fid
BRI LAPICRIL - WkT 50 BEMICE,
24REIBRIC D BIRICRIE Lice v/ 4 FREFLTH
b, WMBERPTHRLTE Y /4 FaliEkl Tz
EPHB LI, S TIRBRBLEELV /4 FOZ RS
2EEDRI - HEROBRL, RKRBEEL /A FD
REOBXERBLIBROC L /4 FOBIBIZOWLT
AT 5, CELHRRE, “HEX - £Y

BER, PEHAA - E - A

(2) OFUBEF - BARM : RAEGE Cladopho-
ra glomerata Q4 FHHIER

% b X B AO#IKE Cladophora | O /- E4490F
RET-oTE, TD5 D, <V THBRUS OILEEE
DN PHORLICET T HEEC OV THE LIk
ReBET 5, ChHRFEHMCEETRCL - T
2 h OMBRHELNR I D H, £ T Cladophora
glomerata TH% L OFERMELI, T, #KH
AT C.crispata L ERTich i, C. glomelata
D—RELTHRETHB, C. fracta izoWTits
&@m%ﬁiﬁ‘gfb %o

C. glomerata DEEBBRIILUTOL > LHbH

ho, RCERYHD S, REANEEY L, S8E
RIRT 3 ~5 MBEMTIbh b, B Rl ot:
BREL, FROMBEVHKT D, WED BT
ZhNED—Ip R TEE b, WAEFEERR,
2EETHD, WhETHREHE LXZL LB ED /N
BRABEL, DI BE D, EREHOHEILEY
HIZ X - CTRB, KOBE DL TIEE L3
FRERARL GRBET 5, = O BoFBILEE C
crispata L IR Ttodh DTGt 5, AT H
BERBEMC T 588 L, NMEMERE D D RR
EDRT 4 MER AR OMRO KR DOWlh L 1 588
MDD, TRNEMNTEAELWRIROEAELESh
5, (le#gE R ¥ REBEBRER LT 5ERD

(3) OFWG |: KATHE Sirodotia suecica O
BREBGERERICOWT

22 A A7 EY 7R Sirodotia (YEIEHEE v 3
VYAVEATERS IBO—RLEEHh, BEREBNEL
FHEHTHD L&, INBBETEROEREY LD &
L hDOBABXFIEIND, v VY 2y BEYIT
e TR L TR LICERE X h EEERA
FREL, ML bW EYHETH S, L5,
HEIMEFEO HARB¥2E T A THERR TIE
EONINTRE LIz 22 h 7 Y 7 BOSERETH
RT2EPYOBERBRBCIS T, ZHLERR
b4 UIEE R RAE KPR B R O#if L 77 4« TR
BLIEHLMHRLICIEXBEEL, oI bz
DOHEPIAF /7 VH R 2 ) FYVEHCFTBI D Z &M
HBRTHDHZ LEHELTS

40, WERBERNZ, R TRELK S. suecica
DREERIRD LS THH, Pl HEY DD,
3~6MfaFIN S s Bl LIERELXEL, ERE
DL EREOE ML O XELCUEREYEL B,
HEREO—IWIMUHCEH L TERFAKRE LD,
TRERERBRL Y 2~5 KOHEKARTEL B, Lk
TR ORI Z AL, R - THRER L, 4K
DfaREEADOHI LT~ TREL, N THEDOAE
EAACREEACMEEL, RETFEYEL S,
DR, 22 AATEY JBOMOBECKTH
DX 5 RBEMBRER S TFERIN, =200 7Y
B A ) 7 VBCHIBTAZ LRI VERTHS L
EZ Y R (A - B4
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(4) ONBO$LE-BARY : YIS Y Halymenia
rotunda Okamura Q4% FFEMIE(CONT

< 37 Halymenia rotunda (Halymeniaceae,
Cryptonemiales) (¥, BADHIPATERKOME
BTHEDH D HBNHICETOLBRTH S, AEY
BEOCER Lo @R (1930) THH, Z DO IL
Erythrymenia obovata Schmitz (Rhodymeniales)
LLTThote LinL, AEIX, TOhOHE %
FEREOHRIH LTHLIIZAH T 7 Y FHHalyme-
niaceae ( =Grateloupiaceae) B L Tk H, ML
#iz (1936), Kylin (1931, p.13) DRE : @O
Erythrymenia obovata i}, DR SHMTAIC
Grateloupiaceae IZBL, %7 Halymenia DT
»55, KfoT HalymeniaGoFfL L TLERED
BhEx T, LiLicsib, o0 Kylin ORI
BIARORROZOHBCES DO THD, &
BOFRICE L TREMARIR TG,

BE, FEIEDS 7y ERVHRIR-EE, FITE
WTITH Bic X h BB otk i, MoRRTFELR
HL, UWFOA» SR TARL Halymenia BX Y
LA Cryptonemia BREDHDNBRETHHL
W5 FERICER U tce (VEIIFEL (160-280 pm), Khi¥E
Tkl Lbreref FVETHS, QKBEH4—6
BE>53L, fihcizk S HEBITS filament
BHOHMACIEL 5, (3B ampulla (X Chiang
(1970) =5 Cryptonemia BThs,

ek - 2 - D

(5) OBHEIFETF - KHERM : TV Y NXOKIH M5
BFFERORECDNT

712 7y EOEY O RTRMIEA, MakT
CETRBATHZ LIS RERBADOT T RIS h, B4E
THZ LWL OhDOBTALRTWS, §E, =V
+ ~X (Dictyopteris divaricata) DM T
Bl WREKTEEL, REYBELL, BFD
BRIz 2 o0 Babhic, 1205 RFORKE
LR, FFEBE2HBELEZO®, SEENHRI
Hico 82 DTN, BANTHEBENTUR X h T
AR, BAO 1~ 2 OMRas HIRELEEL
TE e, WHRFIER 1 ADRBYHRT 525, K
TS R T EEHHRS DAL RIR % 2 ATHK T 5 b DA
12.4% b B > Tco 2 DB A, OTMNI L ERER 1 &K
FTORBEHHETALDLE, —HOUNBL2ERESLS
THRETZLDD20D 84 Thibote, BEBEK4R

EHWIK U s T RHEIRITE B 2B T 543,
TORH 1 ODRGEEBHID 1 ~5 LS ot B
R T Rl Y — T bR R L TUERTH L,
1 AZDERE b0 b D TIRRIEFEMCRIBEHMETS
LONEh o1, 2ADEREYLOHE, XD HD
HPEHD S DT 2 FDORBRII—FTOENHEH - T
REFRRH Uico 20 DXL, 2 RKOREY %L
hZREOFED b A LEADIH EICME LT
oo (UFEZEEX - £)

(6) O#eBHEHR: EHRRAFRICHTZIILTT
A DEHEHR

Y AT T AR L BEEHHRER O b0 ERNAR Y
Botd, 198242 A5 1R, KES5mE20mD
BRI KB A BEC OV TEHHHEELY TN

BBEINICEED S b, KOEEKIOEFIZOWT,
R, EE ZEYENER E£RIZ2~5AK
K#160cm, 118 ICH/MI30em & 7eh, FEEIXS~T7 A
I AR#12em, 2 BRBMFIBenTH - T, FRILS
Bizgbfand, #hFmiEL T2 AkRkEio
too THOEMPALOMITAYES m L20miTIsi) 5 EEMHE
DHETE, MFAECIH - T 20m OEEDIA
KEWERTR LK, LaL, BERIIKES mTRA
3.6kg/nf GBER) »FL, BECIl-T20miE
F5Thof 2 E0EFEARD b, BEEDH
RITI0~11B R 5h, = OIS LW RIEDORH
BT h B o Tco FEMERORHIIFAE L 1211
Bie@dbhtc, FiR»bORBRIEC X HHEDOR
HITAELE L THES I, BETHERLEELOR
BYBECOWTIRT LA ERET DI ENTE D »
hos (EHRRKEHE LY £~)

(7) OFSHRF - BHER - HHEE AREE
T o—@EHLEEEhI 28O Ca*t A
HlToWT

De Jong & (1976) (XM A# Emiliania hurleyi
D=3 YA (CaCOy ZUHLAB Picit, Ca¥* %
HROCHERT HHBRILE Y v YERSHENTETHC
ERBRL, =3 ) AOERICHME L OB BIEY
jﬁ% LfCo

RS (8 6 EHFELRS, 1982) XAHE Crico-
sphaera roscoffensis var. haptonemofera % f\»,
BtiwZz o EDTA WEESFICE Ca? BREYXL
D2WDEv e vEWE (A, B) »WEFETHILY
WL, 4, WELIXEOMEOWEA, Byl



BELEzOMERRE L,

(1) Ca®* HEBEEIZOWT A, BEdE\, Ca2t
EREY DD, TOR/AEIZEIFRO0.30pmols/mg
A, 0.68pmols/mg B THoto, Fio, OLBEA
*VvHEFETTIE, La¥*>Sr*>Mg? DI A, B
Ca® HARIIEES i, 1IC La®* (3 A TiZ Ca2*
D EogMmt %R+ 0 LT, BTk Ca?* L FE
BB %55 Ui,

(2) BRRMTONWT: ve vEBESHERILANS
% (wlw), BhRT%H 1o ¥IcHBEEL A 511.7
%, Bn2.8%LEMBNIDA, V vBIIKRHETE X
Mote A, BEHVBEDEV A28 (1~3%) »
BHINic, TRABINAS 7 b METEYE CiRidiE—
BL, 2rfFxvalk, BEE=ATLVOEELYTE LT,
Fhe, RYVIT7 2917 s FELBEGKKEBOBE, A,
BLIKREEEMELOYETHHZ L HBH LI,

GRREK - £%)

(8) OrtmicF mHESH* XBRE™:&H
[¥B b (Bryopsis maxima) MPRREFL 5. OH
ME¥BEL, BREHOMBESEONY

BERihbORIBEE: 7= 7 4 7 ) LOMKRSEET,
#KIZ L BHF, BAET AP ) RETCOEE Y
WCEXBFNMFBIe< b5 74—k 5T, v
SYRFENHRET DI, BB/ s va—
ADFAEHRBD BN ONDEEE N L IT, % 4§t
THIENTE, ThHDFEY, ~b Wb 3k
(Caulerpa brachypus) itEhbHBLR ML
B L CEAL, YAriFBsr=tbr5 74— 128
FAEHT R 7 4 — B BB LI, TITOEES
BCOWTHESTEYRD, HRESEOTTFEY
DU THERE 2177 - 1o,

¥, BBEIRLLLMILIhF > 5 v oMt
FHEY, B2 vRBELL, R I ASBHORE
RO, T2 AFMEBIZBLNEES 2 F LT LY
P~ T7x7—btD GC-MS X BRIEHRLEIC &
DRE LT, B2 vREBORINL, 3EAL#TET,
Fte, AFMELDOFER, VED2, 3, 4—Fr V) AF
NESBBD2, A—V AFVEO2BDLTH-1Z
LT, BBiThboMaExr 5 viE, HEBEDR
DAHIE, B-1 - 3—HEBROHEMLETHHZ LET
LTWhB, Fra—A%EL GUSEEMNCONTH
FHE TR ERITIV, TOBER OV TR I X
7 CMEEKX - B - £k, MEEW
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(9) O#EEgz, MAXE, hUED : A AHN%E
DEL /4 FEAROHIES(CONT

Ev/ A FOEBBEYALMTT B IbDE —B
BLLT, ©v/A Fiti~x=e (Bryopsis ma-
zima Okamura) 7 HEINE, Sk, SDS
~RYVT7 7 YN7 I FroBRkE (SDS-PAGE) 1=
L0, ZOXRTF FEREARCLZH, ELI/LF
EEHEDOMB85%1%, 52kd & 17kd DR YT FFT
H®H bR TE Y, %4 ribulose-1, 5-bisphosphate
carboxylase-oxygenase (RuBisCo) Dk/N4#7 = =
vy MCHYST3EE, FEEEDORAEYFELC THRE
L7,

€v /4 FEAHBIZ, RuBisCo kM T 5+ Y=
7TF PSS A7 & LI0BEL LoBI R YIS
ATEDH (66, 42, 38, 33, 29, 21, 15 kd, etc.),
Thblt, 575 a4 FERF v 7 Vv REBEOREEY
TR 5 12,

SEEHZEE Licsit, Holdsworth (1971) 1k
T, v /4 FRCZOFENTYE I T ribulose
-5-phosphate kinase (Ru5Pkase) 7%, £v /A F
EEHEOWMIRIIIE, AYZHEETH00E S T
BHBo ZDEHFRDBIDITH A ~FEMNE, LN HE,
FLUPR, AA VBRI SFT 4 —, ~{ FR
FYTRAEL L IRm= LS5 T7 4~ IZX D, Rub
Pkase # /EERSSLL, € v /4 FEAEDOHMIK Y &
D xR AR, GRIBK - B - 4)

(10) O#tE IE - PRS- MAXE : #ANRE
oy7n07 4 LEREESGHEOHOF /4 FEK

BHEA A A~FEIR, ARFIAFCYRFAY, ¥
RFEFHVFVYREELTWSEN, ChbreF/Aq
FDF5 a4 FIEXHRTA7rr 7 4 VRABEES
FIZ BT BT OWTENI,

REIEHEH SDS TAEME LT 7 =4 FIEAE X
V7797 S FYLVESKKBTHEEL, &Y Fi
ONWTEERE /7 r< 777 4 —TCREIFET
1

FA~FETE, EHEEFLOZrRr T 4 VERER
BHOAY F2RLENME s v e 7 4 1a/b-BEER
&tk (Light Harvesting Chlorophyll a/b-Protein)
DSEDAY FRBELRI, HAVFDs7rr T 400
a/b HRBILA 7 PR ELENBDONI, H
rF /4 PO, SEEYRREEDOD Y F
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hrFvyngdfhores /4 FidEic LHCP i
SHER T & LHCP oW THhBE, kT
4 Vi34 LHCP t—ienfixmLichiy w39
VF VORI RE DL W BRBh, v s
FEFVFVDIOBEEGHETH AV FRAIRFVYRE
FhicvwZ rd LHCP TharvF /4 FONT
CERNR LN,
EFOFBRETOWT s rr 7 4 VEABEAEOKX
Byt & — v L BRERICOWTHESN, HERN 2T
5> Thb, GRIpK - B - &)

(11) OfEEhRs* - EAEX™ - A+HFS*™ : A
FEFAUANLFZDONT /) D535 2

bRERBTBHHY Y Prasiola japonica
YATABE DAMRITOWTIE, H 2 bHARER (3
W—FND) AR E L, FEARAME GREID %
B ETARPHECESEIO ERicAbR, H—D
s e LTEBRKFINCHABIE EER T35, K
FNDH 7 7 Y IFBINEZEKH193BEC TR (KRR,
BA BB KH1950E I & & HEEAM T O 3 [
NTHREL T, O, BMKR—HEK L FREL M
1970F I HFFN O EEFBE THR L THE LT €
LTCB8EIEETHAY 7 VEBRE LI TINE
CHRE LY, BAROTR E /M ENELSHR
ZBbhh, 193FERBF=HUREL/I-LZAREFD
k- TUi X £ 1. 5kn ORI CAETUECEESHTH
Z J: &m%ﬂbf‘:o

HABCHET 25N 7 2 VXS HRTHZ L
DOEHIZOW TUMERBHEEOL L & » T
BWEEDITHRB LI L 2|MUL (19824F) FHFHIIL
Ao 2 AN SO THM L IBE L EHNITORE
REMLBESY —CREB LT, 5%, KFIIToR
L —ERB LI LR A0 L TROBRE, *
DEHOTDFERYT 5T, BEEAMGIT
289 VDHOEHEEEZ TR ER T3,
SENE, EYHLTHRFNDOH v 7 ) DA S DBk
BNEYRT &R L7

CBEE - PR, YHE - FRISLE)

(12) O:ZMEA% - /#3584 : Navicula goeppertiana
(Bleish) H. L. Smith LRFETXB3FIPEDHS A
YAy}

Navicula mutica var. goeppertiana ¥, EKIZ
LW DB L, BT AHEHEE LT, N. peguana
(Grun.) Hust., N. mobiliensis Boyer var. minor
Patr., N. mutica Kuetz. i E23h B, chbOBE

13, A X BBRT 57D, BHTH0XEETH
%, Lange-Bertalot (1978) (% N. mutica var. goe-
ppertiana %, N. mutica » H~T, ¥k Lo
b, By ULcEE LT TV,

HESIL, AFE N. mutica var. goeppertiana
BROTMRMCE LT S N. peguana, N. sp., N.mo-
biliensis var. minor, N. mutica L RETZ 5EMG
BHOXFERCERC L 2HBY b LI, KR
>

iR, N. peguana KX N. sp. 1, N. goe-
ppertiana LIZBIATEVGHIROND A, BMHE
BT BED, 1290 ELTELDTINE
Bbhr, FLT, zhbit, N.mutica t iXraphe
OFMUESROM ) Hieink, wEE s OBEUORET
BWNEBNICDT, N. goeppertiana + LT, ¥
MLEREE L DD, CGREKX - 4)

(13) Q#fEHR— : =X Denticula BICDP\WT

SEM (2 X ARET Denticula tenuis KUTz. var.
crassula (NAEG. ex KUtz.) W. & G. S. WEST D
E##% (epicingulum) 128254 K (valvocopula) &
2~ 3 DHMFEHR (pleura) X bigh, BEEHRIX2
AENT5 (bisegmented valvocopula) & & HiH5
LIS o Tce SHICHEH (crossbar), EBEI 7R
Bt (septun), B XUHEEEW (septum-like plate)
DIFENHEFR I e, SIMONSEN (1979) (3p¢kD
Denticula Bu 2 DDNERE, 2F W E T+ A
ErLBEED Denticulopsis |&, K, EKXKE D
Denticula Bic/H¥ L, W% Nitzschiaceae IZFT
Ba®ic, LU, —HD Denticula |BIHESHH
DR, FOLILOFE, BERO/NEOHRE, H7h %
RETHENI LB 2008 LR R G
ENRBINDG, 0% b, 1% Epithemia BE D
B 2 E, A= P IR IV EFORTACNHTDH
B# L, Nitzschia B OBEEMENE, Z—r 4,8,
TAVH, TOTECHMHTHHEHDO 2 RHTH S,
LA L, L OIFRCIRTHTE OER OB &I
THORENRETH B, GE#EK - #3 - £49)

(14) Oy &* - /¥ ¥4 TEERCEIH
TE%E L7=&3# Gomphonema sphaerophorum
Ehr. & CH(SEMLIZFERICOWT

G. sphaerophorum |3. Ehrenberg (1854) I X »
TREFAT7H I LI VBRENLDEHTH D, B
D— AP, B ¥4 v o BHU T Ehrenberg @ %



1A7ATA FRBRTIHEXELZ LNTE, BT
DRARHEBIOTHRELLWERS,

HE S DOWETIL, 3% G. sphaerophorum L X
NTEIHERL, XEBEBESH LAV TRES KD 2
DDEA TR TEBZ ENALMC T, #H1
DEA 7L, BOEHML, REINVNDNZ 2147 TH
D, BE2024 7 IROEIKL, BEOKE 24
TThbhH, Thb 20D %1 7L Ehrenberg D %4
TAZA VXV BB HELICL A, FiELX
K—ETRZ LWL LIt oT, T THEELIZ,
BEBRROEBIOEIE LD 7DORL, AAOHX
DRI 2 D2 A T OBRY B TS I\ THATHE
BEORBRE 2Tt o Tco TOER, BRREOLRY
BT 2 S8 REIERHTHLDOIR L, ®ER
AV y PTHBHI L, BABEOLRHL FIHZTIT stub
PREETHOIHL, BETIEE > Abhigu i
EREIGESYBESN E e T,

IhbDZ b, 20 2 4 7t G sphaero-
phorum L IBIDOFERE U TR D OHELS TR
heBbhs,

CELRYBER, PREX - £

(15) ORBE#HA* - /M 54** : Caloneis liber var.
umbilicata (Grur.) Cl. O#MEBLICOWT

Caloneis |&i%18944 P. T. Cleve ik » THW X
NICBT, £BAEMTIRIWZ E, Tk, £B1NR
DRI THTICED, B TREHRCBZ &,
1 ~BAEOFERNRONDZ LIt ENTORBE L
TEFLR T3, LLihb, ThboiEls
At Pinnulria |8, Naviculae Laevistriatae
MEBETHHOTH D, EBRITLOXFIH Ly
THLL, ThbRFTHLhENED, ERIEEX
MBEREPCOWT, BERFIT L ML D
MENBENRTHEHDO0XBRIKRTH %,

EWELX, EEERNBOERNS C. liber ver.
umbilicata % HEHERTHZ LNTE, RLELM
B OB OV TRERTT) LW TE LD THRE
T%,

C. liber var. umbilicata DZ&BIIN% 45D
fagFicE h, HRC 1EO/N R % oK
»bish, Pinnularia BEFEBLTWHT &, 1,
BEANZIFPa v FYIT7HRADRAATHT, ZOH
Td Pinnularia BLIFETHZ L, FREHL1F
D/NFLFI%E DD 1D open band TTETUNBHZ &
REBRBALI LI 5T,

97
CKR#K - BB - £ PEEK 4

(16) OW3#HE - /1% 3L : Diploneis B4y
D258

Diploneis aokiensis sp. nov. (3% RFIDEIRRB
IORVGHLALDTHE, BIIER DA T, &
£25—35um, FiE1l.5—16umTH » 7o, WEEIIIL
<, HEERZH - TTPRCED, ZOMMcOZRH
WIS RSN B DN OBOKE IS TH B,
FAMRUL 10pm I8 — 9 AT, FMEAHMT B AHUT
THBETH D, KEHETH Z O/, FUT 28R
Rblbin iz KB icEEE b - TV 525 SEM
BERIZL > ThbThEHENDBZ ENTE I, HILR
NEREDO/NMLL, FTOKREZ, B, EIIOWTFHOE
THTHATH - 7o

D. linearifera sp. nov. {LIUPHERRF X b
BULWHLASDT, Skvortzow HAIEEEENLITEL
1= D. ovalis ver. bipunctata Skv. *3IEHITELIL
1B ThHDH, BE26—48um, FHiE17.5—26.50m TH
oo RRIMN I ZEAPFIN LY, 10pm FiC
11—13&A T, AHiZ10pmFc22f@ L b itc, SEME
2226 D. ovalis var. bipunctata k DFEHBHB
MCie 51z D. linearifera TiX%k& L GEEBT DN
REICEROABSARRAWNCR S nIcps, D. ovalis
var. bipunctata [ZIXZ DX 5 KHBHMR S Nch -
7o Eio, BEMBEOHES LURROHEDOREIC
L ARV NZREY CGR¥EK - %)

(17) Ol =-/# 3L : Rhopalodia gibberula
(Ehr.) O. Miiller &sRFETE 33 EHOZEHRIMEIC
21T

Rhopalodia gibberula (331 Ek/KD 1K HET
Bh%, BK WARKTHHEE A HMEIh T3, EiH
B EROELKEL, S OEFENERI LT
b, SARBLIHERHISTIOZRORHEADDL
DT, R. gibberula LRE LT, SEIOHETIL,
L EOmI, wEREOMI, FLOXKHE, 77974 -
FaXYOLFALZHO4AMEX VBLRICEABEAL
Too HEBBETIRNLE L EREEOREGR I ML D
BRRHETHBE L2, AOHLTIE-HALR
foo SHRBEBRBETIIUTOL 5 lBRRSRHRLR
o

RE - ORBE : BAREMTITBROML KD
h, FTOECEMOM LY LS Flap 5%, BA
RE TR OH AR A 2 TN, MEiEkB X
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ZF1ABE Canal X »THITEh 3,

FREE : BAREITNILFILHEEL, TORICH
ROEEIAFFICH.S, NEREIZIRAE % & U5 Flap
MR2, 3FH, WEkhRD 1, 2AKDZLH Canal
OREILHBICE » THETE B 23, MOEH T
BRI E, BT i,

779 A% BmSXALS Flap i, 20g4 7D
IR SR, AERETIAROREERA 25
W, WEOEY HIFEELRALTH -1,

CGR¥X - 4£)

(18) Ok % -/ BL: Nitzschia BOWED
SERCROoh I RRNOFHMBLEOLE

Nitzschia B section lanceolatae \Z|&3 57 1
VoL, ERbFED section BAVET L 5 T, ¥
TR B T2 L Q0 2. EBBRETIE, 2hboy
4V U DEBUTRD3 & 4 71D (V&R ERH 40
A/10pm A ETHIFNCBETE DD, TRIITE R
\#E858 (e. g. N. palea, N. paleacea, N. archiba-
ldii etc.), (2)%&#5ns 20—304/10pm FIE T, 27LDh
20 EETXL5EE (e. g N. frustulum, N.
hantzschiana, N. acidoclinata, N. romana etc.),
()% MRAKI207 [ 10pm LT CHBRe SBCR BT
585 (e. g. N. amphibia. etc.), L E3 47D
&% SEM, TEM THEHZLI LI A, LTOEE
I, ()54 7 OBEOLRAHER T 5 laiEl,
fafaBAC % 7 1 BEOEE AREREICAEL, £
NFLOEEFIE, Mann (1980) DiRETE (LT h
55 ) regular scatter GRAIMBERD TH- 1o,
QD £ 4 7 DRI OWEITBRE L » HTHICEBRA
THEL, £D/WMFLOEFIE, hexagonal array (08
AET) Th ot B)D &4 7 DRSO L Volate
& hymenate & DEEHT, FoO/NLOEFiL hexa-
goral array THh - 712 (K - 4)

(19) C/#358R-/\#k 5L : Cocconeis placentula
Ehr. OXEROLLE

& 512 Cocconeis placentula Ekhr. DIRERAC
DLWTETEREC L 2BEBELERCI A HENESE
BTo Tk b, HEE¥£(1983) TiX var. placentula
var. pseudolineata var. euglypta O 3 BTEEIZD
WT, ECEMEROVBIEERYERE LI, TO%
P A SREYRAICE Z A, BFDCREOEMR
MBEX, WHAICKE L EITD var. lineata L FE
TELHEGHELBLLNTEL, U EATERTN

TEOWTIEET2HIH L, ThEhizounTHE
WXL EHEER L U, S 2 YT -
12DT, FORHRIZHONTHRET 2,
SEOBBERTIL, FEHTNTCR W THRER
TIRRELEREN N &, ¥ EREST LSO
REORERORRM OB, 3L OHH R TOEFILL
M HIZ - RN &, Holmes (1982)
Cocconeis Ba BB+ 5E L L THIF T A 5RE
BOBRBIZE N THREREBEIRLRED - T,
(GREKX - &)

(20) OHXWLEB* - IBE 5L - FIRH\F**: Syne-
dra sutg. Eusynedra @ Fragilaria ~CEBE)
LT3 —ER

HE Round(1979) (X EEEE RIS %, Synedra
DEFEE L TR OTERI B REEw sl L, #kEE
MR IR T&E Lk Fragilaria BL OEBERYEE
L, ThiZ L, BESHTHERS ELLELLOMN
#41, Synedra } Fragilaria OEBIESRS
Z LICHEH Lic Lange-Bertalot (1980) (¥, #&4&%f
DHEEIZ D2 Bl HEHE AT S &L,
Synedra OB Eusynedra BT 53¢ A LT
DFEY Fragilaria B~BE)IX €1,

FEED RG> S ulna AFMOMII| LK
WA LB/, ZOBESNE, BAeERO Founge-
riana L XhuR<{ S. ulna OFHEETE, REOTR
FERILSDTH T, RIEHRB G XK T 5 F.
crotonensis BB LR, BPRTIIHE=AHO
BERHUDODHZEVCNRERLRIS, BEEHLEINS
IZLiehivs, ZHILBEL T, oY 70—~V
BELUMCER HBAnBRoBI, BHBofEEL -
TLED S rumpens HDOLDOHHBE Ui, b
e B (1979) X S. gaillonii LT F. pseu-
dogaillonii %R T 5%, LEDL 5 FceonD
HENDLE % BE, Lange-Bertalot D RARITZY
bOEEXTIWI ) BEbLRE,

KK - &8, AT TFHsL—IN)

(21) ORWFPEE* - #AHF™ - SeESE™ - HE
B RR 3 BETHEREINLAVYB O —
& (Cladophora sp.) O} &m— R

EAF7 —AAEETHERIE, AR
BRI AT THIHEL Bl - Tk b, 35C
P EDRETHBERCHER LT DLW BEND B,
Zhit, BEOEFIE (HCRE) LBE#E DD L



SitBbhb, 40, Bxlds4 F 7 -1 EOBHET
BBVF IV BO—EEERENTERTHZ ENT
EeDT, BEREYE X THAR—RESECRIE
TEEREOHEY AXTHRI,
HRHITHTSEBORMLO 21 F 7 -1k b 1
FERETHREL, ¥3 7 ARBOCOATLHEK (¥ +=V
vS) THEEL, M, Thi¥BRi5RERE (15,
25, 30, 35C) DATHKBLTH2 » AREEL
DB, ThERDOBEIL DOV TIS~40CIZIIT 5%
BREEZRUE L1,

15°C THEE L BRI SR TRE LBy,
HEETOXGHEENZ L BEr ol 2, &R
(30, 35C) THEEELHDITE, 40CIKIFVTHIER
EHEBREIT - T DFEERIL, KRR
BEDEFBRRC L - TELTHZ EHRBL T2,
M, EAROWUETIE, KREML TRIEOBHIC
TeoleZ7 e &2+ A—2—%BA i,

CHREKR - 4, MHEEKR - B, “HBEK - B
vV E=)
i

(22) OF2—R* BARE* -HE B - BEoE
** : Bryopsis maxima OtV >70F 4F+—
AL EEY—DT774=T4707 MCIIHRE

FEMfaREIC R HE L QRECHE S €D RIER
BEXRRTAZELYEMLEL, TOE—RELLT,
&4 Proteinase (Plasmin type) X3 548
f7c B EHE (Proteinase inhibitor) »#EHEEHNH
BET5,

G4+ ~* % (Bryopsis maxima) %, 198245
B, NRBEC TR L, &4 ~%% 1.6kg ICFRH
K2l &z, kEFFAF—-RCTERL, 7—
CiF8, RO X - T, KETELD O % bRk
Lico BMCBRED 6 % 1ich X 5> HCIO, & L
6 NKOH THfil 4%, #ithi L7 KCIO, #3&E O 7
Wz k- TBEL, 2O LEREI70 % 8aficies L5
(NH,):S0: ® Mzt HEHT L ABALRLIHEIC X
5T, K 24ml Eh L CHMBRK E Lz, Hih
H¥# 12ml % Ultrogel AcA54 #RWTY AFAL,
B HEEE OB A - @ /5 %, Oxirane-acrylic-
beads-Trypsin # 5 2%\~ T Affinity chromato-
graphy #fF\+ 10m MHCIl T &b Proteinase
inhibitor #8#-, Plasmin [HE &ML, € + Plasmin
10041, #@EW 800x1, Kkt 504l XEAL, 2mM
Val-Leu-Lys-pNA 50p] ##H & LTk, #E#TS
p-=te7=YvEd 405mm BRELXRETHZ &
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X o TRDA, Plasmin 211 D40 1M D p-=
te7 =) vREMT AL E, Thi IPU(One unit
of plasmin activity) & L 2PU @ Plasmin #50%
fET 2 L&, Zh¥ 1plasmin BEFEM B (1PIU
:One unit of plasmin inhibitory activity) & L7z,
EADERIL, Coomassie Brilliant Blue G-250 %
H\ /e, Bradford OFBAERLEICL - Tiro i, B
B DO 1,000 5% THELZ i inhibitor D4F
Bi3#945,000 L HEE S hic,

CHLK - Rk, *ENLLEW - £ B4,
%)

1 B1

(23) ORA—H -RBER - weEE: hy /Y
(Acetabularia ryukyuensis) OIFD A K
21:T

WL, SEPESE Lok Y = 7 OFORKE
MAEFEBRCHEL, BEL/CHRERTOLRE
RALPETT A Z L, F ot OBRICHBERD S W
ShA4Es Ca BEYWHE (BRBEWHE) »EKL
Y¥HEHETH LV AR E L (AREYELFEATER
£, 1982),

LHEEEE, BRCEF LTS A9/ ) OFFITD
WTEREFT - 1o, TDHER,

WP/ ) Ehxy=FHDORKIEBERITIESLRAL
THY, TORKPALICILERFEYEHIBES
Nt

(2)CaCO; #fuit, Ay =FHLAKICTINT 77
+14 VRITH -,

3y (2NHCI), 74 Y (3% Na,CO3) RV 7= m
RAA AR )= (2 :1) BEO3IEOHMBE
HoOWT, Thifh Ca &BfExBitLIcE A,
smmkL A AL — VBRIABED I D &
Ca HEYWHDHFENRDLNIS,

WARKAD Z L MPOWLTIIA L vBBRIHRE
nubh, REOHFENRERI NI,

GCIXB=A4 7R T+ FAF—LDBAERIND, A
RALDB L\ BT (P) rigiEhic,

Pl boiEEE, FRLAELFEYEN, Cafd
v HETHY VIEETHHZ LB FRT %,

CGREKX - 4

(24) OBRMEAF: KRYIHYD “BhE¥ 47
)L”

Y = #Y Acetabularia calyculus DO4EBRYE
L O EME T oL BYE ) &, JEHED
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78 &L RS, BEECRE s & bin ) MR
DHECERZEbh S, BIMETEETORFER
i, —RKERCEOTATIMIBIC Y » THYY 2 7
® rDNA BEMRE L THRDONI N EEORE L &
LB RIBICTEB~< MY » 7 Ao r DNA & &
LTOAMNB, = Yy 7 A—r DNAIRTRIEAL,
BEX—&k# (ERE 100p) BTIELOERMD80% & ki
DB LS5 B, AT LIE RSB /IMEL KR )
v — & RNA ®pE4E L TERHIRTH % EARI DK
EMMbEE 250, BEANUOREE L HITRELHE
W%, BEAHOEREL LRI SA LI D
AV ICRETEIRMEERE LSV, LA L, A
DFETOY A MROEBTHRICH - T, BHE
L ¥ Z i 2%/ 2D RIHEC BTG OB/ ME 2R
Ihd, BEHROHSHETOL bh BB NMEN
RD bR,
ZRENCEORMENRETHZ LD, 290
FRCRTKRELED 2 v 7 GRS HENI Z h, B
RELTOMIHIER IR D, EEMLL o<
BETH B0 ZRECERBT TlI/IME DR
Eabhicu, BRK » #88 - 44

(25) OB - MIGEHY - HEEE™: RB
WL I LBRBRRICRESTTLF BOKE

CaCO; DRIELBIVICIIHIREETRER calcite
ERZESE T vaterite, aragonite 23bh B, T,
R IIET B4 + v BB WITHEBYNZ DS
RESBELTHBZ LB TW5, 40E, fLE
AAvae X OB A7 AFVEED CaCO; RE
BIETHREFEND DRy MEY R TER YT -
o ¥NMIAZFABEF P Y T A2BBL, ZOFXLD
i & D Ca?*, COs2~ &h# ¥ T CaCO; AR L
oo TORE7 AFVEEID BN DY AFIZANT,
ZOFER, WFr A7 A X By ARS8 %
o4 EKIL Calcite (20%), vaterite (75%), ara-
gonite (5 %) Thoteo QX AhiTT LFEVvEERA
NICHE : BET, £ 75 CaCO; % 100%Calcite
L, #REERERI, O A7 A+ vBYA
h, RIGHEFIC Mg? # AR o & Mg 1

aragonite DERYBH I T H A4V T, BEESY

aragonite #3100 % AT 5 XL 5 KED, ¥Aho7
AEVEBORYHENT S &, aragonite DAEREH W
S, HiT calcite DERELRHML, HAHEL R
B E, 100% calcite inh, ZDE XD calcite
BERL, X BOHTiE Mg rich calcite Tighrw

o MEDZ Eb, 7AF VBT calcite DAERY
BHZLTHB I b o, TORER, 4
2 R calcite HUETZAKETHDZ L0HFEL
THERE (M - BAE, PREKR - 4)

(26) OF ¥ - i HFhERERICHT
3 /779 PoBRECEHER ‘
METHERERCR TS, REEBKFRYEr /7

vz rvo, EHFEE (19794 5 A—1980F12 1)

IZOWTHET 2,
EBRERE»SIX, HEREM 574 FE#E, 7

AR AR, HEEE REEEE 2 7 ER

s, v v BR T L ORERCET 2 MG

MEREI R, ThbDd b, HEMIKESL, &

MR DIZITI0% & bl KWTREEERME, 2V

7 rEM, 7T BRSNS S T, HEBREW,

FY ARVEEM, 774 PERE, BRSNS,
LB, 57,000zells/ml (19804E 8 B) 25,

5celle/ml (19804F 12 A) ¥ TE L Ly, £Hick

BV B TH - BLERE, MORHE, KR

FLHEL, BEEHHELLETIRELDIERELA

o oo MERINZIX, L, HEE REEER

NED LD, 797 Y ER, T 7 v/ B,

7Y AFY FERIBALT, ChoOROENWE

EWAMLE, 77 ¢ FEME FERTERMC

Mg OHEMAR b, HREIEL LTERIC,

MRa OB L7, WEX - AREE

@7 O#t -3 #B= FEXE: 772 /F
W7 TARRILHOHEEMRIOERR, HCHEER
BEEICOWT
TFu ARp<f =8 (Pterosperma cristatum,

BTHO—E Pre-

rosperma[Pachysphaera zoid LIRFR) O & #

ADOBHBELBRE LI, TALRUTOEEELIE
L5, DHIfREERE T4 ADOEWHEL L0,

2MER L WEEREIX T ThBRBO RS BOBA

B 5, DWHBHEBIAERCEEL T 5,

O FY aY R RSO, HEELMEEEENTT LR

BTG IC0 %, OEEEBHTILILEAMMBELRFT
bo DEBEEMIWTICETIT 2, EEEREAH

HETERE IR BT, AMEDO—DILETETH 5,

DEERRIZY V75 A P EADDBINERN OB,
VYT SAMERMCIIBELKLRRD I 70 £5 4 —

NH Do WINEHEERDO—DIXIC—12AKD—FiT

Pachysphaera paucispinosa,



ARHUNED BIL Y, B RHEORNIE &L T
W5, D—DRXEEOBNEL LY, MfEEcH
> THEREIEY o EHLIED DZ01E2—4 KD
BANEL LY, BB - THET 5,

Ll EnEgE»tho 75> 2L ik L, B O
BRILI, 7T R AN <EHT, EEB K M Pyrami-
monas, Halosphaera, Mamiella \, % {-{k%=H
» Mantoniella, Mamiella F¥ELLLT5, i
DVE, FLHEEEBEHEIHEDLOT, 075
v/ REDELUHILIZLAYRDbRIg, Z DR
b ED 7 — 7 L LEFDOHE, WD THIZHED
BLABRLEZLOND, AKX - £9)

(28) OB R -=HBHE: h1HF7T7</ VDR
RO ERETIEREYDFCHAONIRREE
#

HA H#5 7=/ Y (Porphyra tenuipedalis) (37
=7 )V BOMOBEOETRE MY, RIREILE
BERENRETHZ E2HBE LT 5, HEDIR
SRt HEERE T HERG SR E LKL
ETHZEERR LI,

AALHTT=2 VD7 Y —RKMEXI5C, 10: 14
hr. L: D, 6,000—7, 000 lux O% A EREEKHTTX
L, RREDSIERGYEERF I, B
%, 110K =MiaiECTHA 7 7 OB - 72—
NECEERET, FOMkhy Wittmann KRTH
OB LI,

WR7 < /) BRALIDRILEER L ARED K
&4 L BT RO TEMOM THRD LR TV 5,
HAHFT =7 VD7 Y —RIREH DAL CRIFEY
eIk, 2, 38N BTt EFIMERORIFEDOH
Pl B EER AR IR, T ORBEERIRE
FAVEE LT, 4 Miall o BFIMiatkcind L
Beltco UEDERENLAIAHFT</ VD 1—34
B OREGYFIMET < 7 ) ORMTFEOBRMC
ML, 4MEHUBOREENIERENLERLT
WL HDLHEERIEh D, GRAKK)

(29) Y49%¥ RUYT/—NZR: _ZOEBXER
iy TEOH EHHTE

B HA#E D Cheilosporum jungermannioides
Ruprecht in Areschoug (:fAkElh & ATERROREED
HRBrHCBORRE Bico T 5, B ERORIRE
ifa & SRR OSBRI E - T < ieb hiclini -
Tb, ERESETFOEMBRILETHS LFAER
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CHERECTH 2, TRHOEEN R Ala-
tocladia (Yendo) Johansen ZHHLIL T\ 5, L
Lichih, AFHEBRBLUCHR IRl aFEOE, S
35L&, ot Alatocladia BT % Cora-
llineae X h¥pL A Janieae D/NEBECBT D L\ 2
Bo ThboZ b HAAED C. jungermannioi-
des L LTEXONTEIBIFRTHENELD
na,

Amphiroa Lamouroux(emend. Weber van Bosse)
(78) OHMOMEDOWREIZLD L, ZDOEH2
DI N—=TRRThBZ EAHB LI, Fr—T
[ ZRiyEREH 7o, BRI E#R T 2 MlaB oK
II—EThbo —77, Zi—7TIZTREBEELH D,
MR A R T 2B ORL —E T, SHEEIC
% OBOERBIR O IOV TOFES /L% T
T Lizk b Amphiroa % UEBIZ 3T B IR

HErHDHEEZEZLBNRD, (k- -H-4%)

(30) OKBIEX* P.S.N>F4*.0.P.24 ¥—
**: 7 )L # Eucheuma spinosum D5} -
EARERICLIEBEEHER

7 4 ) € Vv THRENTHRT5 Eucheuma spi-
nosum % SRR ONBATINEG6 ALV BE1LA
FTH IRANTEMEITI, TLERABEECLD
BIGERE, BE, BHBRECOVLTEEXT- 7,
FHEROFERTIIERIKEH27~29C ORHTR b4
ENBEL, 1HEEY%Y 6 X F0%DOBEEMMALD
Rito BKEIKBOETE & DIERITELS Y, 108
A RATFHER A RLR T,

LA LEBETFER Lzl i, ERAEV T,
KEA0CUTIeB EERIIZLEALEEED, 17C
LTFiic » 12 A an bEEREEIL Y, 15T
Tits o tc 1 BIREA TOEBRMBHITER L1

FRIEEOERTIE, 24~27TC THRLERNR#
LREETH - 10, HHEBEX3, 000~4, 000 lux TH
9 6,000 lux TELL SAEEI BRI, FIHCTEM
LT it 108 o), BHHEERIE 2 L THET 2
L8, 12, 16B5RIEET/ AT, RTBE R AALRI
A8 _12BRIBE/ B X S BRER S LLNIS,
CORIEHDBBEERLG T VEERXEG LT
LELIEF LI,
GEak - HEEY £ —,
shRBE)

Ay VB - R

(31) KBEX  OFZEH: LEBFSEIOLE
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TR

19824108 & » BE12A ¥ T, HEBHRYECE
WT b7 E s ODREBEEHENI, SEOF/ETIX b
FEIBEYRL IR, Fhkhb %
LEOVREBEYAMH LY HME L, —HAOREREMK
wPNEL U, £ DA TRERFT - oo BEHEI,
FRE, HHL200mDRr — 7 IR - TI0m Z LT 21 H#
BIZDOWT0.252m2 D+ ¥ 2 XREL, TOERK
B, TREROFE BEERIVCEHEBKOEEYL
HE LI, TOER, TEBDO Y27 XLE4ETH
D EEEMIL 2 PEBTRAER Lic, £FERRKITI10
BXOHRL, IALLLRARIFTTIKRIERTHZ
Ebhotc, HEED T s BHEFIIKE2~4m
FETEEEDRL, RAREAREREL, &AE
B 1390. dem, JKEEL0m F TOHKAFIEHHEE 16, 2cn,
SEHEAERY ) O BEFERIX 1, 107. 4wet g/m* T
Holce Elot ¥/ HELARKESL DBRIZOWT
i3, B LERKEBEHSFETAHE, P EIORED
IERC &Y 52 T3 b ODEFIERICIIEL s
WEBbhic, (Bak - #Etvx-)

(32) OFWAIE - WEA= - JIGERK : ZHF B
BHMBCEITIRASTIHESBOLER, KD
WT

BRI ERLCET B H 7 e HERA~ OB
RuB5 ), NHNEBRE (ER1) $X08BA
W (EA2) BT, 198351 ~12AD 14/, 1
rA1~2ME, kB7cu LFREOBEEHII0RbHE %
#£1, 28, BEEYNEE RBGEHEBROFE)
B IUBEEDOHEIMEIDRBLCONWTHE L, v
F (BOE) X5 Arci80cn (2008). I L THH
L, TAETEHOBTRK,IHE, 8 BLRRICE
ERDOMEIRE 5T, THEZ EERE) X1 /K
#3m (2008) TELUTRHAL, 48 % THIE T &
AT, 3 AEMLBRIN TW A REHEI 108
DAEEHIC R L, £ 4327 @EOW) 116 A
f1m (1kg) CELTRHAL, 8~108CEHDOH
Fedtskss, 12A BB W EROMENBD BRI,
U3 FT 4 (BEHEE) 115 Bic#30en (308) ik
LTRBL, 7~10BREBDOHEEINADSHIH,
ZOMIBEOCEBNKRALHBELTND L) ThHoToo
B=AA~FEIIIHERBTOHENED SN, T
thb, BRE|WTIEXS5A (30cm, 308) FLUV11A
(60cm, 608) R L, TOHER DRI KI B
&, 4ABIVBANLLENERDHEINEE -7

—7%, SO /I m (1008) KEL TR

BL, 4~6 BIREROMIERKL, 8 ALIBRE
ERROMENRBD LRI, (P - £

(33) OBFEL - HEF X:EREBRIOHILE
HHEERNC ST 3 it ER ORIRE

1983410, HIBKER) I FIRETHREX L /R (R S
8.25mMD 274V S L) ITOWTHEEINFTETIE - T,

DHDFEE, —2.25m~—0.55m TitRhabdonema
arcuatum (§g), Coscinodiscus & () »ELT
b, TITIE, ¥EKEEE LK RKERENDHLET
80%L EEH T %, % 7o, —2.30m~—1.55m THgEE
BWROBER B HDH 5T B, —0.55m~+0. 70mT
1% Nitzschia granulata(¥#g) & Cocconeis scutellum
(FB—KIK), Synedra affinis var. obtusa (¥g—&
A REEL, AR LY, oA TEKC e
LEFRLTWS, +0.95m ~ +1.20m TAchnanthes
sp. MEE L7ctk, Melosira italica ps, {070
L ELERFECEBETD, S HE, £0 LK (+
1.70m~5,20m) TiX, €% & U T Achnanthes
lanceolata (#) MMEEDH B\ VILRHLE TS, fic,
Synedra ulna(#), Hantzschia amphiorys f.
capitata(¥), Meridion circulare var. constricta
(B I ERNBET 5, ¥, WKER & swAk—KK
BN, +0.95m L CRAED0%iICEL, +1.45m
PAETI, 35 £95%L Ex e, BKIESEAL D
EERLTWA,

(WFX - 8- %)

(34) ORFMF - ¥ X:dpHik—voiEs
REBHICST 2B HEABBEOEE

HBEFEE - 74 2 v ARCE W TRRE Wi
LUMER SV T AR DOTEESM T RRT,

Vv T VTFEIZI\TUL Thalassionema nitzschi-
oides (#f) %, Nitzschia littoralis ((K) »ELL,
WKEE, KEBEARTLADTEYL 5, — 9
m7s b — 5 mTh UL HRIKERER U8k - KR H
HIEB A 55, Achnanthes lanceolata () 7o & ht
BET5, —4mUBRTIRX ) —BRKEBER O -
EREmI WML, Bh5fE LT Acknanthes lance-
olata (%), Diatoma hiemale(¥k), Melosira ita-
lica(#k - 1K) 2\bFbhB, & LR T Tabellaria
fenestrata () % Navicula radiosa (#) »\E
B, WRKEENZEALBELT,

SHECEMILREENTH Y, SEIHIK, HEKE



BOZRUTR SR ieh 57,

{BL, —2mizis\~T Cocconeis scutellum (¥ -
) RfREXSha8KERE, FKEBORHENLT
DB TOBEOE(LL, —2.19m THEETKHEIR
BINHE IR L T 5,

B, R WRKEESETL CHRAT A bl
WRBBEOEEND, YV 7Y v 7 AR
DEBHY I T IR TH B LHEEZIh 5,

(HREA-E- %)

(35) OEAAS - EBEARL : THY OER

EAFEAN ERT ~EDERICEET S EH
= = TAMKFERROIIRERRICILL 2T 5,
5 HIX19834F 4 ACEHET XS TRE L ICRAE
b REETFERERL, 15C, 2,000lux KU 4,000
lux, 14:10LD OKB&#HDH & T Grund HEE:
A RAWTREER Ui, BEEBMA208 BELHAHBHE
R L, 448 B UEEEICH 7o » TR T OB
NELAI, ZONUFRTFLXOEOSEREBELICLE
AHENEBERUCHERBE L LV RBECE S, TK
I ) EBRTORMEIEESHh, EHvv T2HTR
PHTHEBITY » TEBERLTESET D LMK,
THAREOEBITTE (1974), BEBA(1978) D%
BRI—HKL, SEFCEEMEIANEMNCTELS
CENEREBIC L VBT 5T RERE S FITIT
EEMBEOFLENTD h 7s Hr o fotcddic Heterode-
rma zostericola Foslie & LTk TEiH, K
5& Chamberlain (1983) (X2 DB%&ICH LT Preo-
phyllum Kiitzing #BAWHZ LEBIEL TS, T
DB Z DBOEHE L TOHREDBRICKVLTH
RTFASE L v £ U b Oy 8 ETHREh S
ZERUVELMBEANERCELDZ LD 2 A dlT
Fosliella BERFIL T 5, FEBRERNDENS
T EROUEXETHZ LALLM T,
bk - KiE)

(36) O=HEE - EBEARS : BXAELEY I
&FF - h=/ TEHOFEEFHICOVT

EES (1982) X, BAERH Vv = €10@35ED
WEBHS AR TEL, HHEERTHELERE LTK
Ba#Ext, LirlL, Y0EMOEEN ML FEER
COWTOHFEIP I, HEDIE, BEGHCEA
TAEERRO BN EHLOERERLE L D, T
ZC19804ED b 3 fER, BREES & AMKPERET

Wi« 5 DOFEMA I, v = e RI5H,
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A=/ 7ER1B3BCOWTEDREN LK -
By - BELEOEBEREXRANI, TOBR, v
Xvang-4YF) BIIEFRTOEOH A L
EEL, =VvarBlity e BIHMESRCET
SEOBNEEHEOE Eo b, =4+ XFBIERR
TOREOFNEEFEDOE LRGN DLDE, wv g
7 SEOE EICDZEFTTELDEND B, B~

FY A= TRBIIEEFOWRDOT/E ERAEFL,
€ V¥ BIMEEIRCET 5 KO\ BIRH TR
> TRBA, #=7 7BIBERTOEOFH I
DT BT Edoh o1,

ORI, BEY v ITENTRDTE L TSR]
AT, Z0ENIHECRTEERERY N
TEEL, FROEES TOBEICOLTOAMR L
N5, (dex - KEE)

37) O#HA=¥ - EREX : EFL ¥ EH 28O
BEECRETREOYE

FESRE XA EETNERCAET T HALE
v vy 2 vicETBEER Calothrit parasitica
DEEATOERBMBEOMEARYL, MEEL TS/ v —
ARIER TR LIER, MY 2 —an@iikdz
EERBELMIC LT, AMETIRAUBMCEETTHHE
#0 Rivularianitida HAVTEY =2 — A8l 5
e 2 REME, EROHESMAK O &P
XA o & ORRICOW TN, C. parasitica
DEEMREERINERBTATL 2% TH - b,
IS B L THE ASP B LB RE B TS
ET5L64.5%, THICERFEEL LTNO;™ ZERm
5&£39.1%, NH, x5 &£30. 7% 8y Lico —
7% R. nitipa TiEWThdb 70~80% THEHMIC LK
{LIZFLA Eishr o foo BEOTURIIHZE ASP 53UT
Fhic s/ va —ARGEMUTER LR, C para-
sitica CIXME X hih R nitida TSP E
BB TERI -1 ¥, EROEBEEBZNT
rra—2ADEEE C. parasitica TiLESAK DY
MERLl, ZERL 8 HEOBB T/ ra— A% EE
TR D THICE N 1568 L7cotce LAL R
nitida TIRESEHTRAEHR Lich »7, B ki
r oD C. parasitica (3D R. nitida &
BNRT, Sra—ADOFHECHERCRET 2 L% D
ni dex - KEE)

(38) ORBH* - BEARE - BAT : AN
HEOBERERICETEM FAIITADNTELER
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A F=2a= 2 Cyanidium caldarium (3BffifD
HEBETHEREYRL, EHEX2~4pm © RK-1H
L 3~8um O M-8#28»hb, BEIFBEE
EZLRTW5, TG D137 FioRRZFH oL
TARLBE, FD5H6 rAIOBHERRCA F2=
= 2 RK-1#p, 2 7Finbiidbic M-8 BpEE
LT\ 5 DHhED LI I(1983%, B FBEFEEALR),
I T, SH, AMOXSR, BEAR, RERTOIS5
FIORRBRL VIBRELREL, ERENTALT
2 a3 7 ADHHEROERLYRA I, TORESE, HFR
R E LR, AEiEhE, RAEERE MR/
AER, FEDERE ZWRREI LA F =22
T2 L Bbh3EFEOREMEREIEOh, Zhb
DEFBNII5°~55C, pH1. 2~3. 6DFEHMN DM
BEF, HHIESILMETH D, Pk, F7rr

Y HRAPICIIED bR o 1o, BHERTRER

BAXTHBIC TREREHE CHRET A &, Mk
DIFMICEGFE R 7 VA4 ¥ (DNA % &)
DELENADONI, X7 VA4 FORBIZ( F==

TAD2ODHTRILDZ EXFHELTHDT

AHEIEE S IARBHC oW THERE LI Rx
&3 % CKBRERK - B - &, R4

(39) OmNEH - TRXME : BEBEEE FHA
¥FE%ER (Dinococcales) 1 WOHEE(CLB4EF
BESEOHE

BEEFD B OREZONEITHE - LM, Bk -
Ao, FEMEOFEREITEKINTW5, SEED
AR ER B T, AEBROAT v EE
LGAZTZ ¢ LAEWEREEERRE (Dinococcales)
DIFEELONS, HRHIBRERE, EP OB
WROBF L ) ol - BEEINT,

MR IR ~ES BT, HHcRFE, HEcEE
CftET D, ML shell & rESEEEHILRDE
B Bbh b, skell ORERITLEDOE B HA
ELL BFIT 5%, EREILETHARLET 5, ¥
XREERISEOKT it EBT 5, BETEME
BERIX Y, AEOMBINBUINMD skell & RO
BERO2EL VAT EAHBE LA, shell ITEHER
BWEC X VR IR, BOWMMIPZETH D, BD
BR X DR AHNBIIERNTILMOBPEERDO LI &
A—Th %,

BEEIY shell hTHRIRRE N 2 AR L T2 ADHEETF
HRT A LT X D, B IR IcEE TSR
gymnodinioid swarmer T, ¥+ ~KFHE5E tx ©

%, EEHHFL, shell 2K LABHECES,
AEIIHRILIE & B R ORR» LB RBEERE
D—RATH5LHMINDA, BEZT THIRD shell
FHEOHDIFASNTHIEWDTHBHESE L TR
DIFZYTHD LERT 5,

GAEK « £9RI%ER)

(40) O# B*- 2% % BLEYOLEET
ZHACHTZIIEFEFEOTL AN —RR

HHOBELEM cozction DV EDELT, HHHE
YOEETIHEY, MO OREEXEET S
allelopathie Bl b T\ 5, ZDOBKE, 7
7Y 7T AEEDOB AT RCHAEER L LT
abh, ¥ CESHEYHEIOBATIE, T0Xd il
B HEOMECEBCKERRKEERT A el
NabhTub (Muller, 1966 ; Rice, 1968), ¥ 7=,
ChLBERYDOT ve v —BEETEWEL LT
i, =2/eyv, PSVRAEKE TofiTARvER
ERBBZENAMBA TN B,

SHEHEERL, ThbRSmYchRT sRFEMNK
TRy —WETHE2smY, 7V AREKE,
srul Y, ¥rie— Lk, HEEREECER
BIOHEFRORRILE LIFTHRCOVLTRII L
LA, WThIFEELRERENROD B L2
i, Fio, IHIHAKRSE LTS MHTEY
A=V, 482 v EOKED, HERRDORK
RN THIBEEZECREEEDRSRD L Z L2 ADID
T, TOARBENRERCOVLWTLERT 5,

CEBA - # - &, YER - =)

(41) OWFHETF - LHFEA : BB 2HMER
BRHEMBONE

WA - TR, KR OBMERBREBEYHD 7 »
- 7T I, BEREREIFHTHAZ L%
BICR LI, UL, ZoFEE, B dLLi,
BHAEL L OWE2SBDELTEC L, i
FHTIENERETTHNCEFTTESZ LAIRT
BB, BATRET 2HMMBEOFIIL, BERERIL
TETCLERECREHCAEE TELWENEL, A
B BT ABMEYHOREC Z OXXRERKIITH
ETHh5,

MNP i3, R LMBEDOHBIC LS AVWLRD
FED—2>THHH, SEIL, I DHETE EFEK
SR lL, EREBE»OBIHEL B L,
Ll BhWITiE, ERETH LIS EFTED Anabaena



cylindrica, Anacystis nidulans %A\, HHH 10
DHHEELTCBERBEYDOP, 7 A—SLAERRAL,
B, ERERE, MNP OFFHELCHEHEET-
b, MNP KIZfEWFER ETIIEENE L T
kR AVEARB OB R - T

(X -8

(42) OEFPR=*-REF & : hEERKIESR
TYXEXED 1 EFECaloglossa leprieurii(Mont.)
J. Ag. var. angusta Jao QRFHBEICOWT

4[E (1983) FEBERKELYDF % BT © Chin-
Chih Jao #i2 X b #t X h - Caloglossa leprieurii
var. angusta (ESHERAEEFD) OFIEE AL FHEMICH
2L, KOL>5Z L2BHEREL, HFoamRL2E
O'Cﬁél’:l:?z)o

Bk, BX 2o, EREXKILEEYEL, BR,
75> a VIRTH D, EREIL, RRTKTH A,
Hx—HrRERTARRRIBIC ), S Th
L Thah, HB0Ee {Thin, ZRERK
i3, AERCRERBEL, mehibRENCRET S,
Lichio T, BREZEE TR €, MRIZELT, —
B ERETHD TN L, FERBITEMZH2 - T
ERicieh, BX3~6.5m, 1§0.5~0.8m, HKEM
oI —BT, HAELL, 1084 3~
4%, 3rd order (X7 DN ST D, RBIXEL
LTERBEOFTBEU»LREL THET é24¢5§%
BRabhithotc, Eih: hEMUIE, RS ZEEE
To R, PR - &)

(43) OEH &* - FPR=Y: hEERKTEH
DEYIB2BOEHMBEICOVT

LEEER, PEBEEBIKE S WP R DBSIER
BIoREYS5 T rvEY 2 B D 2% Batracho-
spermum intortum Jao ¥ X U' B. sinense Jao D
EEEAYHERCHEL, £ERFCOWTETOA
ReBRIELIoTHET S,

1. Batrachospermum intortum Jao (HERZ, ¥
BB, Eib: WI|EEREEF, 200K,
MIOBRICE L, 19401 A 9 BiRE, BERBL OIS
By a4 vRicEE, e RET s L UEE
BoAMEL OMfaX h BT 5, SROBTIEH
R DEMS X URBMOERE Y O SRICHR S
hp, ZEHTR I 5 ERAERBOTH Ok
PHRHML, BERELLIIRHE UKW E Jao (194D
BBRRT 54, SEOBEKTIERBIOSREL

105

TWBDR DI, ERIEBATRTD S,

2. Batrachospermum sinense Jao (hE4%, $1&
KD, E : W) BRSO O LRI,
BEE, 19404 2 A25 HIREE, BRBEOFHEIL
4~8 = DIBFMIlRY b ich, WREREDER,LLR
B2, HEVRBEERL IV THSH, ZHELE
RSP IGEER B RET 20T, BETIHAK
Lo TRABHICRZ %o CORDPFEOEEILEHR
TH5E Jao(14DITABR T B,

GEREX - £, P*HFEL¥ERR)

(44) Ol {8* - Skl - WEKE™ - AAE
—BB** - ARFHFHNEE . HMERORBRFEO
#it 1, SEHAEROFRLBBROEFICOV
T

AR RIEANCREET 5 ECEELRIIEYHD
TERER, M, BEOEEYELIRDI LI
BETHZ L THD, HF, BERELREERF
(—196C) TRAETHHEERFEOMEITHh T
P, ZOFETIE, EYoboExOUELXELS
BHZ L LCRBERETE 52 &%, HAEERE
AR, HHOETEIMETEDZ LEELD
FEER LD, KE, £ - TUHERICH L TER
B AT TELVWERLFET R EOMED R
EhTunhb,

AEHEHTIE, BABEEORBRFEORFT L LTHE
BRSO L AR OEFIROWTHELA
AR EET 5, BEKFL LT, SHEEOH
NI v /T A - 7 ) —F =T, ZBRE
g (1C/min OEET—40C T THH, *OHK
BhERCAND) & aEREE (EEREERCA
n5) EORERT, FRHBREREL LT AF
WA AKRFY F (DMSO) OFEMME KR L, 20D
R, MHIBEOETFITOWT, SUEHEX b TR
BHEDHHRIFTH B Z L RV DMSO DA & 23 HE
WEXht, = h ¥ T, ¥ Chlorococcales 9 H,
Zygnematales 17%H, Volvocales 2%, EE# Chroo-
coccales 1% 4#:, Nostocales 27 2 #kDTHE - Bl
RBEDOEFHIRERI NI,

CETAER, *FHANUSH), *HRAXREEL)

(45) OfBgRE* - T - B E¥-1/3#5%
BEF  SEROFERFATEO®KRE 1. Scene-
desmus obliquus DHFERYLBBHBORFEICD
WT
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BRI R D L O E 2 EL S TR
THIHOHEE LT, AF, KEEFRP (-19%67T)
TRFT 2 HRERFROTEI TR T %,

B B o E CHREEEORERFERIEL LT

FEBHRRE OB - MBROEFRBRET > TE

FHEFETRAEELI RS WEED 5 bScenedesmus
obliquus oW T ORBEERFEELY R L,
BRI, 2 B L80HMORBHT oW Tl &L
LRIRIBOVTE L DEHR THE LN IERYBET S,
WHESE & LT 3BEOHEFR#H (DMSO, 7Y +
Yyv, PVP (BVE=Ewr Y Fv)) LEEDO &G H
B (CEETRRE & SRR AV,

TRAE G L BB OWIE < & — v £ DBERIZOWT
KB DORIEEE & EH P OMIBERIIAFHL DK
7R, FEHOR JIMRHFIME & s
TEBRRLLNTI, Titkhh DMSO A&bEL, K
WT7 Y ey, PVP DIFLD, *F I _BREGES
BOHNEEREEL ) DEWERIS - 1o

FRANUSE, **EMAER, *HEFAERERL

(46) OBFAET : BRAICKTIMHES1Y/ 7, B
AB3BEHOMER

&4 7 vITEYERKEAEC IS FIRSHhT
W, LinL, KREZFHET2HEWHWAIHES
LEINTR Y, RERCHEBRCORIAYET A
b,

40, EEX, BEREROBENELD JHEL,
I KELIERDOERBELREL, ThbOBIH
ELicrA4 Vo AWT, Bz 5@EH& KB taxa
DEAR, Bz BEEDE T L AR CCKE
HEHEROLEE), BOENZ L 5EHEROETISIC
DWTRH BT le o oo TOBRETOMRYEBLD
THET 5, (EERAEY)

@7 O*MA(FE* - hHFREX: HKER - KBS
& AEEFEREROERS ST L 27

EEROKE)I|PHIR (AHER S tha, SFH 1
) KBWT, 19241 AnbI0A¥T4E, 5
BEORELT - oo REINTCRHIBAELY T -
oth, FEEEEOMERERAEL, BB Lo
T, BEEE T OMOED 2 BRI X B L CEEE L7,
FREERIL, SERBHO—FETHHERDI IR
FRWTHENTL, =L EEmhEREOBELUME S
DWW TR 21T - o .

FORER, AMIROMNEEREOMIL, L -

BHLIE - #HBO2 S r—FpTF b, & - BT
wiEMST A8 Synedra rumpens var. meneghi-
niana ThHYH, B - #%E\L, Gomphonema helveti-
cum, Achnanthes subhudsonis % Th -1, IHIT
K EFIL, FhFEh Melosira varians » Asterio-
nella formosa % Y » TXH I i,

Rz, BEFOWTERPAWHT - 1ER, X
W, & 2OBRMKOBELZT THBHR, TOMD
REHTbh, &4 EEOTsERME IR,
I, AWK L ISR - AR TH - 1o,
F IR (£ &) OFELZT TSI, Aste-
rionella formosa, Cyclotella stelligera %0 k7K
BREICL > TEBSTHh T,

IR R, YEEX - B - D

(48) OHEHT - vHRT - “EALK : §EE Di-
ctyochloropsis @ 1 HFEIZDWT

Dictyochloropsis (Chlorococcales, Chlorophyta)
1, Geitler (1966) X v Bz XhiBTHH, $H
¥ Iz D. splendida (Geitler, 1966) & D.symbi-
ontica (Tschermak-Woess, 1980) D 2 @& h
TWb,

FBOWIKEMIaOFLC LERHD, thilb
Bk 5 I L T RIS ER LIcER G 2\ flila D &
TIMFET D, EFFIIE LV /4 FERS,

SEMET AW, JHEEEREERITOR EX b
NEEIRALDOTHY, BADO2EEIIUTORTE
BEh, FETHHEELDBND,

D. splendida, D. symbiontica @ 2%, \Th
LR RIS AL, ROBAET, BB LicHif
DA E X TFTEN 30~40pm, HEH 20um BETH
AH, AFEIIMaOEL, KA, B3, BREEY
LB E S, KE XL, 25% 15um BETH - 1o

L Z AT Geitler (1966) X D. splendida %54
WL LTHE L TWBA Tschermak-Woess (1978)
1Lz OfEH MK Chaenotheca brunneola DILH:F
Lt TWABZ ERBELTWS, ¥ D. symbio-
ntica 3. Tschermak-Woess (1980) iZ X » THiZE
Chaenothecopsis consociata DILAEFEE LTHEX
hTunab,

PIED X5 el b4 mEET 2HE b RED
HAETE LTEF L TOAATRERIIRE W D LE X
bhd, (ON-FLE: X8 (7))

(49) Omfl ®* Bl 2 EE ™ 8%



Pediastrum simplex DIAFEEFBREFRICRET
Cu OEE

KRZHA, EBEL T 5 Cu?, Cd* ZokFERS
BHBEIKREBRC DT D HELRITT), O
ERN B EFM RO I BAEDRERENET
DEBENEELIL- T b, ThEDBERYHEOHE
BE—T, KROEERE-REEDZILWFETHS
BEOMME, HEMRRVEERCSOHLNLTHA
5o FRETE, AFEOKRADOHFHROEFTITHHFY
DEL e ntc b DHEN DD, Pediastrum si-
mpler WM RLE L, MBEET CL OB L MR
HRICRIET Cu® OEBYHELLERCOWTEH
ET5, BBCH Y, Cu Fmmigi & L T CuSO,-
5H,O wEFEPIC BEfEMLicbDE, EDTA
IhFv—rEnichon2@BEYAV,

DHFE~NDOYE : Cu®* BEHRMEEHTIE, Cu®
B 10uM LLETH BN BEENBZ 520H LT, *
v— M Cu? O¥RIESHTIL 100xM F TORICH
ENRR T BIh -1,

DM ADHE : FEOEMETT, ERFHE
YRR T % & Mifa Tl TR~k RIS E R
AR LW ARTHFbR S, Cu® DEEFEHRMT
13, BRENDERHBEHEISL Zbh, ELE
it B on i« OMEOBMIBIL L BROBIH S
bhic, Bk THRERRROER & kT OE
LI BEINI, i, Fuv— M Cu?t OFEmM
T, TOX5 nBBIBEIhh -1,

(FHRIBK - B - 44, PEIAER)

(50) OWHHigE™ - THXR*™: FFINYVFED

MRS EARVESOERICOVWT

BREDTAI oy F, b4 3hvx% Spinoclosteri-
um cuspidatum ¥, =H FEORBELRE O EMRIC
BERRMEETHI LRI > TIaYyFEREIRG
Th, BYOBE L THEERT5 1B 1 EOMK
BHHETHD, LHrL, ThETCRERBCIAHEDL
7, BHAETLL A AREMD S HHETEOMHT
baAabhTinic, AEEXILETRASTROML D
BT ABECEEh, A2 Y , 7OEH s/ a—v
I,

MRan ORI, EANCZi YR EAL
THhole L, BEAHKENL - T, KIROYE%
ESRATEHCBEOREWL ViLd F—7F o YIROEEHN
BEEoMaohREOMMBEDAMUCTHER IR, &
DHBEWHIMRA UG SFET 5L MEEDE b %
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E&, LHRIPEREHRING TR T, M
AN 3% O 2 BOBRMIRA $ » Y F T TIIRRESD
ERLT, by 3aYy$eTIIBCEL0 FERok
BYOFEDID EBbh 5,
BEEORERIL, TAIy FCRAHE VHORVEY
BEATHD, 743 Fr, wv i FeZEoRrRESE
BT AbRTWD XA T LT, LrL,
HOBBTO 5 ORROERSE XTI BEA TSR
RHEY X 05 BEROEOHEER, FBTEHERL
ATholo G - IO, Y*EZAE

(61) OX#ER - FHFRE : ¥ EH Netrium di-
gitus DEEFRFICHT I

WA X DERE XN Netrium digitus var. digi-
tus DERTORFROBE IOV THELT-
D THERET 5o PEHIIAERILIMD LT DR
H1983FIIAILRE I N, BFEFHML20C, 2,000
lux, 1205FEIBAREAHAE L, HrHhixmist (1974) © CA
A, BRI, TAra—- BB (3
1) B®&CE®EL, Wittmann (1965) DHETHRE
FITNBEL,

DREBRE  RFEFGTCEKAMKET 5 LEETF
DAMIIREL, 4EOEREIBREIND LD
21 LD, HEETFOBRAT vesicle HKH Eh T,
vesicle (¥ Biebel (1964) D#ié& & Afkic, BATX
DREL, IBMCEEOHFESL, TARRELHEL, 2
fAD gone FEWIHTEAIAE L Thic, TOHK,
Vesicle (I 1A T 5 203 BOGELHEL, 2@
D gone TEEIZKE L vesicle BB,

2) BEHH: RFEAMOFEEFOML, Kasai &
Ichimura (1983) @ Closterium ehrenbergii D%
BLARCHMAELLVWEEITHEL TR Y, RFEHE
®D vesicle {23\ T, metaphase I 75 telophase II
DERENBEINT, gone DFAMICHIREIBR I
NI, 3TIRE& 4D gone IZ 2 T ODES
AR, TO LD 1IENIEHEL TS DRBEX
hic (JhK - B - )

(52) ORJNIsEHE* - EEFMBIL* - WERR—L : HH
REBHFRCHTIEBOSHLRAFRCONT

THEIRHOKEY S T, BEROMERXELE
BN BIRA S eh T AR TH B, Ieh THER
HIRMERE, 7rA, 7Y ho2, RV AUSH R
EREDORDIERNRBEL TS, XTI TIZD
WROBENHTRELREL, SHCBBOLWELE
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HOBREROHE Tt » e, REITIBIF 2 A X

U7 BIRATIeL, 50 5Hw 7 4 v B BEBREL,

ERKIZ X 5 BRBR LML TR foo BEROEE
BOEFFL, 7e AXFTHIVIOM, 7Y 72
32~7m, xvE7HMEEHFTENS 5 mEEK, b
FPEIIFAVEIEBHOTENLS 7TmET, REIZ
KEBmMETEE LTk, ZhbOEDOH ML,
EREDORRBTENZLRT, &4 DEBADEHEDNE
HFEIL, 2A0WEI VL 7T AOBREORKOHIIE
fEBxRLI

ThRTF V7Y, 7V Y2 AR DBEEROEL
NE#H AR o LIRIERT 5 L Bbhi,
= DEFROBEHEFHEIE X £ 2,200ha TH h @FEOH
FEIY, 7w 27,484 vV, RV &7 58HIL269 b v,
FVIrYES 84 Y, FOMOEEE23,653 v, £
546,300+ v (BRER) tHEIh

(78 B AR, MEAR - K@

(63) O#fikFM - -BE R -BFE=:/077F
HAOHTFRBREICS T BHEERREOZNN
L

FEELRECERR» EWRFTCE N T=V 7V E
e AOFREARK bic ki) 2 —REERE L “RBE
BEL W) NERAYPRCL, EcRBOC & T
ERFEEBRFBITS 7 » 7 7 CHERORE BB
B WThBERIR WS T L@ELE (H
ARFEESE 7T RSO ERE),

SEZRERHEOMRERICE T 55 M caR
B, BERBERBCKS Ts7r7 7 H
BEAWTiieo EROEREZRET 5,

iR iy, Navicula britannica, Nitzschia clo-
sterium, N. pseudohybrida, Bacillaria pazillifer
A—REEREYER LI, 77 EHRDOKRTL »
T, ThbofEIEL, HeL, Cocconeis dirupta,
C. scutellum var. scutellum, C. scutellum var.
ornata BMEET 5 IREEREXTER L. LAL,
ZREETHHBIRO B M & BB (Myrionema
spp. X Ulvella sp.) MBI N o TCRDS, &
WEFTOBELBIc-T5b, ¥15 ABCARY Y
TEREORESREXYCTHHE LB, #RA%Y
IHEIRILBED L) C—KREEHNEAW, HEET,
“REEVBELETH LixTeh ot CGRKK - )



Modern science and technology may advance rapidly, but there are still things in life worth

waitting for. A kimono, painstakingly and exquasitely crafted by hand in delicate hues. Or pearls.

Traditional beauty and natural beauty are created by time. In our frenetic age,

Tusaki Shinju treasures beauty nurtured by time. Ageless, contemporary beauty has its origins in time, is a lasting glory.

Tusaki Shinju ensures these principles live on in every pearl. We can wait.

TASAKI SHINJU

SAPPORO, SENDAI, TOKYO, CHIBA, NARITA, YOKOHAMA,

NAGOYA, KYOTO, OSAKA, KOBE, HIROSHIMA, FUKUOKA,

KITA-KYUSHU, NAGASAKI, HONG KONG, SINGAPORE.

HEAD OFFICE/6-3-2, Minatojimanakamachi, Chuo-ku, Kobe,
Japan. TEL.(078)302-3321
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1. Back numbers of the Japanese Journal of Phycology (Vols. 1-28, Bulletin of Japanese Society
of Phycology). Price, 1,500 Yen per issue for member, or 2,500 Yen per issue for non member, price
of Vol. 30, No. 4 (30th Anniversary Issue), with cumulative index (Vol. 1-30), 4.500 Yen for member,
or 6,000 Yen for non member. Lack: Vol. 1, Nos. 1-2; Vol. 4, Nos. 1, 3; Vol. 5, Nos. 1-2; Vol. 6-
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. Vol. 1 (1953)—Vol. 30 (1982). Price 3,000 Yen for member, 3,500
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. ¥ 6,000 (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. Kuroct. 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. ¥ 4,000 (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. ¥ 700 (incl. postage, surface mail).

RS9 3 5108  ENR M TE
WEFIS94E 3 H 20 B FE(T

= iili A HE
108 WL st & #E X O 4—5—7
oot K K M BHEA

bl

©1984 Japanese Society of Phycology

SV 1Y S X ED Rl R A &4t

x LT FATC AUEUSIE S Gk 2 T A 13E R

T F AN % T W H o4 # 8 % 2
S FU08 % B K # # 4—5—7
WK BE K F B HER

Printed by GAKUJUTSU TOSHO Printing Co. w ¥ o4 139176

FRED MR O — AR EP RS GFREETITR) k5,



$32% F£15 MBMOS9FEIAR 20 A

FE % \WHEE: 74 F el GREED OFMINZE - )
FE % WHEE: 78 F e GRIEED OMBAH: o (i
FEEF M. FhHHNNT o = v— o TRHEBKETE V. fivv—o7, ¥35 v

& W Sh—n )| Batrachospermum bakarense sp. nov.:-«-eveeeeveeienee o () 19
FERF 7 v — v TEERKERN V. Batrachospermum cylindrocellulare Kumano

XY B, tortuosum KumMano ORRG O OMIFEE - oo vv e ceeneeeee e (B 24
BHANE : fREE v 7B A TR R, Codium petrocelidis Kuckuck

DA
FHFIE - FRBA - F B v A2y sHEoNEEBERCBE T 2%V 5y
FHRE - FHFR: BROBBICLETIRAOWE | oo 43
e REORZFE £ UAIEROSE L SEEBIER e B2
BlREZ - FR B-BEE R: HWWIEHOEE 2. BEEE - oo 60
FR E-BE ROEQEZ: HWILEEOHE 3 SEMWESE i 65

RS S RUET A MR s donsmion v e o S0 & 0 S50 6 6 o 3 e 5w e BT

B 5 % 8 5 £



