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On the life history and host-specificity of Blastophysa rhizopus
(Codiales, Chaetosiphonaceae), an endophytic green alga
from Muroran in laboratory cultures®

Masafumi Imma and Masakazu TATEWAKI

Institute of Algological Researck, Faculty of Science, Hokkaido University, Muroran,
Hokkaido 051, Japan

Ina, M. and TaTewakr, M. 1987. On the life history and host-specificity of Blastophysa rhizopus
(Codiales, Chaetosiphonaceae), an endophytic green alga from Muroran in laboratory cultures. Jap.
J. Phycol. 35: 241-250.

The developmental morphology and life history of the endophytic green alga Blastophysa rhizopus
ReNKE from Muroran were investigated in unialgal and bialgal cultures. The results in unialgal
culture correspond with the previous descriptions obtained from North American strains. Bialgal
cultures between B. rhizopus and various other species of seaweeds as host plants were carried out for
the first time. Although B. rhizopus has been reported as the endophyte of various plants, it only
shows quick and strong penetration into the original host Grateloupia turuturu with slow and weak pen-
etration into some other red algae. It does not naturally penetrate the other green, brown and red
algae examined, however penetration can be induced by artificial wounding. B. rhizopus does not
have host-specificity, but seems to have favorable limited hosts as substrates growing in the same
season at different habitats. The mode of host tissue penetration is also discussed.

Since the temperature response of laboratory cultures was found to reflect the seasonal varia-
tion in nature, this endophyte from Muroran may be considered to share its life with G. turuturu as

the host.

Key Index Words: bialgal culture; Blastophysa rhizopus; Chlorophyta; endophyte; host-specificity ;

life history.

The endophytic green alga, Blastophysa
rhizopus, was first described by REINKE
(1888) growing in the basal disc of Dumontia
Sfuliformis and the thallus of Hildenbrandia sp..
Since then many workers have reported
various hosts for B. rhizopus: Enteromorpha
compressa (HuBer 1892), Nemalion schrammi
(B¢rGESEN 1911), Sphacelaria tribuloides, Rup-
pia maritima and Ulva lactuca (CoLLiNs and
Hervey 1917), Hildenbrandia sp. and Zostera
sp. (Printz 1926), Anadyomene stellata
(ScuussiNg 1930), Neodilsea yendoana, Gra-
teloupia turuturu and Schizymenia dubyi (Toxi-
pa and Masakr 1948), Dumontia incrassata,

1) This work was supported by Grant-in-Aid No.
60480013 from the Scientific Research Fund of the
Ministry of Education, Science and Culture, Japan.

Eudesme virescens, Punctaria sp. and Acrothrix
novae-angliae (SEARs 1966), Dumontia sp.
(IrvINE et al. 1975), Predaca feldmannii
(SearLes and LeisTer 1980), Dudresnaya
sp. and Liagoropsis schrammi (BALLANTINE
and WynNE 1986).

Of those investigations, only SEARs (1966)
performed culture experiments with B.
rhizopus. He worked on the developmental
morphology, life history and cytology of this
alga in both plants from unialgal culture
and nature.

There are, however, no culture experi-
ments to distinguish this alga as a true
endophyte and not an epiphyte. It ap-
pears to have neither a few restricted or
specific hosts nor indiscriminate substrates,
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although it seems to be endophytic in a
wide range of algal species in the descrip-
tions as mentioned above.

We have carried out the present study
to confirm the development, life history
and host-specificity in B. rhizopus from
Muroran in unialgal and bialgal cultures.
We describe here in detail the morpho-
genesis of this endophyte, especially in
bialgal cultures and also consider the re-
lationship between the effects of culture
conditions and seasonal changes on the oc-
currence of this alga.

Materials and Methods

Isolation and unialgal culture

Blastophysa rhizopus was collected at
Charatsunai, Muroran on Sep. 8 and 22,
1984, Sep. 14, 27, Oct. 14, 22 and Nov. 16,
1985, growing in vegetative and fertile thalli
of Grateloupia turuturu.

Fertile sporangia of B. rhizopus were
isolated by pipetting from cross-sectioned
G. turuturu blades. Vegetative coenocytes
were also crude cultured within the pieces
of original host tissue, generating fertile
sporangia in high temperature conditions
(18-22°C) within 1-2 weeks. These fertile
sporangia released bi- or quadriflagellate
swarmers. Swarmers were pipetted onto
glass slides with a few drops of medium
and maintained as unialgal cultures in
vessels (6.5 cm X 8.0 cm) containing 180-
200 m/ medium.

The culture medium employed was PES
(ProvasoLr 1966) and was renewed every
month. Culture experiments were con-
ducted in 10 incubators equipped with
Cool-White 40 W fluorescent lamps (ca.
12-18 W. m™) under the following tem-
perature and photoperiod regimes: 5°C,
14:10 (no. 1) or 10:14 (no. 2); 10°C, 14:
10 (no. 3) or 10:14 (no. 4); 14°C, 14:10
(no. 5) or 10:14 (no. 6); 18°C, 14:10 (no.
7) or 10:14 (no. 8); 22°C, 14:10 (no. 9)
or 10:14 (no. 10).

Cytology

Chromosome counts were made using
unialgal culture plants derived from bi-
and quadriflagellate zoospores. These coe-
nocytes were fixed in ethanol: acetic acid
(3:1 v/v) and stained with an aceto-iron-
haematoxylin-chloral hydrate solution (Wrt-
TMANN 1965).

Bialgal culture

For bialgal cultures with B. rhizopus cul-
tured from swarmers, tetraspores and car-
pospores of the original host species Grate-
loupia turuturu were isolated and cultured by
the capillary pipette method. Other algal
species listed in Table 1 were also used.
Most species were cultured from spores re-
leased from fertile plants collected at Char-
atsunai, Muroran by the capillary pipette
method. Only one species, Pachymeniopsis
lanceolata, was collected at Shimoda, Shizu-
oka and obtained as a unialgal culture from
tetraspores.

Electron microscopy

Bialgal cultured plants were prepared for
scanning and transmission electron micro-
scopy as follows:

For the SEM, samples were fixed in 19,
glutaraldehyde in seawater for 2 hr at 4°C,
post-fixed in 1% OsO, for 2 hr at 4°C,
and then dehydrated in a graded acetone
series. They were critical point dried,
coated with gold, and viewed with a Hitachi
S-510 SEM.

For the TEM, samples were fixed in 29,
glutaraldehyde and 19, paraformaldehyde
in 0.IM cacodylate buffer (pH 7.2) with
29% NaCl for 2 hr at 4°C; and post-fixed
in 29, OsO, for 3 hr at 4°C in the same
buffer with 29, NaCl; then they were bloc-
stained with 29, uranyl acetate, dehydrated
in acetone and embedded in SPURR’s epoxy
resins (SPURR 1969). Sections were cut
with a diamond knife on a Porter-Blum
MT-1 ultramicrotome and double stained
with uranyl acetate and REeimNorp’s lead
citrate solution (RemNorp 1963). They
were observed with a Hitachi H-300 elec-
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tron microscope.

Results

Field observation

Blastophysa rhizopus grows as an endophyte
only in the thallus of Grateloupia turuturu in
the lower intertidal zone at Charatsunai,
Muroran, from August to December, the
period of occurrence of the host alga (Figs.
1,2). It disappears in December with the
decaying of G. turuturu and is not found from
January to July even in or on other algae.

At the beginning of its occurrence, B.
rhizopus is restricted to the basal portion
of the G. turuturu thallus. Most other parts
of the host thallus are not affected by the
endophytic infection (Fig. 2). During mat-
uration period of G. turuturu, B. rhizopus
extends into various parts of the matured
host tissue as a green patch about 1-2 cm
in diameter, while the host cells around
these green patches bleach and die.

Plant morphology

Endophytic plants grow abundantly in
the cortical tissue of Grateloupia turuturu (Fig.
3). Cells vary in shape, from spherical to
tubular and 20-60 ym in diam. or 60-150
um in length. Each cell is connected by
colorless slender filaments ranging from 5-
10ym in diam.. Cells are multi-nucleate
coenocytes and have numerous pyrenoids.
Plants growing in host tissue project color-
less hairs (3-5 um in diam.) into the outer
surface of the host.

Reproduction and development

Fertile cells are more round than vegeta-
tive ones and become sporangia (Fig. 4)
which produce about 30-60 swarmers.
Swarmers are released one by one through
the opening of a colorless tube projected
into the outer surface of the host (Fig. 5).
They are bi- (Fig. 6) or quadri-flagellate
(Fig. 7) asexual zoospores and do not show
any sexual behavior. These two kinds of
zoospores are not released from the same
sporangium, but are produced from different

sporangia of one individual plant.

Both kinds of zoospores are pyriform or
subspherical shaped measuring 16-18 ym X
8-10 yum and there is no marked difference
in size between them. They have a chloro-
plast with an orange-colored eye-spot in'the
posterior of the cell. They show positive
phototaxis and after swimming 1-5 minutes
settle to the substratum and become spheri-
cal (Fig. 8). Settled zoospores produce a
germination tube (Fig. 9) into which all
the cytoplasm migrate, leaving the original
cell empty (Fig. 10). The migrated cyto-
plasm with a single nucleus enlarges irreg-
ularly at the end of the germination tube.
Nuclear divisions occur successively and the
germling becomes a multi-nucleate coeno-
cyte (Fig. 11). After that, the coenocyte
elongates its growth tubes in one or more
directions and its cytoplasm migrates into
the elongated growth tube little by little
(Fig. 12) and enlarges at the distal end form-
ing a daughter coenocyte. Finally it forms
a net-work of coenocytes connected by many
elongated tubes (Fig. 13). This vegetative
tubular extension occurs in all directions,
especially toward a source of light.

Culture plants grew well at high tem-
peratures (18-22°C) and long day (14:10
LD), but their growth was suppressed slight-
ly at low temperatures (10-14°C) and short
day (10:14 LD), and inhibited completely
at 5°C.

Culture plants grew well vegetatively but
did not become fertile in unialgal culture
for more than one year. However, some
of them reproduced vegetatively by cyto-
plasmic segmentation (Fig. 14). Many
spherical protoplasts were produced and
developed into daughter coenocytes within
the mother coenocyte. Such daughter
coenocytes enlarged in size and were all
released at one time by the rupture of the
mother wall. They settled on the substra-
tum and developed in the same pattern as
described for zoospore-development.

Cytology
The chromosome number was about 30
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regardless of the flagellum number of zo-
ospore (Fig. 15). Nuclear division occurred
synchronously in each coenocyte.

Bialgal cultures
a) Blastophysa rhizopus with Grateloupia
turuturu

A colony of coenocytes brought into con-
tact with a basal disc or blade of G. turuturu
adhered to the surface of such a host ma-
terial tightly after a few days (Fig. 16).
These coenocytes then began to penetrate
into the host material and their endophytic
growth occurred in one week-old culture
(Fig. 17). When coenocytes were placed
apart from a host material in the same cul-
ture vessel they produced long tubular fila-
ments which enlarged toward the host and
adhered to the host by their tip (Fig. 18).
The host cells adjacent to the penetrating
coenocyte gradually discolored and bleach-
ed completely within 3 months culture (Fig.
19).

An electron microscopic observation
showed that the host cells were penetrated
via pressure of the endophytic growth of
coenocytes. Neighboring host cells were
completely dead, but no evidence of any
enzymatic digestion of these host cells was
seen ultrastructurally (Figs. 20, 21).

b) B. rhizopus with other species

Results of bialgal cultures with other
species, including the host algae reported
by previous authors, are shown in Table 1.
B. rhizopus from Muroran did not show any
endophytic behavior with a short-term bi-
algal culture for up to 2 weeks. Coeno-
cytes grown epiphytically on their surface
were easily removed similar to those grown
on a glass slide. In long-term bialgal cul-
tures (1-3 months) however, they could

adhere to and weakly penetrate Grateloupia
Silicina (Fig. 22), Rhodymenia pertusa, Pachy-
meniopsis lanceolata (Fig. 23) and Neodilsea
yendoana. Coenocytes grew only epiphyti-
cally on the surface of other algae examined
even in the long-term cultures and were
easily removed.

However, when they were cultured with
host tissues wounded or abraded artificial-
ly, they were able to penetrate through such
a wounded site and extend endophytically
into the host tissue. Fig. 24 shows that coe-
nocytes penetrated into the wounded site
of a blade of Dictyopteris divaricata although
B. rhizopus could not penetrate a healthy
blade of this brown alga.

Table 1. Results of bialgal culture of B.
rhizopus with various algal species as hosts (—:
only epiphytic, 4: weak penetration, + +:
strong penetration).

short-term cul. long-term cul.
(1-2 weeks)  (1-3 months)

Chlorophyta
Ulva pertusa — —
Phaeophyta
Dictyopteris divaricata — —
Laminaria japonica - -

Fucus evanescens —

Pelvetia wrightii —
Rhodophyta

Grateloupia turuturu +

G. filicina —

Neodilsea yendoana -

+ 4+ o+

Pachymeniopsis lanceolata —

Chondrus yendoi —

|

Gigartina japonica —

+

Rhodymenia pertusa —
Palmaria palmata — -
Ptilota pectinata — —

Fig. 1, Blastophysa rhizopus as green patches (arrowheads) on Grateloupia turuturu (mature carposporo-
phytes). Fig. 2, Surface view of the vegetative host thallus infected by many coenocytes. Fig. 3, Cross
section of the host thallus and a vegetative coenocyte of B. rhizopus. Fig. 4, Fertile sporangium. Fig. 5,
Release of zoospore (arrowhead). Figs. 6-14, Reproduction and development of B. rhizopus in unialgal
culture: Fig. 6, Biflagellate zoospore. Fig. 7, Quadriflagellate zoospore. Fig. 8, Settled zoospore. Fig. 9,
Settled zoospore producing germination tube. Fig. 10, One-day-old germling. Fig. 11, Terminated
coenocyte elongating growth tubes in many directions. Fig. 12, Cytoplasmic migration through growth
tubes. Fig. 13, Coenocytes net working connected by tubes. Fig. 14, Coenocytes produced by cytoplasmic
segmentation. Fig. 15, Chromosomes of B. rhizopus counted about 30.
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Figs. 16-21. Bialgal culture of B. rhizopus with the natural host, Grateloupia turuturu: Fig. 16,
A coenocyte adhered to a basal disc (in 1 week bialgal culture). Iig. 17, Penetration into a thallus surface
(in 1 week). Fig. 18, Adhesion to a young germling. Fig. 19, A basal disc infected by many coenocytes
(after 3 months). Fig. 20, SEM photograph of penetration of a coenocyte into a thallus surface (after 1
week). Fig. 21, TEM photograph of a section of boundary region between a coenocyte and host cells.
Neighboring host cells are pressed and bleached, but no digestion seems to have occurred (arrowheads).
Figs. 22-24, Bialgal culture with other species: Fig. 22, Adhesion to a basal disc of Grateloupia filicina (in
3-week-old bialgal culture). Fig. 23, Weak penetration of a thallus of Pachymeniopsis lanceolata (after 3
weeks). TFig. 24, Penetration of artificially wounded sites of a thallus of Dictyopteris divaricata (arrowhead).
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Reproductive maturation

In unialgal culture Blastophysa rhizopus
only grew vegetatively. However, in bi-
algal culture with Grateloupia turuturu, B.
rhizopus reached reproductive maturity
within 5-6 months. Each coenocyte became
round and produced bi- or quadriflagellate
zoospores again. These zoospores were re-
leased through an opening in the distal end
of a tube projected into the outer surface of
the host tissue in the same manner as de-
scribed for field plants. Further develop-
ment of zoospores occurred as described pre-
viously. However, these second generation
coenocytes reproduced zoospores in 2-3
month-old culture even in unialgal cultures.

Discussion

The present results of reproduction, de-
velopment and cytology in unialgal culture
of Blastophysa rhizopus from Muroran, Hok-
kaido (Figs. 6-15) agree with those of SEARs
(1966), working on the materials from North
America (including UTEX no. 1029 Bro-
OKSs strain). A coenocyte makes vegetative
tube growth and forms a net-work of nu-
merous coenocytes connected to each other
with a filamentous colorless tube. Repro-
duction is either vegetative by cytoplasmic
segmentation, or asexual by bi- and quadri-
flagellate zoospores. Crossing experiments
between biflagellate swarmers derived from
different individuals were attempted sev-
eral times, but sexual behavior was not ob-
served, the chromosome number was always
about 30 and meiotic figures were not seen
in any phase of development. According
to Sears (1966), it is possible that this
species is dioecious and the proper mating
strains have not been crossed, although
sexual fusion between biflagellate zoo-
spores was not observed. Moreover, in
plants collected from Nagasaki, Kyushu
(Micita, personal comm.), both macro-
and micro-swarmers are often found.
Therefore further crossing experiments be-
tween different geographically isolated
strains will be needed to prove the absence

of sexual reproduction in this species.

As noted in the introduction, other au-
thors have reported various species as host
plants for Blastophysa rhizopus. Therefore,
this endophyte is considered to be apparent-
ly indiscriminate regarding substrate species.
Sears (1966) already pointed out that B.
rhizopus can grow unialgally in various
growth media without specific host tissues,
and the relationship between this alga and
its host tissue is apparently that of a sub-
strate requirement for a coenocyte which
lacks a holdfast mechanism. In the pre-
sent study, however, it was found only in
Grateloupia turuturu tissue and was not found
to grow in other species or host free in the
natural habitat of Muroran.

In bialgal cultures between B. rhizopus
and other species, the results suggest that
the plant from Muroran has few hosts or
nearly complete host specificity (Table 1).
This endophyte showed quick and strong
penetration of the original host plant,
Grateloupia turuturu, but slow and weak
penetration of four red algae; G. filicina,
Neodilsea yendoana, Rhodymenia pertusa and
Pachymeniopsis lanceolata. In other species
examined as partners in bialgal cultures,
B. rhizopus coenocytes showed only epi-
phytic growth even in long-term culture (6
months). However, in bialgal cultures with
those partners wounded or abraded artifi-
cially, the coenocyte can easily infect its
partners at a wound site and grow endo-
phytically in their tissue (Fig. 24). From
this, it is understandable that various plants,
including species of spermatophytes, have
been reported as the host plants by previ-
ous authors. It is clear that B. rhizopus
seems to commonly have limited host plants
in each habitat but penetrates indiscrimi-
nately in wounded plant. It can grow well
vegetatively on the glass slide in unialgal
culture and completely repeat a monophasic
life cycle without any host plant, although
zoosporogenesis in unialgal culture lags be-
hind the one in bialgal cultures by several
months. It means that this endophyte does
not need a supply of any nutrients from the
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host. Therefore, it does not have a host-
specificity, but does have favorable limited
hosts as substrates. These are coarser algae
of soft tissue and belong mainly to the
Cryptonemiales or Nemalionales (Rhodo-
phyta) and some of the Chordariales
(Phaeophyta). They grow with Blastophysa
in the same season at each habitat as de-
scribed by previous authors.

The mode of penetration into the host
tissue is important because it gives an un-
derstanding of how the endophytic rela-
tionship is established. It is well known
that endophytic and parasitic algae that
require a wound or abraded site on the
host material usually penetrate by either
enzymatic action or through the pressure
effect of the terminal cell of the filamentous
germling (including rhizoidal cell). A par-
asitic red alga, Harveyella mirabilis requires
wound site on the host Odonthalia floccosa for
spore penetration and development (GoOFF
and CoLE 1976), while the spores of Janc-
zewskia spp. do not require any wound or
abraded site on the host plants Laurencia
spp. for their penetration (FELDMANN and
Ferpmann 1958, Nonomura 1979). Ac-
cording to NoNoMURA, working on spore
development of Janczewskia morimotoi, the
rhizoid of this alga elongates, pushing be-
tween or directly through the host cells.
However, penetration may occur partly as
a result of digestive rather than a complete-
ly mechanical mode. RawreENce (1972)
investigated the relationship between an
obligate epiphyte Polysiphonia lanosa and its
specific host Ascophylium nodosum ultrastruc-
turally. The rhizoid of this epiphyte was
found to digest its way into the host tissue.
According to WHITE and Boney (1969),
working on an endophytic filamentous alga
Acrochaetium endophyticum, the mode of entry
of the filament appears to be due to pres-
sure effects on the surface of the host
Heterosiphonia plumosa, but there is no evi-
dence of any enzymatic dissolution of
the host wall. In Blastophysa polymorpha,
PrinTZz (1926) described that the germina-
tion tube enters between the surface cells

of the host tissue and later is restricted to
the cortical layer of the host cells. Thus
the enlarging coenocytes are pushed out of
shape, but generally are not destroyed.

In the present study, ultrastructural ob-
servations showed that the coenocytic fila-
ment can penetrate any part of Grateloupia
turuturu without any wound sites through
pressure effects of the tip of the filament
(Fig. 20). No evidence of enzymatic action
for penetration of the host wall was found.
However, in a long-term culture (Fig. 19),
the host tissue adjacent to endophytic coe-
nocytes became gradually discolored pro-
ducing white patches. In nature, young
host cells adjacent to coenocytes are not
killed, but when both the host and endo-
phyte become mature, the host cells around
endophytic cells bleach and die.

Although there are no reports that host
plants are ever killed by parasitic or endo-
phytic algae, the two red parasites Harveyella
and Choreocolax do cause some degree of
minor host disruption (KuGreNns and WEsT
1973, Gorr 1976, CarLrow et al. 1979).
Still, there is no appearance of substantial
deleterious effect on the hosts. Toxkipa
and Masaxir (1948) reported that B. rhizopus
is a pathogenic green alga which causes
‘““green spot rotting” on Neodilsea yendoana.
According to them, however, the endophyt-
ic growth of B. rhizopus only destroys host
tissue mechanically. These wound sites
become discolored patches resulting from
bacterial activity which does not have de-
leterious effect on the endophyte. If the

. endophytic coenocyte has no ability to digest

or lyse the host tissue, it is possible that some
bacteria may have something to do with
penetration of the host. If so, further ex-
periments on the mode of infection process
are needed to be carried out in axenic bialgal
cultures.

Development of zoospores is influenced
by culture conditions, especially tempera-
ture. The coenocytes derived from zoo-
spores can grow at temperatures ranging
from 10-25°C, remarkably well at 18-22°C,
but cease to grow completely at 5°C. This
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laboratory temperature response is reflected
in the seasonal variation of Blastophysa rhi-
zopus growth in nature. The water tem-
peratures at Muroran range from 20-10°C
from August to November, during which
B. rhizopus grows abundantly in the host
Grateloupia  turuturu. This  temperature
range is suitable for growth and reproduc-
tive maturity of this endophyte. In De-
cember, however, the host plants decay
and water temperature falls to below 5°C.
During the winter months (3-5°C), B.
rhizopus growth is completely suppressed
and can not be found in or on any algal
species. It may survive in the prostrate
discs (remaining holdfasts or new germ-
lings) of host plants as a spherical coenocyte
or a few celled colony until June-July when
temperature rises to 10-14°C. With the
growth of erect blades from the prostrate
discs of G. turuturu in summer, the endophyt-
es grow rapidly in the host tissue and final-
ly appear as green patches. As mentioned
above, the growth in relation to regarding
temperature in culture agrees well with the
short-term appearance of this species at
Muroran. Therefore, B. rhizopus from
Muroran may be considered to share its
life with the host plant G. turuturu. Still,
there seems to be geographical variation of
host plants reflected in the presence of var-
ious substrate species in different localities
(but with other host plants in different habi-
tats).
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Cytoskeleton in cell morphogenesis of the coenocytic green
alga Valonia ventricosa 1. Two microtubule systems and

their roles in positioning of chloroplasts and nuclei®

Tkuko SHIHIRA-ISHIKAWA

Department of Biology, College of General Education, Osaka University,
Toyonaka-shi, Osaka, 560 Japan

SHIHIRA-IsHIKAWA, I. 1987. Cytoskeleton in cell morphogenesis of the coenocytic green alga Valonia

ventricosa. 1.
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Two microtubule systems and their roles in positioning of chloroplasts and nuclei.

In vegetative cells of the coenocytic green alga, Valonia ventricosa, the spatial organization of mi-
crotubules in a thin cytoplasmic layer located between a huge central vacuole and the spherical cell
wall was observed by using indirect immunofluorescence microscopy.

The cortical microtubules ran parallel to each other on the inner surface of the plasmalemma.
The cortical microtubule system adhered on one side to the plasmalemma and on the other to surface
of each chloroplast, anchoring the chloroplasts immediately next to the plasmalemma, forming a

monolayered chloroplast sheet.

The nuclear-associated microtubule systems consisted of two different types of bundles: one that
randomely surrounded the nuclear envelope, and another extending radially from the nucleus. The
radial microtubules adhered to the chloroplast surface anchoring the nucleus to the chloroplast sheet,

maintaining discreet distances between nuclei.

From the disorganization and reorganization of these microtubule systems, their roles in posi-

tioning chloroplasts and nuclei is discussed.

Key Index Words: coenocytic alga, cytoskeleton organization, Valonia, cortical microtubules, nuclear

-associated microtubules, indirect immunofluorescence.

In the giant coenocytic cell Valonia
ventricosa, the cytoplasm can be cleaved in
response to mechanical stimulation and is
converted into many protoplasts called
aplanospores (Korpac 1933). In culture
these protoplasts develop into vacuolated
coenocytic cells within 40 hrs like those of
Boergesenia forbesii (ENomMoTo and HIROSE
1972) and Bryopsis plumosa (TATEwAKI and
NacaTta 1970). Preliminary observations
have shown that the dynamic behavior of
the cytoplasm of Valonia proceeds under
the control of the cytoskeleton (Shihira-
Ishikawa unpublished). The study pre-

1) This study was supported by a Grant-in-Aid for
Fundamental Scientific Research from the Ministry
of Education, Science and Culture of Japan (No.
62540527).

sented here describes the spatial organiza-
tion of microtubules in a thin cytoplasmic
layer inside the spherical cell wall of the
vegetative phase of Valonia ventricosa. In-
direct immunofluorescence has been used
in analyzing the role of the cytoskeleton in
the positioning of the cytoplasmic consti-
tuents.

Material and Methods

Cell culture

Valonia ventricosa was cellected in Okinawa
in 1983 and has been maintained in artificial
sea water (Jamarin sea water, Jamarin Lab.
Japan) under dim light at 20-25°C. For
the experiments, the plants were transferred
to Miller’s synthetic medium (MULLER
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1962) and cultured for 2-3 weeks at 22°C
under a light-dark cycle of 12/12 hr (2000
lux, fluorescent lamps). Parts of the ob-
servations reported here were made on
plants derived from a plant collected at
Palau, Western Caroline Islands, in 1986.

Indirect immunofluorescence

Whole plants were immersed in pre-
chilled methanol (—10°C) for 10 min and
immediately transferred into phosphate buf-
fered saline (PBS) at room temperature.
This caused the cytoplasmic layer to detach
from the cell wall and collapse into the
central vacuole; the cell wall also cracked
and the vacuolar contents leaked away.
The cytoplasm was removed from the cell
through the broken wall in PBS. Pieces
of cytoplasmic layer were placed on a
drop of PBS on a glass slide (previously
coated with poly-lysine). After removal of
the buffer, the samples were treated with
20 yl of the primary antibody (mouse as-
cites fluid containing monoclonal anti-a
tubulin IgG which was raised against native
chick brain microtubules) and incubated for
30 min at 37°C. After washing with 0.03
% Tween 20 in PBS for 15 min, fluorescein
isothiocyanate (FITC)-labeled sheep anti-
mouse IgG was applied and the samples
were incubated for 30 min at 37°C. The
samples were washed again with Tween 20
in PBS for 15 min and were mounted in
Glycerin containing the anti-fade, p-phe-
nylene-diamine (1 mg/ml, pH 9.0). Fluo-
rescence micrographs were taken using an
Olympus epifluorescence microscope (BH2-
RFK) loaded with Ektachrome ASA 400
color positive film or Kodak Tri-X pan
film.

Chemicals

Monoclonal anti-a tubulin (Amersham
International, England) was diluted to
1/500, and fluorescein linked sheep anti-
mouse IgG (Amersham International, Eng-
land) were diluted to 1/10 with 19 of
BSA and 0.19% of NaN,. DAPI (4'-6-

diamidino-2-phenylindole) was dissolved in
S-buffer (N1sriBaAvAsHI and Kurorwa 1980)
to make a solution of 1 ug/ml and a drop
of this solution was used for nuclei staining.

Results

1. Microtubule organization in interphase
cells.

The cytoplasm is a sheet, being placed
between the cell wall and the huge central
vacuole. At the plasmalemma, flat chloro-
plasts spread mostly in a single layer, al-
though in older, non-dividing plants they
can lie one upon another. All the nuclei
are located adjacent to the central vacuole
and are arranged between the chloroplast
layer and the tonoplast (Fig. 1, a, b). The
nuclei are placed roughly equidistant from
each other (Fig. 2, a, b).

a) Cortical microtubules.

The cortical microtubules run in parallel
on the inner surface of the plasmalemma
(Fig. 3). The distances between adjacent
bundles of the microtubules are approxi-
mately the same, but can differ depending
on the age or condition of the plant. After
the cold methanol treatment, the plasma-
lemma plus cortical microtubules separates
from other constituents of the cytoplasm
(Fig. 4), suggesting that one side of the
bundles tightly adheres to the plasmalemma.
Bundles of microtubules also adhere to the
surface of each chloroplast and link the
chloroplasts with each other in a sheet, sug-
gesting that the other side of the bundles
adheres to each chloroplast and anchors
them immediately next to the plasmalemma
(Fig. 5). The parts of the cortical micro-
tubules located between the chloroplasts are
liable to damage and are easily lost during
the preparation of the sample (arrows in
Fig. 5).

b) Nuclear associated microtubules.

Bundles of microtubules randomly sur-
round the surface of every nucleus (Fig. 6)
and large bundles extend radially from the
nuclei to the chloroplast layer (Fig. 7).
Those two types of bundles are connected
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Fig. 1. Positional relationship of nuclei and chloroplasts in the thin cytoplasmic layer. (a) Section

of the cytoplasmic layer. Methylene blue-staining.

N: nucleus, Ch: chloroplast, Pl: plasmalemma.

(b) Isolated cytoplasmic layer. DAPI-staining. Nuclei (white) are located underneath the chloroplast

monolayer (red.). % 1000.

Fig. 2. Roughly equidistant distribution of nuclei.

(a) DAPI-staining of cytoplasmic layer. White:

nuclei, red: chloroplasts. (b) Indirect immunofluorescence. Microtubules around each nucleus are

shown. % 300.

to each other at the surface of the nuclei;
the bundles of peri-nuclear microtubules
extend radially into the cytoplasm sur-
rounding the nuclei (Fig. 8).

During preparation of the sample, pieces
of the cytoplasmic layer became loose at the
edges, and nuclei could frequently be ob-
served with chloroplasts attached (Fig. 9).
Microtubule links between nuclei and chlo-
roplasts were observed, and it appeared
that the ends of the radial microtubule
bundles adhered to the chloroplast surface
(arrows in Fig. 9).

The nuclear-associated microtubules and
the cortical ones are not connected with
each other.

2. Disorganization and reconstruction of
microtubule systems.

a) Cortical microtubules

The organization of cortical microtubules
was destroyed by mechanical stimulation.
Immersion of cells in pure water at room
temperature induced the destruction in 15
min (Fig. 10). Under the dissection mi-
croscope, many crater-like holes were ob-
served in the cytoplasmic layer, which had
partially collapsed into the central vacuole
as a result of the destruction of cortical
microtubules (Fig. 11). This treatment did
not cause the destruction of nuclear-asso-
ciated microtubules. The cortical micro-
tubules reassembled after the cells were
transferred into the culture medium and
the cytoplasmic layer became smooth in ap-
pearance again. The crater-like holes were
also induced by stimulation with a needle
to the cytoplasm, in which case the cell
proceeded to aplanospore formation with-
out the recovery of cortical microtubule
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Figs. 3-5. Cortical microtubules. 3. Parallel arrangement of cortical microtubules covering the total
inner surface of the plasmalemma. Chloroplasts are faintly seen under the cortical microtubules (arrow).
4, Cortical microtubules adhering to the plasmalemma which has been separated from other cytoplasmic
constituents. The rolled pieces of plasmalemma were pressed by a cover glass onto a glass slide. The
parallel structure of cortical microtubules are seen as being folded. 5. Cortical microtubules adhering to
chloroplast surfaces. The parts of the cortical microtubules between chloroplasts are liable to be lost
(arrows). (Scale bar: 10 gm).

organization. These results suggest that
the cortical microtubules stretch the pro-
toplasm to a thin layer, sandwiching it be-
tween the huge central vacuole and cell
wall.
b) Nuclear-associated microtubules
Preceeding mitosis, polar microtubules
appeared at both ends of the long axis of
the nuclei (Fig. 12). The nuclear-asso-
ciated microtubule bundles, either surround-
ing the nucleus or radiating from it, decreas-
ed at the same time. During nuclear divi-
sion, the presence of microtubules increased,

forming interzonal spindles (Horr and
Exomoro 1980) suggesting the reorganiza-
tion of previously depolymerized nuclear-
associated microtubules (Fig. 13). At the
final course of nuclear division, interzonal
spindle microtubules were scattered, prob-
ably because of the break of the nuclear
envelope. Each of the divided nuclei
turned about 90°, in the same rotation.
The scattered microtubule bundles wound
about the nucleus and radially arranged
microtubules were reorganized (Fig. 14).
As the nuclear division took place syn-
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Figs. 6-9. Nuclear-associated microtubules. 6. Microtubules surrounding the surface of nuclei.
7. Radially-extending microtubules from the nuclear surface. 8. Peri-nuclear microtubules and radially-
extending microtubules are continuous.  (Peri-nuclear microtubules, radially-extending microtubules and
the connection region of above lie at the slightly different focal levels.) 9. Radially-extending microtubules
attached to the chloroplast surface (arrows) suggesting a positional linkage between nucleus and chlore-
plast. (Scale bars: 10 gm for Figs. 6 and 8; 20 um for Figs. 7 and 9)
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Figs. 10-11. Destruction of cortical micro-
tubules. 10. Disorganized cortical microtubules
(arrows) 15min after immersion of whole cells in
pure water. (Scale bar: 20zm). 11. Crater-like
holes on the cytoplasmic layer as a result of the des-
truction of cortical microtubules. < 20.

chronously, but the direction of axis of

each nucleus was different, the equidistant
distribution of nuclei was disordered at the
end of mitosis. As the nuclei-associated
radial microtubule system re-formed, chlo-
roplasts became evenly distributed and gaps
were filled by an increase of chloroplasts.
The equidistant arrangement between each
nuclei was restored again. The link be-
tween nuclei and chloroplasts became weak
during nuclear division, however, the chlo-
roplasts remained tightly linked with the
cortical microtubules. Mitosis proceeded
adjacent to the chloroplast monolayer.

Figs. 12-14. Probable conversion of nuclear-
associated microtubules to spindles in mitosis.
Microtubules are shown by arrows. 12. Initial step
of mitosis. Nuclear-associated microtubules disap-
pear. 13. Formation of interzonal spindles. 14.
Final stage of mitosis. Nuclear microtubules are
reorganized. (scale bar: 20 gm)

Discussion

In coenocytic green algae, the cytoskele-
ton is thought to be involved in cytoplasmic
cleavage for spore formation. Actin and
microtubule are known to be involved in
cyst formation of Acetabularia acetabulum
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cw

(a)

cytoplasmic layer

cv

(b)

Fig. 15. The spatial organization of two microtubule systems and the relationships with other con-
stituents of cytoplasmic layer. (a) Locality of the cytoplasmic layer in the whole plant of Valonia ventricosa
is diagramatically presented. (b) Cross sectional view of cytoplasmic layer. (Relative size of each con-
stituent is not exact) CW: cell wall, CV: central vacuole, Pl: plasmalemma, Tp: tonoplast, N: nucleus,
Ch: chloroplast, Py: pyrenoid, M: mitochondrion, cort-MT: cortical microtubule bundle, rad-MT:
radially-extending microtubule bundle, peri-n-MT: peri-nuclear microtubule bundle.

(MenzEL 1986). I have also studied the
cytoskeletal organization in the multinu-
cleate cap-ray of 4. calyculus and observed
an even cytoplasmic cleavage with a sole
nucleus as the center of each piece of cleav-
ed cytoplasm (unpubl. data). In V. ventri-
cosa, the size of cleaved cytoplasm and the
number of nuclei in a piece of the cytoplasm
were uneven in the aplanospore formation,
but on the other hand each swarmer was
formed by an equal size of delimitted cyto-
plasm and a sole nucleus. In the search
for general and spacific mechanisms of cy-
toskeletal organization in the cell differen-
tiation of multinucleate cells, V. ventricosa is
a useful material. In this report, the spatial
organization of microtubules in vegetative
phase was investigated which form the basic
knowledge for the dynamic organization of
cytoskeleton during the cell morphogenesis
of V. ventricosa.

Coexistance of two microtubule systems
was essential for the protoplasmic organiza-
tion in the stationary phase of V. ventricosa.

Cortical microtubules spread chloroplasts in
a monolayer adjacent to the plasmalemma
while nuclear-associated microtubules sup-
port an even distribution of nuclei next to
chloroplast monolayer, adjacent to the inner
surface of cytoplasmic layer, at the tonoplast.
The two microtubule systems are illustrated
in Figure 15.

The bundles of cortical microtubules were
closely arranged in some samples but more
loosely in others. Physiological significance
of this difference is, however, not known.
The rapid disorganization of the cortical
microtubule system was caused by immer-
sion of the plant in pure water, although the
nuclear-associated microtubule system re-
mained intact. The disorganization of the
cortical microtubule system also occurred
in the early step of aplanospore formation,
which was started by wounding of the cy-
toplasm.

The terminal portion of the radial micro-
tubule bundles adhered to the chloroplast
surface. The positional relationships be-
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tween nuclei and chloroplasts and also chlo-
roplasts and plasmalemma were main-
tained by the organization of microtubule
bundles that specifically bound to each cell
component. The fine structure and mole-
cular organization of these bindings are
under investigation.

The nuclei are distributed roughly equi-
distantly on the chloroplasts sheet in V.
ventricosa. 'The distances between adjacent
nuclei are maintained by radial microtubu-
les around the nuclei. The recovery of an
even distribution of nuclei after synchro-
nous division of nuclei suggests that the
radially-extending microtubules shift the
nuclei to certain positions, maintaining
equidistance by binding with surrounding
chloroplasts at what appears to be their
terminal portion. At the same time, the
chloroplasts increase in number by division
which results in the enlargement of the ch-
loroplasts sheet as well as the cytoplasmic
layer, resulting in the enlargement of the
whole cell.

LACrAIRE (1987) could not find a com-
mon function between the cortical micro-
tubules of the two coenocytic algae, E. ver-
ticillata and B. forbesii. To know the gen-
erality of the roles of microtubules in coe-
nocytic algal cells, further observation is
now in progress using other coenocytic
green algae.
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Kumano, S. and PHANG, S.M. 1987. Studies on freshwater red algae of Malaysia VII. Batrachospermum
tapirense sp. nov. from Sungai Tapir, Johor, Peninsular Malaysia Jap. J. Phycol. 35: 259-264.

Batrachospermum tapirense is described here as a new species from Sungi Tapir, Johor, Peninsular
Malaysia. Batrachospermum tapirense resembles B. bakarense KumaNo et RATNAsABAPATHY (1984) in
having the short carpogonium-bearing branch consisting of 2-6 cells, and the carpogonium with club-
shaped trichogyne more or less bent at the base. This species, however, differs from the latter in
having the carpogonium-bearing branch, which arises descendantly from the rear side of the basal
cell of the primary branchlet and grows toward the same direction that cortical filaments are formed,
moreover, in having the radially branched and diffused gonimoblast filaments. Because of these
characteristics, this species is described here as a new species of the genus Batrachospermum, and seems

to be an intermediate form between the genus Batrachospermum and the genus Sirodotia.

Key Index Words: vBatrachospermum tapirense sp. nov. ; freshwater Rhodophyta ; diffused gonimoblast
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The genus Sirodotia KyLin (1912) is vege-
tatively similar to the genus Batrachospermum
Rotr (1797), but differs reproductively in
having diffused rather than radially branch-
ed gonimoblast filaments and an asymmetri-
cal rather than an isodiametric carpogonium
base (KyrLin 1912, EntwisLE & KRAFT
1984). The present paper deals with a
Malaysian species of the genus Batracho-
spermum, which seems to be an intermediate
form between the genus Batrachospermum
and the genus Sirodotia.

Specimen Examined

Specimens examined in this study were
collected from Sungei Tapir, a tributary
of Sungei Endau, by Puan Siew Moi on
September 30, 1985. At the time of col-
lecting the specimens, the water was about
10 cm deep, the temperature 24.7°C, pH
6.2, dissolved oxygen 6.47 mg/l, conductivity

ts; taxonomy; West Malaysia.

20.0 4 mho/cm, total alkalinity 3.6 mg
CaCQO,/l, and NO4N 68.0 ug/l. The spe-
cimens examined (No. 216) were deposited
in the Herbarium of Faculty of Science,
Kobe University and the Herbarium of
Department of Botany, University of Ma-
laya.

Description of Species and Discussions

Batrachospermum tapirense Kumano et
Puanc sp. nov. (Figs. 1-17)

Frons monoica, ca. 6 cm alta, 80-170 um
crassa, plus minusve dichotome ramosa,
modice mucosa, aeruginosa. Cellulae axi-
ales cylindricae, 20-80 um crassae, 70-300
um longae. Verticilli obconici, in parte
vetustiore frondis contigui et plus minusve
compressi. Ramuli primarii dichotome vel
trichotome ramificantes, ex 4-5 cellulis con-
stantes; cellulae fasciculorum fusiformes vel
ellipsoideae, 3—5 um crassae, 4-11 ym longae
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(Fig. 10); pili praesentes. Fila corticales
bene evoluta (Fig. 10, 15). Ramuli secun-
darii ex 2—4 cellulis constantes, numerosi,
totum internodium obtegentes; cellulae fas-
ciculorum fusiformes vel ellipsoideae (Fig.
1,2, 10, 15). Spermatangia globosa, 46 u
m diametro, in ramulis primariis et secun-
dariis terminalia (Fig. 5). Rmuli carpo-
goniferi e cellulis pericentrali (cellulis basi
ramulorum) desendens orientes, ex cellulis
4-6 disc- vel dolliformibus constantes;
carpogonium basi 4-5 um crassum, apice
5-6 um  crassum, 30-40um longum;
trichogyne claviformis, plus minusve
indistincte pedicellata, ad basim saepe
flexa (Fig. 8-13). Bracteae breves, Car-
posporophytum indefinitum, verticillum ae-
quans; fila gonimoblastorum radiale rami-
ficantes (Fig. 14), diffusa, et circum nodium
et instrato corticali reptantia (Fig. 14, 16,
17). Carposporangia globosa vel ellipsoi-
dea, 5-8 um crassa, 8-12 um longa (Fig. 14,
17).

Frond monoecious, ca. 6 cm high, 80-170
pm wide, more or less dichotomously branch
-ed, moderately mucilaginous, green with a
bluish tinge. Axial cells cylindrical, 20-80
pum wide, 70-300 gm long. Whorls obconi-
cal, continuous and more or less compressed
in the aged fronds. Primary branchlets
dichotomously or trichotomously branched,
consisting of 4-5 cell-stories; cells of fascicles
fusiform or ellipsoidal, 3-5 yum wide, 4-11
pm long (Fig. 10); hairs present. Cortical
filaments well-developed (Figs. 10, 15).
Secondary branchlets consisting of 2—4 cell-
stories, numerous, covering all the inter-
nodes (Figs. 1, 2, 10, 15). Spermatangia
globose, 46 yum in diameter, terminal on
primary and secondary branchlets (Fig. 5).
Carpogonium-bearing branch arising des-
cendantly from the pericentral cell (the
basal cell of the primary branchlet), con-

sisting of 4-6 disc- or barrel-shaped cells;
carpopgonium 4-5 yum wide at the base,
5-6 um wide at the apex, 3040 ym long;
trichogyne club-shaped, more or less indis-
tinctly stalked, often bent at the base
(Figs. 8-13). Bracts very short, more
or less laterally issued. Carposporophyte
indefinite and indistinguishable from the
whorl and equalling in length; gonimoblast
filaments radially branched (Fig. 14), dif-
fused and creeping along the cortical fila-
ments (Figs. 14, 15, 17). Carposporangia
globose or ellipsoidal, 5-8 um wide, 8-12
um long (Figs. 14, 17).

Holotype: Puang Siew Moi (No. 216),
30/IX, 1985, Herbarium of Faculty of
Science, Kobe University. Isotype: Her-
barium of Department of Botany, Univer-
sity of Malaya.

Type locality: Sungei Tapir, a tributary
of Sungei Endau, Johor, Malaysia.

Distribution; Known from the type lo-
cality only.

The initial of the carpogonium-bearing
branch of B. tapirense is produced from the
rear side of the pericentral cell (the basal
cell of the primary branchlets), which is in
the same side where the initial of the
cortical filament is formed (Figs. 6, 7).
Usually, a carpogonium-bearing branch is
prduced at each whorl and grows. toward
the similar direction that cortical filaments
descendantly eongate (Fig. 10, cb). The
terminal portion of the carpogonium sticks
out and finally gives rise to a club-shaped
and slightly curved trichogyne indistinctly
stalked and often bent or curved at the
base (Figs. 8-11, tr). In hitherto known
species of the genus Batrachospermum such
as B. cayennense MonTAGNE (1850), B.
virgatum (Kurzing) Siropor (1884), B.
bakarense KUMANO et RATNASABAPATHY

Figs. 1-4. Batrachospermum tapirense Kumano et Puanc 1. Structure of thallus, note the extruding

terminalportion of trichogyne; 2. A part of thallus showing primary branchlets, a carpogonium-bearing
branch, cortical filaments and secondary brancylets; 3. Carposporophyte is indistinguishakle from the
whorl; 4. Radially branched and diffused gonimoblast filaments. (cp, carposporangium; cf, cortical fila-
ment; dgf, diffused gonimoblast filament; pb, primary branchlets; sb, secondary branchlets; tr, trichogyne,

Scale bar: 40 um for Figs. 1-4)
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(1984), B. wvagum var. periplocum Skuja
(1969) and B. orthostichum Skuja (1931),
the carpogonium-bearing branch usually
arises ascendantly from the pericentral cell
(the basal cell). On the other hand, B.
tapirense resembles B. bakarense Kumano et
RaATNAsABAPATHY (1984) in having a rela-
tively short carpogonium-bearing branch
and a club-shaped trichogyne, so that it
might be assigned to the section Viridia.
However, B. tapirense differs from B. bakarense
and also from the rest of the species of the
genus Batrachospermum in having the carpo-
gonium-bearing branch, which arises from
the. rear side of the pericentral cell (the
basal cell of the primary branchlets) and
grows descendantly in the same way as
the cortical filaments elongate (Figs. 10, 13,
cb). As a result of the above-mentioned
development, the terminal portion of tricho-
gyne faces outward of the whorl and
extrudes at the internode of the whorl
(Fig. 1, tr).

After fertilization (Fig. 11) the basal
portion of the carpogonium extends and
forms the initial of the gonimoblast filament
(Fig. 12, gi), and farther gonimoblast fila-
ments (Fig. 13, gf). The carposporophyte
grows out into radially branched (Fig. 14,
rgf) and diffused gonimoblast filaments
(Fig. 14, dgf), which are extended along
the cortical filaments (Fig. 16, 17, dgf).
The carposporangia are produced termi-
nally or subterminally on the short laterals
of the diffused gonimoblast filaments (Fig.
16, 17, cp).

The genus Sirodotia was established and
separated from the genus Batrachospermum
on the characteristics of carposporophyte
and carpogonium (Kvrin 1912). The car-

posporophyte of the genus Sirodotia consists
of diffused filaments that extend along the
cortical filaments, and the carpogonium has
a distinct protuberance on one side of the
base.

Batrachospermum tapirense is described as a
new species and assigned to the genus
Batrachospermum because of its essentially
symmetrical carpogonium. On the other
hand, B. orthostichum Skuja (1931) was also
assigned to the genus Batrachospermum be-
cause of its symmetrical trichogyne and es-
sentially globular carposporophyte although
Skuja observed some diffused filaments ex-
tending out from a globular carposporophy-
te of B. orthostichum Skxuja (1931) and B.
vagum var. periplocum Skuja (1969). Ku-
MaNo et al. (1970) also observed some dif-
fused gonimoblats filaments extending out
from a globular carposporophyte of B.
vagum.

The gonimoblast of B. tapirense is indis-
tinguishable from the whorl to which the
length is equal (Fig. 3). Moreover, two
types of gonimoblast filaments are observed:
one is radially branched (Fig. 14, rgf), and
is usually found in the genus Batrachosper-
mum; the other is defused (Figs. 4, 14, 16,
17, dgf), and is typically found in the genus
Sirodotia and rarely in a few species of the
genus Batrachospermum such as B. orthosti-
chum and B. vagum. Because of these
characteristics, the above-mentioned taxa
of the genus Batrachospermum and B. tapirense
seem to be apparently intermediate forms
linking the genus Batrachospermum and the
genus Sirodotia. B. orthostichum, B. vagum,
B. wvagum var. periplocum and B. tapirense
might be assigned to the section Turficola
or a separate new section.

Figs. 5-17. Batrachospermum tapirense Kumano et PHANG 5, Spermatangium terminal on the secondary
branchlets; 6-9, Early stages of development of carpogonium-bearing branch; 10, A part of thallus show-
ing primary branchlet, cortical filament, secondary branchlets and carpogonium-bearing branch, which
grows toward the same direction that cortical filament elongates; 11, A carpogonuim-bearing branch with
a fertilized trichogyne; 12, 13, Early stages of development of carposporophyte; 14, Radially branched
gonimoblast filaments and diffused one; 15, Cortical filament and secondary branchlets; 16-17, Carpos-
porangia terminal on the laterals of diffused gonimoblast filaments, (b, basal cell of primary branchlet;
cb, carpogonium-bearing branch; cbi, initial of carpogonium-bearing branch; cf, cortical filament;
cp, carposporangium; dgf, diffused gonimoblast filament; gf, gonimoblast filament; gi, initial of gonimoblast
filament; rgf, radially branched gonimbolast filament; sb, secondary kranchlet; sp, spermatangium)
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Seto, R. 1987. Study of a freshwater red alga, Compsopogonopsis fruticosa (Jao) SETo comb. nov. (Com-
psopogonales, Rhodophyta) from China. Jap. J. Phycol. 35: 265-267.

The isotype specimen of Compsopogon fruticosus Jao 1941 (SC1145) was examined and ascertained
to have a mode of formation of cortex characteristic for the genus Compsopogonopsis. Therefore, Com-
psopogon fruticosus is transferred from the genus Compsopogon to the genus Compsop psis as Comp.

pogonopsis fruticosa (Jao) SETO comb. nov..

POPYS o Y o

Key Index Words: China; Compsopogonopsis fruticosa; freshwater Rhodophyta; study; taxonomy.

The genus Compsopogonopsis was establish-
ed by KrisuNaAMURTHY (1962) with Compso-
pogonopsis leptoclados (MONTAGNE) KRISHNA-
MURTHY. This species was separated from
the genus Compsopogon based on the charac-
teristic mode of formation of cortex.

CHIHARA (1976) described Compsopogonop-
sis japonica as a new species from Sakai,
Gunma Prefecture, Japan. Jao (1941) des-
cribed Compsopogon fruticosus as a new spe-
cies from Kan-tungtze, Pehpei, Szechwan,
China, however, he did not observe the
mode of formation of cortex in that species.
In the present study, the isotype of Com-
psopogon fruticosus was examined to ascer-
tain the mode of formation of cortex.

Specimen examined

The isotype specimen of Compsopogon
Sruticosus (SC1145) was collected by Jao
Chin Chih from Kan-tungtze, Pehpei,
Szechwan, China in February, 1940, de-
posited at the Herbarium of Institute of
Hydrobiology, Academia Sinica Wuhan,
People’s Republic of China. This speci-
men was found on the concrete wall of a
mill dam, where the water was fast-runn-

ing and comming from a cave of lime-
stone.

Observations

Thallus of Compsopogon fruticosus is fila-
mentous, cylindrical, constricted here and
there, about 15 cm long, profusely branch-
ed, main branches are 0.2-0.5 mm in di-
ameter (Fig. 1). Uniseriate parts of thallus
are composed of discoid axial cells. Apical
cells of the uniseriate part of the thallus are
dome-shaped, 11.0-12.5 ym long and 12.5-
13.8 um wide (Fig. 2). The initials of cor-
tical cells are produced from the lower part
of the axial cells of the uniseriate part of
the thallus; the protuberances are formed
from the lower part of the axial cells. The
initials of the cortical cells are separated
from the protuberances by oblique or hori-
zontal walls, which then grow downwards
as rhizoid-like cortex filaments (Figs. 6-9).
The cortex consists of two layers of cells, of
which the outermost cortical cells are tri-
to pentagonal, and 14.0-55.0x12.0-35.0
pm in size (Figs. 4-5). Central cells are
short, disc-shaped, some of which are re-
tained even in the aged parts of the branch-
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Tig. 1. Isotype of Compsopogonopsis frutizosa
(Jao) SeTo comb. nov. (SC 1145). Scale=mm.
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Figs. 2-5.  Compsopogonopsis fruticosa ( Jao) SETO
comb. nov.: Fig. 2. An apical part of the uncorti-
cated axis showing discoid cells and the apical cell;
Fig. 3. Formation of monosporangia in the young
uncorticated branch; Fig. 4. Cross section of the
main branch showing two layered cortex and the
retaining central cell; Fig. 5. Outermost cells of
cortex showing two monosporangia and plastids in
the cells respectively.

es. Monosporangia are produced by an
unequal division of cortical cells or cells of
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Figs. 6-9. The formation of cortex in Compso-
pogonopsis fruticosa (Jao) SETo comb. nov.: Fig. 6.
An apical part of the uniseriate axis showing rhizoid-
like filaments initiated from the tubular outgrowths
on axial cells; Figs. 7 and 8. Well grown parts of
cortical rhizoid-like filaments from axial cells; Fig.
9. Surface view of young cortical cells formed from
rhizoid-like filaments.

uniseriate parts of the thallus, 15.0-22.5
pm in diameter (Figs. 3, 5). Microspo-
rangia were not observed.

Discussion

The genus Compsopogonopsis was separated
from the genus Compsopogon by the charac-
teristic mode of formation of cortex (Kri-
SHNAMURTHY 1962). According to CHI-
HARA (1976) Compsopogonopsis japonica dif-
fers from C. leptoclados in their outermost
cells of cortex being larger than those of
the latter. Serto (1982) reported an ad-
ditional criterion for C. japonica, namely,
the axial cell of an uniseriate part of the
thallus is divided vertically to produce the
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initials of cortical cells on both sides of
axial cells, and each initial grows down-
wards forming the rhizoid-like cortical fila-
ment. On the other hand, for C. leptoclados
the tubular outgrowths are formed from the
lower part of the axial cell of an uniserite
part of the thallus. The initials of cortical
cells are separated from the tubular out-
growths by horizontal or oblique walls
which then elongate downward as rhizoid-
like cortical filaments. Thus there is a
difference between C. japonica and C. lepto-
clados in the early development of the rhi-
zoid-like cortical filaments. Jao (1941)
mentioned that Compsopogon fruticosus re-
sembles Compsopogon leptoclados MONTAGNE
(=Compsopogonopsis leptoclados (MONTAGNE)
KrisunaMURTHY 1962) in height of plants
and the densely branched property, but
differs from the latter in having 1) greater
diameter of the fully developed part of the
thallus, 2) very short axial cells, and 3)
all parts of the thallus being distinctly con-
stricted here and there into segments. He
did not observe the mode of the early for-
mation of cortex for C. fruticosus.

In the present study, the examination of
the isotype specimen of Compsopogon fruticosus
(SC1145) shows that the initials of cortical
cells are produced from the lower part of

the axial cells, and cut off from the tubular-

outgrowths by oblique or horizontal walls
in a mode similar to that observed in Com-
psopogonopsis leptoclados. 'The Chinese speci-
men examined in the present study differs
from Compsopogonopsis leptoclados in above
mentioned, three characteristics and it also

differs from C. japonica in the mode of the
early formation of cortex. Therefore, the
Chinese specimen, Compsopogon fruticosus,
should be transferred from the genus Com-
psopogon to the genus Compsopogonopsis as
follows:

Compsopogonopsis  fruticosa (Jao) SETO
comb. nov. Basionym: Compsopogon fruticosus
Jao 1941, p. 248, Tab. II, figs. 10-14.
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Fine structure and taxonomy of the small and tiny
Stephanodiscus (Bacillariophyceae) species in Japan
5. 8. delicatus GenkeL and the characters
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Kosavasi, H. and KosavasHi, H. 1987. Fine structure and taxonomy of the small and tiny Ste-
phanodiscus (Bacillariophyceae) species in Japan. 5. Stephanodiscus delicatus GENkEL and the charac-
ters useful in identifying five small species. Jap. J. Phycol. 35: 268-276.

Five small Stephanodiscus taxa, S. invisitatus Houn & HELL., S. costatilimbus H. KoB., S. hantzschii
Grun. f. tenuis (Hust.) HAk. & STOERM., S. delicatus GENK., S. minutullus (Ktrz.) CL. & MOLL. (incl.
S. parvus StoERM. & HAK.) have hitherto been found in Japan not only by light microscopy but also
by scanning and transmission electron microscopy. Among these species, four species were reported
in this series of papers. Presently, the fifth one, S. delicatus is examined in detail by using transmission
electron microscope (TEM) and scanning electron microscope (SEM).

S. delicatus is characterized by the fascicles composed of two to three densely arranged rows of
areolae, insertion of short fascicles not reaching the centre between every two to five longer fascicles,
and the variable shape of the external opening of the labiate process.

The characters useful in identifying the above five small species are listed. These include the
shape of the mantle costa, the shape and position of the external opening of the labiate process and
the number of the struts of the central and marginal strutted processes. These characters are quite

constant within each species.

Key Index Words: Centric diatom; fine structure; plankton; Stephanodiscus delicatus.

As emphasized by HAkansson et al.
(1986), the identification of the small and
tiny Stephanodiscus species whose valves are
less than 15 ym in diameter has been es-
pecially difficult by the lack of taxonomic
precision and confusion concerning the
nomenclature of some small but widely
distributed and ecologically important spe-
cies.

However, the types or authentic slides
and materials of some species which were
very often incorrectly identified and which
caused confusion in the literature, have

1) This work was partly supported by a grant from
the Nissan Science Foundation.

been examined precisely one after another
(Rounp 1981; HAkanssoN & STOERMER
1984 a, b; SToERMER & HAKANssoN 1984).
Consequently, the five Japanese small spe-
cies which had hitherto been found by the
authors and their co-workers have been
clarified and the four of them including
one new species, S. costatilimbus H. Kos.,
were reported (KoBavast & INoue 1985,
KoBavasr et al. 1985 a, b. Kosavast &
Kosavasur 1986).

In the present paper, the fifth one, S.
delicatus GENKEL, is examined in detail by
SEM and TEM and the characteristics
useful in identifying the five small Siepha-
nodiscus species are discussed.
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Materials and Methods

Materials used here were collected from
the following three localities. (1) Plankton
from a small fresh water lake, Waku-ike
(pH 8.6, wt. 19.9°C), Nagano Prefecture,
on Sept. 21, 1972, sample number K-2118.
(2) Plankton from lagoon Hachiro-gata
(pH 7.5, wt. 12.8°C, salinity 17.2%o),
Akita Prefecture, on Oct. 4, 1985. N-
1005. (3) Plankton from the estuary of
the Naka River (pH 7.0, wt. 14°C, salinity
18%0) at the Siodome Bridge, Tokyo, on
Nov. 9, 1984, N-935. In addition to the
above materials, the following samples
were used for the observations and the oc-
currence check. (4) Bottom mud from
Inogashira Pond (pH 9.5, wt. 26°C, salin-
ity 0%o, conductivity 146 uS-cm™), Tokyo,
on Sept. 13, 1983, K-1737. (5) Bottom
mud from a small lake, Hime-numa (pH
7.7, wt. 15°C, salinity 0%p) in Rishiri Is-
land, northern Hokkaido, on Aug. 25, 1984,
K-1950. (6) Bottom mud from brackish
lake Oo-numa (pH 8.5, wt. 17°C, salinity
9%o0), northern Hokkaido, on Aug. 25,
1984, K-1954. (7) Epiphytic in brackish
river, Hinuma-gawa (pH 9.6, wt. 20°C,
salinity 3%, conductivity 4800 uS-:cm™)
Ibaragi Prefecture, Central Japan, on Apr.
17, 1985, K—2612.

Methods of cleaning, washing, preparing
samples for light and electron microscopy
are previously reported (KoBavasr et al.
1985b).

Results

Under light microscope (LM), specimens
are circular with strongly elevated or de-
pressed central region. In our material,
valve diameters are in a range of 6 to 14
pum. The number of striae is 14-18 in 10
um measured along the valve margin.
These values coincide well with that of
the original description, though the Japa-
nese specimens are a little larger than those
from Rybinski Reservoirs, USSR (GENKEL,
1985). The striation in a fascicle is so del-

icate that the punctae forming striae are
unresolvable both in central and marginal
regions. A single central strutted process,
slightly excentric, can occasionally be dis-
tinguished (Figs 24, arrowed) and the
central elevation or depression is so strong
in most valves in our specimens that the
central structure usually is out of focus
when the marginal striae are in focus (Figs
1, 3, 4). _ A

In contrast to the invisible marginal
spines, the marginal strutted processes are
visible as a dot occurring on every 3rd
to 6th interfascicles in almost all valves ob-
served.

In SEM observations, those characteri-
stics observed by LM are well comfirmed
and these are in agreement with the SEM
photographs presented by GENkeL (1985)
except the degree of central undulation.
Frustules and the diagramatic representa-
tion of the features are shown in Figs 5-10.
The central elevation and depression of our
specimens are more conspicuous in exterior
views than that shown by GeNkeL (1985).
However, the same specimens with small
and less prominent central elevation or de-
pression as shown in GENKEL’s paper (1985,
Figs 2, 3) are also observed in our materials.

The interfascicles are generally elevated
in the external view. The elevation is less
conspicuous in the heavily silicified valves
as shown in Figs 9, 10. These two photo-
graphs are hypo- and epi-valves of the same
frustule taken from different angles. In the
weakly silicified valve with central depres-
sion, the elevation of the interfascicles is
more prominent than those of the heavily
silicified valve. In the latter, the exterior
surface is almost smooth and the smaller
exterior openings of the areolae are visible
(Figs 10, also 18-22).

The spines are often slightly bent upward
and occur on the end of every interfascicle.
The fasciculate organization of the areolae
on the valve mantle is lost below the spine
insertion and the asteroid pore ring sur-
rounding spines and marginal strutted pro-
cesses is seen in general (Figs 7-8, 14, 17-
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Plate 1. Stephanodiscus delicatus GEnk. (Waku-ike).  Figs 1-4. Whole valves showing the central strutted
process (arrow) and marginal strutted processes. LM x 2000 (bar=10 gm). Figs 5, 6. Diagrammatic re-
presentation of the valves with central elevation and depression, a. marginal spine, b. marginal strutted
process, c. vertical slit-like marking of the flange, d. external opening of the labiate process, e. areolar rows
on the valve mantle, f. flange, g. central strutted process, h. impression of the central strutted process of the
sibling valve, i. interfascicle, j. fascicle.  Figs 7, 8. Exterior valves with central elevation and depression
showing the central strutted process (arrow), pattern centre (double arrow), impression of the central strutted
process of the sibling valve (arrow head) and exterior opening of the marginal labiate process (double arrow
head) SEM x 7500 (bar=1#m). Figs 9, 10. Epitheca with a central depression and hypotheca with a
central elevation of the same frustule showing exterior opening of the labiate process (arrow) and impression
of the central strutted process of the sibling valve (double arrow) SEM » 8000 (bar=1 xm).
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Plate 2.  Stephanodiscus delicatus Genk. (Figs 11-14. Waku-ike, Figs 15, 16. Hachiro-gata) Fig. 11.
Valve view. TEMx 7000 (bar=1 #m). Fig. 12. Enlargement of the valve margin showing the densely
arranged pores and pore occlusions with regularly scattered perforations. TEM % 20000 (bar=0.1 #m).
Fig. 13. Interior view of whole valve showing the central strutted process with two arc type buttresses and
a labium placed parallel to the radial axis of the valve. Fig. 14. Enlargement of the interior valve margin
showing the marginal strutted process with unequal arc type buttresses. SEM 30000 (bar=0.1 zm).
Fig. 15. Whole uncleaned frustule showing chitan threads extruding from marginal strutted processes.
SEM x 4000 (bar=10 um). Fig. 16. Chitan thread extruding from the central strutted process. SEM x

40000 (bar=0.1 um).
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Plate 3. Stephanodiscus delicatus Genk. (Waku-ike). Figs 17-22. Exterior openings of the marginal
labiate processes varying in shape. Fig. 17. Somewhat raised tubular opening. Fig. 18. Small round
opening. Figs 19, 20, 22. Occluded spine-like opening. Fig. 21. Spine-like projection with underside
opening. SEM x 30000 (bar=0.1 zm).
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22) as seen in Stephanodiscus minutullus (Ko-
BAYaAsI et al. 1985b, Figs 5, 6).

In the interior views (Figs 13, 14), areo-
lae on the valve face have domed cribra
but those of the valve mantle have flat
cribra like 2 windowpane. In the exterior
views, the central strutted process is appar-
ent as a slightly raised opening (Figs 7, 8,
arrow). The impression of the central
strutted process of the sibling valve occurs
opposite the opening of the central strutted
process as a prominent depression (Fig. 7,
arrow head). Both central strutted process
and central impression are more prominent
on the heavily silicified valves (Fig. 10 dou-
ble arrow). The areolae forming fascicles
are arranged densely in the marginal zone
of the valve, the number being about 50
in 10 gm at the margin. This arrangement
is clearly seen in TEM photographs (Figs
11, 12).

The central strutted process has two
struts interiorly (Rounp 1981) (Fig. 13)
and the marginal one has three struts, two
of which are more developed than the one
facing the valve face (Fig. 14). The chitan
threads (McLacHAN et al. 1965) extruding
from the central and marginal strutted pro-
cess can be noticed on the uncleaned frus-
tules (Figs 15, 16).

A single labiate process occurs at the
junction of the valve face/mantle and at
almost the same level as the spine insertion
(Figs 17-22, arrowed). However, some are
slightly higher (Figs 17, 19, 20) and some
are slightly lower than the spine level (Figs
18, 22). The outer shape of the labiate
process is variable, being a somewhat raised
tube (Fig. 17), or a sunken hole smaller
than the exterior opening of the areolae
(Fig. 18), like a spine with an underside
opening (Fig. 21) and fully occluded (Figs
19, 20, 22). Though the occluded external
labiate process has rarely been pointed out
by HAxansson et al. (1986), this is also
quite new to us. The labium is parallel
to the radial axis (Fig. 13) and occurs on
the end of a interfascicle on the side nearly
opposite the central strutted process (Figs

8, 10, 13).

Discussion

Comparative studies of the five small
Stephanodiscus species in Japan using SEM
and TEM show both similarities and dif-
ferences in specific characters between the
taxa, even though their gross appearances
under the light microscope are similar to
each other.

Those characters which are useful in
identifying the taxa are listed in Table I.
All taxa listed are small and with their valve
diameter in a range of 5-16 ym.

S. invisitatus Houn & HEeLL. (KoBAvast
& INoue 1985) and S. costatilimbus H. Kos.
(KoBavast & Kopavasur 1986) are quite
similar in both LM and SEM views but can
be clearly distinguished only by the shape
of costae on the valve mantle and the posi-
tion of the exterior opening of the marginal
labiate process. The former has costae
branched in V-shape or fork-shape and the
latter has linear ones as an elongation of the
interfascicles. There are many features
that can be detected by LM when once
they have been recognized by SEM (REr-
cHARDT 1986). However, clear distinction
between S. invisitatus and S. costatilimbus
with LM is very difficult except the very
rare case presented in our previous paper
(KoBavasr & Kosavasur 1986, Figs 1, 2).

The interfascicles often elongate to the
strutted processes on the mantle as seen in
many Stephanodiscus species such as S. al-
pinus Hust (HAKANsSON and STOERMER 1984
b), S. aegypticus Enr. (HAxanssoN and
Locker 1981), S. niagarae Enr. (RounDp
1981, 1982b, THERIOT and STOERMER 1981).
It is very rare that the interfascicle elonga-
tion reaches to the valve edge beyond the
marginal strutted process, as seen in S.
incognitus KuzmIN et GENKEL (GENKEL and
Kuzumin 1978). This is an important ge-
neric and specific character of the genus
Gyclostephanos Rounp (1982a). The mantle
costae of S. invisitatus and S. costatilimbus are
slightly elevated interiorly but not so visual-



Table I Characteristics of five Stephanodiscus species

Elevation of

Characters Val Central Fascicles Interfascicles (IF) Strutted processes Valve mantle Labiate process
alve
. elevation Depth (Pore Number &
diam. or Number Marginal number be- placement | Shape and place of external
(um) d . in 10 yum Exterior | Interior | Central | Marginal twgen spines | Costae |of labium
Species epression . | pore rows an valve to  radial | opening
at margin ed .
ge) axis
S. invisitatus without on every slightly raised small round
to with [one with| 4 7.4 V or pore, on a branch of V or
Houn & Herr. | 5-14 | without 14-20 2 with (thi IF with 3-4 parallel | fork marginal costa, lower
5 two arc w fork than marginal strutted pro-
valves) 2 arc cess level
S. costatilimbus h on every small pore on linear mar-
one wi ; :
H. Kos 7-11 | without | 14 2-3 with | with 3-8th 56 linear | parallel | 872l costa, between spine
two arc | IF with and marginal strutted pro-
2 arc cess levels
S. hantzschii without on every ) tubular, replaced with spine
ot ; ith| . ) 344 . crosswise
Grouw. £ tenuis |, 16| ithout | 8-16 94 | W iout | without | S 5-7 without
A IF with
(Hust.) HAk. & (thin wit or oblique
STOERM. valves) 3 arc
S. delicatus without - gr_lef};, ery variable in shape, some are
; one wi . :
GeNKEL 6-14 | with | 14-18 9.3 | With L out IF with 2-3 without | parallel | °°cluded, replaced - with
(thin two arc | 2. ar¢ spine, upper than spine
incl. 1
valves) ( sn“xall) level
S. minutullus on every tubular but variable in
(Kutz.) CL. & without one with| 3_gi
MoLL. (incl. S. | 6-10 10-13 2-3 with | without IF wi 2-3 without| oblique | shape, replaced with spine
parvus STOERM. to with two arc with
& HAk.) 3 arc

vLe
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ly prominent, even though they reached to
the valve edge, and this is a reason why we
placed these two species under Stephanodiscus.

S. hantzschii GRUN. f. tenuis (Hust.) HAK.
& StoErM. (KoBavasr et al. 1985a) has a
flat valve face similar to the above two spe-
cies. This species is distingished by the
absence of a central strutted process and by
the absence of a costal structure on the
valve mantle. Valve face strutted proces-
ses are considered to be an important di-
agnostic structure in the genus Stephanodiscus.
Their absence or presence was used to sep-
arate S. parvus and S. hantzschii by STOERMER
and HAkanssoN (1984) and HAkansson and
STOERMER (1984a).

S. delicatus GENKEL is characterized by
having the central elevation or depression,
the delicately areolate structure and a cen-
tral strutted process of the valve. Although
it resembles S. minutullus (Kttz.) CL. &
MO6LL. in some features detectable with
SEM, it can be distinguished with ease
by its unresolvably fine punctation of the
fascicles with LM. As listed in Table I,
the striae number as measured along the
valve margin of S. delicatus observed is
clearly greater than that of S. minutullus.
Each marginal strutted process is surround-
ed by three arc-shaped buttresses (Rounp
1981, 1982b) in both species, but the one
facing the valve face is smaller than the
other two in S. delicatus.

As clearly shown in our previous paper
(KoBavasr et al. 1985b) with Plate 3 show-

ing a series of gradations in the degree of
central valve elevation of S. minutullus, spe-
cimens collected from Hime-numa, a small
fresh-water lake in Hokkaido, are charac-
terized by having both flat and undulate
valves. Consequently it is sometimes very
difficult to make a distinction between this
species and S. hantzschii f. tenuis where these
species co-occurred. Careful focussing of
the valve at different focus levels in the way
suggested by REicHARDT (1986) may resolve
this problem in finding a central strutted
process changing from white to black dot
under LM (KoBavasr et al. 1985b, Figs 2,
3).

Small centric diatoms are abundant and
ecologically important in many fresh-water
ecosystems (HAkAaNssoN et al. 1986), but
the difficulty of identification of these small
taxa, especially that of Stephanodiscus having
the polymorphic nature of the valves
(HAkANssoN and STOERMER 1984a, THERIOT
and StoErMER 1981, KoBavasi and INOUE
1985, KoBavast et al. 1985a, 1985b), has
been one of the serious problems to the
workers in the field. The occurrence in
Japanese waters of the five species whose
identities were ascertained by SEM are
shown in Table II. All species occurred
both in fresh and brackish waters except
S. costatilimbus which was quite scarce in
the original material. In a brackish la-
goon, Hachiro-gata, all taxa were found in
a small bottle of plankton sample. There-
fore the exsistence of slightly different, but

Table II  Occurrence of five Stephanodiscus species

Localities | Inogasira | Hime- Waku Hachiro I Oo-numa | Hinuma | Naka
Pond Lakr;uma Pond Lagoon ’ Lake River River
Species fresh fresh fresh brackish | brackish | brackish | brackish
S. invisitatus r r ++ | r
S. costatilimbus rr ‘
S. hantzs;‘ht;in uis + St . ‘ L n
S. delicatus + ++ rr \ +
S. minutullus ++ +++ r r 1 ++ +
+ + + =abundant, + + =frequent, < =common, r=rare, rr=very rare.
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overlapping ecological features of these taxa
are significant. After correctly distinguish-
ing each of them, further work will be
necessary to define their ecological ranges.
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Hirotoshi YaAmMAMoTo and Jun SasAki: On the pseudocystocarp of
Gracilaria verrucosa (Hups.) PapPenr. (Gracilariaceae)

Key Index Words: Gracilaria; Pseudocystocarp.

Hirotoshi Yamamoto, Usujiri Fisheries Laboratory, Hokkaido University, Minami-kayabe, Hokkaido

041-16, Japan

Jun Sasaki, Faculty of Fisheries, Hokkaido University, Hakodate, Hokkaido 041, Japan

On both main axis and branches of a
frond, which were incubated under unialgal
and isolated conditions from a tetraspore of
Gracilaria verrucosa collected at Shinori in
Hakodate, Hokkaido, cystocarp-like swell-
ings (pseudocystocarps, see BIRD and
McLacHLAN, 1982, p. 560) appeared with-
out the presence of spermatia. The pseudo-
cystocarps were so abundant as to count
50 per cm along a main axis of 2 mm diam.
The number was much larger than those on
a frond which was cultured together with
spermatangial plants (Fig. 1).

One of the tetraspore-derived fronds,
cultured until approximately 3 mm long in
a deep petri dish, was transferred into a
flask of 100 m/ to be incubated alone.
This culture was continued under the con-
ditions of 20-21°C, about 4000 lux of white
fluorescent lamp and a photocycle of 14
(light)-10 (dark). Provasorrs ES medium
without vitamin was applied with aeration
throughout the culture.

The external appearance of the pseudo-
cystocarps is almost the same as those de-
veloped by fertilization except their smaller
size, up to 0.45 mm high, up to 0.6 mm
wide. A longitudinal section shows features
of a pericarp with a single ostiole at its top
that are similar to a normal one. How-
ever, neither gonimoblast tissue nor car-
posporangia occur, so the cavity is empty
except some hair-like filaments rising from
the bottom cells. Although a carpogonial
branch is formed, a fusion cell, which can
be seen frequently in a normal cystocarp,
is not found. These observations suggest

that the pericarp and ostiole can be formed
regardless of the existence of a gonimoblast.
It is not known what kinds of factors induce
the development of this abnormal cystocarp.

The possible autogamy and mixture of
spermatia of the same or different species
during culture were reviewed and not con-
sidered feasible because other fronds which
were incubated under the same conditions
failed to form such pseudocystocarps.
Since the cultured fronds from other local-
ities did not develop such abnormalities, the

Fig. 1. Pseudocystocarps developed in main
axis, showing crowded occurrence. Scale: 1 cm.

Fig. 2. Longitudinal section of pseudocysto-
carp, showing a normal pericarp with an ostiole.
Scale: 200 um.
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fronds from Shinori had a different set of
characters.

If these pseudocystocarps resulted from
fertilization, their lack of a fusion cell and
gonimoblast tissue is very interesting, be-
cause the formation of a fusion cell has been
recognized as the first step in the develop-
mental process of cystocarps in this family
(Gracilariaceae). We have never found
such a cystocarp in the field.

A similar pseudocystocarp is reported in
the crossing experiment between distinct
species (MCLAGHLAN et al., 1977; Birp and
McLacHLAN, 1982). McLAGHLAN e al.
describe their pseudocystocarp to be filled
with small and round cells resembling corti-
cal cells, and exceptionally with non-viable
spores. They also suggest, on the basis of
some supporting experiments, that they

were a result of syngamy rather than
merely a chemical stimulation. Birp and
McLACHLAN, however, remark that their
pseudocystocarp was empty or with abor-
tive carposporangia.

We sincerely thank Dr. I. A. ABBoTT,
University of Hawaii, for correcting the
English.
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Hanpa, S. and Nakano, T. 1987. Analysis of the epilithic diatom communities by principal com-
ponent analysis method (The Nuta-gawa River, Hiroshima Prefecture). Jap. J. Phycol. 35: 279-
288.

The epilithic diatom communities in the Nuta-gawa River, Hiroshima Prefecture were analyzed
by the principal component analysis (PCA) method. The samples studied were divided into three
groups of autumn, winter-spring and summer samples according to the second and third principal
components. The summer samples were distinctly different from the other samples.

Except the summer samples, the other ones were divided into three groups of stand 1, 2 and 3
according to the third and fourth (or fifth) principal components. The inorganic water quality was
similar in all stands. But, the type of the river bed was distinctly different at each stand. The ep-
ilithic diatom communities of the upper stream seem to be in the primary stage of its development
because the bed of the upper stream is unstable. The characteristic species of the upper stream were
Cocconeis pediculus, C. placentula var. euglypta, Gomphonema minutum and Achnanthes lanceolata. They seem
to be pioneer species in this river.

Information on the dominant species was obtained from the data of relative frequency. On the
other hand, other useful information were obtained from logarithmic data and presence/absence
data. By using the presence/absence data, the uncommon species were overvalued. The results
obtained from the data based on the cell number or degree of coverage were similar to those from the

logarithmic data.

Key Index Words: community structure; epilithic diatom; principal component analysis; pioneer spe-

cies; seasonal change.
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Table 1. Inorganic water quality at the sampling stands.
St. 1 St. 2 St. 3
Water temperature (°C) 14.7 15.1 15.0
pH 7.5 403 7.7 +0.2 7.6 +0.2
BOD (mg/l) 0.7 40.2 1.0 +0.3 0.9 402
T-N (mg/1) 0.83 +0.17 0.92 40.13 0.66 +0.18
T-P (mg/l) 0.025+0.009 0.03940.013 0.0274-0.013
Flow (m3fsec) 0.08 +0.05 0.65 +0.40 2.69 +1.38

(Average and standard deviation of Mar. 1984—Mar. 1985)

Mukunashi-gawa

2
St.3

S
Mt. Takamura(Chikurinji)

Huta-gawa

S Shiraichi
N
TN

Fig. 1.

Map showing the sampling stands.

T, DTN ARMOBNHH BT 5 (Fig. 1), %
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Fig. 2. Seasonal variation of water temperature.
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simum QRFBROUFELIL>TN B, 2O & D5
Case-0 Tid, #1ERDELTHESEORT A
INFEEZBTLENTES,

Case-2 Tk, 1 - 0&MEfT-TEYD, BNLE
FEhb SiEV7c, 2ERHCHBR UcERT~TH
LILEOFEMMITEN, 3. 280RFEEERLTH
%o —J5 Cocconeis pediculus, Gomphonema olivaceum
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RFEEZBLLENBTED,

Case-1 T3, Case-0 & Case-2 OIS EEEDS
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BB TEREE U THERL, 5L KRN
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(Fig. 4-a) %A 5 &, Cocconeis pediculus HifhodFEL b
HEBEUTATHEWMEZRLTED, COHE 2 ERI
C. pediculus QRFEME Licic T ER0. FARR IC,
HELKI35BDE 3 EMDS, Gomphonema olivaceum
var. minutissimem ORFEZHHLTHBREFTH -
7o
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FO.8% DE3ERyIc Ky, HAbh, B, K-
FH, Eflo 3 >ofEicEilz i (Fig 3-¢c) C
NOoMFRDZEDOELIOREMHENLORTTH
b, KiE, BEEEOIFIENRPERBEAMIC
HEBUIERELTEDLDOL DD TH S, CORTFI
RELBEELTVW2EEETEA (Fig4-c) »5H
&, BIAZE#M S 38 E LT Navicula bacillum,
Fragilaria pinnata, Bacillaria paxillifer, Z3—FHA% 5
Mo AL LT Fragilaria capucina, Surirella ovata
var. pinnata 1 E A SNtce F 7o, BE Gom-
phonema gracile \ X » THESHIoh3 & & biC,

Cocconeis placentula var. euglypta, Nitzschia linearis 73
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Table 2. Epilithic diatoms found in this study and their relative frequency.

Relative frequency (%)

Stands st. 1 St. 2 St. 3

Species Seasons* A W Sp  Sm A W Sp  Sm A W Sp  Sm
Achnanthes convergens......... PN 18.8 13.8 7.3 16.8 26.5 12.4 14.7 4.9 49.5 26.8 7.9 6.7
A. delicatula....eeeeeennnnrnnnnnnenens = - - - 1.2 1.9 + - - - - -
A. lanceolata.......eeseseeesensesses.. 1,110.8 12.2 0.6 1.3 0.6 0.9 0.4 0.1 + 0.3 0.1
A. laterostrata........eeeueees. [ 0.1 - = = - - - - - - - -
A. minutissima......ccveuivennnnnnn, ceee = 4.911.4 1.6 - 0.1 1.4 1.4 - 0.1 0.1 1.4
A. subhudsonis.......... eesesiiinse.... 0.8 2.8 0.2 0.8 0.3 2.2 2.3 3.7 - 0.1 0.2 0.5
Amphora pediculusS...ccevieirenrenianees = - - - - + - - - + - -
Bacillaria paxillifer............ vees.s 0.3 0.6 + - 0.8 + - - + + - -
Caloneis bacillum......cvvvvievinenneas = - + + - - - - - - - -
Ceratoneis arcus var. hattoriana....... - 0.9 0.1 - - - + - - = + -
Cocconeis pediculus.....ceevveeeenena..41.1 11.9 44.0 + 12.0 0.4 + - 0.2 + 0.2 -
C. placentula var. placentula.......... 0.7 1.7 0.1 0.2 0.4 0.1 0.4 3.2 0.2 0.2
C. placentula var. euglypta............ 6.6 3.5 0.3 - 12.8 0.8 0.1 - 2.3 0.4 0.1 -
Cyclotella COMEA..evreeerensnnnansennns = - - - - - + - - - - -
C. meneghiniana...... S - - + 0.9 + - - 0.2 - - -
Cymbella aspera...... T R T - 0.1 - - - + - + -
C. japonica........... e - - - - - - - - - 0.1 -
C. naviculiformis.......voeivieinnnnnn .- - - - - - - + - - - -
C. silesidaca.eeeeeveueneacsonnonnnseass 2.8 6.9 11.4 21.6 3.4 8.1 15.8 7.3 3.6 5.0 47.1 11.7
C. sinuata.......covvunnn Ciereereaeesss = 0.2 + 0.2 - 0.2 1.3 + - - 0.1 +
C. tumida..... eeeteseeesesssesess. = 0.1 + 0.9 0.1 0.3 0.6 0.9 0.2 2.5 5.8 2.2
C. turgidula.........covennnn. veies.... 0.5 0.1 - 2.2 88 0.3 - 4.3 7.3 0.9 0.1 4.2
Fragilaria capucina var. capucina...... - 0.1 1.4 - - 0.6 0.1 - - 0.8 0.5 0.3
F. capucina var. vaucheriae............ 0.4 0.9 0.9 0.6 0.4 1.6 2.6 1.2 1.9 1.6 5.2 13.4
F. construens var. construens..... ceeee = - - - - 0.1 - - - 0.1 0.1 -
F. construens var. binodis......... P - - - 0.9 - - - - - -
F. intermedia..... e eieeieieiieseeeees.s = 2.1 0.1 0.1 - - 0.1 - - - 0.1 0.1
F. pinnata.....coovvvniieiinann, ve... 0.1 0.1 - - 0.2 - - 0.1 - - +
Frustulia rhombiodes..........ccvcvveee. = 0.1 - - - - - - - - - -
F. vulgaris...ceeeiieeennennennnnnnns .. 0.3 0.9 - 0.1 - - - - - - -
Gomphonema angustatum.......eoeeveeeee. = 0.4 = - - + - - - + + -
G. augur var. sphaerophorum............ - - - - 0.2 - - - - - - -
G. clevei.......... L N + - 0.3 0.1 0.2 - 0.2 '+ 0.1 -
G. gracile....covvveinininnnnnnnns Ceeee. = - - 0.3 - = - 0.1 0.1 - - 0.1
G. helveticum............ Ceieiiisesiae. = - - - + - - C- 2.4 10.0 - 8.4
G. MINUEUM. et evevnenoensoensonnnnnns oo 47 2.5 0.6 - - - - - - - - -
G. olivaceum var. minutissimum......... - 0.9 1.6 - - 41.5 9.6 + - 41.9 7.9 +
G. parvulum....vvivennnnnnennns teee.... 0.1 0.9 0.6 3.6 0.3 1.1 1.5 7.3 - - 0.9 16.4
G. pseudotenellum............ ceeesese.. 3.3 2.8 3.1 3.0 0.2 0.1 0.2 1.4 - - 2.1 0.1
Gyrosigma spencerii.......coveveeeenae.. - 0.4+ - + - - - - - - -
Hantzschia amphioxys..........ccvavuun - - - - - - + - - - + -
Hydrosera triquetra.................... 0.1 1.0 + - - - - - - + - -
Melosira varians............. “eeeses... 0.5 5.3 0.5 2.6 1.3 1.2 0.5 2.0 0.2 1.6 0.7 0.3
Meridion circulare var. constricta..... 0.1 0.2 - - - - + - - - - -
Navicula bacillum.......eevvveeeveeaes. 0.1 0.1 = - 0.3 - - + + - - -
N. cinctaeformis........coviuvniinnnnn . 0.4 0.6 - 0.9 0.2 0.1 + 14.1 - 0.6 3.7 10.0
N. clementis............. L I I - - 0.5 0.1 - - - - - -
N. contenta........ ceesenae P I - - - - - + - - - +
N. cryptocephala......e.vcevvvunesnnn.. 1.1 0.2 4+ 1.6 0.3 0.1 + 2.0 - 0.1 0.1 0.1
N. cryptotenella.......ceoeeeenennnn... 2.4 2.5 0.6 6.0 2.7 0.9 1.7 1.6 13.0 1.3 1.1 0.8
N. decusiS...ccoeeveiennenenenseneaaess 0.3 0.2 - - 0.2 0.2 0.1 + 0.3 0.1 0.1 +
N. elginensis............ Cierieiiieeees = 01 - + - - + - - - - -
N. goeppertiana.......cceevvveieinnnnns: - - - + 0.1 - - 0.1 - - + -
N. gregaria.....cooeieeienineenennnn., .. 4.7 2.1 0.6 8.4 9.6 7.423.7 2.2 3.9 3.4 5.2 0.1
N. lanceolata@....c.eereeerennnonncanns .. 0.3 - - 2.0 0.2 - - 0.1 0.4 0.1 0.6 -
N. minima.....eevieeennnnnnns e = - - - - - - 20.1 - - - 0.1
N. mutica var. ventricosa........cooau. = - - - - - - - - - - +
N. perminuta....coeeeeeeeeneracnannnanns 3.8 6.6 + 1.7 3.1 6.2 0.5 + 0.6 0.1 + +
N. Protractad.ceeeeseceeecenecansanneans — - - - + 0.1 + - - - - -
N. pseudolanceolata var. denselineolata 0.1 0.6 0.3 0.1 - 0.1 0.2 + - 0.1 0.2 +
N. pupula....eevennnn Certernsseeseseeeses 0.1 0.9 - + 0.8 + + + - + + +
N. rhynchocephala......... cevees Ceeeees = - - - - - + - - - 0.1 -
N. schroeterii........vcevvvvevenene... 007 - 0.1 1.6 1.2 0.1 + 0.4 0.1 + - 0.1
N. slesvicensis..... O | T + 5.2 2.7 0.1 + 4.9 4.9 + - 5.9
N. ventralis.......eoveveieneenenneaa.s 0.2 0.1 - - 0.8 + + 0.5 + - - -
N. viridula var. viridula.............. 0.1 - - 2.6 0.5 + - 1.0 0.9 - 0.1 0.2
N. viridula var. rostellata............ 0.1 0.1 0.2 3.9 0.1 + - + - - - -
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(continue)
Nitzschia amphibia..................... 0.3 0.2 + 0.3 1.1 2.8 2.6 0.1 - - 0.1 0.1
N. dissipata...eeceeeeeneeenneenannnnns 0.3 - 0.7 - - + 1.1 + - + 5.8 -
N. frustulum....cooiviiiiennieinnnenens - - + - 0.2 1.9 2.8 1.0 0.1 0.1 - 0.5
N. gracilis..oveineniiiiiiiiinieniennns - - - - 0.2 - - - - - -
N. lineariS...c.eeeeieineienneneneenenns 0.7 - + 0.7 0.1 - - + 0.2 -
N. palea....oeieiieneininennneannnenns 0.1 6.2 2.4 0.6 1.1 7.9 3.9 0.3 0.9 1.7
N. paleacea........... - - - 0.2 - 0.1 0.1 0.1" -
N. parvula.......... - - - - - - - -
N. romana.........c... 0.1 1.3 0.2 3.4 11.2 0.1 0.1 0.8 0.7 0.5
Pinnularia gibba - - + - - - - - 0.1 -
Rhoicosphenia abbreviata............... - - 0.2 - - 0.1 2.0 - 0.1 - 0.1 -
Rhopalodia gibberula................... - - - - - - - - -
Stauroneis phoenicenteron.............. - - + - - - - - + - - -
Surirella anguSta.......cveenenaincanns 0.1 1.3 0.2 2.0 0.1 1.0 0.4 0.2 0.1 0.6 0.3 +
S. linearis.....ceiieiiiiininnnernanns - 0.6 + 0.1 + + - 0.1 + 0.1 +
S. ovata var. pinnata.........ccceiunnnn. - 0.2 0.2 - - + 0.1 - - 0.1 0.3 -
Synedra inaequalis................ ..., - - - - - 0.1 - - - 0.1 - -
S. rumpens Vvar. TUMPENS......ceeeeeeons - - 0.1 0.1 - - 0.1 0.1 + + 0.2 2.2
S. rumpens var. meneghiniana........... - - - - - - + - + + 0.1
T B - 0.1 0.2 0.1 0.9 + 0.1 + 8.5 0.1 0.1 0.111.7
Tabellaria fenestrata..........ccoveuuen - - - + - - - - - - - -
* A: Autumn, W: Winter, Sp: Spring, Sm: Summer (+<0.05)
Table 3. The Factor loadings by PCA.
Data processing Case-0 Case-1 Case-2
Factors 21 12 73 Z1 12 73 21 72 73
Proportion of eigenvalues (%) 41.6 17.7 13.5 55.5 11.6 10.2 41.4 1.7 9.8
St. 1 Autumn 0.62 -0.71 -0.02  0.68 -0.13 -0.61 0.52 -0.53 -0.30
Winter 0.77 -0.45 -0.05 0.69 -0.48 -0.18 0.60 0.12 -0.41
Spring 0.52 -0.68 -0.12  0.72 -0.50 0.03  0.66 0.30 -0.28
Summer 0.82 0.29 -0.28 0.81 0.30 0.01 0.70 -0.03 0.37
St. 2 Autumn 0.81 -0.30 0.04 0.68 0.23 -0.59 0.53 -0.66 -0.20
Winter 0.54 0.38 0.64 0.82 -0.22 0.07 0.73 0.08 -0.22
Spring 0.74 0.34 0.14  0.81 -0.28 0.28 0.66 0.39 -0.15
Summer 0.31 0.33 -0.58 0.72 0.47 0.17 0.66 -0.10 0.55
St. 3 Autumn 0.74 -0.02 0.06 0.71 0.38 -0.28 0.56 -0.49 0.07
Winter 0.62 0.32 0.61 0.76 -0.00 0.25 0.68 0.15 -0.09
Spring 0.61 0.42 -0.25 0.80 -0.20 0.32 0.66 0.39 -0.02
Summer 0.41 0.39 -0.56 0.71 0.47 0.36 0.71 0.07 0.52

EZRL TEDRHBITH > 1o S biC, Hificdis
VWERBLTER#SRES A 50hB 2 En5, B
SEMSREHORARIEFEILT0B L EbiT, Hid
ZERHTA2RTIEINTVIEBb L 5. 3 8,
Case-2 THMTLTEIL Gomphonema gracile, Fragilaria
pinnata, Navicula bacillum 13 &, HBMEIE DTN
BEESEREIL > T

Case-1 Tid, H5HI6BDE2ERITLFLSE
10. 203 EXTORFAMRIC X b, AR
Case-2 L IZIZRFLEFIMZIN TS (Fig. 3-b),

Case-1 ORTFAEA (Fig.4-b) itk 5 &, BH—HH
S 28I Cymbella turgidula, Navicula slesvi-
censis, N. viridula 13 %, XP—FHHE2HE ST 2 EIZ
Gomphonema olivacenm var. minutissimum,
capucina, Nitzschia linearis 138 L1718 - T3, Fio,

AROTMOMES S &, 2ikE UTREREZRES
i}, EMCETRTHROMSEERHFHSITHEELL
T, Cymbella tumida, Gomphonema helveticum s X
hico BficAdisd, EHT L TR RO #AZRFE
S TWBEE LT, Cocconies pediculus, C. placentula

Fragilaria
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(23) 02 1(z3)
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4 2 9 (22) Other species
O g7 o
A 1 01 3 N
- M 5 ¢ ) (22)
Xl A3 o 0 o N H
~ | Coc. pediculus S~/ Syn. ulna
—osk 2.3 Nav. minima Gom. parvulum
X
X Nav. cinctaeformis °
) ) _sk l Cym. silesiaca
=10 =5 0 3
Gom. olivaceum (23)
(23) v. minutissimum
. Cym. tumida
oS- x3 Achn. minutissima| °
2+ o O _-|-_
2.3 Frag. capucina .~~~ T
A % 2 9. cap 7 ~Gom. helveticum
n X n ! ‘\|.
b 1 2 ) { . !
8 A o x‘ (22) 4 . ! Other species | (22)
o
. 1 Nit. linearis' /Nav. viridula
2 o 2 .. '\ //I o
.3 Gom. mmutugl\\n__‘_cym. turgidula \
-2 Nav. perminuta. Nav. slesvicensis
051~ 1 .2 Coc. placentula v. euglypta
° °
L L ®Coc. pediculus
I 1 | 1 1
(23) Gom. gracile (23)
2 [ ]
05 X X3 J
o Nav. viridula .-~ Y
u [ J /’/’ \\
o o |Frag. pinnata /” N
2 3 g * | \
8, ) A3(22) & 5 i Other species i (z2)
7
° 2 °3 a2 Nav. bacil]um“\ Frag. capucina
() 02 © \ /
.1 A1 \\ """" -,
o _»}-Bac. paxillifer~~----1" esur. ovata
—osk [ o v. pinnata
Coc. placentula ?ﬁt linearis
] L v. euglypta .
~05 0 [ . . . .
( ® : Autumn, O: Winter, A: Spring, X : Summer) -4 -2 0 2 4
Fig. 3. Diagram of samples plotted on Fig. 4. Diagram of species plotted on the second
the second and third factors. and third factor scores.
var. euglypta, Nitzschia linearis, Gomphonema minutum, (2) BRI ZBRWO I ERD O

Navicula perminuta HsfiHi & Ntco F 7, Case-2 iClh L2EPNC L B ERDDH TR, EHORFHHHE
B LT Case-l TiZ, HMMOSEHINTL S HREED hiboo, BEENT2RT L BRAEENTIHR
Bos0T, BhAEbITh TV, FREAMICEDN TV B, TS ITRLIL

Motie 22T, BHOEEIERN 9 DD
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Table 4. Factor scores of the first principal
components for the main species.

Data processing Case-0 Case-1 Case-2
Factor 1 2 21

Proportion of eigenvalue (%) 41.6 55.5 41.4
Achnanthes convergens.................. 14.24 8.40 3.28
Cymbella silesiaca......covveuvvnneennns 9.21 7.70 3.28
CoCCOneis Pediculus. . vuveresnsnennnnns 6.24° 2.7 2.05
Navicula gregaria.........c.coevuvnnnnn. 4.84 6.17 3.28
Gomphonema olivaceum var. minutissimum. 4.77 2.82 1.20
Navicula cryptotenella................. 1.65 6.17 3.28
Achnanthes lanceolata.................. 1.47 3.37 3.28
Fragilaria capucina var. vaucheriae.... 0.92 4.95 3.28
Cocconeis placentula................... -0.38 1.96 3.28
Melosira varians...........ocoeuvnnnn. 0.57 4.7 328
Navicula peruminuta.........coovvuennnn 1.05 2.81 3.28
Nitzschia palea..... . 0.99 4.49 3.28
Surirella angusta........co.covneinninnnn -0.41 2.32 3.28
Synedra UlNa.....ooeeeeiaenenenannann 0.23 1.73 3.28

WTERDI DI ZTT - 720 LLTFIC Case-1~Case-6 D
B2 ~85 ERDATHRONLEHORT L HIHDORT
IKDWTRYT .

a. ZEHORTFICOVTORT

Case-1 T, 2, F5ERpORFARRICK
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D, HEENIEMC & i 3 >DBicEAI S h (Fig. 5-a),
Case-3, 5, 6 THRMSEDIDNEINI. LTHH
Case-2 TRAMOBREEHTI2HT BN T
B57, EMT L OFFNIARFKSL T (Fig. 5-b), Case-
4 BTHNERBRBRREIE > T

B & X —HRPEBH LTV EE 2 ERI D0
T, REMERHYUST 2EEMHT 2101, F2E
BIORTFBROEIENKEOEL T LD 0N
Table 5 ThH 5, BIFLRH ST 2EE LTiE, Cym-
bella turgidula, Navicula viridula var. slesvicensis, Coc-
coneis placentula var. euglypta 13 E3HTF bnb, ¢ T
T Case-2 T, chofiCH#k LT Fragilaria pin-
nata, Navicula bacillum 13 & DBELEBEOFE Ml A & <
o> TWice —F, RI—FPERB ST 3EELT
1%, Gomphonema olivaceum var. minutissimum, Achnan-
thes minutissima, Fragilaria capucina 73 E DI
1o

b, HEOEFICONT DR

% Case &b, I EMMT St 1 & St. 3 ZFHIL
THD, #4 (Case-2, 4 TIIHES5) WAL, St.2
DR EERIL T B, WBUEET-

Table 5. Factor scores of the second principal components for the main species.

Data processing

Case-1 Case-2 Case-3 Case-4 Case-5 Case-6

Factor 72 72 72 72 72 72

Proportion of eigenvalue 13.3 15.0 14.2 15.3 15.6 16.9
Cymbella turgidula.............c.conn.. 3.35 -1.45 2,95 -2.98 3.96 3.23
Navicula slesvicensis............cooun.. 2.59 -1.19 2.84 -1.23 1.88 1.77
Cocconeis placentula var. euglypta..... 2.37 -0.35 1.67 -1.58 1.56 2.18
Navicula viridula..........coovnnnt. 1.52 -1.91 1.82 -1.62 2.10 1.58
Cocconeis pediculus....coovvunvvennnnn. 1.16 -0.35 0.54 -1.86 2.26 3.00
Fragilaria pinnata.................o... 0.31 -2.55 1.27 -2.20 1.36 0.39
Navicula bacillum.............coove.... 0.27 -2.55 1.78 -2.20 1.80 1.06
Gomphonema olivaceum var. minutissimum. -3.10 2.53 -3.29 3.83 -3.58 -3.55
Achnanthes minutissima................. -2.36 2.53 -2.67 2.72 -2.42 -1.77
Fragilaria capucina.................... -1.75 2.53 -2.02 2.32 -2.45 -2.24
Surirella angusta............ccoovenn.n. -1.56 -0.35 -0.75 -0.51 -1.40 -2.19
Cymbella sinuata.............covvunn.n. -1.33  2.24 -2.03 1.99 -1.81 -1.35
Surirella ovata var. pinnata........... -1.29 2.53 -1.8 1.75 -1.84 -1.21
Fragilaria intermedia.................. -1.15  2.11 -1.84 1.48 -1.56 -1.01
Ceratoneis arcus var. hattoriana....... -0.76 2.11 -1.22 1.48 -1.16 -0.26
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a : Case-1 b : Case-2
ash (25) - (24)
A3
a3 3
1 2
) o .32 , o o
0 [ ] | @
(z2) (22)
02 .3
o! q? 2
A
a5k i al
-0:5 0 O.IS -0:5 0 0.‘5 '

(@: Autumn, o: Winter, a : Spring)

Fig. 5. Diagram of samples plotted on the second and fifth (fourth) factors.

7o Case-1 THRLYPAMT (Fig.6-a), 1 -0 & oD
Case-2 TR RAHAMICIE->TW3 (Fig.6-b) 0
@, Case HICKIBEERZBD GHiZh -1,

St.1 & St.3 ZFHILTHBHE I ERIICOVT,
HFBROKEENKREVEL T LD/ bD% Table
6 ICRT o St.1 MY B8 & LTI, Cocconeis
pediculus, Gomphonema pseudotenellum, Ahnanthes lan-
ceolata %, St. 1 TOAHBEINT: Gomphonema minu-
tum HBHY >, ThdDH  FEHICITHBIFRE
ED-72bDThbo. Case TEICRFELAELE T
3L, St.1 THRLFKMIICHR U C. pediculus |,
$t.2, 3 KBV THEL LTPHREALTWED, 1 -
0 %D Case-2 TRIFZEAEHEINTH T 2 »
teo Ffz, REID Nitzschia linearis |3, BEICL DK

rL7c Case-5, 6 TEIWMEETRL T o St.3 24
B AEE LTIL, Gomphonema helveticum MDIZD>,
St. 1 THEBODII Cymbella tumida, Gomphonema
olivaceum var. minutissimum 13 E BT 5N 5,

1%, #4 (Case-2, 4 TIIHES) ERHT St.2
RS T TWABTHEIL, Achnanthes delicatula, Nitzsec-
hia amphibia, N. frustulum 12 ETH -7,

2. (PEERSEERDBE

RERERE, BEEICEE UENEE > S o
4, St. 1 THRICHB Utz Cocconeis pediculus, St. 2, 3
T@ﬂlc*iﬁﬁ LW}z Gomphonema olivaceum var.
minutissimum HFHCHIL > Tz KIT, T — 2IKx
Bond, MEBRUEEICLIBBEXaEZIZECLT

a : Case-1 b : Case-2
o5k (z4) | (25)
P
1 3 o’ ! A |3 3
1 o A o
‘3‘3
0
(23) g (23)
2
| a2 28
02 02
051 L
] 1 1 1
-0.5 . 0 0.5 -0.5 0 0.5

(®: Autumn, o: Winter, 4 : Spring)

Fig. 6. Diagram of samples plotted on the third and fourth (fifth) factors.
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Table 6. Factor scores of the third principal components for the main species.

Data processing Case-1 Case-2 Case-3 Case-4 Case-5 Case-6
Factor Z3 Z3 Z3 73 Z3 73
Proportion of eigenvalue (%) 10.3 10.4 10.2 9.7 11.7 14.1
Cocconeis pediculus............... -3.82 0.08 -2.26 -2.06 -3.33 -2.94
Gomphonema minutum................ -3.09 -2.14 -3.02 -1.78 -2.98 -2.74
G. pseudotenellum................. -2.22 -1.62 -2.09 -1.65 -2.25 -2.20
Achnanthes lanceolata............. -2.12 -0.68 -1.31 -1.30 -1.19 -1.89
Frustulia vulgaris................ -1.52 -2.15 -1.85 -1.67 -1.71 -0.95
Nitzschia Tinearis................ -1.50 -0.78 -1.72 -1.58 -2.31 -3.14
Cymbella tumida................... 2.29 0.95 2.26 1.50 2.91 3.31
Gomphonema helveticum............. 2.21 1.8 1.96 2.71 2.56 2.67
G. olivaceum var. minutissimum.... Z2.08 0.10 2.03 0.96 1.57 0.79
Cymbella turgidula................ 1.53 0.39 1.11 1.79 1.90 2.62
Nitzschia frustulum............... 1.23 2,12 1.82 1.69 1.69 1.29

ERYAHIC K DI UIRER, HEEEHSIEROE
MBS DL - 7o AFEMIBRICE T 52 HER
RUKZEMERY ST 2EL, UTO LB TH-
720

HAETH : Achnanthes convergens, Cymbella silesiaca,
Navicula gregaria, N. cryptotenella, Fragilaria capucina
var. vaucheriae, Nitzschia palea, Melosira varians.

KIN—FFHARY : Gomphonema olivaceum var. minutissi-
mum, Fragilaria capucina.

ZHHABY © Nitzschia dissipata, Rhoicosphenia abbreviata.

B HARY : Synedra ulna, Navicula cinctaeformis, Gom-
phonema parvulum.

EHA—FKHARY : Navicula slesvicensis, N. viridula,
Cymbella turgidula.

FKHH—ZHARY © Navicula perminuta, Cocconeis placen-
tula var. euglypta.

Fio, HREMBAIOTHSHEB)IKRO PRI
H720, KE, KR EORHEIRRELVICHDH
D5, HRICKD FEEBERRSRT > T
COFRELTE, AUKERRETTH, BROBE
PBRE-TOBEENELOND, 2%, AFAEH
BiZEW0 TR, LREOMRIZERK O S
{, KBOEBH RSN L5, HKKORKDH
ELIZ EIC & B AP REEBEMER A OB & LK
Ihd, 2o, LMz EBBROYIBSEIC

H B ATRER: DR, F 7o, KEAEVIZE BEEE K
#HOEBbh, EKEICIIBERREIC D 2 alRE#EH
oo chonZ EEEXLSDED &, Bflics
B3 3 AREHEO EttAic e, Hic ki
HREESCHRTABEEIEMcEb T O HERALE
Wofc L EDHPTE S, BIEDH & LTI Fragi-
laria capucina var. vaucheriae, Cymbella turgidula, Gom-
phonema parvulum, Navicula cinctaeformis, Synedra ulna
H, BEFOPIE LTIE Cocconeis pediculus, C. placen-
tula var. euglypta, Gomphonema minutum, Navicula
perminuta, Nitzschia linearis 3% 55,2 D H B Coc-
coneis placentula var. euglypta |3, BEOOIABRPEICH
B2z EMonT3 (KorTE and Buinw 1983),
T DA ERZE UTHiAIC L 3 HBRERORI A HE
ELTR, Ef#IEEE { & St Achnanthes lanceo-
lata, Gomphonema pseudotenellum, THLPIZESD { &
btz Cymbella tumida, Gomphonema helveticum H3%H
Foh, MER M 4=7TH, #FIBHEOEREL
Hbhs,

5k, Ziicid St.2, 3 T Gomphonema olivaceum
var. minutissimum QEHEDTERINTEY, EKEH
DOREEERIBEEZEZ 5N 5,

BERICET @&, FFTOATKEZRNZS
O (L, A 1982) BEEFRINTVE 00,
KAE DT 48, MEROHEDZH, BB
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KERHRICL AR EEBOEFEEYT 2 BRGS
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EEBBERICEDLON TV, 2ok, 1 - 0E#T
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BEERICERSIMEBERA L EZE S OWRE (F
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HBEREDNMELE < 122 HALD - 7o
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IERE T ICHE T 3 C LT E . MBI,
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K83 &0 5, HEEHRICIEUEERANS &
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MIaBuC X 2 BRSSP, HERKIIRFHT -4
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NTN3, B8, HEICEE DI A A~ bEE

Ahdcd, IDBERDHET —42EEL 505,

Case-6 13, 1MIELOEARINLE»-BEIC
“0” ZBZTVLAILbhboT, BITMRRZZ ©
flbd Case EFLILTEY, BEXDLIcT — itk
DERDITETIE, FAEREREELVESSL
BN EDBPEL M EL ST,
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HLH LHI 50
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LXK, WHMX *BRUBRZ:

LFEDHFEHM Shigeru Sasaxi,

Kazuo Kikucur and Keiji MaTsuvyama: Cutleria cylindrica; a new record

from Hokkaido

LFE Cutleria cylindrica {3, FF (1902) H3giHT
FEE LCRRUABES L FERICETIHHRTDH
5o

AEONHICONTIE, MRS, S, 8K,
HEEBI LI, Z0HLOMBETRECEAX
P JUNTEILR S & O Bt 5 Zh (MiciTa
and KamBarA 1961, #KFH - £zF41969, I%EH#E1971, #£
1972, FREEI975), KEPEE HANFICE T 1L,
ZhZhEBR/IMGER (41963) L8 r BRE
(BFA1963) BSHISN TV B, FINETIRIFIEES
DOREPERED L OBMEIN TS (Corron 1906,
Kanc 1966),

L AT, Takamatsu (1938) Rz oD% DR
8BX D DY BORHIcERBEEERE O FREKM
DOoAEERTN S, KETRSHETOAEDEED
BHohsN REEAESELE), Llo/ Ak
PHET BhSZhEh 500 km 13 & S EENICBATIC
FEDBEBLTHENS, 20RO ETHS HIFMO
BRI,

EHEOII86E2 H, 3ABIU 4 AicitiEEER
BROAIN (LY 5 B) I/haa (TiickhL) T,
F7c, 19874 3 HiCHEMETIGHN TL F EDEBEH
BLtco FEMBVWThbEEREICEL, MERaH
B O 5% 25 km, HFEIHOD 54 30km
HHtich 3 (Fig. 1)o AFEDWHEDSEELTHD
SEIRET CIRATED 9 Aic, BB TIRALL 7
AICKE 6—Tm OWEICERS N 900m? 0fF
RED VT ATIHEETH B,

MR TR Bk, WIFhb gtk g T
HEMARRR T 13 - 7oo MRIZ/MIRIRD S Bl
U, 3023 MEBHEL, BXiZ 35—45
em, KZ{E 2—3mm ORRET, 7 —10EPPLED
AETRICHEL, WwBohiciliy, & SR
L BOBFTICHEHEBTELE b - 3B OMIBR
DEF D BEARICAONS (Fig. 2, A), Kk
SRR L OB BEE, HERRMERK DR KBS &
U1 SlotaFtzats/ Mk DRI RED 3 BTH
RaInd, @HEEFEIEE» TS 13T
1 — 3 [5Y3 2 MEDOMITROLHICERE N, B

Hokkaido

Shiriuchl

Ishlzakl

Tsugaru Stralt
O\
m

Honshu

/\Okm

Fig. 1. A map showing two new (@) and an
already known one (Q) habitats of Cutleria cylindrica
OkawM. along Tsugaru Strait.

X 50—90 pm, A X 20 um FEDOMHBIRT, KEET
25p/hERSbh, BETFIERCOBREEET
(Fig.2, B, C)o £f&kDBRENAY) —TBTH 5.
LFEHBFEREINI-ORFHAEA L bRIEIERI L
EHFLOAL# LT, BB (EH 0.25m?) BET
REICH g 5 100 g 2B 2 HEMBOLNEIILER
CHEEL T L, ZOFTORREE» S
RRTEIIh T 1, AIRBITORRIZI986FED
HTIBTEL AOFETRALRE, RRFELEE
BLTWE T, ZDXS KB 5 EED
HEDEERBICIIW S DDDEE TN EABRLON
3

BB ZOEOME T BBRO, %/ A
ETREHEROBEERE R} 5, LA (1965)
LEHE (1986) (2, I CIEEIFIPE O DOMATE D 5
T ICO T TONET, bABEOHREEHRHIT ICah
T 5B EE S EI0EEA TH D, ARt
BTOZho0NTHE, BIZEHELUFEICRONS LB
RTW B,
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A Lz

Cutleria ¢ylindrica Oxam.  A. A female

Fig. 2.
frond (Ishizaki, Hakodate City, 19 March, 1987).
B. A part of cross section of the frond showing inner
structure and female sori. C. A female gametangium.
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| VAV ERWOWERZRIYHTHY —L  Makoto YosHIZAKI:

On a personal computer game ‘“What is this algal name?”
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Xh, FIRRBEATE SV avZE>Ab 053 L5
i, 72 aVYOYERERZE ST ZLTECOW
BB G/ I VICHEUVDEEBOB LI -TE
7o LU, R¥ED/tva v, v—7a L LTOH
BEbYIcbhTHT, EBEOHBEEICEMRINT
WBFRRDIINWC EBEETH D, £ T, LD
RETIE, FHhOA X —nr2blic, TEHFHH
FOHBEREEEMOWIEH/T, ZEOEEHD
Bt E LUTHBOZRMS T2 1 X&ED, FIALTH
b0 BEPLRIELIEMBERIOND LFFHTH
Bo ¥7z, F—FK—FOBRVWFDOHEEICGBRETH
%, ZOHEHMIZ, 19864ED HABEFXE 10 EKRE
(B |PKR¥) TORRI—F —ICHMD/ N~ F v
AV -2 —RBRULLTDIC, BEORMYTY
AZELTHBIETOOVAREIIFFTH o100 £
D%, FROFFIKIZT 075 L DFERIBERE, FIRID
DERIV DT 0S5 LOFEROBE BB NATH
50 LT, D707 bDOEBHE—HECTIC
WATBTEIT U

ZD7u s 7 AORMNIIRDLI TH S, HiTF%E
D5 EWFEAN) —EEBRRINEG—NEE
ANTE (B—=Fh2HFAN) —EIMNELY
I EBImEL R, BoThiZHEEh3. ©

NRFECTOIRIERTE3Y - 20EAITH S,
CERDE L TREBECBREEANERIN, RARIC
Ay —UNERINSG, A & B$ LRFMEEZ
2RL, 2hzgho () HoR3 DATA oz
HobTo CCTHEMMNBHZC LEEKT S, H
WoREEET 5 RE201TH, 30f7HLT0FTED25D
ZRAB & ABUCEE LIS hid s 5180 FADREERD
SEMOBIT20E 11325054 TH 5. A$ & BS D
TERPAEZ D LEREMTEIAXEILS,

ZD7u s 5 413, Basic DL EFEDBDTH 50
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CRBETEE L, £< Basic DAIZOROATHHE
BT 3DIcE SERIIPL LIV, W~ THBES
0s5 LA TRHB. i, FAEEH, 1 1MET
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10 CLS

20 DIM A%$(25),B$(25):5=100

30 FOR I=1 TO 25:READ AS(I),BS(I):NEXT I

40 COLBR S:PRINTMkkxiok {HEZHEYUT F—4 (LBEIER) BHE B xxx14"

S0 COLOR 7:PRINT:PRINT"7+%2/%F4H) 1004 F2°

&0 FOR I=1 TO 2S5

70 PRINT:PRINT:INPUT"#¥ /N 4252 +22h";C

80 IF C<1 THEN GOBTO 70

®0 IF C>S THEN GOBTHB 70

100 PRINT:PRINT AS(1);" Hf4&IL";  INPUT C®

110 IF C$=B$(I) THEN COLOR 3:PRINT "[F8Td ! ":5=5+C:GOTO 130

120 BEEP:COLOR &:PRINT "H48WZE 34! JFREZ": :COLOR 3:PRINT BS(I);:COLOR &:PFRIN
T"Cd":5=5-C

130 IF S=0 THEN PRINT:PRINT "#Fid, RELZLZ. Lok L LS\, ":6GOTO 18
0

140 COLBR 7:PRINT "7+ & /fFEN":S:"H2 FU=zvs. "

150 NEXT

160 COLBR 7:PRINT"H#HADEKESIL":S: "HTT. "

170 PRINT:PRINT" ARICHRZ LichLicld, ARCBBENRELATTR. ©

180 PRINT:PRINT" [#&KMEES, WHAFEREER. BRORELCLIT/ BIZTFL
NEZ53TYE. ZOENT/ BIX. BORMICPLLARAUVAHD, BROBEIZZD
EL7ZWEERRMFCEEINI L ZAKE S Z5TT. "

190 PRINT:PRINT"{L/ BRI LEBRENLELLSSAHNZTH, BREFh SR/
BIZRHBEILIITEEZHA. ZIVIAPLLTL., L/ BIBELER Y RIZ, #
HLBROREE WLZTLES "

200 PRINT:PRINT"EESETRELLEROMIE, MHEABLEDBRERES, B
BERBORISRINTWARELRRL, BLAYALTHZLONBZVWDTT. BEDH
BOMANERIE, CZhLMHEE 1D, LWIZL3ERTLILBHNET. "

210 PRINT:PRINT:COLBR 4:PRINT" CZhT %¥—Aa% #TLZEYF. 0 KEY 2 #LT
SEEn,

220 INPUT E$ : IF E®="0" OR E®="0" THEN RUN"B:MENU" ELSE 210

230 DATA"Cutleria cylindrica BKAMURA", " AFE"

240 DATA"Acanthopeltis japonica OKAMURA in YATABE","a2Af4%V"

250 DATA"Eisenia bicyclis (KJELLMAN in KJELLMAN et PETERSEN) SETCHELL","7? 5 X"
260 DATA"Ecklonia cava KJELLMAN in KJELLMAN et PETERSEN","AI¥ X"

270 DATA"Caulerpa okamurae WEBER UAN BBOOSE in OKAMURA", " 744 Y%
280 DATA"Caulerpa brachypus HARVEY"," AL 7Y %"

290 DATA"Hypnea japonica TANAKA®,"AZXA N5 /9"

300 DATA"Hypnea charoides LAMBURAUX"," "4 NS5 /1"

310 DATA"Sargassum macrocarpum C. AGARDH","/aX¥yx2*

320 DATA"Sargassum sagamianum YENDO', " AYEZ"

330 DATA"Pachymeniopsis elliptica (HBLMES) YAMADA in KAWABATA","# ¥ )N/VY"
340 DATA"Chondrus giganteus YENDO",'FA/NY /25"

350 DATA"Chondrococcus japonicus (HARVEY) BKAMURA in MATUMURA et MIYBSHI", "9 3
JNE

360 DATA"Chondrococcus hornemanni (LYNGBYE) SCHMITZ", "sKYNF I /NS
370 DATA"Rhodymenia intricata (BKAMURA) OKAMURA", "=2H a3 1NYy"

380 DATA"Champia parvula (C. AGARDH) HARVEY","mw-Xvy "

390 DATA"Acrosorium polyneurum OKAMURA","ZAY XN/ )"

400 DATA"Acrosorium yendoi YAMADA","NA 2N/ V"

410 DATA"Carpopeltis divaricata BKAMURA","t khy=2w"

420 DATA"Carpopeltis crispata BKAMURA"," kA= )
430 DATA"Marginisporum aberrans (YENDO) JOHANSEN et CHIHARA in JBHANSEN", " 7% #H
/7"

440 DATA"Serraticardia maxima (YENDO) SILUA","FFan"

450 DATA"Meristotheca papulosa (MBNTAGNE) KYLIN®,"krH¥#AH V"

460 DATA“Plocamium telfairiae (HARVEY) HARVEY in KUETZING","'2AVY"
470 DATA"Cladophora wrightiana HARUVEY","F % L4 74"

480 DATA"Codium adhaerens (CABRERA) C. AGARDH";, “NA 3"

490 DATA"Laurencia intermedia YAMADA","Zzuyvy" .

500 DATA"Gastroclonium pacificum (DAWSON) CHANG et XIA","A4 VY =W"
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