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Taxonomic study on Berkeleya obtusa (GREV.)
GruNow (Bacillariophyceae) from
Hokkaido, Japan

Makoto Mizuno

MizuNoO, M. 1979. Taxonomic study on Berkeleya obtusa (GREV.) GRUNOW (Bacillariophy-
ceae) from Hokkaido, Japan. Jap. J. Phycol. 27: 175-181.
Berkeleya obtusa (GREV.) GRUN. collected from Otaru and Muroran, Hokkaido, was

studied morphologically and ecologically.

Discussion was made on the taxonomy of this

species based on morphological and ecological differences between this species and B.

rutilans (TRENT.) GRUN.

Makoto Mizuno, The Institute of Algological Research, Faculty of Science, Hokkaido

University, Muroran, 051 Japan.

During the study of marine littoral dia-
toms at Oshoro, Hokkaido, the author col-
lected a tube-dwelling diatom having a
long central area in December 1973. This
diatom was different from Berkeleya rutil-
ans (TRENT.) GRUNOW in the tube and valve
morphologies and was identified as B.
obtusa (GREV.) GRUN.

This paper deals with morphological and
ecological investigations on B. obtusa from
two localities in Japan and discussed dif-
ferences between B. obtusa and B. rutilans.

Materials and Methods

Materials were collected monthly from
May 1973 to April 1974 (except November)
at Kabuto-iwa, Oshoro, Otaru City facing
the Sea of Japan and in December 1975 at
Charatsunai, Muroran City facing the
North Pacific Ocean. These samples pre-
served in 3% formalin seawater were used
for observations on tube and valve mor-
phologies. A part of each sample was
cleaned by hot concentrated nitric acid and
distilled water, and was mounted in Pleurax
for the observation of valve structures.
The valve length and the distance between
the central raphe endings were measured

on 50 or more valves in each sample by
screw micrometer. The number of striae
in the middle part of 50 valves was counted
in each sample. For scanning electron
microscopy, the acid-treated material col-
lected in Dec. 1973 was used. This was
examined using a JXA-50 A X-ray micro-
analizer (Japan Electron Optics Lab. Co.,
Ltd.).

Results

The colonies of this diatom were found
epiphytically on Sargassum confusum, S.
thunbergii and Rhodomela larix and epi-
zoically on sea mussels in the littoral zone
at Oshoro, but at Charatsunai they grew
only on seaweeds in the middle-lower lit-
toral zone. This zone was lower than that
of B. rutilans growing in the upper-middle
littoral zone. The colonies grew abun-
dantly from winter to spring, but in April
they abruptly decreased and they were not
collected in summer and autumn.

The colony was richly branched tuft
(Fig. 1) attaining a length of 5cm and was
dark brown in color in fresh materials. A
vast number of cells forming the colony
was closely packed in files in gelatinous
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tubes (Figs. 2, 3). Diameter of gelatinous
tubes ranged from 100 #m to 500 #m at
the middle portion of the tube and the
range from 170 #m to 250 #m was fre-
quently observed. The tube usually bran-
ched dichotomously (Fig. 2) and the apices
terminated abruptly (Fig. 3). The surface
of the gelatinous tube was smooth and the
texture of the tube was elastic. There
were no seasonal and geographical varia-
tions in the tube morphology.

Valves were linear with cuneate ends to

narrowly elliptical (Figs. 4, 6). The valves

measured 17-36 #m in length and 5-7 m
in width. By light microscopy, axial area
expanded in the same direction at the por-
tions of the central raphe endings and
resulted in asymmetry (Figs. 4, 6). Scan-
ning electron micrograph of the outer
surface showed that the central raphe
endings curved to the expanded axial area
and also the polar raphe endings curved
to the same side (Fig. 5). The central area
was elongated in the axial direction (Figs.
4, 6). The ratio value of the distance

between the central raphe endings to the

Figs. 1-5.

1. A colony. Scale 2cm. 2.
the tube. Scale 1 mm. 3.
Scale 200 /m. 4.

Berkeleya obtusa (GREV.) GRUN.

Light micrograph showing the branching of
Light micrograph showing the apex of the tube.
Light micrograph of valve view. Scale 10 #m. 5. Scan-

ning electron micrograph of outer surface of the valve. Scale 2 /m.
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valve length was shown in Fig. 7. As a
result of the comparisons between the ma-
terial of Dec. 1973 and other samples, the
ratio values of other samples approximately
accorded with that of the material of Dec.
1973. The ratio values (percentage) of each
class of the valve length were as follows ;
14-23% in 20 #m valve length, 18-27% in
25 pm, 26-35% in 31 #m, and 31-36% in

— —
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Fig. 6. Camera lucida drawings of
cleaned valves of Berkeleya obtusa.
Scale 10 g#m.
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Fig. 7. Correlation between the valve length

and the ratio value of the distance between
the central raphe endings to the valve length
of Berkeleya obtusa collected at Oshoro, in
Dec. 1973 (O) and at Charatsunai, in Dec.
1975 (X). The area surrounded by solid lines
shows that of B. rutilans (MizUNO 1977).

35 pm. The ratio value increased in pro-
portion to the valve length. As shown in
Fig. 7, the ratio values of this species were
distinct from that of Berkeleya rutilans
from Japan (Mizuno 1977). In the same
class of valve length, the ratio value of
this species was smaller than that of B.
rutilans.

The valve was finely striated (Fig. 4).
The striation density was 24-32 in 10 p#m
in the middle of the valve and 26-32 striae
were frequently observed. By scanning
electron micrograph, the striae composed
of small pores which arranged transversely
except the end where the striae arranged
radiately over the end (Fig. 5). The pore
transversely elongated on either side of the
central area (Fig. 5. There was no sea-
sonal and geographical variation in valve
morphology.

Discussion

Schizonema obtusum GREV. was transfer-
red by Grunow (1880) to the genus Berke-
leya GREV. emend. GRUN. on the basis of
tube-dwelling habit and Amphipleura-like
structure. According to GRuNow (1880),
B. obtusa has obtusely ended {frustule,
sparingly and dichotomously branched tube,
and extremely large tube diameter (150-
350 #um) than that of B. rutilans. VAN
Heurck’s figure (1880-81, Pl. 16, fig. 16) of
B. obtusa shows that the valve has nar-
rowly elliptical form, 30.7 um long, 6 #m
wide, the distance between the central
raphe endings of 9.8 um (31.9% of valve
length) and the striae of 26-28 in 10 gm.
SmiTH (1856, p. 78, Pl. 58, fig. 368) reported
Schizonema obtusum (=B. obtusa) as follows ;
“Frond filiform, sparingly branched ; apices
abrupt ; frustules exceedingly numerous, in
irregular files ; valves elliptical. Length of
frond 1 inch (254 cm). Length of frustule
0.0011 inch (28 #m). Breadth of valve
0.00025 inch (6.4 gm).” The tube diameter
measured from his figure is 200-400 #m.
In comparison with two authors’ descrip-
tions and figures and the results obtained
in the present study, this diatom from
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Oshoro and Charatsunai is identified as B.
obtusa.

This diatom occurs from winter to spring.
Mizuno (1977) reported that B. rutilans
grew throughout the year except for warm-
er months at Oshoro. At Charatsunai
where a wide tidal range occurs, the grow-
ing zone of this diatom is lower than that
of B. rutilans. SMiTH (1856) reported that
B. obtusa grew epiphytically on algae. At
Oshoro, this diatom grows not only epi-
phytically on seaweeds, but also epizoically
on sea mussels. Some workers observed
B. rutilans growing on rock, concrete, sea
mussel and seaweeds (SMITH 1856 ; ALEEM

1950 ; HENDEY 1964; Mizuno 1977). B.
obtusa and B. rutilans show ecological dif-
ferences in seasonal occurrence, growing
zone and substrate (Table 1).

In the present study, it has shown that
the ratio values of the distance between
the central raphe endings to the valve
length of B. obtusa is smaller than that of
B. rutilans (MizuNo 1977) in the same class
of the valve length (Fig. 7). According to
the figure given by van HEeurck (1880-81,
Pl. 16, fig. 16), the ratio value of B. obtusa is
distributed in the range of that of B. obtusa
from Japan (Fig. 8. On the other hand,
according to the figure given by VAN

Table 1. Diagnostic characters of Berkeleya rutilans and B. obtusa
\Specles B. rutilans B. obtusa
Characters
10-80%) 150-3502)
Gelatinous tube diameter 200-400¢)
(#m) 11-183b)
100-500¢)
ingl i a)
Mode of branching irregular®) sx.)armg y dichotomous
dichotomous?)
Shape of tube tip pointed®) terminated abruptly®).d)
Tube texture rigid?) elasticd)
Val ize (um) 18-35x 4-6¢) 17-36 0
alve size (#m 36X 5
12-38 X 3-6b)
Ratio value of distance
between central raphe large®) smalld®)
endings to valve length
Striae number in 10 #m 27e), 24-36Y) 24-324)
Outer raphe ending curved®) curvedd)
Pores on either side of elongated®) elongated?)
Occurrence Oct.-Jul.® Dec.~Apr.®)
Growing zone upper-middle littoral middle-lower littoral
zoneb) zoned)
Substrate rock, concrete, algae, algae®
sea mussel®)¢).0).8) algae, sea mussel®

a) GRUNOW 1880,

b) MizunNo 1977,
e) Cox 1975, f) HENDEY 1964,

g) ALEEM 1950.

c¢) SMITH 1856,

MIZUNO, present study,
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Correlation between the valve length
and the ratio value of the distance between
the central raphe endings to the valve
length measured from references. (O):

Berkeleya obtusa (VAN HEURCK 1880-81, Pl.
16, fig. 16), (®): B. dillwynii (VAN HEURCK
lc., P, 16, fig. 15), (X): B. obtusa var. adri-
atica (VAN HEURCK l.c., Pl 16, figs. 17, 18),
(O): B. rutilans var. obtusa (PERAGALLO
and PERAGALLO 1897, Pl 7, fig. 16), (+):

B. rutilans (PERAGALLO and PERAGALLO
le, Pl 7, fig. 11), (&): B. rutilans var.
adriatica (PERAGALLO and PERAGALLO l.c.,
PL 7, fig. 14), (A): B. rutilans var. adriatica
(PERAGALLO and PERAGALLO l.c., Pl 7, fig.
15), (X): Amphipleura rutilans (HUSTEDT
1937, fig. 1093-a, -b), (<7): A. rutilans var.
obtusa (HUSTEDT l.c., fig. 1093-c, -d), (+):
A. rutilans (ALEEM 1949, fig. 1-A, -B), (1):
A. rutilans var. obtusa (ALEEM l.c., fig. 1-C)
and (X): B. rutilans (COX 1975, fig. 8). The
area surrounded by solid lines shows the
correlation of B. obtusa in this study and the
area surrounded by dotted lines shows that
of B. rutilans from Japan (MIZUNO 1977).

* GRUNOW (1880) used the specific epithet rutilans.

Heurck (1880-81), the ratio values of B.
dillwynii (Ac.) Grun. (Pl. 16, fig. 15) (=B.
rutilans by Cox, 1975) are distributed in
the extent of that of B. rutilans from Japan
(Fig. 8). From the above descriptions and
observations, some differences are recogniz-
able between B. obtusa and B. rutilans in
valve width and the ratio value of the
distance between the central raphe endings
to the valve length in the same class of
the valve length (Table 1).

The author measured the ratio values
of the distance between the central raphe
endings to the valve length from the
figures drawn by some workers and those
are shown in Fig. 8. As shown in Fig. 8,
those of Berkeleya rutilans (PERAGALLO and
PeracaLLo 1897, Pl. 7, fig. 11), B. rutilans
var. obtusa (PERAGALLO and PERAGALLO
1897, Pl. 7, fig. 16), B. rutilans var. adri-
atica (PERAGALLO and PEraGaLLO 1897, Pl
7, fig. 15) and Amphipleura rutilans (ALEEM
1949, fig. 1 A, B) are distributed in the same
range or in the extent of that of B. obtusa
from Japan. On the other hand, the ratio
values of B. obtusa var. adriatica* (VAN
Heurck 1880-81, Pl. 16, figs. 17, 18), B.
rutilans var. adriatica (PERAGALLO and
PerAGAaLLO 1897, Pl. 7, fig. 14), B. rutilans
(Cox 1975, fig. 8), A. rutilans (HUSTEDT
1937, fig. 1093-a, -b) and A. rutilans var.
obtusa (HusteEDpT 1937, fig. 1093-c, -d;
ALEEM 1949, fig. 1-C) are distributed in the
same range or in the extent of that of B.
rutilans from Japan.

CLEVE (1894) treated B. obtusa as a syn-
onym of Amphipleura rutilans because of
the similar values of the valve dimension
and the relative fork length to the valve
length. Subsequent workers have not given
careful consideration to the correlation
between the valve length and the distance
between the central raphe endings. More-
over, GRUNOw (1880) reported in the de-
scription of the section Monema that valve
shape varied from narrowly elliptical to

On the other hand, the specific epithet obtusa

was used in Synopsis des diatomées de Belgique (VAN HEURCK 1880-81). The specific epithet

obtusa is adopted in this study.
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lanceolate with decreasing valve length
even in the same sample, and he suggested
that the shape of valve had little impor-
tance as taxonomic criterion. However,
HusTEDT (1937) attached importance to the
shape of valve for classification of variety
of A. rutilans and treated the diatom show-
ing lanceolate-form with obtuse ends as A.
rutilans var. obtusa, and he placed B. obtusa
as a synonym of A. rutilans var. obtusa.
That is to say, it seems that B. obtusa and
B. rutilans would be confused.

When CLEVE (1894) transferred the mem-
bers of the genus Berkeleya into the genus
Amphipleura, he ignored the tube mor-
phology for classification and he treated
B. obtusa as a synonym of A. rutilans.
Subsequent workers followed CLEVE’s opin-
ion and they rarely reported the tube
morphology. In SMiTH’s figures (1856),
however, colonies of Schizonema obtusum
(=B. obtusa) and S. dillwynii (=B. rutilans)
are distinguished each other on the basis
of feature of colony, the tube diameter and
the shape of the tube apices. GRUNOW
(1880) reported that the tube of B. rutilans
(containing numerous varieties) has 10-80
pm diameter, no dichotomous branching,
and length of up to 40 cm. Mizuno (1977)
reported that the tube of B. rutilans from
Japan has 11-183 #m diameter, no dicho-
tomous branching, and length of up to
5cm. Judging from the figures and de-
scriptions on the tube morphology, B.
obtusa clearly differs from B. rutilans. The
tube morphology of B. obtusa from Japan
accorded with the figure and the descrip-
tions given by SMITH and GRuUNOW, and
there was no seasonal and geographical
variation. Compared with the tube mor-
phologies of B. obtusa and B. rutilans, it
is reconfirmed that there are differences
between them in tube diameter, mode of
branching, shape of the tube apices and
texture of the tube materials (Table 1), and

that the tube morphology is important for
the classification of them.

In morphological and ecological compar-
isons between B. obtusa and B. rutilans,
the former is similar to the latter in valve

length, striation density and ultrastructures
of the valve, but is different in tube mor-
phology, valve width, the ratio value of
the distance between the central raphe
endings to the valve length in the same
class of the valve length, seasonal occur-
rence, growing zone and substrate. Re-
cently, Cox (1975) treated B. obtusa as a
synonym of B. ratilans. From the above
mentioned differences, however, it is con-
cluded that B. obtusa and B. rutilans be-
long to distinct taxa at the specific level.

GruNow (1880) reported that the tube of
B. obtusa var. adriatica has 20-50 ym diam-
eter, no dichotomous branching, length of
up to 60cm. From the tube morphology and
the ratio value of the distance between the
central raphe endings to the valve length,
it seems that B. obtusa var. adriatica is a
synonym of B. rutilans.

The author wishes to express his thanks
to Prof. Y. Sakai of Hokkaido University,
for reading and commenting on the manu-
script, to Prof. M. Kuroci of Hokkaido
University, Prof. S. IwakI of Fuji Women’s
College, and Dr. T. Ioriya of Tokyo Uni-
versity of Fisheries, for considerable help
during the literature search and to Mr. K.
SiMADA of Muroran Institute of Technol-
ogy, for help in operating the scanning
electron microscope.
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EARE: 9HAPEUI ER () OBFHEBE Tadao YosHIpA : Distribu-

tion of Streblonema aecidioides around Japan and its host

FRIL (1977) BFILHOBFET # 2D [RE O &
EAR] WAL, CORELY » A FEEOL AT
REBEOHAMOMMNTE S LDT, ZOHIES25
EE 10 mm U TFTHBHH, BT 15~20mm &7c-T
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VINGE) FOSLIE D& 4T L » THIEFRBINTWVSHZ
EERR LI, = DEHLZ ORISRt RIS
T5 eI, COBMOFEEMHNSY - 5 FTHRE

Pacific Ocean

Fig. 1. Distribution of Streblonema aecidioides
in Japan. Host species are shown by
different symbols: A Costaria costata,
O Undaria pinnatifida, and W U.

undarioides.

¥2% Laminaria groenlandica TH5Z b, K
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Electron microscope observations on Pseudodicho-
tomosiphon constrictus with special reference
to the systematic position of the genus”

Terumitsu Hori, Takaaki KoBARA
and Mitsuo CHIHARA

Horl, T, KOBARA, T. and CHIHARA, M. 1979. Electron microscope observations on
Pseudodichotomosiphon constrictus with special reference to the systematic position of the

genus. Jap. J. Phycol. 27: 183-191.

The chloroplasts in the multinucleate, vegetative cell of Pseudodichotomosiphon con-
strictus has the following three ultrastructural characteristics which are thought to be useful
for elucidating the systematic position of this alga; 1) three-thylakoid bands, 2) no reduc-
tion of thylakoid number per band in the pyrenoid matrix, 3) presence of superimposed

layer of chloroplast endoplasmic reticulum. On the basis of these characters in addition

to its gross morphology, P. constrictus is considered as a member of the Xanthophyceae.

Terumitsu Hori, Takaaki Kobara and Mitsuo Chihara, Institute of Biological
Sciences, The University of Tsukuba, Sakura-mura, Ibaraki-ken, 300-81 Japan.

Pseudodichotomosiphon, a monotypic ge-
nus of siphonous algae, with the type spe-
cies, P. constrictus (called as P. constricta),
was established by YamaDpA (1934) on the
basis of specimens collected in Okinawa.
This species was originally described by
the same author (1932) as a member of the
genus Vaucheria. Main characters used
by YaMmapa (1934) for separating it from
Vaucheria are: 1) the presence of constric-
tions in places of the frond, 2) the posses-
sion of a rhizoidal part at the base, and 3)
dichotomous ramification. However, the
systematic position of the genus has been
problematical. In agreement with YAMADA
(1934) many taxonomists have placed the
genus in the Codiales (sensu lato) of the
Chlorophyceae (OkAMURA 1936, TseNG 1936,
Fritscu 1935, Fort 1971, HIrose 1972),
whereas others had doubts about YaMADA’s
treatment and placed it in the Vaucheria-
ceae of the Xanthophyceae (LUTHER 1953,
Secawa 1956, SEGaAwa and Kamura 1960,

YamacisHr 1964). Nevertheless, no one has
obtained the critical information needed
to determine the systematic affinity of this
genus.

The present paper constitutes the first
of a series of the studies on Pseudodicho-
tomosiphon constrictus and presents the
result of our investigation on vegetative
cell ultrastructure, together with some
remarks regarding its systematic position.

Materials and Methods

Specimens used in the present study were
originally collected by one of us (TK) at
Minami-hama, Okinawa, in March, 1978,
(Fig. 1) and were maintained in PROVASOLI’s
enriched seawater (prepared according to
McLacHLAN 1973) at 20°C, 14-10h photo-
period, using cool-white fluorescent illu-
mination (ca. 2500-3000 lux).

Vegetative axes were fixed at room tem-
perature for 4 hours in 4% glutaraldehyde

1) This work was partly supported by Grant-in-Aid for Scientic Research (# 248015, to T.H.) from

the Ministry of Education.
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1

Fig. 1. Pseudodichotomosiphon constrictus

from Okinawa.

in 0.1 M phosphate buffer at pH 7.0 con-
taining 0.27 M sucrose. Following fixation
in glutaraldehyde, the sucrose was gradu-
ally decreased by one-third step reductions
in successive changes of the buffer (at least
30 minutes for each step). Postfixation was
carried out using 2% osmium tetraoxide in
Details for

dehydration processes and embedding pro-

the same buffer for 5 hours.

cedure in the resin was previously de-
scribed (Horr and ExomoTo 1978).

Thin sections were made by LKB ultro-
tome III, using glass knives and stained
with REy~NoLDS' lead citrate for 12 minutes
(REYNOLDs 1963), and viewed in an Hitachi
HU-12A electron microscope.

Results

Longitudinal section of the siphonous,
multinucleate vegetative thallus shows the
cell organization in P. constrictus (Fig. 2).
The nuclei, scattered throughout the cell,
are ovoid or circular in profile, measuring
1.5-2.5 #m in diameter, with a nucleolus
composed of granular aggregates (Fig. 8).
Chloroplasts are either rod-shaped or ellip-
tical in profile both in thin longitudinal
section (Fig. 2) and the light microscope
(Fig. 3).
chloroplasts look like the spatula (Figs. 4,
10). The enlarged pyrenoid portion con-
tains a finely granular matrix which is in
low density and has 7-8 lamellar bands each

In cross section, generally the

and CHIHARA, M.

consisting of three thylakoids (Figs. 2, 4, 5,
10). This end of the chloroplast is usually
directed toward the central vacuole (Fig. 4).
The distance between the chloroplast enve-
lope and the outermost layer of a thylakoid
band in the pyrenoid region is up to 50
nm. whereas that between two adjacent
between 200 to 300 nm.
These bands converge at the proximal end

bands ranges
of the pyrenoid matrix immediately beneath
the chloroplast envelope; the tips of the
thylakoids meet there and adhere tightly
with one another, but do not attach directly
to the chloroplast envelope (Fig. 5, arrow).
Two or three bands terminate within the
pyrenoid matrix (Figs. 5, 10). In some cases
two bands cohere for a short distance in
the pyrenoid matrix. The thylakoid bands
in the pyrenoid region are continuous with
those of chloroplast proper and extend in
parallel configuration through the entire
length of a chloroplast (Figs. 4, 10). In the
chloroplast proper, however, there are usu-
ally two more bands than in the pyrenoid
matrix (Figs. 4, 10). The interband space
in the chloroplast proper is narrower (20-
60 nm) than in the pyrenoid region. Inter-
thylakoid spaces in a band are very uni-
form throughout the entire length of a
chloroplast (Fig. 6). The switching of thy-
lakoids from one band to another and the
fusion of two bands for a short distance
are the features seen often in the chloro-
plast proper.

Thylakoid bands become indistinct near
Although

the ultrastructural details have not been

the distal region of chloroplast.

clearly determined yet, it is seen from
Figs. 4, 6 and 10 that thylakoid membranes
abruptly disappear in profile near the very
distal region of the chloroplast. However,
it is not true in another section; in Fig. 7,
the thylakoid bands are clearly seen even
at the very distal part while they are
On the
basis of this evidence we presume that
might shift
orientation by approximately 90°.
Osmiophilic granules are situated be-
tween thylakoid bands throughout the chlo-

indistinct in the proximal region.

thylakoid membranes their
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roplast (Figs. 2, 4, 10), but usually at or
near the transition zone from the pyrenoid
area to the chloroplast proper (Figs. 4, 10).
In some cases, they are also found in the
central part or near the distal margin of
pyrenoid. Any other kind of synthetic
products was not found in the chloroplasts.

The chloroplast envelope is composed of
two membranes (Figs. 5, 10). The chloro-
plast is always surrounded with a superim-
posed layer of endoplasmic reticulum (chlo-
roplast-ER) (Figs. 5, 10). In the space be-
tween the Ch-ER and the chloroplast en-
velope along the pyrenoid region, there is
a third membranaceous element which is
ER-like structure. The ground substance
and the membrane of this structure seem
very similar in electron density to their
surrounding material, so that it is not easy
to identify the profile of this structure
from the membranes of Ch-ER and chlo-
roplast envelope (Figs. 5, 10). Direct asso-
ciation of this cisterna with Ch-ER or the
outer membrane of the chloroplast en-
velope was not detected. The outer mem-
brane of Ch-ER is, as seen in Figs. 8, 9,
the extension of the outer nuclear mem-
brane. One to several connecting points
(Fig. 9) often occur between a nucleus and
chloroplast because of fusion between the
Ch-ER and nuclear envelope. Intermem-
brane space of the chloroplast envelope is
very regular over the entire chloroplast
surface and it is narrower than that of Ch-
ER or that of thylakoid. Ch-ER is closely
bordered to the chloroplast envelope around
the chloroplast proper (Figs. 6, 10), but is
separated by a space from the envelope
around the pyrenoid (Fig. 10).

Discussion

Recent studies on algal taxa from the
viewpoints of ultrastructure as well as
biochemistry of photosynthetic pigments
have shown great similarities. Indeed, it
is possible to determine the organisms’
systematic position at high taxonomic
ranks, such as division (phylum) or class,
if we refer exclusively to such informa-

tion (cf. MassALskI and LEEpALE 1969, Hip-
BERD and LEEDALE 1971, Hieerp 1976,
EbpwaRD 1976). In the following discussion,
we will compare several ultrastructural
features of Pseudodichotomosiphon constric-
tus with those of certain related taxa.

The present study has revealed at least
the following three features on the chlo-
roplast structure to be useful for elucida-
ting the systematic position of P. constric-
tus; 1) the chloroplast has typical three-
thylakoid bands, 2) no reduction of thy-
lakoid number occurs in pyrenoidal region
relative to the chloroplast proper, and 3)
the chloroplast is encircled by the exten-
sion of the outer nuclear membrane.
These characteristics of the chloroplast
would reveal that P. constrictus has some
characters shared with the Xanthophyceae
and Chrysophyceae, all belonging to the
Chromophyta. Of these two classes, the
latter is not known to accomodate such a
taxon as having multinucleate and siphon-
ous algae, such as Vaucheria.

The present study also reveals further
differences between P. constrictus and most
members of the Xanthophyceae, though
they are not major.

The profile of a chloroplast in this alga
is prominent in its peculiar morphology.
As far as we know, such a shape of chlo-
roplast has not been observed in any Xan-
thophycean algae.

Peripheral thylakoid has often been re-
ceived as characteristic feature of the Xan-
thophyceae (e.g. Dobpge 1973). Indeed, it
has been found in most of the species ever
having been examined in the Xanthophy-
ceae, including certain species of Vaucheria
(DEscomps 1963 b, OTT and BrownN 1974,
MARCHANT 1972) and Tribonema (LEFORT
1962, FaLk and KLEINIG 1968), Botrydium
granulatum (FALK 1967) and Mischococcus
sphaerocephalus (HIBBERD and LEEDALE 1971).
However, there are two species known to
have no such a thylakoid in this class:
Bumilleria sicula (MASSALSKI and LEEDALE
1969) and Bumilleriopsis filiformis (HIBBERD
and LEEDALE 1971). The present alga also
lacks a peripheral thylakoid in the chloro-
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plasts. This is the third record of a chlo-
roplast without peripheral thylakoid known
thus far in the xanthophycean algae.

The pyrenoids of P. constrictus are trav-
ersed by parallel three-thylakoid bands.
This feature is in disagreement with that
of Vaucheria. In Vaucheria, the thylakoid
bands are not in parallel, but irregularly
traversing through within the pyrenoid
matrix (DEscomps 1963 a, b), or pyrenoid is
a projecting type free of thylakoid (MARr-
CHANT 1971).

Taking into consideration the similarities
of gross morphology and essential features
of cell components, it would be more nat-
ural to place Pseudodichotomosiphon con-
strictus in the Xanthophyceae of the Chro-
mophyta, treating the genus as the autono-
mous taxon and classifying it next to the
genus Vaucheria. This conclusion is also
supported by our another work on the
pigment analysis of P. constrictus (Yoko-
HAMA et al. in prep.), which will be de-
scribed in the separating paper.

We wish to express our thanks to Dr.
John A. West, University of California,
Berkeley, for his invaluable criticism and
reading the manuscript and Deparment of
Biology, Toho University, Narashino, for
the use of electron microscope.
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Longitudinal section of the siphonous frond showing cell organization. X 70600.

Cross section of the frond showing peculiar profiles of chloroplasts. The
proximal portion of chloroplast with a bulging pyrenoid is directed toward
the central vacuole and the distal, grip-end like portion are against the cell
wall. In chloroplasts many spherical granules with high electron density are
prominent at or near the distal region of the pyrenoid matrix and in the

Proximal portion of pyrenoid showing that convergence of thylakoid-bands
in a row at a most proximal point of chloroplast (arrow). Seven bands, each
consisting of three thylakoids, are separated by a certain distance all over
the band, and two of which terminate before reaching a proximal point.
Outside the double membraned chloroplast envelope (triple arrowhead) is a
superimposed chloroplast-ER (single arrowhead), and in the place between

Part of distal portion of chloroplast through which eight or nine three-
thylakoid bands run. In the more distal end thylakoid bands become indis-

In constrast to Fig. 6 the individuality of thylakoid membranes is clearly
seen at the most distal end, but those at the proximal portion are indistinct.

Outer membrane of the nuclear envelope is continuous with that of Ch-ER

Fig.
Fig. Light micrograph of chloroplast viewed from frond surface.
Fig.
chloroplast proper. x7100.
Fig.
them tubular elements are present (double arrowhead). X 32500.
Fig.
tinct probably because of shift of thylakoid orientation. X 26500.
Fig.
X 36300.
Fig.

(arrow). X23000.
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Fig. 9. Several connecting points between the chloroplast envelope and Ch-ER (ar-
rows) and localized patches containing cytoplasm are seen. X 32700.

Fig. 10. Cross section of a chloroplast. A superimposed Ch-ER (single arrowhead)
completely surrounds the chloroplast envelope (triple arrowhead) and between
them a tubular-like elements (double arrowhead) lies, especially around the
pyrenoid area. Around the chloroplast proper, Ch-ER is tightly adpressed to
the chloroplast envelope. x23900.

Abbreviations; C, chloroplast; CW, cell wall; M, mitochondrion; N, nucleus; Nu,
nucleolus; P, pyrenoid.
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Fragilaria pseudogaillonii sp. nov., a freshwater

pennate diatom from Japanese river

Hiromu KoBavasi and Masahiko IDEI

KoBAyasl, H. and IDEIL, M. 1979. Fragilaria pseudogaillonii sp. nov., a freshwater pennate
diatom from Japanese river. Jap. J. Phycol. 27: 193-199.
A new diatom, Fragilaria pseudogaillonii is described as new to Fragilariaceae based

on the specimens collected from Chikugogawa river, Fukuoka Pref., Kyushu Island. It

forms band-shaped colonies composed of 8-10, up to 20 cells. Valves are long and linear,
with slightly attenuate ends, being 220-410 #m in length and 8-10 #m in width. Striae are
parallel throughout most of the valve but slightly radiate at the ends. Striae are 7-9 in
10 #m. Examinations with scanning electron microscope revealed that adjacent valves

were united to one another by interlocking marginal spines characteristic to the genus

Fragilaria.

Hiromu Kobayasi and Masahiko 1dei, Department of Biology, Tokyo Gakugei Uni-

versity, Koganei-shi, Tokyo, 184 Japan.

In the materials collected on 15th Octo-
ber 1977 by Dr. K. QosHiMA of the Nihon
University and Mr. T. NacuMo of the
Nippon Dental University from the middle
stretch of the Chikugogawa river at Komo-
rino-Town of Kurume-City, Fukuoka Pre-
fecture, Kyushu Island, considerable a-
mount of band-shaped colonies composed
of long and linear cells were found. When
the frustule structure of this diatom was
examined by using light and electron mi-
croscopes after isolation of the colonies
and cleaning of them by sulfuric acid, it
became apparent that the diatom was a
member of Fragilaria and a hitherto non-
described species of the genus.

Although the genus Fragilaria is closely
related to the genus Synedra and as point-
ed by Patrick and REIMER (1966) these
two genera may be united in future, both
genera have been accepted by modern dia-
tomists (HusTEDT 1932, HENDEY 1964, PAT-
RICK and REIMER 1966). Under natural
conditions, species of the genus Fragilaria
form band-shaped colonies, whereas species
of the genus Synedra may be solitary or
occur in rosette-like colonies.

The diatom, for which we proposed the
name Fragilaria pseudogaillonii, clearly
forms the colonies characteristic to the
genus Fragilaria (Figs. 4, 5). In the pre-
sent paper, terminology proposed by VON
StoscH (1975) and by the working party in
Kiel (ANON. 1975) was used.

Materials and Methods

Samples were collected from several lo-
calities of Chikugogawa river, Fukuoka
Prefecture, 15th October 1977. Using
PRINGSHEIM’s pipette-washing method, soli-
tary and colony forming diatoms were
separately isolated from one of the natural
scraped off materials collected from Komo-
rino Town of Kurume City. Each of two
materials was treated with sulfuric acid
and potassium nitrate to remove organic
matter, and then washed in distilled water.
These materials were used for the light
microscopical (LM) and scanning electron
microscopical (SEM) observations. Like-
wise materials which were not treated with
acid were observed with LM and SEM.
The materials for LM were mounted with
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pleurax. The materials for SEM were
prepared by air drying on a glass coverslip
and then affixed to a metal stub. They
were coated with gold using Comtec CSC
Sputer Coater and viewed with Nihonden-
shi JSM-U3 at 25kV or Comtec CSM-501
at 30 kV.

Results and Discussion

Colonies and a valve which were mechan-
ically separated from a colony by means
of a needle under light microscope are
shown in Figs. 1-5. Most of the colonies
were composed of 8-10 cells and the long-
est ones were composed of about twenty
or up to thirty cells. However, among
these colonies, solitary cells were rarely
found. Therefore, these solitary cells were
isolated and cleaned for the comparative
study using light and scanning electron
microscopes. SEM micrographs of the sol-
itary cells are shown in Fig. 7. We could
not find any differences between the valves
forming colonies and the valves of solitary
cells except the existence of interlocking
marginal spines of the adjacent valves
(Figs. 11-13).

As emphasized by HoAcLAND and Roso-
wskl (1978) main characteristics for Fra-
gilaria, e.g. interlocking marginal spines,
apical pore fields on the mantles of the
valve ends, and labiate processes at the
valve ends, were all detected in the present
specimens.

Valves of F. pseudogaillonii were long
and linear, with slightly attenuate and
rounded ends, and were 220-410 #m long
and 8-10 ym wide. A jelly pore was found
at each end of the valves. Axial area was

Figs. 1-7.

1. Photomicrograph of holotype specimen. LM X 600.
3. Detail of valve end. X2000.
ing two plate-like chloroplasts in a cell. LM X 270.
striation and interlocking portion of girdle side. LM X 1000.

specimen. X600.

narrow, linear and central area was not
present.

Most species of the genus Fragilaria
have short valves. However, F. ungeriana
Grun. and F. longissima HusT. have long
valves, being 62-120 ym in length and 8-9
#m in width in the former (DE TonI 1892),
and 187-203 pm in length and 55 p¢m in
width in the latter (mesuring HUSTEDT’s
Figures 1913). ScHOEMAN (1973) also gives
the valve dimensions of 65-135#¢m in
length and 6.5-7.5p¢m in width to the
South-African specimens of F. ungeriana.
It is obvious from these descriptions that
the valves of F. ungeriana are shorter than
that of F. pseudogaillonii and are clearly
distinguishable by its wedge-shaped valve
apices and presence of the central area.
On the other hand, F. longissima which
was described from Victoria Lake by
HusTeEDT (1913) is also clearly distinguished
by its broad pseudoraphe (axial area),
strongly attenuated valve ends, shorter
valve length and denser striae.

In addition to the two Fragilaria species
mentioned above, Synedra gaillonii (Bory)
Eur. and S. wina var. obtusa V. H. are
quite akin to F. pseudogaillonii especially
in their valve shapes. However, S. gaillonii
is distinguished by its nature of living in
brackish to marine water and S. ulna var.
obtusa is also distinguished by its broader
ends and presence of the central area.

Each stria consisted of a single row of
poroid areolae and continued across the
valve face and down the valve mantle (Figs.
6, 7, 13). Striae were parallel throughout
most of the valve, however, they were
slightly radiate near the ends (Figs. 6, 8)
and the striae on both sides of the axial

Fragilaria pseudogaillonii sp. nov.

2. Figure of holotype
4. Band-shape colony show-

5. Detail of chain showing
6. Valve end in

oblique view showing two terminal spines, external opening of labiate process,
eroded marginal spines, striae and apical pore field on valve mantle. SEM % 5600,
7. Valve surface showing opposite (white arrow) and alternate (black arrow)
arrangement of striae. Uncleaned frustule. SEM X 4200.
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area were arranged oppositely or alter-
nately with each other (Fig. 7).

Although the marginal spines of the end-
valves were usually eroded as shown in
Figs. 6, 8 and 10, adjacent frustules were
united by interlocking marginal spines
arising from the junction of the valve face
and valve mantle (Figs. 10-13). Inter-
locking marginal spines similar to this
diatom have been reported for F. construens
(EHrR.) GrRUN. (HELMCKE & KRIEGER 1962),
for F. construens, F. virescens RALFs and
F. pinnata EHRr. (Gasse 1970) and for F.
capucina var. mesolepta RasH. (HOAGLAND
& Rosowski1 1978).

Frustules forming colonies usually came
apart at their girdle regions by the acid
treatment (Figs. 10, 11). When mechanically
separated by a needle under microscope,
however, interlocking marginal spines were
completely destroyed at their stalks leaving
their bases (Figs. 12, 13). In nature, similar
mechanical separation caused by the cur-
rent action of the running water may have
been easily occurred. In the case of this
diatom, mechanical separation is likely the
reason of the erosion of marginal spines
of both end-valves of the colonies and the
valves of the solitary cells. We could
neither find separating cells as seen in the
colony of Melosira nor valves without
spines in the colonies of F. pseudogaillonii
so far as observed.

On the contrary to the interlocking mar-
ginal spines of Fragilaria, there were no
spines on the adjacent valves of Synedra
ulna (N1tz.) EHR. observed (Fig. 14) as well
as on the valves of S. tabulata (Ac.) KueTz.

(HasLE 1974) and for S. ulna (HELMCKE et
al. 1977, OkuNoO 1964).

Each apex had an apical pore field
(HAsLE 1974) and two spines (Fig. 6). The
apical pore field was located on the valve
mantle and its porelli were regularly ar-
ranged in longitudinal rows.

A single well developed labiate process
appeared at both internal valve ends (Fig.
9). It had short stalk and its two lips
were slightly apart. Its external opening
was looked like a deep hole (Fig. 8). The
labiate process is a common feature of the
Fragilariaceae and as listed by HOAGLAND
& Rosowskl (1978), it has been found in
every genus examined to date. On the
other hand, the genus Semiorbis of which
transference from Fragilariaceae to Euno-
tiaceae was proposed by Moss et al. (1978)
and KoBavast & Nacumo (1978) bears nei-
ther labiate process nor apical pore field.

The girdle region is shown in Fig. 10.
The cingulum was composed of three
bands. The first band, the valvocopula,
underlapped the mantle edge. The second
and third bands also underlapped succes-
sively the bands proximal to them. The
girdle region of F. pseudogaillonii is quite
similar to that of Gomphonema parvulum
(KueTz.) GRUN. reported by DawsoN (1972)
and F. capucina var. mesolepta examined
by HoAacLAND & Rosowskr (1978).

Fragilaria pseudogaillonii sp. nov.

Cellulae duobus chloroplastis laminifor-
mibus et in catenas 8-10, raro 20 cellularum
conjuncta vel rarissime solitariae. Valvae

Figs. 8-13.  Fragilaria pseudogaillonii sp. nov.

8. Valve end showing external opening of labiate process. SEM Xx7000. 9.
Internal valve end showing labiate process with two lips. SEM x10000. 10.
Frustule end in oblique view showing valvocopula and two pleurae. SEM X 2800.

11. Interlocking marginal spines of adjacent valves. SEM X 6300.

12. Mecha-

nically divided interlocking portion showing disappeared spatulated spine heads.
SEM x1900. 13. Interlocking marginal spines arising from junction of valve
face and mantle, connection of adjacent valves and inner furrows of striae con-
tinuing from valve face to valve mantle. SEM X7000.

Fig. 14. Synedra wlna (NiTz.) EHR. Uncleaned frustules without marginal

spines. SEM X 4200.
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lineare, apicibus leviter attenuatis et rotun-
datis, 220-410 #zm longae, 8-10 #m latae,
poris gelatino distincto in quoque apice.
Area axialis angusta et linearis sine area
centrali. Striae transapicales penitus paral-
leles, leviter radiantes ad apices versus, 7-9
in 10 gm, distincte punctatae, 24-28 in
10 p#m.

Cells with two plate-like chloroplasts and
connected in chains of 8-10, rarely 20 cells
or very rarely solitary. Valves linear with
slightly attenuated and rounded ends, 220-
410 pm long, 8-10 gm wide, and with one
distinct jelly pore (labiate process) at each
end of the valves. Axial area narrow,
linear, without central area. Transapical
striae parallel throughout most of the
valve, near the ends slightly radiate, 7-9 in
10 gm, distinctly punctate, 24-28 in 10 #m.

Holotype: H. K. T-71 in coll. H. KoBavasi

Iconotype: Figs. 1-3, photomicrograph
and figures of the holotype
specimen.

Type locality Chikugogawa river at

Komorino-Town, Kurume City,
Fukuoka-Prefecture, Kyushu-
Island.
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Lesotho with special reference to the water ogy of the diatom girdle. Nova Hedwigia
quality. V & R Printers, Pretoria. Beih. 53: 1-28.
VON STOsSCE, H. A.1975. An amended terminol-

INKR B - MIHHEE: OKERRBY MV OO—FHE
Fragilaria pseudogaillonii

ERBEHE) | D HEE IR AR ]S & Fragilaria logifE s U<, Fragilaria pseudogaillonii %30
W Lie ol 8~10 M, % < C 20 MM S 2 HRBEGAEZIED, BIEL, BE T, bIrcfil
R o Tl bbb, Mk 220~410 em, B 8~10 tm TH B, ST 10 pm P2 7~9KH b, BRI Th
THRBEPRIC /D3, BEAEFTTHS, EEBBRCLBBECL-T, BV A 7B Fragilaria
B4y 7c interlocking marginal spines i2 X » T WA LTWAZ Ebdbhote, (184 NEHHE
FHALHT 4-1-1 HREEKRFEYELE)
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MEIIT/UDERICH T SETE ERBAELE
BEAESN
LT LR B KB R (041 BT 3 TH 1% 15)

Nortoya, M. 1979. Life history of Campylaephora hypnaeoides J. AGARDH (Ceramiaceae,
Rhodophyta) in culture and environmental regulation of reproduction. Jap. J. Phycol. 27:
201-204.

The life-history of Campylaephora hypnaeoides J. AGARDH has been completed in
laboratory cultures starting from tetraspores of a specimen which drifted on the shore at
Tachimachi-misaki, Hakodate on August 25, 1978. The cultures were incubated at 20°C
with a photoperiod 12:12 LD at light intensities of 200-4,000 lux. Modified Grund medium
was used for all cultures. Tetraspores gave rise to gametophytes with mature male and
female reproductive organs, 250 #m high, after 12 days growth. Mature cystocarps were
discernible on 28 day-old female plants which attained a height of 1.5 mm on the 10th day
after incubation, and tetraspores were liberated a few days later.

To determine the effect of environmental factors on growth and reproduction in more
detail, the experiments were carried out using tetraspores and carpospores which were
released from plants grown in cultures. These spores were incubated under a variety of
temperatures combined with various light intensities at a photoperiod 12:12 LD for 30
days. Gametophytes derived from tetraspores attained the highest length (110.6 mm) at
20°C, 8,000 lux and tetrasporophytes resulted from carpospores attained the highest length
(325.4 mm) at 20°C, 2,000 lux. Male plants became mature at 10-25°C, 500-8,000 lux and
cystocarps were formed in both conditions, 20°C, 1,000-8,000 lux and 25°C, 2,000 lux. On
the other hand, sporulation began at 25°C, 1,000-8,000 lux after 10 days growth and tetraspores
were discharged two days later.

As a result, the life-history of the present species is concluded to consist of triphasic
alternation of generations. In culture, male and female plants are morphologically similar
and far smaller in length than sporophytes.

Masahiro Notoya, Laboratory of Marine Botany, Faculty of Fisheries, Hokkaido
University, Hakodate, Hokkaido, 041 Japan.

M= = Y (Campylaephora hypnaeoides ].
AGARDH) {3 ST AR Tl E I B U iopus e
FHEBLEBICRD Z LIXTEDD, HHEAER
ZBELTIEEAE RY 57w, NAKAMURA (1965)
BRRCBT 2 HEHEAIEI T H I DR &L
SR BT AR e ERBE LTV 5,

EE I HRCEE Licas T8 6 hic
TEREELILECA, AFREIR 2 7 AUROEHET
s L, mSRTE, A4tk 1~2mm ©
IBIMED 5 b BRB L, ¥ BB TES hApasy
AT, BRTEOVCTZALDERE UMK &

FTRELBEOHBTOWTHANI LS, BRD
R Lk Ehtc BIRT O FF i i3 20°C, 2,000 lux
P T, BT 13 25°C, 4,000 lux CTHPICAEE L
TIRTMHCi s RRTFEELR L, Mo KT E 20°C,
8,000 lux TLLARLTAMMGBL -, LTIk
ho DMV THET S,

HMEFE

FEFRHCIL 1978 48 8 A 25 H i I BT LA IR T
HLHF Sl FEE AV o, BEITMIE LcH
SHET 2B hied, R LS RTEYS
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2,000 lux, 4,000 lux, 8,000 lux D47 Hl%A {54 &
<, 1 H 12EBH 0 & ¢ =3k SHR-100 M #lf&E
A O TERET - 7. B uThodad
GRUND ggZsssih (MCLACHLAN 1973) #JfJu~C 10

Figs. 1-7.

H B of i 2 oK Lz,

BREEER

FRROMRD B He S opudy e - (i & 57~70
pm, S 635 pm ORI CIFRLEAZA R L, B
WchHsn (Fig. 1), T esi 12150 o
A4 K77 ARG L, 2 BBRCEIFRENRE D,
3~4 H HiclxifloifhET s 4o & (Fig. 2), %
Sk n o L, HUkoF £ AEL RERD 2
WA Wiy, REOFRERRTLONY {H5ES
his (Fig. 3), 4 QLA MEL IS, Bk
Ml iR D, U IT R 12 HH Tk
%250 pm i L, IR L 2o BEEfE (Fig. 4) & RIES)
Kt di L, ZHTEo R bR M & 7e - 1o (Figs.
5, 6), It A 1% 28 HERICE & Lo mm 7 » T
&R E DA TR L BER O A B b (Fig.
7), Pebir 1: 1 &0k Lic, ICHERZAT T 5 (k& Mo
BB Lol h, oBA, BT (A 62~66

] 2 200 um

Successive stages in germination of tetraspore of Campylacphora

hypnaeoides; culture condition, 20°C, 12:12 LD, 2,000 lux.

1. Liberated tetraspore. 2.
without rhizoid.
tophyte, showing trichogyne (arrow).
showing trichogyne.

Figs. 8-12.

Three-day-old plant with rhizoid.
4. Twelve-day-old mature male gametophyte.

3. Four-day-old plant,
5. Female game-

6. Enlargement of a part of female gametophyte,
7. Sixteen-day-old carposporophyte, showing mature cystocarp.

Successive stages in germination of carpospore of C. hypnacoides :

culture condition, 20°C, 12:12 LD, 2,000 lux.

8. Liberated carpospore.

9. Four-day-old plant.
tetrasporangia in an early developmental stage (arrows).
tetrasporophyte and discharged tetraspores.

10.  Young tetrasporophyte, showing
11-12. Eighteen-day-old mature

Figs. 1-5 & 7-11, scale as in Fig. 12.
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TEMPERATURE (C)

Sterile
%Formation of

cystocarp
Fig. 13.

Formation of

mmIH]spermatangia
[Joead

Influence of temperature and light intensity on growth and

gametogenesis in tetraspore germination of Campylaephora
hypnacoides after 30 days incubation with a photoperiod
12:12 LD. Numerals represent the maximum growth in
length (mm) in each culture.
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535

53

Pepu—

LIGHT INTENSITY (Klux)

] 10 15

sterile
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Fig. 14.

20
TEMPERATURE(C)

25 30

Emmation of
tetrasporangia

Influence of temperature and light intensity on growth and

sporulation in carpospore germination of Campylaephora
hypnacoides after 30 days incubation with a photoperiod
12:12 LD. Numerals represent the maximum growth in
length (mm) in each culture.
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FHHL100cm i E L, HHAOFHIGEI ITNEL
KRDEA (NAKAMURA 1965) & FIHEDER 2812,
¥, WRCBEHMTIBRIRRCIERETERE SR
Tuwieh (NAKAMURA 1965) 23, 23 Ciapusiay-
&, Fi e i 3~4cm A E TR R D, LA L,
HUEADOT AR BH D T AT S B Crevs 7o
BREERC & TEERTID Lich 00F5 24 %E L

LD XYL EDOWEH T HEEIKE D 5T,

=37 ) OEFERIBRCRARTHHMOhTW5 E D
» (NAKAMURA 1965), la7-fk, itk RRTF4o
3OoDMRM I h, HHAHERET, HEEG
RRFRATH B, RTFEOHIEEEL Y L&,
RREWZ &, WORRBEROZRRLETHIhD & Lol
BRI ->THiEDBRT,

AR OB & MR E A\ e 2 b E R K B
MBREBERBELCRSOBELELET,

51 B 3 &

MCLACHLAN, J. 1973. Growth media-marine.
p. 25-57. In J. R. STEIN (ed.) Handbook of
Phycological Methods. Cambridge Univer-
sity Press, New York.

NAKAMURA, Y. 1965. Species of the genera
Ceramium and Campylaephora, especially
those of northern Japan. Sci. Pap. Inst. Algol.
Res., Fac. Sci., Hokkaido Univ. 5: 119-180.

ERAFIES FAHEZE - ®E #1978 ~xvvyo
MeFHE L ET\E. dLAKERS 29: 1-6.
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EFEE BICBELCHT BB
LT U L0 EEREBE

B IEM - K EF 0 H
e A F B A DI Hi % (051 EHini A EE AT 1-13)

TATEWAKI, M. and MIZUNO, M. 1979. Growth inhibition by germanium dioxide in various
algae, especially in brown algae. Jap. J. Phycol. 27: 205-212.

Germanium dioxide has been commonly employed by many investigators as a diatom-
eliminating agent for seaweed cultures. In fact, many species of diatoms are eliminated in
2-week-old culture by the addition of 1~5 mg/¢ GeO, to the medium, except a few species.
However, this germanium dioxide at more than 2.5~5mg/¢ also inhibits the growth of all
species of brown algae examined, although not that of other species belonging to the
Chlorophyceae, Rhodophyceae, Dinophyceae, Haptophyceae and Chrysophyceae, excepting
Peridinium sp. (Dinophyceae).

It is currently known that germanium inhibits silicon-uptake in diatoms, but in brown
algae a germanium toxicity is not effective on the silicon-metabolism, because they do not
require silicon for the growth. At present the only possible saying is that germanium
dioxide should not be used to remove diatoms in brown algal cultures.

Masakazu Tatewaki and Makoto Mizuno, the Institute of Algological Research,

Faculty of Science, Hokkaido University, Muroran, Hokkaido, 051 Japan.

B, WEREORBECHEREIOHEERYES
BERCHKT, BREEAE LB A==V A
(GeOy) % hiith (BEEE) Wi+ 580, £ OB
REC L > THAZh T %, TOHEMER, —fc
¥i1£249GeO, 5~10mg @Y THB L Ih T
5, L L, MCLACHLAN et al. (1971) i3, £ 3= X &
4EEORET, Smg/l L EOFERED GeOziz, IE
RFGOEDBHHLHFELR ST L RWIL,
BHICKRFERER & Lo RS AR MMM S h
BT ERBRTWB, 2D EH b CHAPMAN (1973)
1z, GeO, DEMEL 0.5 mg/l TR THBHELT L
%, F1:, YH (1970) 11, A4 €/ Y ORRMERER
BT, BRERKD GeO, DILEHEEH N, GeO,
30 mg/f THRIRAEZME S h TRET S, 1~20
mg/f DPEFHHTILETH Y, HSEORBRHR L
LTt 1~5mg/l TRy ThHH EME LTV 5,

AERTIE, BREEFL LTO GeO, OIIERE,
2% b, HEFECH LTEhLOEREIHL, B

OHIFEHHE & Ie\ b DIREER B b e 5 L3k,
A EOL R T 5 GeO, DFEI D\ THED
B, i, HEMOBMEHCOVCTLIERYT-
fro FORER, MEELTHVWORLEEHED Y BT,
BUHEOT R COfEEH GeOz 25~5 mg/f LA EDF
MET, FLLARPMAEIhD ZEAHLIAILER
1D THET 5,

HHEHE

R b RO % {13, S OBRRT
BEAFAL 2O BCI-T. KL,
v ,i=#& Fucus evanescens, =V A % Pelvetia
wrightii, %7 3 + 5 7 A+ Sargassum thunbergii D%
I, ~F Y 2 v Dumontia simplex & £
A Palmaria palmata OPUSETHH ORET, K
RCHME LB B bhicb DR Ao, HE
T KB O BRI B R IV o HBEERR D7
HOWYEE 3 B, NHEEGLoRREkY,

* KRB CE BRI (No. 448018) 12 X 5RO~ TH %o
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AT P ER L OESEOLFEL, PROVASOLI &40
BEEEY V.

I E L LT, 14°C, UIMBH &M TIThh
=A%, REXE X T 10°C, 10 B5fIIRBA (Laminaria,
Desmarestia, Pctalonia, Dumontia, Palmaria),
10°C, 14 [ R B (Scytosiphon), 20°C, i fE IR HY
(Peridinium, Prorocentrum) Iz & DE&METHiThh
foo BEMnCIFEE #E K PES, PESI xR\ fcds,
RS & OBAHEME A TED D B fodic, ASP; NTA-
Base DATHIAD AV, Fi, HEOERI
1%, PES ¥z NapSiO3-9H,O 20 mg/l & Iz 7= b
DERAGI, BEFTABREIELLT RUDER
% (1.8x135cm, 10mé A b) LIEEY +— L (65x

TATEWAKI, M. and MI1zUNO, M.

8cm, 180 mé A h) R,

GeO, DEZHIE, INNaOH 200ml & 1L £—h
—Ah, MBLERZRT, ToF GeO, (X
Hh3K, #55%) 500 mg & hnx WS L, BETEHH
x@gThb IN HCl #% ~whnx T, pH 8.0k
L, $kainz TR#EEC 500ms & L, 1mé=1mg
GeO, R HIF -1

# R

1) HEESEEICHEITS GeO: DEZTRE

Table 1 {25k L= b, —igic 0.5~1 mg/é ® GeO,
BECERIIEESZ Lobnb,

KE¥Z, ThoDOBEAThZh B LD

Table 1. Effect of germanium dioxide on growth of diatoms. Growths
after 14 days are shown in relative growth unit (%) to control
(PES medium without GeO,)
. mg GeOy/4
Species 0.1 05 1 5 10
Achnanthes brevipes var. intermedia 99 5 0.6 0.6 0.6
Chaetoceros simplex var. calcitrans 2 0.1 0.1 0.1 0.1
Gomphonema kamitschaticum 94 1 0.8 0.8 0.8
Licmophora gracilis var. anglica 92 1 1 0.5 0.4
Licmophora tenuis 7 1 0.6 0.4 0.4
Licimophora sp. 94 2 0.5 0.5 0.5
Melosira nummuloides 81 11 3 3 3
Navicula sp. No. 1 6 1 1 1 1
Navicula sp. No. 2 98 2 0.5 0.5 0.5
Phaeodactylum tricornutum 99 87 33 4 2
Table 2. Growth recovery of various diatoms inhibited by different
concentrations of GeO; for 2 weeks (from 1 month-old-
cultures grown in GeOy-free media)
Species mg GeOy/t
0 0.1 0.5 1 5 10
Achnanthes brevipes var. intermedia + + + - - -
Chacetoceros simplex var. calcitrans + + + + - -
Gomphonema kamtschaticum + + — — — —
Licmophora gracilis var. anglica + + + + + —
Licmophora tenuis + + — - - -
Licmophora sp. + + - - - -
Melosira nummuloides + + + - - -
Navicula sp. No. 1 + —_ - - - -
Navicula sp. No. 2 + —+ + — - —
Phacodactylum tricornutum + + + + + +

+ : growth observed and —: growth not observed.
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GeO; DRET, RUTIHEBRD D\ IMIETREEL 72 Y,
BETEBNEIDERBR LI, ZOBEI, GO,
ZUNIN LB C 2 SRS, GeOp ERMOEH
CRLTIEAKEL, ANEOEEYRELL,

Z DRI, Table 2 TR LISEY TH B,

% ORI, GeO; 1 mg/l THRETEZH, B
Lo Tk 5mg/l Lh EHRNET - TL %,
Phaeodactylum pHRA Uiz 413, 10~20 mg/f ©
LEBRETEY, 30 mg/l L LOWED GeO, H¥FEINL
e bigve L, KEBRTIE GeO, ZiEM
LB 2 BRISE Lic K CH b Y) » 1223, 525
HEARTHI LRI -T, HEREYRETES
GeO; BEIETE>TL %,

Table 3.

2) BESELUZOMBOERICHT S GeO: DHE

BREEER L LTD GeO, i3, HEEUUSOEHcs
LCAERMEERA L OnE S nr BT, Dk
B3, Table 3 WRLICEDTHD (ZDBRMIZE
Ulothrix, Percursaria, Enteromorpha, Capsosiphon,
Bryopsis, $1% Bangia, Ceramium, Polysiphonia,
I EOHXBFCOWTHER L2, HEFAL?RD
b his i - fo D TR B HIE L),

ZOfEREYRD L, BEBEOZN, I~2@HYER
T 1~25 mg/l fith D GeOy BEHGAE HIIH X
h, TRTOEEN S5 mg/lLl ETELVERMEY
ZFBZERWLNTHB,

<2 v 7 Laminaria japonica DAL, MEHETEL

Effects of germanium dioxide on growth of algae belonging

to various classes (from 1- or 2-month-old cultures)

Species

mg GeOy/l
1-25 5-10 20-30

Chlorophyceae
Monostroma angicava
Ulva pertusa

Phaeophyceae
Pilayella littoralis
Ectocarpus siliculosus
Sphacelaria radicans
Desmarestia viridis
Scytosiphon lomentaria
Petalonia fascia
P. zosterifolia
Laminaria japonica
Undaria pinnatifida
Fucus evanescens
Pelvetia wrightii
Sargassum thunbergii

Rhodophyceae
Dumontia simplex

Palmaria palmata

Antithamnion glanduliferum

Antithamnion sp.
Dinophyceae

Gonyaulax catenella (F.)

Peridinium sp.

Prorocentrum micans
Haptophyceae

Coccolithus sp.
Chrysophyceae

Paviova gyrans

|
|
|

[+ +

Ho o+ HH

4+ £+ ++F £+ 4+ + %
£ F F + F+ £+ £ F %

+

|

|
+
-

|
+ |
+

—: not inhibitory, F : slightly inhibitory, + : inhibitory, # : very inhibitory.
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BEOARRYA ZEEATHEL, BREHLEY
+5 &, 2BMi% TERORTEIIBR SR TL %,
Z OBT-HHIRIC 2T B %% Lich, GeO, 0.5 mg/l
DbRTEORFRITB Y+ 5 Bl &Rk L, 1~25
mg/é ChaT-hotRbMEHEh D, 5mg/f TRIRL
KT s D ABh 50, [ Lt icdla
THRIER ST, 10 mg/é P ETREBEHEO RRE
biz L A LK Lic< fe5 (Figs. 1~3), Thid 7 7 »
Undaria pinnatifida % 7\ 74 Desmarestia
viridis DEBHEOERTLH LTH - 1,

¥ 7 = 5 Pilayella littoralis R # 3 Fr Ectocar-
pus siliculosus © % 5 e BFRINMEDORER( L, GeO,
1~2.5 mg/é hBERMAFI X, 5mg/é b IREIL
FREBOTBITIE LA EXBRIc 725 (Fig. 4),

H ¥ E /Y Scytosiphon lomentaria OM5E1L, B
BT 2B ARE SRR T TEET 5 L, BRRK
fhds JOMPIRtE & 7o b, 2 JARTIR THBOMIRIRE
(RC1B4R) 2B LTKL 543, GeOy 1~2.5 mg/¢ CH#pIR
IR S hic e b, B EDOHE b E L, Lo
EbMfEh5s, 5mg/l TNIic@iPRREEIeh,
BN EOHBIMTH D, 20 mg/l TILMFRRED
HELE LAEESR T, THAGOK-HHlaosy
1w ¥ ¥ % (Figs. 5~8), 4 = v,~,3/ Y Petalonia
fascia &YV %A 2y ~o3) Y Pelalonia zosteri-
folia 15 &%, IFMBHRARMELZT 5,

v 3= & Fucus cvanescens OZHIH 6 DFFEH
T, GeO, 5 mg/l THE» 5 H# LIf» 5 (25mg/l

THEMEIER LRI D HE LT B), 1, KR
DR LM E D, 20~30 mg/4 TIIRINIATH
Aifcdilasy B o 0 ET DR T, REHOMIAM & 7

D, FROMEDIZEAERSRIL Icb (Figs. 9~
13), W 3} 5/ A Sargassum thunbergii OZE5IN
DRFEEYL, FIERABCEEINRDEN, =V vy
Pelvetia wrightii OBEIETIENEEI L 5T
b5,

LlED k52, HEFIIUEBIICHRTHE LB
FFDH, Lhl, WThoBad, REREEA
ELTHWHLRTE R GeO, 5~10 mg/l DYLREETH:
EXEINRTYH, GeO, ERMOEMCHEL TS
L, RIS DERBHBERLTL B L%\,
feb 2, e =2 ORFEEED X 5 THEH HH L
b Dit, TOHIHATHEILSEEIRTL B, £
DEIMHSF L\ R4 FHE I h 5 (Figs. 14, 15),
20~30 mg/¢ T 1~2 A KEREFEIT b DI, OB
BECIER Lis\ 2%, HROBECRE LTV Ui
IMRIZEEEBT EDSWL, EHELTLAEELE
WEoKRYLEL TS,

Ch b OWMBRICIENT, SEEOLEH, S
BETHIzEALEREIMEIRS & &, 1o,
GeOy 20~30 mg/é T7 &Y 43 B Antithamnion
spp. Ti¥, MAHKNEBEHELBhTELL, ~F
Y = v % Dumontia simplex THEREH S DBEIL
EOHRDBR BEAA RS hIH, BRI
AdbRIh -1,

Figs. 1-3.

Laminaria japonica, from 2-month-old culture.

1. Many sporophytes produced on gametophytes, grown in control medium.

2. Dwarf sporophytes produced on gametophytes at 2.5 mg/4 GeO,.

3. Short

filamentous gametophytes at 20 mg/¢ GeO,.

Pilayella littoralis, from 2-month-old culture at various con-

a, control: b, 0.1 mg; c, 0.25

mg; d, 05mg; e, Img; f, 25mg; g, 5mg; h, 10mg; i, 20

Fig. 4.
centrations of GeO; (mg/4).
mg; j, 30 mg.
Figs. 5-8.

Scytosiphon lomentaria, from 1-month-old culture.
5. Many cylindrical thalli produced on crusts, grown in control medium.

6. A

few cylindrical thalli produced on a crust and prostrate filaments, at 2.5 mg/é

GeOz.
GeOZ.
Figs. 9-13.

9. Embryo grown in control medium.
apical necrosis (breaking). 11. Embryo at 10 mg/¢ GeO,.

embryos at 30 mg/¢ GeO,.
Figs. 14-15.

7. Short prostrate filaments without erect cylindrical thalli, at 10 mg/¢
8. Small masses containing very short filaments, at 20 mg/¢ GeOs,.

Fucus evanescens, from 25-day-old culture.

10. Embryo at 5 mg/¢ GeO,, induced
12, 13. Breaking

Fucus evanescens. Growth recovery of l1-month-old embroys

transferred to GeOy-free medium, after inhibition at 10 mg/é

GeO, for 25 days.
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FOMOBIEE LT, WML, ~7 ¥, HEBc
OWTD GeO, DB, Eiic BVl e
WO THRERCHBNE T E VA, FELWAERBERR
dbhighote fcil, WHEEHEDH T Peridinium
sp. BNEDEFTHBEEC BT, GeO, 0~25 mg/l i
H~T 5 mg/l T 60%, 10mg/é T 40%, 20~30 mg/é
T20% AREA LTTL C A ER Shis
3) MEICHTS GeO, DERAE LHERIE EDBR

HEHoLRCRIFT GeO; OIREFRIL, &L
TZDUEFRERTHHEBRORB AR 2
hatcweELLRTWA, L, HRpEYREL
LCERLAWVBEETIRE g, »vE/ Y, ¥
T S L A ZITOWTER L,

FD5H, hvE/ VICOWTOFERIL, Fig. 16 ©
RLIEE D THBo

Z AU EERE AR Jo AT (ASP; NTA) iz,
EEF# (Si) 5mg/l & 20 mg/l © 2 B OBEEYINZ,
FhFhics == 24 (Ge) 05,1, 2, 3, 5mg/é %
Mz T3, Si OFER XU ZOBRE b T,
Whdy Ge 1 mg/l (5GeO, 1.45 mg/é) THERIT
AL, Ge 3mg/l (5GeO, 4.35 mg/d) Tix, Hic
1~3mm BEOCHEMENIEN RSB T L b,
Thi EoBETIE, BEVHERE - BHEhiw
ZEERLTV D,

— FHEFEL, Si01~10mg/¢ (=Na,SiO;-9H,0
1~100 mg/4) DREF T, Si LR MOBE LEE

ar (-o-) no additional Si

(-e-) with 5mg Si/l
3F X=%  (-x-) with 20 mg Si

0 X

0051 2 3 4 5
Germanium (mg/1)

= Maximum lengh of erect thalli (cm)

. 16. Growth after 1 month of Scytosiphon
lomentaria in media containing various
concentrations of Germanium (as GeO,)
with and without Silicon (as NaySiOj-
9H,0).

B3 oo BB, DT R, AV e VIRE
BERE L LTERLTWEWL, ¥k, BRET
PREIhBC b, FA<=9 a0ETEED
BELIEBRTHEZ LERL T D,
ZOHYE) Y OPE LRABEO/BRY, roryys
HLeAwg2ThfEbhis,

zE B

LEWIN (1966) ¥, BEFHONFAER L LTHBO
ERMETIAS T 5 —HOP R sWT, B0t
ENTEBbr A== 4 (GeOy) KX - TELPEE
Shaz txEWH L, WERNER (1966) 4 = DI
ZREVWHL, MoBGESPHERCIERETHH LR
B L1, FRESE, #A—<=1waLEFEEILERIT
Bl LA-TRTH Dz ndb, HEHOERN S
==y AHEEHICIER L, BEBROR VALEILE
THEExHh, FEERCHTE S L=y ADE
EIESEL, Ge & Si DELRIC Lo TELIRT
Wh, FENCHEETI, EROBC I Ty r~<=
LDEFHRNEL - TL BDORHETHS (LEWIN
1966, WERNER 1966, 1967 a, 1977, WERNER &
PETERSEN 1973), L L, fhioBHoOF T, Fich
BHRGHE LVERMERZZTH L5 2 &g, B
B L I EBBRIc S~ = ADEMIERETRE L
T 5, EREBICITERE 2 APMCER LT 285
HORTVWBH, RBE L LTThERERT 08
HEZR T,

ARRTH, »Yes ) isE CHEBEOERM I,
FolBDbhich ok L, ¥, BEORKI-
THrr==v rDERIMESRIBbh 5 BEOCED)
RERLP (R 19/

MCLACHLAN et al. (1971) i3 e 3= 2 J& 4§l D
BREET, ThdOERKEES L OB ADOIRRT
M, 5mgll P ED GeOp B THEAR T &, X
HICKRRERER L LT, BEEOBOEHETY GeO,
WX BERMENBDLNDE Z ERBRT VB2,
R RE IR Twigv, ¥, MCLACHLAN (1977) 13,
v 3= 2D 1% Fucus edentatus DBTRFHRD 2%
EROPRND, HBOERMENE -7k t%
Wiz L, GeOp OB EERANE & BAR Citrs
W EW I B ERNTW B, CoMEIRSBIbI
4 OREMEE R UTHRE Lic uidlis b iguas,
AERD SWEI LT OB, RO ETh
PbhHT, WIhd 25~5mg/lL) kD GeO, 4 X .
S TE L AEEIMEShD Z ERBb I Shic,
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ETC, GeOp I & » CTHEEIPEE I h s DI, H:

BoRBRIENDYTEL, Zer7 L08R, 7=
"7 7 A NROBROEAROEELMbh, Ibhic
BEEYDO 7 r e 7 4 MAEOHRBE IR TV B
(WERNER 1967 a, b), = & G, B:iifA & BIEHIz o
TRFEREPLICESLEELTRBE, srr Y

4 a, cBEDL L, ZDBRMICHARF VELT G-
RFVRED, TV VP T4AELTST FEYvF
Y, ST FHVVUF Y, 74aFxHvF Ui EwE
2> TWBZ ENFEF BB (MEEKS 1974, GOODWIN
1974, @t 1976), LivL, ThbDEFRIELEWLE L
HFL, MIFEHEL 7 P EESIFLENRS L, 8
L, BEFEBEEIATOBHEDRVD, 2rr7
4P\, Chl. ¢; & Chl ¢; O JiHHE-T
WA, HEE BT L CHAENCBET o
BTHmbhT\b (JEFFREY 1969, 1972), AL T
HAuwbh-EeED Paviova gyrans 13 GeOy DF
Bh ¥ 51 ZIF T /e, La L JEFFREY et al.
(1975) ic X » L MEER BT 5 EE D% < i3, Chl
Q2 ERFD, heF/ A FELTRYV = v,
T\ B8, Peridinium 2 Ezuviella o f& ¥ Tz,
Chl.c; & Chl. , D ZFEHb, e F /7 AFE 7 4 =
FHVvFVUTHDH, AERTHWOII Peridinium
sp. KOLTOBEEROSII IR Tl s, Hilk
EED GeO, (20~30 mg/é) 17 X - THE MR N I1E
DIUSEIMHZI BT b, r==Us k54
R, i Chl ¢ & Chl o 2 ofElIC IR
LTWABDTRcWhEdbE2 bR,

AEBL GeO; DREEYRICOWT, HELERE
FEGELTHE LT THY, i, X3
BERONIFTER LTS TRVDT, Chl ¢ & Chl
QERFEOEVIEBENDLDREE TS LIXERT
HHrEBbh3, Linl, ZThboBEIOWT,
senr7 4 VORGSR er 75 A OB X
B, KEERREXEULT, GeOy DEMABIA
EL 3R STEECOWT, SEEALMC IS
el s LEBbhb,

Fio, KERNS, BEEARE LT GeO; %l
DREFAVHHER, HEHOL oK LT
GeO, 1~5mg/l DRETHICHRENHD T LHH
L Ehic, IHLFARBOREROERE T, &
B UC SRR b 5~10 mg/4 DR T R HRIN
LTHELTxVEBbRD, L, BEORE
ik 1 mg/l DEEF TT, BEET L bRIEAB O
T s RETHBZ ERHELM R IR, XD

® Phaeodactylum 0 % 51z GeOy wwiBHiHDH %
BEARRCEA LIBER, €y bERAVR
BRI X > TRETRETHS 5,

O AR oMM A B bl R, BRFkEE
HEBER, BIEMRE L OSBRSS hcEE
Efit L A% v AP FEFTO PROVASOLI {#+,
BRE S8 b B AR, RS E A E < AL
fLETFS,

51 B XX &
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KUROGI, M. 1979. On the scientific name of “Numehanori’, a delesseriacean red alga.
Jap. J. Phycol. 27: 213-215.

A delesseriacean red alga, “Numehanori” in Japanese, distributed in Hokkaido and
northern Honshu was first described by HARVEY from Hakodate as Delesseria serrulata
HARVEY (1856). Later, the alga was renamed as Delesseria violacea by J. AGARDH (1872)
and combined with Apoglossum as A. violaceum by ]. AGARDH (1898). In Japan the name
of A. violaceum (HARV.) J. AGARDH was used for the alga by OKAMURA (1902, 1908) and
YENDO (1911). OKAMURA (1936) changed the author name as Delesseria violacea (HARV.)
KYLIN without citing the literature, and subsequent authors in Japan have used this name.
Nomenclatural investigation of the papers concerned revealed that the correct name of
“Numehanori” is Delesseria serrulata HARVEY and at least the specific epithet “serrulata”
should not be changed. The author name, KYLIN, seems to have been mistaken by
OKAMURA in preparing his manuscript of “Nihon Kaisoshi” (1936).

Munenao Kurogi, Department of Botany, Faculty of Science, Hokkaido University,

Sapporo, 060 Japan.

R Ao~ U ACHRETE R, BRI OJLIRER
AMEACR TP R R OB R R 3 5 A%
2/ 7 VRORBELEETH S, ZOBROFAR
HBHE 1 Delesseria violacea (HARV.) KYLIN &
LCRALTER,

—FE4E, A —A 5 U 70 Adelaide k%o H.
B. S. WOMERSLEY ##%2 5 F#n33k T, Delesseria
serrulata HARVEY 7% 1856 41z H A DM HERIK
Xh, AU D. serrulata 3 U HARVEY i X »C
18584EizA — A + 5 Y 7 OREND b#E S h, B
A—A S5V TDLO Hypoglossum serrulatum
(HARV.) J. AGARDH & LTHIB R TWw3, T D
HARVEY @ Delesseria serrulata (3 AATIL 4 T
LEDLRTHBDD, WG ERH T, A
DOEENSBE IRt D. serrulata A —A+ S
7D D. serrulata (=Hypoglossum serrulatum) j g
LTRLYDTHBD, BB LOMBELE I Ics T
BENEDEMERFESIDTHA I,

BADEHE,I HL#|E ShizZ D D. serrulata HAR-
VEY ¥, M. C. PERRY 5 0 R 3EK AEAK
3k #- B§ (1852~1854) 1=, S. W. WILLIAMS K& .

MORROW #4512 X » TH: 4 S h - #% Harvard
K% A. GRAY HEE P LTl TRN, ZoF
CHENiDFEL T A1 L5 v Fo Dublin k%0 HAR-
VEY ##ickifil, HARVEYVZ TH LR CHRES
hi- 228 A B LCI8S64E Ic G Lo, D.
serrulata (3 FDOFRO—DT, HEL L TREIAL
LD TH5.

BOPEOEEICED D. serrulata OWOHEF

HARVEY O &1, L3R (1902) i3 HAREM
L5 DFIR p. 50 iz Apoglossum violaceum (HARV.)
J. AGARDH ®E# L, FDRE 4 L& LT Delesseria
serrulata HARVEY % HVF, Zhicx 2~/ ) DOFl
FuLELTw5, 198G AAEERM 175,
R 3lic, 2D R A7 Y A violaceum R,
Delesseria serrulata O #}iz D. violacea J. AGA-
RDH % $RHZ L LT\ 5%, ik (1911) 3 X2~/ Y
% Apoglossum violaceum & LTR/RLTV5%, &
ZRFE (1936) (XHABEETR 4~/ )V OFERE
Delesseria violacea (HARV.) KYLIN &L, DR
Zfizmo Apoglossum violaceum (HARV) J.
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AGARDH % HF T\ 5, LISHKIEOBIHFE I5E
5L COFLEFRALTCERDTHS,

Z - CERMICE 2 5D, R4~/ YA Delesseria
B, Apoglossum BOVTHIZIBT 5 H ORI &
L=<, HARVEY ofi/hg serrulata DAV B T
J. AGARDH @ violacea piMilitAV-BR T B DD,
2 2~ Ve LT HARVEY o serrulata LA
J. AGARDH O violacea D\FERIN T B0, %
#= % 2 o~/ Uit HARVEY @ Delesseria serrulata
LERLTCALLDOTHDY, FBERFETHND
Hh T\ b D. violacea (FHARV.) m o KYLIN
BEOBBRCEATREE LTWBDNENIZET
H5o

SEOSEICED D. serrulata OBOIK

Wik Xt X 9, HARVEY HEffine Deles-
seria serrulata %33 LIz DL 1856 £ TH B, K>
© KUTZING 73 18694Eic HARVEY MR AR
FSNT D. serrulata X5k - B LTW5B, Th
ER AN Y EEECEWCERDbh SO THD, ]
AGARDH (1872, p. 57) 3. Delesseria harveyana (J.
AG. mscr.) #E L, B4 L LT D. serrata HARV.
Alg. austr. exs. no. 277, nec POST. et RUPR.; D.
serrulata HARV. Phyc. austr. tab. 59 % HiF, p. 58
@ D. violacea (J. AG. mscr.) ®FEL, ZTORZL
LT D. serrulata HARV. in PERRYs exp. to Japan
Bot. append. p. 331 (nec Phye. austr.) % HiF T\
%, Bl HARVEY 23#i%& L1z D. serrulata o5t L
TH—A SV 7DHDEIE D. harveyana, HARD
b DL D. violacea £\ 5 H[EEL2Tw5, AF
® D. serrulata LH—A 35V 7D D. serrulata
LEIBDTHBEVHIBELRESSLDTHE,
AGARDH |} 1876 £ D/ T4 HARVEY O D. ser-
rulata X UCEBEERIFEE LTW5B, 72 D.
violacea 12\Yy. D. serrulata in KUTz. Tab. Phyc.
vol. XIX, Tab. 12 ¥ BLDOFIML T\ 5,

Z® J. AGARDH DI Y BTN T, BREDE
FA—A TV TOD “D. serrulata” (1858) iz HA
» D. serrulata & (33% 5 & LT D. harveyana ®
ELEHLLLEL B ERRVWELT, HED D.
serrulata (1856) 3T D. violacea D f% & %
HERBECHEBEY G AW TRHF IR T
/4 AN

J. AGARDH 31Ewr, 18BE ORI TH—A 5
Y70 “D. serrulata” % p. 186 & Hypoglossum

serrulatum &1L, BAD “D. serrulata” % Apo-
glossum violaceum & LTEHFELTVB, ZThT,
chi¥TA—AL+ 3 Y 7 Tk Hypoglossum ser-
rulatum (HARV.) J. AGARDH D4, ¥ cin
Ecix AR (1902, 1908), #pE (1911) A3 Apoglossum
violaceum (HARV.) J. AGARDH D¥: 4% HH L1
Fillaibon s, La LEBEESGARNLD 2B E
B&iEAE LT, BIBRORIFL, GHREOCWOE
WA DB DT TH B,

Yok (1936) 0 BAHESERE L At E THIL &
T % t= Delesseria violacea (HARV.) w D
KYLIN BREZTIDR A~/ Y DOHZEHEE LT
BB, KYLIN (1924) o 4ica s~/ )
BroWE» B B, TOFTHAERR “Delesseria ser-
rulata (HARV.) KUTZ. Tab. Phyc. 19, Taf. 12” 3
»HbHZ &, 2hit J. AGARDH X » T D. violacea
(Epicr., S. 492) & X h, iz Apoglossum violaceum
(Sp. Alg. III: 3 S. 193) & &h, Delesseria ser-
rulata HARV. Phyc. Austr. Taf. 59 Ti7c\ &k
_XTW5BA, KYLIN. 3% 2~ U ORZEBE Lic
R A DI, FH (1977) @ AHELTO
KYLIN % # S % 2 ~ /7 Y D413 D. violacea
J. AGARDH THBH L LT\ 5, ¥LOFIERERE
LCD KYLIN 3ffff (1936) DB il I ATH o7
DIEDH D D

B B

P EDORAERERI S, 24~/ UM Delesseria
BET20E500MER=E (1972) X - T
BIRNTWBDR, X272 )8 D. serrulata HAR-
VEY (1856) LA Lb DR ETIIE, F5& LB
RV DTHDD, WERHLENLOEZR A~/ Vi
L TCiX Delesseria serrulata HARVEY D450\
LRRTHIEIE B, SBR 2~/ ) OFFBEIER
ENBZERDHSTHENEZD “serrulata” IE
Biieu,

TBZDX A~ VOHZEDOMBIZDOWT,
WOMERSLEY ##%i1 Berkeley @ California k%
D SILVA i bHHK LS L, SILVA f#13
BAD X 27 Y DO%EZL Delesseria serrulata
HARVEY RELWEE-TWB T &, FRZtDx 4
7#EAKY Farlow Herbarium in Cambridge, Mas-
sachusetts 1T % & L& HICERE LT hie,
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AGARDH, J. G. 1872. Bidrag till Florideernes
Systematik. Lunds Univ. Arsskr. 8: 1-60.

AGARDH, ]. G. 1876. Species genera et ordines
algarum 3(1), Epicrisis systematis florid-
earum. Leipzig.

AGARDH, J. G. 1898. Species genera et ordines
algarum 3(3), De dispositione Delesseriarum.
Lund.

DE Toni, J. B. 1900. Sylloge algarum 4(2).
Patavii.

HARVEY, W. H. 1856. Algae in A. GRAY, List
of dried plants collected in Japan by S.
Wells WILLIAMS, esq., and Dr. James MOR-
ROW. Mem. Amer. Acad., Art and Sci. 2:

331-332.

HARVEY, W. H. 1858. Phycologia australica L
London.

KUTZING, F. T. 1869. Tablae Phycologicae, Bd.
19. Nordhausen.

KYLIN, H. 1924. Studien tiber die Delesseria-
ceen. Lunds Univ. Arsskr. N. F. 2, 20(6):
1-111.

=EBAMEK 1972. = 4.~ v Delesseria violacea
(HARVEY) KYLIN 2o T. W& 20: 54-58.

B &KE 1902. AXRBHEAR. WEHL, TR

MR @R 1908 AAHBBERE 1(7). B

R EARE 1936, AAMWHEEE HEHZEE, HF.

HEEEEZ 1911, @WEEfF.  HCHE, B

HHELE 1977, ¥LZ20%E. BKEE, EGCBLXH
WEE H: 151-167. REFH, KK

FEOBEHHRCHITIBLEE" (BAEYSEFL 197849 5 28 A)

BAEYIEFRIFROBF IR Z 1305 o
HEA 26 4 TEINARIHIRY B 3 5 P BFESD
BLAY] 21TV, EAYHLARLD, LTOHD
roeimE R HAREE Ot B3 16T 5 7o BRI 53 4F
4B+ 5ZR8%] (B E—FAR, TEAK,
KFILEF, HE & EHESE, &3k, Mk 8,
BRE4E, HKESE, TEXCH, F BN, i)
HRTTRFEET, BMS24107, 53441,
534E9 A DME B XL OO A REYFHFE = =
— AR ETHREYLARIIN D, BEZT - R,
LT MEgH LW ToEAES] XU TEA
R BT 5 LAw] ZEIR LI, ZofL
HEl, HLVWEREERTIHAOEEMEY &R
$#955 2931 %ic b R HIR (effective publication)
ZBTAHLDTH-T, FHFEAXEELRVRLCRLE
DR, HHT BT AHEORITHRECOVTULELD
HBieix b LLEE T30 TR, FLREEDOE
Bl Lz oTu b @B HT L DT,

7k, OB LAREETTIEAC, BNOR
BELTE, T, KSEBNRLALEL DX
X Th-T, &z hE R TR R
FL2NRERENCEBEC bR AE - e MELEE L
YEbeEZBLERDD,

L. HWEHHGICOWTORAES:

Y BFORREHIEOMM I WTEEEL
WhORHY, HLOERBHFOhTWB, BRK
TR - THTD, =5 LB O#REYRH
3—HT, —OA*DEBHFIBEFE~OBBLOEE D
LBRE TR IRETHBD, 20X ) effiNL, HY
DIPFEOFEBOIDIZIRC LA T LV ETRD
50, TORME, WHHOIIEFRREV-OET,
AEEPRBC X 5R ) LREAVBRCAS h 5 DR
Al ETh5,

D OELOI D F\ L, W FTH 7L, HRER
DOWFREDOHOILFEMED E Tl d i uiinbix
Vo ZOdIELOMRIE LTI, EREDGS
#1#% International Code of Botanical Nomencla-
ture TS REZ LIIYURTHB, COBMBRBD
EABRM, WMBOLF (¥4H) wo0nT, @fik
bURER LORILCEMOET HOXBIETHZ &
Chd, Lictio T EAFFRORERETIB
& X b, ¥4 EEOCHEE S BECITECEE
HEHSHRVESBL, ¥H0MRRERLER - FH
CEELOREIETHZ EDPIREEFORET
»Y, TINOMBTHBLEELBRETH D, )

FRIEYEEO LIS TIEL EYF e BT 5%

1) BAEYSESXL246ACHETIERLC L» TRIREALFELOFHHIKBET 2L G2 EAS,D

DEFBZL VAT BRL T BHBEERSL)
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HBEECELTREAL LB LD THD, BAEK
BT B HFEFHOPRORBENELEMCE L ZET AR
bhaledicd, EZHORHBNCOVWTHT LK
BEAPEMY XTI B LB HTHLERD S,
II. EREHRDCETsHLEYE
BARY LS EGR_REA B AR b &3
¥, SHITTIEO X 5 /iRy, BRI —EHS
BERELEVIOIRTHZ LB LAY,
(1) —RRBIFHEE R O — BB D BT A
B B CER), AR, RELHTE, 84
BREIE LR, H—F v 47, {ED
a3
2 FhEROHNFOBPRETEH D, FFEAER
URER A RETHRIIFELTREVLO
B BEkEMsE, P, BAKFSE
(3) WWENTF TH > TIFHFBESUREEFRCERK
BB EXAME LisvWHIRY
) #HEOBMTHEE FLHEWES, AXHEYS
Hi¥es®, AANESEYESEH, LA
P
4) FEFH, WHHCHr > TEMZhsb0, B
HADEAD XD TR D
F) #EOBERBEAERE, BRFEDL
HIEATT 5 ERY, BIEFETRERRRESE,
Ry - BE K OLBRIFRE, BEE
i
(5) HIRER G HRIHEY & LTS b D
a WERCX5L0
b BERERAVIHMERR A v 2 ibitnb o

[m’] 'a;%:to_) f]—r){‘/:llf—-, %3Ev 7
’-7":', g‘ﬁfgé{
c FEEFEMERRELLLO

=1,

EAHBC cL YR vRA EERT C Lk
ELF LD, TOFFERIEHHRGCIERT
REZINTHLIZUDTHARMEEY e 0 LBD
bhADT, REEIZOBERC L -UBEEDT
ERDLE L,

Bz TRIBEIRES : BIEHYEE] Wbl r 50
REWEEL LUELEMIh s B ThsH, &H
PIEY R RPEA DR DO EnDE X D EFIFBET
ETHCIFEL BB THAHDOTC, g th
TWAFFRAITh LY TS TR wEHEIh
R UDTHERC R Ehich o &L Rt 2 h T
Wh,
=

HARCFE O DB T DY, PR
HEHRES, ¥LRHER LTSN HFERIL,
ERN UL BREHMEEC, b5 VBT EEH
PRBBEHTHIL > LR THR S hickr b - Tk
LbTHEHERZIh S,
=3,

W BFE Tl e R T 4 5 R
LBEwy, CTEBRRTThEAMEE5 L 5h
Ex Ly, XBN%E PN OE BRI R
DHOMRENRATHZ EHDEE L,

B REHE, IR, BEKEE
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Hori, T. 1979. Ultrastructure of cell division in the eucaryotic algae exclusive of green
algae. Jap. J. Phycol. 27: 217-229,

Recent ultrastructural studies on cell division have shown that there are a wide range
of variations in organization and behaviour of mitotic and cytokinetic apparatus. For
example, animal cells generally, and some green plant cells have centrioles involved in
the spindle apparatus, while many other plant cells do not. In certain groups of organisms
the spindle body may be enclosed during division by the nuclear envelope, but this mem-
brane breaks down before division in others. These features of the mitotic and cytokinetic
structure appear characteristic of certain groups of algae and may have phylogenetic sig-
nificane. This article briefly reviews types of spindle structure displayed by eucaryotic
algae sofar investigated, exclusive of green algae.

Terumitsu Hori, Institute of Biological Sciences, The University of Tsukuba, Sakura-

mura, lbaraki-ken, 300-31 Japan.

MREORENE—Thofuiiw X, LRETH-7C
ek, BOLL-Mlani A THBRLTLES &
5 B LIES < e\ oDy, HBVITHELDET)
PMER LTk oMfE > < 2% 3 < iig L
PO ARATH S, L, WTFhio LTH Ml
(BB IFIREY)) B3RS R T AIRTE DBhE & PR
HLicc LIXEHATH S, Ml FiEEY RS
BPWEHOERNEL LV MR SR &, 0
MEHBEOREBRGATHAEE L Y ¥ {MED
DEO_ODBEIEAEG LIS IBETHD, 2D
ZODKEEDHEEIT X » T4 A O4MREH OREEH
TERINRoTEELORD, 5T, % BE H#EO
BHE, MIREOSBOERE LS OMian b oS
LHREDF TLR O FHANI b DD—>ThHAH S Lt
BEhb, Lk hbIToOEEOREAR, HEL
LRI VBECESET, EECRTFHTH- LS
2 5h T3 (PICKETT-HEAPS 1975 a, 1976), LA
L, ST 02088t rthZth

LEBALN, TOERZBRFEOEYDOIEFNIcr
N—TORBChE-TWB L ICRx 5%, BIZITHE
B 71— 7 EH T & B0 B¥ENIRERC o 5 hE
RS R R T, CONRTIE, $HETOWRETHS
T - BRI A b h s s HoBRE v
Eawl, 20%EMTYHLACTS, AL, KD
R X b, BREHRK (75 >/ &, KE) woT
AlOBSITHEB Z L & LT,

1. #FH (Rhodophyceae)

RSB FHC TS T\ 5 DI, Membrano-
ptera platyphylla (MCDONALD 1972) M —f& T b
% M3, Polysiphonia harveyi (SCOTT et al. 1977),
Porphyridium spp. (BRONCHART & DEMOULIN
1977, /£ 1978, SCHORNSTEIN & SCOTT 1978) 7¢
ETHHBB R MAENBORTHWS, 22 TE M.
platyphylla DB+ MR 2P0 LTH
5%,

* This work was partly supported by Grant-in-Aid for Scientific Research (§248015) from the

Ministry of Education, Japan.
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R RN LIcifr O aER e ~ & Za 4
U, ZoshicdLF Tidiz £, polar ring (PR) 23 1 {8
Binha (Fig. 1a) (MCDONALD 1972, SCOTT et al.
1977), % 122 OILBENBUNE (microtubule, Ll
T MT £587) Az U, BELAKRCEPL
X U%5B, PRIZER 190 nm, 5% 160 nm, EXH
70nm DIZFY Y v F—HETH B, #HMT Rz
OEEERTIBL T 5 X 3Rz B, FHILIKED 2
DOEEDTTHITRBTHS (SCOTT et al. 1977),

RGN S h, ToBCIIEE D
BaBEoER KB L xR s KA EHE T,
HIEBAL (polar fenestrae, polar openings) &%)
BEbhB, %I %Mo THEEMT e EicE

THETWBDORARLNLD, BERIELEETSH

% (Fig. 1b), Ptk BERRAIR & & bic, BiAG L E
G BEBERESMT O &) BMERET 5,
—HBR &R Gtk lebsBFEAEBEELRES
MT oz &) iifEfits (Fig. 1c), KREOK hEI
LR LA aEo RGBSR Z VgD D,
BRSO HETT 5 LB EIYh, i 2fED
BEXEREND, & oYlismlicikianiih
BORBEOMCH Y AL L3 CRALT, 2BEE-
5| EEETREEYETA X 5 ThDH (Fig. 1d),

HET #%3 <wHfalE & MfREE DRI I X
B EEDROANTHEA Ligsd THITRE S ZHPlA &
h 5 (Fig. 1 e) (GANTT & CONTI 1965, MCDONALD
1972, R 1978), Ml E 5 #Bcirz hicplbs &
Bbhs MT RizRVWH IR Tuwitu,

BUE ¥ TS Wiy offasr M Bb 5
8 LB, 1 BRERMKORE, 2 H WP, &
ABIELTH S, 3. Lichi- THRNEGTHS,
4. R4 PR 25 (MCDONALD 1972, SCOTT et
al. 1977), 1 7 m A5 4 BB LTI B RI5 0
DARER &Y TH5 (BRONCHART & DEMOULIN
1977, SCHORNSTEIN & SCOTT 1978), k-, 4
EHH (flagellar base % #:i3 basal body, LIF BB
LET) BT 59 0 F (centriole) i3 = Dt #ic
I L,

KLEEL, R OF TR SR X ienth,
BTO & VA—PRRS S HEBAKOEFE R THDOT
WEH% b icleh oDy, BBV IRBH o T
KoteDiy, EALE EFEHCHKDE 71— FThH
b LL, FLEEAFLTIRS foievd ODIEH Ikl
R MTRERD > TWBZ EMD, BEDfLO
EERMARELTCEL LB L LR D BED &L OELR

T\ T (POTFHIER) 235 LLRT e BRc
RIS LTV THSL S EEXLRAT WS
(PICKETT-HEAPS 1974, 1976),

2. N7 pEE (Prymnesiophyceae)

AT bR LRI MEROMN B EETH D
oM K 4 oM S ovTiy, Prymnesium
parvum ZOWTHEN S BT THD (MANTON
1964), = o¥fEi CHRISTENSEN (1962) 23k ih X%
BB O X SV — T TH B B
ZUBRA OB, MIRRE @ERMG, rav Y
7) OHHET & BB A b o 5 MT it o
KXTH5 (Fig. 2a), HiEFIEHR L THIL2ED
BB # ST E BT %54, BB BB
BELGHHbIFTidicv, EffEEE LTOR-&Y
L-BERRDLREWS DD, WO EHci: BB
E1ED =y — 4\ FFFET % (Fig. 2b), #HiEE 4
B Lo MT R85 X5 Thsd. FHIH
B R ORI & » TR TH LB TE B
(Fig. 2b), 2HBABDOTELE, RafiE%2E
Dk B S B OFEBARDFEC L » THHB Z &M
T&3%, 2hbo MT 3, $EEDZAIFOKKA
CHETHREN T - & H LIV - TR LT
Wh,

Z o4& oFRHOMIRRR OB, BEEDOst
BB TV > W B 3E 4 6—ER (chloroplast-ER,
cER) & e » TR LA EHTrZ &L Th 2 (Fig. 2a),
BHHc st s EEO B, <o cERBXED
L5 B TR LB BRKRO—DTHBH, Lo H
(3, 4%8MB) LRI X5k, cERAGRIZBRDL
X5 LA Z & ey, BB BIIMRO MR T
b5 Pk LWHBICH N, $ifd MT 23R HY
Twb, HFEMAIHER IR T, HEREKEEILE
DWHISFETHEIDEICENI b2 v FY T, B
WiZEEETE, ER i > TR B Eh T\ 5 (Fig.
2¢), BREhZ oD Bk aEOT # 4
BB SEE D, DB OB aBE O
L ELhB X THB., b O5—FHOMrT &
BECHKIhICEECIo T B, LA L, BRIY
2L DOBREER b FiE Al O BN BRI X 5
TIRERICER » T ek () 2B ¥ )5 (Fig.
2d), BFEEOFLITEDER TV eV,

HMlRE 05 ZIMREOA T X 55 HIEHR T%
7813 (Fig. 2d), cER B AEoEHEEOTAT,
A I B o 1o DB L - TR 55
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Ludd, BELIRZ DB OWTidbh o Tuiel,

3. H&®EH (Chrysophyceae)

Z DTt Ochromonas danica (SLANKIS &
GIBBS 1972) TH L ANLhT W5, 4ok
AR RER LBk  Prymnesium & RIS &
cER 2VEE LT\ 5o 5 BT - C 2 AD K3
L0785 1 EDCERGNHEETET L, 2KOTREY
ExThZThBEE 5 (Fig. 3a), hRIMME 18
FETE AL -2 LT 2 Eici b ZaT
KA%S, ZoRATHEEIHhDA, 2@0RIE
B0 cER 3EBo T ETHD, - T - Hilin
BUT, FREGEIPIRO K cER v 7 Orhic
BHRZERIEFEICE-TW3, 2O BBxY V7
7 A b (rhizoplast, BB 75 KERAPIIR~HO B, BEEE
B ST VB BVIEIK » T RS Loy
— B> TN YO0 h 2 OEE YT iclh
T7< o R % BB OML 55 511 4E O S il %
DX CHCER I hi: MT B &5 B+ 5 (Fig.
3a), BBIZH LAfOER OB T GO 45 1
KEhDBEIS, BEBELHR Y BL, k-
7o MT 23BN A~A - TIT &, $iE RV RT 5,
2D Y V75 A FDREEERCAIE L, oA
Fhrth=ary— k&5 (Fig. 3b), Stz
VT IAPIEE LLREE L LD 5TV 5,
KEAD DB b DM L BEREEREA TV, il
BEREALEEEALTHS, Lo LBRE&DOHLILR
bhisv, BREEIELCHELTLE 5 (Fig. 3b),
HEOBC Th Zh o & AR BB B4 5.
2HDGHE LoD BH B RO Tl B 8 4 R
(interzonal MT) o BiE hfhEM#E S (Fig. 3c), L
oo TREOE B RO M 2 5 dbETs L
5, ElokN s &, AREAIERGY O
ER A@fo—RicE+5% X 5B B+ 5 (Fig. 3c),
AR cER T B Eo—#E LTHAL,
FEREYAbe CELKAEYBE R ET 5 (Fig
3d) ke»pEEEBbh s, Kiliciz 2 BEomBLLL
WM& DA WEL LAMECR - TV 5,

MREOH N, 20T » R Z KRR
FHEcBREHET ALV HT7H (Fig. 3e) Hiab o
LDOLEDT, TOBROBELMARESBOLEE
ST S D MT R b B Licy,

Prymnesium & Ochromonas & D HR53EE & <
LlTvb, 1EoEIL S —FEE L, EFETET
BOHOmMcHBEERET L, BaEELFiHlokb e

RRAET 5, ¥MWE L i BBIMEAMACIIAE L
i, FOBEURD B, L 2 HH Ochromonas Tix
FEAEMTIZY V75 A MRS % 3 Prymnesium
BZoY VIR EREEY, SHESMRE U
BT DR RABOFTHRL B, HBEEVROE
B LTY VFS5A 2 FIBATHAERSF /&
(Prasinophyceae) THIH T\ 5,

4. Y U7 PES (Cryptophyceae)

Chroomonas salina (OAKLEY 1978, OAKLEY &
DoDGE 1973, 1976), Cryptomonas sp. (OAKLEY
1978, OAKLEY & BISALPUTRA 1977) TH XL
TWBH, BN XT3,

Btk MR T, REsRCEsRd b, 1
WAL WENH T 5, ZOHFED BB 2L%0T;
~SE D MT pMhsTv % (Fig. 4a), Mils 28
CA o B Y, ETBBOBEBLII AL LHUS
MT o#inch b, O, HEILERTHEERLR
LT 5. kTN ~BH L, MiE
<o B, 2o BBE B L EVWcHih (Fig.
4b), HABELHEhIED S, T LTLOBEREZRALT,
BB ps BTV #2 MT 3 BB bR TRE D~
A DA RBEEYTER T 5. PICIIRIHOBIRS
®REhs (Fig. 4c), & CEER Lt
BV, SRR & Tl T BRI S HE
GO BRI EC X > TR Ihigh oz
CETHB. BRCKTC LB Z OB 0L DR ELE
DRENL IR TWEBEY, ZOHL LROBRELDE
WEESHR LS LvornsEia BT 5ME
THbo

WL LT e WBIRGEE T 5 LB bh 3
K&/ m=F VRIS B DO VAR BV TE
D, BEBLEERFES1I~4KDO MT R Z 2B > T
% (Fig. 4c), WBGIMHER LV LWL LARS
WChd e ATEENDHD, BB LTENHME
DA, 7 r<F OIS & O K
5% (Fig. 4¢c), 2D 7 v =F VERBEOH~B
HLTL, pas—EEOEEIEENCIEDLL
WEW I, B THBASERROTWDZ LI d
(i 3.2 pm B - 1 H5 58 hD R X2 Hiciz 4.0~
45 pm RT3, BREIiE 7 r=F Vi3S EO
itttk o BB - Tt > T it cER
S (Fig. 4d), chhiREaBEo—MeEich, *
DORFH, 2% b b 5 —JOMBICHE LT\ A H
2R Eh 5,
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BN SER T B LAk, cER L a0 #
B L BRI RS, COMCMRERBEED CHS
periplast 23HERE ST 2 LIBRIBAZBIB L, R4
Mlasdichic » ThA b, BIRCEE L THRRED
HEEITTH (Fig. 4e). ZOBBRTFHICTLR
ZHZENDD, MRESESCIIhBESET5 L
Bbhsuninsd MTRIFEELLV. L LR
WRE, W Eos BB MT B8Rk
> TEB-TED, Bipgfiao mid-body s,

7Y 7 N EOS BN e BRI R TR
N h BN EWS &, ZOBORKEWHILMEIR
RET, BN BEERIERIECEVbhE T
EnBoteh, HHENILTORBIOHETHH LD
#Zxbhn (LEE 1972) 2 bbb, L0LYRE
L X% DB EE T HHLREERNR S ch Bhr)
Thbh, &TANRPLIMCI - o B AIEE
LIBMERL IFTH L AR oo, Eicfh
DEHOEN L b BTFIRNTHD LBL LI B
HH RV SRR,

5. iBYFEXES (Dinophyceae)

ZDHEYTIE, bhbhd “BhRHE EEFRLT
WAREADOTINIBET 5 — S S Ik F T
iR ThhT\w5 (DODGE 1971, KUBAI &

Ris 1969, LEADBEATER & DODGE 1967, OAKLEY
& DODGE 1974, Ris & KUBAI 1974, SIEBERT &
WEST 1974, SOYER 1971, TIPPIT & PICKETT-
HEAPS 1976),

BB AR D MT =AM BLbh, %
MO BEOF LRI > T VIAA T &, RIEANIC
IR TR T B E (8~15) MO\ CFT
kLG vrrehhn s (Fig 5a,b), Hil
3T HIRMEERR D Cryptecodinium cohrii (=Gyro-
dinium cohnii) T, “ht MT #&AMBE v
FAWBOBOBHIFE L EBE Y H TR AHBA T3
(KUBAI & RIS 1969), =D b v FATIRBEA T X
hBECHEETD, FLTZD L vHARD MTicid
RIOBLEALAT, HEROBHR LB fev s MT
ROWTFhOMIC b FROT ALY, MT RHEEA
— BT B o & by (Fig Sc), RufatkizMifnE
b VR ARE LB 2 & 5 (Fig.
5d), BBEDFH D BF 4nt MT & Yufa ko ik
D% 435 (OAKLEY & DODGE 1974), el
WA T 2 REAEOTRHIRZ SV 0T, HILH
RBWROPIIIFEE LI B2 bh5, o THH
i xAET A LMLV, b v R LTERE
OF M EEDREMESEZ b, (ELD b v AR
= OBRFERB T 5 = L2 B (Fig. 5¢), = Dl

Figs. 1-10. A diagrammatic summary of mitosis and cytokinesis in various eucaryotic
algal groups. Fig. 1. Rhodophyceae. a: prophase; b: metaphase; c: late anaphase;
d: late telophase (deduced from MCDONALD, 1972); e: cytokinesis (deduced from GANTT
& CoNTI, 1965). Fig. 2.
metaphase; c: anaphase; d:

Prymnesiophyceae. a: interphase and early prophase; b:
telophase and cytokinesis (deduced from MANTON, 1964).
Fig. 3. Chrysophyceae. a: prophase; b: metaphase; c¢: mid-anaphase; d: late anaphase ;
e: telophase and cytokinesis (deduced from SLANKIS & GIBBS, 1972).

phyceae. a:

Fig. 4. Crypto-
interphase cell; b: prophase; c: metaphase; d: anaphase-telophase; e:
telophase and cytokinesis (deduced from OAKLEY & DODGE, 1973, 1976; OAKLEY &
BISALPUTRA, 1977 ; OAKLEY, 1978). a, b: early division nucleus;
¢: mid-division nucleus; d: diagrammatic figure of longitudinal section through one lobe
of the late division nucleus; e: formation of daughter nuclei (deduced from KUBAI and
Ris, 1969).

Fig. 5. Dinophyceae.

Note: BB, flagellar base, basal body; C, centriole; cER, chloroplast-ER; CH, chromo-
some ; CM, cell membrane; CP, centriolar plaque; CT, cytoplasmic channel; CW, cell
wall; DN, daughter nucleus; ER, endoplasmic reticulum; F, flagellum; G, golgi-body ;
H, haptonema; HS, half spindle; IS, interzonal spindle ; M, mitochondrion; MT, micro-
tubule; N, nucleus; NE, nuclear envelope; nNE, newly synthesized nuclear envelope;
NO, nucleolus; oEN, mother nuclear envelope; P, chloroplast; PF, polar fenestrae,
polar opening; PPC, persistent polar complex; PR, polar ring; RH, rhizoplast; V,

vacuole; VE, vesicle. Arrows in the figures indicate the direction of cleavage:furrow.
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ezt h EROBOH DA LT 5, M
W7y STHE - 2 HORBIC D i B
Th, ThZh bt vFARBEFEEhTH5, MT R
TR OMST5 b v R A DRRE EHIT T 5,
RN TELIBEDREAI S h (Fig. 5e), b w3
b ELRCHET B, MIlRE DS ZIL theca & MR
DEEFMRA X - TETEh 5 (KuBAl & Ris 1969),
FtE D Syndinium sp. BT A WRERIT (RIS
& KUBAI 1974), X5 icfibkb MR LTz,
COEYPTIRLOFEBHRESE, ZLTH L2
MT 23 FEET S, PFLFRIR - B2@lrLR
b, ThZhiR &b I/PNEWHIBRLTEZHB LT
bo MALTRIBAENBRCHA L TTELRY »
o b, B MT olgis s LT, 4ED
POLFIRILZ OEYPD 4 RORPEER TR ThAET
BEVS, BHOHIAES E, hOT R MT A
HRTS, Thick > T, 2HONPLTFIRIBERE %,
BlERr » &5 v e VR LR TIT &,
RARABDORNEZAA T X, BiTEOME L
ZLTLIADHIIRE + v AN EET %, ZORPT
LT L BIEEE 2iEs MT 0B Qi L,
Tt O B Jutt b o 5Bk x FFRC AT 5 b T
BHbo o T DR AIPELLBENOTS
BEASTVWAHBETTHD, FHEE LRI, C
cohnii DFE LIZIFRA L ThHb, ZOEPTFTUT
REABEHORBIIF O TR ETS MT off
REBEIND, BT H B Rics 28850 MT
DEENRBTE BT THB, Syndinium sp. O
RO EE B, MOBBFEROLh LIRK
5. WA EREORERI L v HERE X
WE k7 DNAWBIETH B, “hiest L, Syadinium
DYt izl 5 v REL, o TEOWE
L, MORPEEED b D LTk IcRics,
BEER OB B (aEME+MT) L&
2bh5, THIFEBRED S EBREANOBITOH
e fFhh il ch s LHEXh 5 (KUBAI 1975,
PICKETT-HEAPS 1975b), falikiss, BEOER4E
W RWTE, BEWEOS RSO AIBEOME
< b (KUBAI & Ris 1969), $iE®ELYESHLTH
@O MT 2V Lic . —, BEhERZEYT
EMT AR B HOERTHD, 0D X 5 iR
BEHOH R B - AERAH OB 2 kN
2 TVBBFTHD, TbiT, = DEMOFEIIL
HoBacaihTunwisb () Toho
BATFEREYR X v 7 & W #Ro DNA

HeiTnbltoTwd (Fi), 20k 5 RfES
DRIIEADET, B EEWEYORERHL
TWBZ e, “mesocaryotic” (igh:) &vvbh
(DODGE 1966) > BfERED & (IFEF WML Lic 7' v
—FEELZBRTW5,

6. HHH (Bacillariophyceae)

LB EER Lithodesmium (MANTON et al. 1969
a, b, 1970a, b), Melosira varians (TIPPIT et al.
1975), FR B ¥ Fragilaria (TIPPIT et al. 1978),
Diatoma vulgare (PICKETT-HEAPS et al. 1975),
Surirella ovalis (TIPPIT & PICKETT-HEAPS 1977),
Pinnularia (PICKETT-HEAPS et al. 1978 a, b) T
MeHRIh T3, MlRCRWTIED L OERM
AHbhBH, ZDZ L L, ThXh OBOERHNC I
A58 ED—BUT RS R\, & & Tl M. varians
(TIPPIT et al. 1975) BRI+ 5w rhlie, EEEE
ORI ELEH L CTHBZ et 5, BENBE
Dy, 1896 £z iz LAUTERBORN 23 YBARIC
BRELTRELLLE—BTHENELEER T
%, HEBBORPICEN - T, BROBHHCHE
CRONBHEELHRCHE LT LERD S, L
FEPEOE TR, HReBEARDY, Thi
MT & H#& LT 5, O Ccentrosome, polar
body, spindle precursor &% & T h T\ 53D
LHRADOLDTHA S5, M. varians, D. vulgare T
13.Z OREEBTIE OB OH; G 4 i A28 LT
b, FHBOMczoMBIIEbLLEWV X5 TH
%, = DOHiEIL PPC (persistent polar complex) &
M, MRROBCHEORIELEERT, flz
R E CIR IB 0I5 X D LR Hhic i b,
2. HEAAIBRE A BRI MT & o b 2ehlhf 8
(central spindle, CS) &I, shifiicitz o CS ik
2 oo B ETH DY HEE 4 (half-spindle,
HS) 23679, FEETHEVCEET 5, 5~10% O
MTRE LB 2 BEZATH3LDEEbAR, o
KEHRFEEED LB L HETHETWS
MT, &b o MT o—F oz, i CS
OREDTT~EE LT B, HS © MT MEHI TH L
CAELER VA SOy % “Ein hEIKR” (overlap-
ping region) £\ 5,

i o PPC /N WERIRERE CHEGT 0%
DM BT 5. PPCHLBIETS X5 MT
AHOT 3%, Fillic /s s & PPC 23 2 EOBIREE
T B, ThHREVREVCTWT, BI2EL
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KRB KT 5, RCEOMic MT A%EL, *
DX, B ELikhkT 5 (Fig. 6a, b), B MT iz
HECFTTH Y, HELFET TR TCSEREL
T o CSOEINRHTITONTERMEL AT
B35, ZOBIERR CS 3B OMER O TH
BT s%ekitcoTE T L Th 2 (Fig. 6a),
PR THARORI THEDOHFAA 5 T L eHDER
BOHEAZRC b, SRZEEEE LT CSiED
A% (Fig. 6b), Hifll, CSHBMND 7/ r<F v~
Tk 30A A T  EHIZILE O OBk PPCs [ DB RE
BHEORIDLEILIAN-TEDY, LE/r~F

vt CS % & hETs (i) (Fig. 6 c), i3 8
BTER» -1, HB¥iciesd & HS 3T icih,
7 e F VNIBE BT 5, BOFEERLITER
D EEEC LU TEECERMLLTV5, HBig
THHEG, FebofEMEH#ITEL-, LrL
7e<xF UK BRATHEHOBH LD MT 2 R5
hd, FLTZhLRBIICHL M cERT. £
DY ETIIL 7/ r=F NI PPCOEDIZETHH
4% (Fig. 6d), 4 bAHA CSDEMR hFHIKD MT 12
i » T3, MESEOHHICH PPCs 12 CS
oMNSD, B AEEEIhbcohT, PPC
WREOMMIC & & b, RIRES RS T B
DGR,

MBS AR D » T 1 ORI Mk
o UEHMHA L VO Ccklicth x5 (Fig. 6d), £
D%, SO UEBOERHSNMBHEIr-TLHM
WO EEEA IR O s TRIRICREEL, CS%
o L cHile By Elx5E T35 (Fig. 6e),

HER O MR AT BRI LIEE AT O£ H 5
harhicflTw%, RilifiEE BIhCER Ehs
MR —FITHBH, MCEE F4Y, B
W o ORISR ETh b hTyw b (KuBAl
1975), hbicdtlT+5 L, Hospl<T 2oy
B L2255 MT SRbOME DR I Bk Lic MT A
BH~BATAZ EThbH, BOBRRCHEEI IIE
TR 5w B BREEEKC VT, %
fetE AR BRI R b o, BB VA
SRR AT B R ASRIME G sV T, MT
il (microtubule organizing centre, MTOC)
(PICKETT-HEAPS 1969) (1 A H it ostch s
LEZLNBDT, HEEDOHRIEONTHRED L
W2 Bo F LTHIZ EUBHB OREEGI R A~EA L
Tl Z el s, &2 ANRBYERD X 5 UK
HEGTH D IH O EORBINRILT, #o

TMT i3k LCEERCIAL R WBE L H 5,

7. % FVU AL PH (Euglenophyceae)

Euglena gracilis (LEEDALE 1968), E. gracilis
var. gracilis (PICKETT-HEAPS & WEIK 1977), E.
gracilis strain Z. (GILLOT & TRIEMER 1978),
Phacus longicaudus (PICKETT-HEAPS & WEIK
1977), Astasia longa (CHALY & LAFONTAINE
1977) 4 % kHkhc UE-BF 2228 1977~1978 £ 12 151 T
EFMICREI N, ThHODOABELZHE L TAR 5B
L, HERBRWS OB REbRB, ThbEFELEN
BAR—=ANINDTE Z TIREKTHH, LBETIG
Uttt b e > THEE IV, 22T
1% E. gracilis var. gracilis (PICKETT-HEAPS &
WEIK 1977) & E. gracilis strain Z (GILLOT &
TRIEMER 1978) OBige & hiaicih <5,

BB 4e3r - T, EA Y B854 (PICKETT-
HeEAPs & WEIK 1977) & % 5 TlieW 4 (GILLOT
& TRIEMER 1978) L D\t H-»Th, BBoOEE
ETHH U EETH B, BirZ D BBOH~B
WL, reservoir iT#EW T L Cfhik$ 5 (Fig. 7a),
BB &k LC\u e k%80 MT Az TN MT
NEFHFALTL B (Fig. 7b), Zh&fhicEXe(Z
HHE LB, FRICMTH##&ET5 L5125,
B L BE&ES LES DR AbAc, BilicE
JEBER S LEL DR RB Z Lidih o1, OB
I TH B2 (Fig. 7b), ThLgEX & < RREE(L
R T, PHOEEIHE LY. ThiIREEORET
LI ERGEIC 72 B0 H TH B, La LikEHEE
CEFITH LD ThB, CIIKELSHUT, Bl
% T 5 (Fig. 7c)s Hefafh biciiBREEOHIF
i Boh, Fhic MT A% LTV5. Bix3ER
oo B\ IHIFIH TH B 0%, BOBEBRA DR
CRBRB, LA LEERDKR LA T
kAT Ly (Fig 7c), HERTELTHD. R
BROBIC R T & (AR LT 5, B
BB 0 gl b hbA, BBAEOMBEY LD
Z e, SEERoZoOR & kBEORHICHL BT
%, BB 2B OBRICH » T A0 H (B2
Y ST I AL, Phacus) BMEOITV B Z L3RER X
T\ Be P fAiiicin Sy e S TR BRIy e
MHBMEFRL, RO 48t (interzonal
spindle, IS) ic MT 23%¥3% % (Fig. 7d), BRI
AL IS Lo THLE YD, Thid
FrETHRLR R EBERI L TH B,
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M OB R LT\ 5% reservoir Of
MR B A5 EEER C RIRRRT S s DA T o T O
s MT OFERALRTWIRL,

SN LRI RE R DB 2 — 7 VI BORE -
AL DN, REIERIcRH#E S TR TV 5 (G1BBS
1978, STEWART & MATTOX 1975), MR b
LR S SRR 7o 3B & 135k o T RICE RO BT
PhdborELLR TV, fl 2iE, R MT
BEERT AR E b FREEOH A E R TER
BEFFTH - C, Pefatk MT 127c <, Yt
BB+ 5 &\ wbh T ic (LEEDALE 1968), & Z
AREEOHEC I E, AP I=—7VvIi0D
HRDULMBOLE L DBEO LD LALTHS L2
%o MIBIEE IckisltkOR, FASEISH, BFED
FEE»FEDOh %,

8. 57 ¢ BEHE (Raphidophyceae=
Chloromonadophyceae)

Vacuolaria virescens THHh T\ 5 (HEY-
WoOD 1978), = DITBOHMNE L \bh 2 ADHi
EERHTH. FARDBAENTOMIE T, BBhb
Bx B> Lo MT ai gt Refisit v (Fig.
8a), NI BRIk AEL, To &> TMT
DB AA Dikts, TR BB RSB I
% (Fig. 8b), WEMAI—ICHELTWB X5 ThHD
% (HEYWOOD & GODWARD 1972), FEE TIZ7c\ .
BaBEapih sy, FolH 5\ 3 < THIRRE
P » TRABOHT b ol R M EEIIT 25
h5 (Fig. 8b), HBici ORI t~% L4k
DM e B, & ORHOR b B /SR,
BROE & Tl LR ARt 0RE & oS
DMNERBET A ETHB, ThHRBAALT
FIRE ORI SN 5. HBiivtEincohT
Wil LA, KRR E LUBIRERcE T h
Twb, PR TEOFEELELE IS L 5Th

LD 5 (Fig. 8¢), RMHITIL, PO
Yo R ORBICTE Ll & RESNCTE LA g s
& o T, ROl ERaEo—B 2 TR
THHTERTS (Fig. 8c)y D&Y TIIHH Y
BLTEBCEET 2BEGIHLES B VITERD
BREARG T, 1Ho Ty — kLT
% (Fig. 8¢),

MBS EL, 2 EDRBORIIC Y SN % - T
ABHTHET T, AAPUETHABRI SV 2T
TRIBEIhTWBA (HEYWOOD 1968), %o 2
MOV TIIRREERTH B,

9. FiREHE (Xanthophyceae)

= DD AN TNITER 853 Vaucheria litorea
TEBRIEIh T35 (OTT & BROWN 1972),
OB, Bo—FH o 1 HoRLFHRE
CHEEL, TOANEEIECCBEFEEOE S
L — b (centriolar plaque, CP) 3% b, FZ 25
JAa B 15 ds 5 T 10~20 KD MT AiftC\ 5 (Fig.
9a), BLZ DML TD Vaucheria fEi3 @ L
TUBENEIPIITATH S, i, BEE TR
FEINht Vaucheria © EM EEodic, o
CX->TZDEMER IR LR STH D,
Eni V. litorea D L LT, o Vaucheria %
FHHRBC—HACHbh 5 cERRZDETIIRL A
AP
MHRAEIR L L VAT -2 Th s, WhLT
O 1EMUBBE~BET 5, = OBIcEEEOERK, £
DOWFFALAHEE 5o dofifiic 125 Bl T o o H i
DEDRRK & VKGR & Is - 4% (Fig. 9b) odc
Hifsk, PR EMIcRaEnabhss,
BizisnE IhTwb, £ 1O d.OF a8
by, MBEMT X HCPLEAEHKERE-TWDS
(Fig. 9b), AP E LCHABET 5., B2
Do TELIBEIEL IR E T T 2 IV Lis o

Fig. 6. Bacillariophyceae. a: prophase; b: prometaphase; c: metaphase; d: telophase;
e: cytokinesis (deduced from TIPPIT et al., 1975). Fig. 7. Euglenophyceae. a: prophase;
b: metaphase; c: anaphase; d: telophase; e: cytokinesis (deduced from PICKETT-
HeAps & WEIK, 1977; GILLOTT & TRIEMER, 1978). Fig. 8. Raphidophyceae. a: pre-
prophase; b: metaphase; c: telophase (deduced from HEYwWoOOD, 1978). Fig. 9. Xantho-
phyceae. a: interphase; b: metaphase; c: early anaphase; d: late anaphase; e: early
telophase; f: telophase (deduced from OTT & BROWN, 1972). Fig. 10. Phaeophyceae.

a: prophase; b: metaphase; c: telophase; d:

WILCE, 1975).
For abbreviations, see p. 220.

cytokinesis (deduced from MARKEY &
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% (Fig. 9¢), JefalbDTE SR IIHEE LV L5 Th
o P BEONHEIREEROEHL » b LAM
BAROMRED X I RZ 5, POLTOEHR Z ORI
FTCIRET LTWTHBIL 2lohLTrRabh b
(Fig. 9c)e X HITHBRONHEN AL &, IREH ORI
BicflEVERD 1S (X 5pm, (§0.2xm) &
% (Fig. 9d, e), 20 X 5 iAo 303, ¥
BoFike RN E, Thi@TEEROMRC LD
D5 Lu, 5o Cilifkic X - THY LEE S hoiogufa
WHE Y & LI OB 2203 2%, 0TI+ B0
£ 5 IR YRTE T~ — MRICER T 5 (Fig. 9d),
BT & &b RTEE L, BRELA
LTIS %) bik3 (Fig. 91),

COEOYIEHKITELAFR ThH Y, ThERMNT
5 MT A B, hOTEBRCL LR L L
e, FhCHT LN 5 SRS
WEBEDX S ThHb, HLTOJGHED CPrLMHUs
MT L#MND MT L#ifk b AbhiEWD T, 0
Wl MT o R Th 2, LI L0 s
RPABRC L VWTORDTHY, MEESE D
78U,

PASKEI S5k (closed spindle) Ly b b DD
iy, SEBCHIEHIBEC RV TH AR
DAL R CERHE & 4 7 &, BRI THEEY >
S BledE D MT 2, H5VIthHBET T
& MR R GEN BT 5 1o ORI
WBBBAREIND 24 T LZOG TR T Wb, 7
rr7 40a b¥EUER (2 VY oy HE2ERL) L
HNTz DFELESE & 4 IR IR <
V. litorea B\ PIDOFITHA 5 & TR T2 (OTT &
BROWN 1972), L LIBHIEET, HH\iEZ0tk
PFY AVETLEE IR, L L, Vaucheria p3
BTELRELRLBAR, OB POLTEE
KHRALTWBZ & &, FEMIEERRTHS &
WHZ ETHDH, BCHLTEEREIRLMAS, M
I S E R TP S 2R S 7, BRI
Mo REE L2 5EV IS O KIL, BEREEEE
P—WOWM L IGATHMETH Y, KFEME LS
BThbbworimme & biciltkd 5B D% T
H%o

10. #B¥% (Phaeophyceae)

= ORI OWTit 8 JB 10 flic o\ TRl g 4y Bz B
HAMLNDERBESNRT B, Pylaiella lit-
toralis MARKEY & WILCE 1975) D#iffa®n24 o %

HIHSE AL TV B DT, ZoficiT5
MREZPLZ LTHEROMESHYEBR L TARB
Lttt s,

P. littoralis ORMBFHFEOPRREIZOFHE I
—HOROLFIEETHM, 7 1o/ rE0 4ffeo
WCHANER TR VEOHRLTFRFET H5DRT,
LT 2@ie o B —HOBWCDLRFEET B &
I Twb (NEUSHUL & DAHL 1972), Ascophyl-
lum (RAWLENCE 1973), Fucus vesiculosus (BRA-
WLEY et al. 1977) TH & LT > MEIh T
%o Chorda DI FEETHIIEN IR B DL
REOHZIL 1T >0 LFHRHZSh D (TOTH
1974), f - TR EM IR BT 5P E LT 2+
WL, B LATFOREIRTW5 E A5 00EY
ThH5HYo FOLTIIBCY B EADKEDMER A Y »
FOFIZA DRAATVD Z EDB, LT b
Repv's MT BB 52, EOFARADL LW
(Fig. 10a), % il iz 2o b O FREfks
MTHAREBIhB, HoTIhbI—BORERA E X
BZENTED, MTRFLTFORBCHHBTHE
DECHENLHOTNB L 5T, POLTFHENLLME
UH TV 3D Tikiels FRED SR X 5k &7
SEMRENL - TL B, P littoralis T3, ¥dEEVC
e, FEMCHEERELS, BEIR AR
ha, BEBOHELES ML b BABIIART Ol
HEAE LTS (Fig. 10b), B4 MT 13 d 120K %
TIE N EAIE R END, BEETLZSRTH
e\,

7 v 7B (NEUSHUL & DAHL 1972), F. ser-
ratus (BERKALOFF & ROUSSEAU 1979) -G i, & [
B BN D, —J5 F. vesiculosus T35 2 dh %
AR AAE T 5 &V 5 (BRAWLEY et al. 1977), &=
AMRRA U F. vesiculosus % %% L #- Bouck (1970)
DER, BERKM AR BhIERe T
HBZERRLTED, F serratus TH R CBEMN
7£&h T\ 5% (BERKALOFF & ROUSSEAU 1969),
RIE37 545, BRAWLEY et al. (1977) O %5 A5
— 20t F. vesiculosus DF#EMM T H v, Bouck
(1977), BERKALLOFF & ROUSSEAU (1979) @ it
FTETHHIETRMRTHS b, = OEHiH
fed2d Livicy (BRAWLEY et al. 1977), # i
B2 T, 7 rn~F VidB~BET 2, ok
HOBBITEL TOBBIHE LV, 27 r~FviEth
ZhORBEIRICE L ChmFZFRAENCIZaEc
¥hictkild &5 (Fig. 10¢), L LBERT CHAEY)
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BiRRohs, BERO ISP MT AL i
Vo ISHIIT I I KRN RELTL 2, IS0
BREEITCY) W LSRR THh 5,
RBRESHOME hic T, BRI SEORI L
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To Overseas Members

It was agreed at the October 1979 Annual Meeting of the Japanese Society of
Phycology that, as a result of an increase in the per unit cost of the Journal, member-
ship dues would have to be increased from 1980. The new rate is 5,000 Japanese Yen.
(4,000 Yen for 1979)
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JAPANESE SOCIETY OF PHYCOLOGY
Application for Membership

Date

NAME
ADDRESS

POSITION
INTEREST IN PHYCOLOGY

Membership dues for 1980 are yen (3¥) 5,000.-
SIGNATURE

PAYMENT SHOULD BE SENT IN JAPANESE YEN BY:

* International Postal Money Order to the Office of the Japanese Society
of Phycology, c/o Department of Botany, Faculty of Science, Hok-
kaido University, Sapporo, 060 JAPAN, or

**  Bankers Transfer by Air Mail to the Bank of Tokyo, Sapporo Branch,
Account No. 081-216852, QOodori Nishi-3, Sapporo, 060 JAPAN.

(If paying by cheque in dollars, please add U. S. $5.00 to cover collectlon

charges). .
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1. TEE Ry HFun— (i, REIETT0M,FELBRIIEF 1500, RE: 145125, 5%
15,6%2, 3%, 7%1-3%5, 8%1-35, 9%1-35.

2. 3% %51 1-10%, {6, &/ 1,000/, Jr&H 1,500 M. 11-20%, £8 1500, E&EH
2,000 M.

3. MFEHELEBMST B 25 ENH, 1977. ASfR, xxviii+418 H. |LHEEORE - FIE - E£H—
B BN ROPNORERE L O FERINIHI0 MR (3430 26, FI3L 24) % I 5,500 FI (&5%).

4. BXFPEEIF+—5£8 Contributions to the systematics of the benthic marine algae of the
North Pacific. I. A. ABBOTT - BARFE ML, 1972. B5fi)R, xiv+280 E, 6 XhR. FAFN46 4 8 B #LiRCEY
BRI PHERECET 2 BREI%¥ € L + —DRET, 0 {EOPRBE (L) »BR. (K 3,000 1 (&
ER).

5. LHEAAOI Y TR EREOEBHPHTE 1977. BSKR, 65 H. MBFI4949 A, iLiRcirbhi
AABEEFESTER M2y 7BlT28EE) O 4R LEFAROES. (lHE 700 [ (k.

Publications of the Society

Inquiries concerning copies of the following publications should be sent to the Japanese Society
of Phycology, c/o Department of Botany, Faculty of Science, Hokkaido University, Sapporo, 060
Japan.

1. Back numbers of the Japanese Journal of Phycology (Vols. 1-25, Bulletin of Japanese So-
ciety of Phycology). Price, 1,000 Yen per issue for members, or 2,000 Yen per issue for non member.
Lack: Vol. 1, Nos. 1-2; Vol. 5, No. 1; Vol. 6, Nos. 2, 3; Vol. 7, Nos. 1-3; Vol. 8, Nos. 1-3; Vol. 9,
Nos. 1-3.

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

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

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

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