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Ultrastructure of a red tide chloromonadophycean alga,
Chattonella sp., from Kagoshima Bay, Japan

Tadahide Noro and Koji Nozawa

Leboratory of Mearine Botany, Faculty of Fisheries, Kagoshima
University, 4-50-20 Shimoarate, Kegoshima-shi, 890 Japan

Noro, T. and Nozawa, K. 1981. Ultrastructure of a red tide chloromonadophycean zlga,

Chattonelle sp., from Kagoshima Bay, Japan.

Jap. J. Phycol. 29: 73-78.

A chloromonad associated with red tides in Kagoshima Bay, Japan was isolated. Cells
measure 47.0+4.0 ym long and 24.8+1.2 ym wide (Xx+95% C.1.). A gullet is seen to be
present at the ultrastructural level. Two flagella, one of which possesses hairs, are at-
tached at the base of the gullet and are associated with the nucleus by a rhizoplast. The
cell lacks a wall. A large number of vacuoles, lipid bodies, and chloroplasts occupy the
peripheral layer of the cytoplasm. The chloroplasts contain lamellae of 3 thylakoids, lipid
droplets, and pyrenoids. The nucleus contains 1-4 nucleoli and scattered chromatin. Golgi
bodies and mitochondria occur arcund the nucleus, but no contractile vacuoles, eyespots,
trichocysts or mucocysts are present. It is suggested that this organism is a speries of

Chattonella.

Key Index Words: Chattonella; Chloromonadophyceae; chloroplast; flagellum;
Kagoshime Bay ; lipid body ; red tide; rhizoplast; ultrastructure.

From June to August, 1977, and again
during the same months in 1978, blooms of
a chloromonadophycean alga were observed
in Kagoshima Bay. This marine chloromonad
is the most common red tide alga causing
mortality of yellow tail fish in the coastal
areas of Japan. ADACHI (1974) identified it
as Hornellia SUBRAHMANYAN (1954). HoL-
LANDE et al. (1956) considered Hornellia
marina SUBRAHMANYAN to be the synonym
of Chattonella subsalsa BIECHELER (1936)
and this opinion seems to be accepted by
most taxonomists.

Chattonella ultrastructure has been studied
by MIGNOT (1976) (on C. subsalsa BIECHELER)
and LOEBLICH et al. (1977) [on C. japonica
(=Fibrocapsa japonica) LOEBLICH et al.].
LEADBEATER (1969) also studied the fine
structure of Olisthodiscus luteus CARTER that
was subsequently transfered to Chattonella
by LOEBLICH et al. (1977). The purpose of
this paper is to present a general description
of Chattonella sp. from Kagoshima Bay.

Materials and Methods

Specimens utilized for this study were
collected in July, 1978, from the port of
Kagoshima. The unialgal isolates were
grown in 2% ESP enriched sea water at
20-23°C under a 12: 12 LD cycle (ca. 4,000
lux). The salinity of the medium was
lowered to 25% by dilution with distilled
water. Cells were fixed for 1.5 hrs. in 2%
glutaraldehyde with Milloning’s buffer at
pH 7.5. After several washes in the buffer,
they were postfixed in buffered 1% osmium
tetroxide. All cells were subsequently
dehydrated in a graded ethanol series and
embedded in Epon. Sections were cut on
an ultramicrotome using glass knives, stained
with aqueous uranyl acetate and lead citrate,
and examined using a H-300 Hitachi electron
microscope.

Observations

Light microscopy. Motile cells of the
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Figs. 1-2. Light micrographs of living cells of Chattonella sp. 1. Lateral view of elon-
gated cell showing chloroplasts. No trichocyst rods are seen. Scale=10m; 2. Round
cell produced under unfavorable conditions as viewed with the light microscope. The fla-

gella are detached from the cell. Scale=10 pm.



Ultrastructure of Chattonella sp.

Figs. 3-6. Electron micrographs of Chettonelle sp. Scale=1 pgm. 3. Longitudinal section
of Chattonelle sp. showing chloroplasts (ch), vacuoles (v), and lipid bodies (lip) in large
numbers, and dense cytoplasmic layer surrounding nucleus (N). Also note nucleclus (n),
mitochondria (m), and Golgi bodies (g). The flagellar apparatus is not present in this
section; 4. Transverse section of two flagella (fl) ; 5. Longitudinal section of posterior
flagellum showing the hairs (h); 6. Gullet (gu) and rhizeplast (rh) which runs directly
from the basal bodies of flagella to the nucleus.

Figs. 7-12. Electron micrographs of Chettonella sp. 7. Longitudinal section through the
base and transition zone of flagellum; 8. The vesiclar cortex containing chloroplast (ch),
lipid bodies (lip), and microbody (mb); 9. Thin section of vacuole containing material;
10. Envelope of lipid body after discharge of material; 11. Cytoplasmic region where
numerous vesicles occur with tubular contents (t). The tubules are thought to be stored
flagellar hairs; 12. A typical interphase nucleus. The nucleus is bound by a double nuclear
envelope and contains a nucleolus (n) and scattered chromatin (c).
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Figs. 13-16. Electron micrographs of Chettonelle sp. 13. Chloroplast fixed in gluta-
raldehyde and osmium tetroxide. External to girdle band is the chloroplast envelope (ce)
and endoplasmic reticulum (er). Chloroplast stroma contains large numbers of lipid drop-
l&ts (1d). Simple internal pyrenoids show a lamella passing into the pyrenoid (py);
14, 'Chlo'roplast with 3 thylakoid lamellae fixed in osmium tetroxide; 15. Vertical section
through the Golgi body. Note the swollen ends of the cisternae and the adjacent Golgi
vesicles. The Golgi bedy is situated above the nucleus; 16. Mitochondria showing a two-
membrane envelope and tubular cristae. The elongated mitochondrion is dividing.




Ultrastructure of Chattonella sp. 77

organism are pear-shaped with two flagella
arising in a gullet. The cells are 47.0+4.0
pm long and 24.8+1.2 pm wide (x+95% C. L)
(Fig.1). Under unfavorable conditions, these
cells altered to a spherical shape (Fig. 2).
The periplast is thin and flexible, and in
some instances numerous discoid chloroplasts
and cytoplasmic refractive bodies, assumed
to be lipid globules, are located just beneath
the cell membrane. The species lacks an
eyespot. Although chloromonadophycean
algae are generally bright green in color,
this organism forms golden yellow colored
blooms.

Electron microscopy. Fig. 3. is a longitu-
dinal section of the organism showing pro-
files of most of the organelles except the
flagella. The cell is bounded only by a
cytoplasmic membrane, without a cell wall
or scales. Two flagella extend from the
base of a gullet (Fig. 4). The axonemes
appear to have the typical 942 microtubular
arrangement (Figs. 4, 5, 7). One of the
flagella has a row of fine hairs (Fig. 5).
There is a broad, striated flagellar root
which runs directly from the basal bodies
to the nucleus where it appears to be
attached to the nuclear envelope (Fig.
6). Many earlier workers termed this
type of root a rhizoplast, and it has
been found in  Chattonella  subsalsa
{MIGNOT 1976) as well as in Olisthodiscus
luteus (LEADBEATER 1969). Vesicles con-
taining fibrous material occur in the pro-
toplast, and this type of vesicle has been
previously reported in C. subsalsa (MIGNOT
1976) and C. japonica (LOEBLICH and FINE
1977). The fibrous material appears to be
an early stage in development of the flagel-
lar hairs. Large numbers of vacuoles and
chloroplasts occupy most of the region be-
tween the cell membrane and the layer of

cytoplasm surrounding the nucleus (Fig. 3, _

8). The vacuoles are easily broken in the
fixative solution, especially under low osmo-
tic conditions. Sometimes the vacuoles con-
tain digested materials or lipid bodies (Fig.
9). The arrangement of lipid bodies beneath
the surface of the cell membrane can be

seen in Fig. 8. Each sphere is enclosed in
a vesicle surrounded by a single membrane
(Fig.10). Chloroplasts are 2.4-2.5 ym long X
1.5-3.3 pym wide and generally disc-shaped
(Figs. 13, 14). The lamellae are arranged
approximately parallel to the longitudinal
axis of the chloroplasts, each band consist-
ing of 3 thylakoids (Fig. 14). The chloroplast
stroma contains large amounts of small
electron dense materials which are assumed
to be lipid droplets (Fig. 13). Large pyrenoids
penetrated by lamellae are present in the
chloroplast. External to the girdle band is
the chlorplast envelope which is bound by
endoplasmic reticulum. This endoplasmic
reticulum may be involved in maintaining
the chloroplast in position, but a direct
continuity between the nuclear envelope and
the endoplasmic reticulum is not present.
The nucleus is also surrounded by a two-
membrane envelope (Fig. 12). The nuclei
possess 1-4 nucleoli and distinct chromatin
which is evenly distributed within the
nucleoplasm. This type of densely granular
chromatin is called heterochromatin by
DoDGE (1973 p. 143). Several Golgi bedies
are situated around the nucleus (Fig. 15).
Each of the Golgi bodies consists of a stack
of 4 or 5 cisternae. Numerous mitochondria
are also found around the nucleus (Fig. 16).
They are elongate and ovoid in shape. The
inner mitochondrial membrane forms tubular
cristae which have slightly constricted
bases.

Discussion

Our observations on this chloromcnad are
partly in agreement with those on C. subsalsa
(MIGNOT 1976) in the following ways: 1)
at the anterior end of the cell there is a
narrow canal-like gullet; 2) two flagella,
nearly the same in length, arise close to
each other from the base of a gullet; 3) only
the anterior flagellum bears hairs or masti-
gonemes ; 4) there is a rhizoplast; 5) the
nucleus is filled with dense chromatin; 6)
the vesicular cortex contains many chlo-
roplasts with basal pyrenoids and lipid
bodies. We noted, however, that the color
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of the cells differed in our chloromonad
from that of C. subsalsa. Cells of Chattonella
sp. were golden yellow, whereas those of C.
subsalsa were green. Little variation in
cell dimensions occurred within these species.
We have never observed mucocysts in this
chloromonad, but they have been seen in
C. subsalsa. In C. subsalsa no lamellae enter
the pyrenoid, while several lamellae pass
through the pyrenoid in Chattonella sp..
This suggests that this chloromonad and C.
subsalsa are not the same species, but they
have many similarities and may be closely
related.

Detailed ultrastructural descriptions were
given by LEADBEATER (1969) for C. luteus
(as Olisthodiscus luteus) and LOEBLICH ef al.
(1977) for C. japonica. There are no detailed
observations on C. akashiwo (=Heterosigma
akashiwo, see LOEBLICH et al. 1977) using
the electron microscope. Nevertheless, all
of these organisms greatly differ from
Chattonella sp. in cell dimensions, plastid
number, situation of the groove, and presence
of mucocysts.

Some morphological differences, especially
in cell length and width, were observed
between the specimens of Chattonella col-
lected from Maizuru Bay, Seto Inland Sea
and Yatsushiro Bay (ONO et al. 1979). One
of these three strains may be Chattonella
subsalsa BIECHELER, but additional studies
are needed to answer this question. In this
paper we apply the name Chattonella sp.
to the chloromonad from Kagoshima Bay.
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A sex chromosome in Cymathaere japonica MIYABE et NAGAI

Hiroshi YABU* and Yoshiaki SANBONSUGA*¥

*Faculty of Fisheries, Hokkeido University, Hakodate, Hokkaido, 04 1 Japan
**Hokkaido Regional Fisheries Research Laboratory, Kushiro, Hokkeido, 085 Japan

Key Index Words: Cymathaere japonica; Phacophyta; sex chromosome.

The gametophytes and sporophytes used
in culture were obtained from fertile fronds
of Cymathazre japonica collected in 10 meters
depth at Kyoeicho, Rausu in eastern Hokkaido
on September 26, 1980. The fronds were
fixed with acetic alcohol (1: 3) and stained
by the method recommended by Wittmann
(1965) for cytological observations. The
haploid chromosome number ranged from
28-34 in the cells of female gametophytes
(Fig. 5) and a reliable number seems to be
33, as shown in Table 1. The presence

of a large chromosome has been reported
by Evans (1963, 1965) in several Lami-
nariaceous species from the Atlantic, among
which Saccorhiza polyschides was shown to

Table 1. Chromosome count in fifty cells of
female gametophytes of Cymatheere japonica.

Number of
chromosome (n)

28 29 30 31 32 33 34

Number of

cell 4 3 6 7 9 14 7
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sl -
Figs. 1-10. Mitosis in the gametophytes and sporophytes of Cymatheere jeponica Miyabe

1-4. Sex chromosome (arrows) at metaphase in the cell of male gametophytes;
5. Chromosomes in the cell of female gametophyte; 6. Metaphase (2n) in the sporcphyte
at one-celled stage; 7-10. Sex chromosome (arrows) at metaphase in the spcrophytes of
one-celled stage. Magnification; All figures, x2,300.

et Nagai.

have a markedly large X-chromosome in
the female gametophyte. The well defined
metaphase figure in the male gametophytes
in our material usually proved to be one
U-shaped large sex chromosome (Figs. 1-3).
This special chromosome sometimes appears
by Jearly prophase by the process of hetero-
pyknosis and is discernible in mid-
metaphase (Fig. 4) and anaphase as a large
chromosome stained somewhat deeper than
the other chromosomes.

Numerous young sporophytes, consisting
of from one to five cells, developed after
14 days in culture under 13°C temperature
provided fine dividing nuclei with diploid
chromosomes in which the sex chromosome
was occasionally distinguished (Figs. 7-10).
Recently FANG et al. (1978) described
the occurrence of some nuclear abnorma-
lities in the parthenosporophytes of Lami-
naria japonica. Among more than five

& B ZATERR

hundred sporophytes with dividing nuclei
observed we could see nine parthenospo-
rophytes at the two-celled stage with
haploid chromosomes in each cell. All of
these nuclei were normal and lacked the
large sex chromosome in their chromosome
complement.
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Pollutant levels in the Malaysian sea lettuce,
Ulva reticulata FORSSKAL

P.M. SIVALINGAM

School of Biological Sciences, University of Sciences
Malaysia, Minden, Penang, Malaysia.

StvaLINGaM P.M. 1981. Pollutant levels in the Malaysian sea lettuce, Ulva reticulata
ForsskAL. Jap J. Phycol. 29: 81-84.

Investigations on the sesasonal variation of the following trace metal pollutants, Cd,
Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn, in the abundantly found Malaysian sea lettuce,
Ulva reticulata Forsskal, indicated the presence of amounts below detectable levels of Cd,
Co, Cr and Cu the year through while Fe, Hg, Mn, Ni, Pb and Zn had three peaks be-
tween the months of January-March, May-July and September-December. These fluctua-
tions correspond well to the peak productivity periods of the alga.

Contaminants of persistent pesticide residues of pp’DDE, a-, 8-, r- BHC and aldrin in
this algal species fluctuated between 9.6+0.05, 0.089+0.012, 1.03+0.015, 0.48+0.04 and
606.8+0.53 ppbs, respectively. PCBs (KC-400), on the other hand, ranged between 16.6+
0.015 ppb.

From the viewpoint of environmental contaminants this algal species appears to be
within the safety levels for human consumption.

Key Index Words: environmental pollution; PCBs; persistent pesticides; trace

metals ; Ulva.

Marine pollution studies, in the Malaysian
context, are very scarce (SIVALINGAM et al.
1978, 1979a, 1980a). Trace metals pollutant
levels in some marketed shellfish have been
reported by LEE and Low (1976), while
PCBs and persistent pesticide residues in
cultured cockles, Anadara granosa, were
studied by SIVALINGAM et al. (1980b).
Related studies on solid and liquid shrimp
paste have also been conducted (SIVALINGAM
et al. 1980c). Elaborate laboratory studies
on the modes of bioaccumulation of trace
metals in the local green mussel, Perna
wviridis L., and the rock oyster, Saccostrea
cucullata BORN, have also been carried out
{SIVALINGAM and BHASKARAN 1980; Siva-
LINGAM 1979b). The Consumers Association
of PENANG (1976) reported extensive pollu-

Abbreviations: 7-BHC, r-benzene hexachloride;
pp’DDE, pp’l, 1-di-chloro-2, 2-bis (p-chlorophenyl)
ethylene ; PCB, polychlorinated biphenyls.

tion of the Juru River and its detrimental
effects on the adjacent fishing communities
A study on the Hg content of human hair
in fishing communities in the State of Penang
verified these findings (SIVALINGAM and
AZURA bt. SANI 1980).

Studies (SIVALINGAM 1977, 1978a) on
marine algae and their succession patterns
had indicated the existence of 3 species of
Cyanophyta, 21 species of Rhodophyta, 8
species of Phaeophyta and 12 species of
Chlorophyta along the shores of Penang
Island. Analyses of biodeposited trace
metals and minerals in Penang Island
marine algae have also been reported
(SIVALINGAM 1978b, 1979b). At this loca-
tion the Malaysian sea lettuce, Ulva reticu-
lata FORSSKAL, is the dominent species and
its biochemical evaluation as a potential
human food source (SIVALINGAM 1979c¢) and
the effects of high concentration stresses
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of trace metals on the mode of biodeposi-
tion have been reported (SIVALINGAM 1978c).

Following this line of investigation the
author has endeavoured to make a detailed
study on the seasonal fluctuation of trace
metals, PCBs and persistent pesticide re-
sidues content in Ulva reticulata FORSSKAL
prior to utilization of it as a significant
food source.

Materials and Methods

Ulva reticulata FORSSKAL was harvested
during low tides periodically between Janu-
ary 1977-December 1978 at the Marine Depot,
Penang. The fronds were cleaned of
epiphytes and other contaminants by washing
with filtered sea water and then with distilled
water. The clean thalli were dried at 90°C for
about 72 hr and pulverized using a pestle
and mortar before processing for analysis.

The presence of Cd, Co, Cr, Cu, Fe, Mn,
Ni, Pb and Zn were determined by predi-
gesting 500 mg of dried sea lettuce overnight
in 10 ml of a mixture of hypochloric and
nitric acid (1: 2) before digestion on an
electrothermal heater in a Kjeldahl flask.
The digest was filtered and diluted to 100 ml
before analysis using a Varian Techtron AA
120 atomic absorption spectrophotometer.

The total Hg content of the dried thalli
was determined using a Coleman Mercury
Analyzer MAS-50 according to the method
of STANLEY et al. (1971).

PCBs and persistent pesticide residues
were extracted from 5gm of powdered
thalli with n-hexane. The extract was
dehydrated in Na,SO, column, adsorbed on
a silica gel column and eluted with 100 ml
of n-hexane and 15% ether in n-hexane as
eluates 1 and 2 for PCBs and DDE and
other pesticide residues, respectively. The
two eluates were then concentrated separa-
tely in a Kuderna-Danish concentrator and
subjected to gas chromatographic analysis.
GC-analysis was performed under the fol-
lowing conditions; column packing-OV
17/1.5% chromosorb W, detector and column
temperature-210 and 190°C, respectively, N,

flow-30 ml/min., chart speed-10 mm/min.,
range-102xX 8 and an electron capture detector
of ®Ni. Identification and quantification of
the PCBs and pesticide residues were done
through comparison with gas chromatograms
of authentic samples.

Results and Discussion

Table 1 shows the seasonal variation in
trace metal contents of Ulva reticulata
FOrSSKAL. It is obvious that the trace
metals Fe, Hg, Mn, Ni, Pb and Zn are fairly
low in content as compared with amounts
reported for other algal species of Penang
Island (SIVALINGAM 1978b) or the seaweeds
of Goa, India, Oresund Area, Sweden and
Vostok Bay, Sea of Japan (AGADI et al.
1978 ; HAGEHAZL 1973 ; SAENKO et al. 1976).
The quantity of these trace metals however,
appears to vary corresponding with the
three maximal productivity periods which
fall between the months of January-March,
May-July and September-December (Siva-
LINGAM 1979c).

Table 1. Seasonal variations in trace metal
content in the Malaysian sea lettuce, Ulva reti-
culata FORsSKAL.

Concentrations (ppm g~! dry wt.)

Month Fe Hg Mn Ni Pb Zn
Jan. 810 0.0625 29 94 BDL* 46
Feb. 1,980 0.0632 138 60 128 60
Mar. 1,470 0.0619 66 46 100 133
Apr. 960 0.0628 62 11 113 357
May. 2,660 0.0615 130 34 BDL 128
Jun. 1,570 0.0625 154 11 56 77
Jul. 2,960 0.0598 63 24 95 47
Aug. 1,290 0.0628 62 BDL 56 36
Sep. 1,560 0.0640 67 12 BDL 40
Oct. 1,660 0.0604 173 BDL 53 50
Nov. 1,000 0.0624 32 268 BDL 89
Dec. 400 0.0654 29 20 91 91

* BDL: below detectable levels. Also take note
that the contents of Cd, Co, Cr and Cu were
undetectable the whole year through except for
Cu which had a value of 34 ppm in November.
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Table 2. Mean PCBs and persistent pesticide
residues content in Ulva reticulata FORSSKAL.

Contaminant

Concentration (ppb g~! dry wt.)

PCB (KC 400) 16.6+0.15
DDE 9.6+0.05
«-BHC 0.089+0. 012
B-BHC 1.03+0.015
r-BHC 0.48+0.04
Aldrin 606.8+0.53

1st. eluate in 100m! n-hexane.

Injection volume: Sp/ml.

pp ODE
1~18:peaks of PCB KC-400.
4
6
8
9
2
1
g 0DE
2nd eluate in 100ml 5% ethyl ether/ n-hexane sol.
Injection volume: 3ul/Sml.
Aldrin
® RETE_NTIO‘S TIME(MIN) "

Fig. 1. Gas chromatograms of PCBs and per-
sistent pesticides of 1st and 2nd eluates.

Table 2 shows the mean contents of PCBs
and persistent pesticide residues in the
fronds of U. reticulata, while Figure 1 is
the gas chromatogram of eluates 1 and 2

obtained from silica gel. As compared to
the levels found in a liter of sea water
around the Island of Penang (1980a) these
are lower by exponential 3731 times for
DDE, 449-1798 times for a-BHC, exponential-
1749 times for B-BHC, 318-2849 times for
7-BHC and 3.2-30 times for aldrin. How-
ever, although no amounts of PCBs were
detectable in 1 liter sea water samples from
Penang Island, a contaminant amount is
detectable at 16.6 ppb g~! dried thalli. This
quantity does not seem detrimental to
human health and is comparable to those
reported by AMICO et al. (1979) for seaweeds
of the East Coast of Sicily.

Based on the present data, it is concluded
that the Malaysian sea lettuce, Ulva reticu-
lata FORSSKAL, is safe to be considered as a
possible human food source from the
viewpoint of environmental contaminants.
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Taxonomic studies on Scenedesmus in Japan 1. On
Scenedesmus acuminatus (LAG.) CHOD. and its
varieties and S. javanensis CHOD.

Kaiichi OOSHIMA

Biological Laboratory, College of Agriculture and Veterinary
Medicine, Nihon University, Fujisawe, Kanagawe, 252 Japen

OosHhiya, K. 1981. Taxonomic studies on Scenedesmus in Japan 1. On Scenedesmus
acuminetus (Lac.) CHop. and its varieties and S. javanensis Cuop. Jap. J. Phycol. 29:
85-93.

In order to determine the circumscription of Scenedesmus ecuminetus and its closely
related taxa, a number of morphological features and their variations were examined based
upon sixteen isolates cultured in seven kinds of media. Consequently, it was confirmed
that the following characters were apparently stable: 1) the shape of cells: lunate or
sigmoid, 2) the arrangement of cells in the 4- and 8-celled coenobia: linear, alternate or
zigzag, 3) the form of colonies: flat, curved or twisted. On the basis of these features,
S. acuminatus var. acuminatus, S. acuminatus var. falcatus, S. ecuminctus var. tortuosus,
and S. javanensis were recognized as distinct taxa.

Key index words: Green elgee; Chlorococcales; Chlorophyceae; Scenedesmus; S.

acuminatus; S. javanensis; taxonomy.

Since MEYEN (1829) established the genus
Scenedesmus, four monographs have been
published by CHODAT (1913, 1926), G.M.
SMITH (1916) and UHERKOVICH (1966). Numer-
ous species and infraspecific taxa belonging
to Scenedesmus have been described based
only on a few samples from natural collec-
tions. Consequently, the taxonomy of the
genus, which contains more than 100 species,
is currently in confusion.

On the other hand, TRAINOR and co-
workers have investigated many strains of
polymorphic Scenedesmus and obtained excel-
lent results, especially on morphological var-
iability and the control of unicell formation
(TRAINOR 1966, 1967, 1969, 1979; TRAINOR
and ROSKOSKY 1967 ; TRAINOR and ROWLAND
1968 ; TRAINOR and SHUBERT 1974 ; SHUBERT
and TRAINOR 1974; TRAINOR et al. 1976).
SHUBERT (1975) has made a new attempt
to describe a polymorphic species on the
basis of morphological and physiological
characteristics observed in the cultures.

The use of culture methods is today of
primary importance to taxonomic studies of
Scenedesmus. In order to determine the
circumscription of the individual species and
infraspecific taxa, it is necessary to obtain
as many cultures as possible and to examine
the stability and flexibility of related char-
acteristics.

The present paper constitutes the first of
a series of taxonomic studies on Scenedesmus
in Japan, and deals with the morphology
and taxonomy of S. acuminatus (LAG.) CHOD.
and several closely related taxa, maintained
in unialgal cultures.

Materials and Methods

The unialgal cultures used for this study
were originally isolated from the algal
habitats summarized in Table 1. All the
cultures were immediately established from
a 4- or 8-celled coenobium by using PRINGS-
HEIM’s micropipette-washing method (STEIN
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Table 1. Source of unialgal cultures investigated.

Strain CeW
No. Localities Dates colony
421 Senzokuike pond, Tokyo Dec. 10, ’75 4
452 Sanaruko-lake, Shizuoka May 12, ’76 4
459 Sanaruko-lake, Shizuoka May 12, ’76 4
462 Sanaruko-lake, Shizuoka May 12, ’76 4
473 Sanaruko-lake, Shizuoka May 17, ’76 8
492 Ashigaike pond, Aichi May 18, ’76 4
495 Ashigaike pond, Aichi May 18, ’76 4
501 a small pond, Okayama Oct. 16, ’75 8
505 a small pond, Okayama Oct. 16, ’75 8
510 a small pond, Okayama Oct. 16, '75 4
539 Ashigaike pond, Aichi Aug. 24, 76 8
555 a small pond, Aichi Aug. 25, 76 8
562 Ashigaike pond, Aichi Aug. 25, 76 4
630 a small pond, Ibaraki May 30, ’77 8
699 a small pond, Saitama May 12, '78 4
703 a moat around the Aug. 21, 78 8

castle, Shimane

Table 2. Composition of media (mg/l).

Medium
\A B C DI0 D200 F AWB
Constituent

KNO; 300 300 300 30 1.5 300 300
NHNO; 200 200 200 20 1 200 200
KH,PO, 30 — 20 2 0.1 20 20
K.HPO, — 30 10 1 0.05 10 10
MgS0,7H,0 50 50 50 5 2.5 50 50
NaHCO;, 20 20 20 2 0.1 20 20
Fe-citrate - - - - - 0.5 0.1
Soil Extract _—_— = = - 10 m!
4.6 8.2 6.8
pH ISR l
4.8 8.4 7.0

1973), and were maintained at 20°C under
fluorescent lights of ca. 3000 lux intensity
with a 12/12 hr light-dark cycle.

Four weeks after the beginning of incu-
bation, a drop of the original cultures was
suspended by shaking and was transferred
into a series of test tubes containing the
seven kinds of media shown in Table 2.

Medium A, B and C were different in acid-
ity. Medium D10 and D200 were made by
diluting medium C and were the same in
acidity. Medium F was also made by adding
ferric citrate to medium C. Medium AWB
with 0.6% agar was employed as an agar
medium for the agar-water biphasic culture
medium, which was composed of two phases,
a solid phase of agar and a liquid phase of
water (OOSHIMA 1975). This medium was
also employed for isolation. The others were
used as liquid media. All the media were
sterilized by autoclaving. These series of
test tubes inoculated were kept under the
same culture conditions mentioned above
and were gently shaken every other day.

After two to four weeks, a total of 200-
300 individual organisms in each of the test
tubes was examined; the percentages of
coenobial types were recorded, and the
shape, size and arrangement of cells and
the form of coenobia were observed under
high magnification. The length of the cells
was measured and recorded as that of the
longitudinal axes of the cells.
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Results and Discussion

Scenedesmus acuminatus (LAG.) CHOD. and
the related taxa have been classified based
on the following characters: the shape and
size of cells, the arrangement of cells in
each colony, and the form of the 4- and
8-celled coenobia. Concerning the stability
and flexibility of these characters, the
results obtained in the present investigation
examining each strain in various media
provides useful information.

Unicells: The strains used in this study
frequently produced a high percentage of
unicells in medium B, and seldom in the
others. In the older cultures of medium
B, there was a tendency toward a higher
percentage of unicells. These formed colo-
nies when transferred into fresh media.
The colonies were also similar in shape
and size to the original cell. These results
suggest that the unicells observed are quite
different from those in the polymorphic
strains of spiny Scenedesmus, reviewed by
TRAINOR et al. (1976).

Cell shape and size: The culture condi-
tions employed in the present investigation
produced little abnormal change in the
shape of cells in all the vigorous cultures.
Cells from newly released colonies were
more or less lunate or sigmoid, tapering to
a point. They increased gradually in dimen-
sion with age. When the cells matured,
the proportions between length and width
had changed to some degree. They were
about one and half times as long as the

young cells, and about twice in width.
However, they retained the lunate or sigmoid
shape. Consequently, the shape of cells
proved to be one of the stable characteristics
for all strains examined.

On the other hand, the size of cells was
variable at each stage of the cultures,
especially in the mature condition. The
bigger mature cells had a strong tendency
to produce 8-celled coenobia.

Cell arrangement : The cells were regu-
larly arranged in the 4- and 8-celled coenobia
in the front view. All the cultures of
strains 501, 505 and 510 constantly showed
a unique zigzag arrangement of cells in the
4- and 8-celled coenobia (Figs. 40, 43). In
the other strains, the cells were arranged
either in a linear series or in an alternate
series, and never in such a double series as
S. costulatus CHOD. or S. ecornis var. disci-
formis CHOD. The alternate arrangement
was more conspicuous in the 8-celled coenobia
(Figs. 18-22). This character was stable in
each strain examined.

Colony form: In vertical view, we can
clearly observe the form of colonies in which
the cells join one another just like a raft.
Each strain kept the form of 4- and 8-
celled coenobia constant. The fifteen strains
produced either the flat or curved coenobia,
while strain 492 distinctively produced the
twisted coenobia (Figs. 26-31). The form
of the 2-celled coenobia, however, showed
strikingly similarity for all strains observed
(Figs. 12, 17, 37). According, the form
of the 4- and 8-celled coenobia proved to

Table 3. Comparisons of four taxa investigated in the present study.

Cell Cell
Taxa Shape  Size arrangement Form of
T:M T: M 4-C 8-C 4.C & 8-C
S. acuminatus var. acuminatus L L = 1-a — curved
var. falcatus L L > 1-a a flat
var. tortuosus L L = 1-a a twisted
S. javanensis L S > z z flat
* T, terminal cells; M, median cells; L, lunate; S, sigmoid; 4-C, 4-celled coenobia; 8-C,

8-celled coenobia ;

a, alternate series; 1, linear series;

z, zigzag series.
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Figs. 1-12. S. ecuminatus var. acuminatus.
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1-5. 4-celled mature coenobia; 6-10. 4-

celled young coenobia; 6-8. side view of 4-celled coenobia; 11. vertical view; 12. 2-

celled coenobium.

Figs. 13-25. S. acuminatus var. falcatus.
young coenobium; 17. 2-celled coenobium ;

13-15. 4-celled mature coenobia; 16. 4-celled
18. 8-celled young coenobium; 21 and 22. 8-

celled mature coenobia; 23-25. irregular arrangement of cells in 8-celled coenobia.

be one of the stable characteristics.

On the basis of the stable characters
described above, the sixteen strains examined
were grouped into four taxa, as summarized
in Table 3.

1. Scenedesmus acuminatus (LAG.)
CHoD. var. acuminatus MAT. Fl. Crypt.
Suiss. 1(3): 211. fig. 88. 1902.

—Figs. 1-12

In Table 4, the percentages of coenobial
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types observed in the 2-week-old cultures
are given for strain 452. The number of
cells forming colonies was always two or
four in all the media, and the 8-celled
coenobia were never found during this
investigation. Unicells appeared only in
medium B. The 4-week-old cultures of
medium B, which produced 29% unicells,
were no longer vigorous, and the cells in
these cultures were brownish in color and
abnormal in shape. Similar results were
obtained with strains 421, 459, 539 and 562.

Each cell forming a coenobium was little
different in shape and size. The cells in
the young coenobia were 19-21 ym long
and 2-2.5 ym broad, while the largest cells
in the mature coenobia were up to 34.5 ym
long and 5.5 ym broad. The dimensions of
the mature cells were approximately equal
to those in some descriptions (LAGERHEIM
1882 ; CHODAT 1902, 1926 ; SMITH 1920). The
shape of the cells was more or less lunate.
The terminal cells in the 4-celled coenobia
were somewhat more curved than the
median cells (Figs. 6-8).

The cells of the 4-celled coenobia were
never arranged in a plane. The coenobia
were always curved and sometimes semi-
circular in vertical view (Fig. 11). Although
it changed to some degree with age, the
curvature of the 4-celled coenobia was con-
stant in all the vigorous cultures. In the
front view of the coenobia, on the other
hand, the cells were arranged in a linear
series (Figs. 1, 2), and sometimes in an
alternate series (Figs. 3-5).

From the results of the present investiga-

Table 4. Percentages of unicells and coenobia
produced in seven kinds of media (strain 452: S.
acuminatus var. acuminatus).

tion, the five strains examined were defi-
nitely identified with S. acuminatus (LAG.)
CHoD. (1902). These results, moreover,
supported the opinion of LAGERHEIM (1882),
CHODAT (1902, 1926) and SMITH (1916, 1920)
that the curvature of the 4-celled coenobia
was one of the important characteristics
for .this species. Accordingly, this taxon
‘can ‘be clearly distinguished from the others.

2. S. acuminatus var. falcatus (CHOD.)
OOSHIMA now. comb; ... . - ..

S. falcatus CHOD. Rev Hydrol 3 146—
147. figs. 36-37. 1926. ——VFigs. 13-25

The results obtained from strain 462 are
shown in Table 5. The 4-week-old cultures
of the strain were not vigorous in medium
B and D200. High percentages of the 8-
celled coenobia were recorded especially in
medium AWB and DI10. Unicells were
always produced in medium B, and they
were rarely found in the others, e.g. in
medium AWB (strain 462) and in medium
C (strain 473). Similar results were obtained
with strains 473, 495, 555, 630, 699 and 703.

In each of the 4- and 8-celled coenobia,
the terminal cells were different from the
median cells in shape and size. The shape
of the median cells was slightly lunate,
while the terminal cells showed the char-
acteristic curved shape. In most cases,
curving was more conspicuous in mature
coenobia (Figs. 21, 22) than in young ones
(Fig. 18). The terminal cells were longer
than the median cells, and were about the
same in width. In the largest of the 8-
celled coenobia, the terminal cells were up

Table 5. Percentages of unicells and coenobia
produced in seven kinds of media (strain 462:
S. acuminatus var. falcatus).

2w. AWB A B C DI10 D200. F

2w. AWB A B C DI10 D200 F

unicells 0% — 1% 0% 0% 0% 0% unicells 0% — 1% 0% 0% 0% 0%
2-celled 6 — 15 31 52 67 42 2-celled 0 — 3 0 0 0 0
4-celled 94 — & 69 48 33 58 4-celled 12 — &4 51 43 79 50
8-called 0 — 0 0 0 0 0 8-cell§d 88 — 12 -49 57 21 _50
*A: dead *A: dedad - - RS
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to 355 um long and 7 ym broad, and the
median cells were up to 325 ym long and
7 pm broad. In the 4-celled coenobia, the
terminal cells were up to 42 ym long and
8.5 ym broad, and the median cells were up
to 34 ym long and 9 gm broad.

The form of the 4- and 8-celled coenobia
was flat and rarely curved in some degree.
The cells in the 8-celled coenobia were
always arranged in a markedly alternate
series and never in a linear series (Figs.
18-22). In some of the coenobia, however,
they were arranged in irregular series (Figs.
23-25). The percentage of the irregularly
arranged coenobia was about 6% in strain
462. In the 4-celled coenobia, on the other
hand, the arrangement of the cells was
variable, from linear (Figs. 15, 16) to strik-
ingly alternate (Figs. 13, 14).

The seven strains examined were clearly
identified with S. falcatus CHOD. (1926).
Although many authors have regarded it as
synonymous with S. acuminatus, the above-
mentioned results give good grounds for
the recognition of this taxon. S. falcatus
differs from S. acuminatus in the form of
4-celled coenobia, but closely resembles it
in other respects: the shape of cells and
the arrangement of cells in 4- and 8-celled
coenobia. Taking the similarities into con-
sideration, it would be more natural to
consider this taxon as a variety and to
name S. acuminatus var. falcatus (CHOD.)
OOSHIMA.

Some of the 8-celled coenobia observed
in the vigorous cultures (Fig. 20) were
similar to those of S. acuminatus f. gyo-
parosiensis (Kiss) UHERK. (1966), which was
originally described based only upon the 8-
celled coenobia. It seems open to doubt
whether the characteristic structure of the
8-celled coenobia, which has been used as
the only criterion for characterizing the
taxon, is stable.

3. 8. acuminatus var. tortuosus (SKUJA)
OOSHIMA nov. comb.

S. falcatus f. tortuosa SKUJA Act a
Hort. Bot. Univ. Latv. 2: 83. fig. 4. 1927.

S. acuminatus f. tortuosus (SKujA) UHERK.
Scenedesmus-Art. Ung. 43. figs. 71-78. 1966.
——Figs. 26-37

The percentages of coenobial types re-
corded for strain 492 are presented in Table
6. The 4-celled coenobia were always domi-
nant in all the media, while the 8-celled
coenobia were found only in medium C and
F.

The form of the 4- and 8-celled coenobia
was distinctively twisted. Viewing them
from different angles, the 4-celled coenobia
varied in appearance (Figs. 26-30, 32-36).
The twisted form was more conspicuous
in the side or vertical view (Figs. 26, 29).
The cells in the 4-celled coenobia were
arranged in a linear or slightly alternate
series, and the 8-celled coenobia showed a
strikingly alternate arrangement of the
cells which was quite similar to that of the
var. falcatus (Fig. 31).

The cells of each colony were usually
alike both in shape and size. Most of them
were approximately the same in length and
width though the terminal cells were some-
times a little longer than the median cells.
The large cells in the mature coenobia were
up to 35.5 um long and 6.5 ym broad. The
dimensions measured in strain 492 were
smaller than those in SKUJA’s description
(1927). The shape of the cells was lunate
and sometimes looked sigmoid or a-shaped
in appearance because of the twist of each
colony.

Strain 492 was identified with S. acumi-
natus f. tortuosus (SKUJA) UHERK. The
results of the present investigation confirmed

Table 6. ‘ Percentages of unicells and coenobia
produced in seven kinds of media (strain 492: S.
acuminatus var. tortuosus).

2w. AWB A B C D10 D200 F

unicells 0% — 30% 0% 0% 0% 0%

2-celled 2 — 17 0 2 5 0
4-celled 96 — 53 90 98 05 93
8-called 0 — 0 10 0 0 _ 7
*A: dead
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Figs. 26-37. S. acuminatus var. tortuosus. 26-30. 4-celled mature coenobia; 31. 8-
celled mature coenobium; 32-36. 4-celled young coenobia; 37. 2-celled coenobium.

Figs. 38-46. S. javanensis. 38 and 39. 4-celled mature coenobia; 40 and 41. 4-celled
young coenobia; 42. 8-celled mature coenobium; 44. 8-celled young coenobium; 45 and
46. irregular arrangement of cells in 8-celled coenobia,

the original description of SKuUJA (1927) and the too fragmentary description. On the
clarified the circumscription of this taxon, basis of the characteristic features mentioned
which has been misunderstood because of above, especially the unique form of colonies,
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the taxon should be raised to the higher
rank and named S. acuminatus var. fortuosus
(SkujA) OOSHIMA.

4. S. javanensis CHOD. Rev. Hydrol. 3:
157. fig. 47. 1926. —PFigs. 38-46

In strain 510, the 8-celled coenobia were
always dominant in all the vigorous cultures,
while the 2- and 4-celled coenobia were
sometimes observed in the older cultures.
As shown in Table 7, the 4-week-old cultures
of medium B produced not only three types
of coenobia but also 5% unicells which were
brownish in color and abnormal in shape.
Similar results were obtained with strains
501 and 505.

In the 4- and 8-celled coenobia, the termi-
nal cells were lunate in shape and the
median cells were sigmoid. The sigmoid
shape was more unusual in the median
cells of the younger coenobia than
in those of the mature coenobia. As they
matured, the median cells showed a tendency
to become lunate in appearance (Fig. 42).
Strains 501, 505 and 510 all possessed this
feature. '

Cells in the 4- and 8-celled coenobia were
about the same in width, but the terminal
cell was always longer than the median
cells. The terminal cells in the 4-celled
coenobia were up to 55 ym long and 11 y#m
broad, and the median cells were up to 46.5
pm long and 11.5 gm broad. In the 8-celled
coenobia, on the other hand, the terminal
cells were up to 43 ym long and 85um
broad, and the median cells were up to 36
pm long and 8.5 pym broad. These dimen-

Table 7. Percentages of unicells and coenobia
produced in seven kinds of media (strain 510: S.
javanensis)

4w. AWB A B C D10 D200 F
unicells. 0% — 5% 0% 0% — 0%
2-celled 0 — 1 0 0 — 0
4-celled 26. — 6 0 0 — 2
8-celled 74 — 8 100 100 — 98

*A and D200: dead

sions are much larger than those in CHODAT’s
description (1926).

The form of the 4- and 8-celled coenobia
was flat and rarely curved a little. In some
cases, however, the terminal cells were at
an angle to the whole coenobium. The
arrangement of the cells was very charac-
teristic and it proved to be a stable, species-
specific feature. The two median cells in
the 4-celled coenobia and in the center of
the 8-celled coenobia were in contact with
each other only at the middle, and were
joined with the outer cells by their apices.
As a result, the cells were distinctively
arranged in a unique zigzag series (Figs.
40, 43).

The irregular arrangement of the cells in
the 8-celled coenobia was observed in the
vigorous cultures (Figs. 45, 46). In the 2-
week-old cultures of strain 501, the percent-
age of the irregularly arranged coenobia
was on the average about 7% and at most
15% in medium F.

The three strains examined were defi-
nitely identified with S. javanensis CHOD.
(1926). The original description is quite
similar to the young coenobia observed in
these cultures. Considering the above-
mentioned features, especially the distinctive
zigzag arrangement of cells and the sigmoid
shape of median cells, this taxon should be
recognized as a distinct species.

This species bears some resemblance to
S. bernardii SMITH (1916) in the zigzag
arrangement of cells, but is quite different
from it in the shape and size of cells.
Based on these characters, S. bernardii is
similar to S. acutus MEYEN (1829) rather
than to S. javanensis.
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Berkeleya sparsa sp. nov., a tube-dwelling diatom
from Hokkaido, Japan*

Makoto MIZUNO

Faculty of Social Welfare, Dohto University, Mombetsu, Hokkaido, 094 Japan.

MizuNo, M. 1981. Berkeleya sparsa sp. nov., a tube-dwelling diatom from Hokkaido,

Japan. Jap. J. Phycol. 29: 95-99.

A new marine tube-dwelling diatom, Berkeleya spersa MizuNo sp. nov., has been
collected from Point Nosappu, Nemuro City, Hokkaido, Japan and is described in detail.
Colonies are found on rocks in the littoral zone and form tubular tufts, up to 2c¢m in
length. Valves are narrowly elliptical, being 19-37 ym in length and 5-8 ym in width.
Striae are transverse in the middle part of the valve and radiating to the ends. There
are 18-22 striae in 10 ym. The ratio values of the distance between the central raphe
endings to the valve length are 15-21% for a valve length of 20 ym, 18-26% for 27 ym

and 23-31% for 35 pm, respectively.

Key Index Words: Becillariophyceae:

nomy ; tube-dwelling dietom ; valve.

The author collected a tube-dwelling dia-
tom at the Point Nosappu, Hokkaido in
April 15, 1975. After morphological ob-
servations, the author has come to the con-
clusion that the present diatom is a new
species of the genus Berkeleya and has
named it Berkeleya sparsa. A description
of B. sparsa will be given below.

Material and Methods

Material was collected at Point Nosappu,
Nemuro City, Hokkaido in April 15, 1975.
It was preserved in 3% formalin seawater
and formalin sample was used for observa-
tions of tube morphology. Part of the
material was cleaned by concentrated nitric
acid and distilled water, and was mounted
in Pleurax for the observations of valve
structures. The number of striae in 10 ym
in the middle part of 50 valves was counted.

* This study was undertaken mainly at the Insti-
tute of Algological Research, Faculty of Science,
Hokkaido University at Muroran, Hokkaido,
Japan.

Berkeleya sparsa sp. nov.; frustule; taxo-

The valve length and the distance between
central raphe endings of 119 valves were
measured with a screw micrometer. For
scanning electron microscopy, the acid-
treated material was observed with a JXA-
50A X-ray microanalizer (Japan Electron
Optics Lab. Co., Ltd.).

Observations

Colonies of the present diatom were
found on rocks in the littoral zone. The
colonies formed tubular tufts (Fig. 1), up
to 2cm long and were brown in color.
The gelatinous tubes ranged from 27 ym to
66 ym in diameter at the middle portion of
the tube. The tube branched irregularly
(Fig. 2) and the tip of the tube was obtuse
or truncate (Fig. 3). The texture of the
tube was rigid. The cells were contained
in gelatinous tubes in which a vast number
were closely or loosely packed in irregular
files (Fig. 3).

The frustules were narrowly elliptical in
valve view (Figs. 4, 5, 8A-B). In girdle
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n I

Fig. 8. Berkeleya sparsa sp. nov. A-B: Valve
view; C: Girdle view. Scale 10 zm.

view, frustules with girdle bands were
rectangular (Fig. 8C). The valves measured
19-37 ym in length, 5-8 yum in width. By
light microscopy, two parts of the axial area
expanded in the same direction as the bend-
ing direction of raphe endings and resulted
in asymmetry (Figs. 4, 5, 8A-B). Scanning
‘electron micrographs of the outer surface
clearly showed that the central raphe
endings bent to the expanded axial area
and also the polar raphe endings bent to
the same side (Figs. 6, 7). The valve surface
was sparsely covered with striate (Figs. 4, 5).
The striae were transverse in the middle
part of the valve and radiated over the end
(Figs. 4, 5). The striation density was 18-
22 in 10 gm in the middle of the valve and
20 striae in 10 ym were frequently observed.
By scanning electron microscopy, €éach stria
consisted of a single row of pores-and the
‘pores next to the central area were transver-
sely elongated (Fig. 7). Central raphe endings
were widely separated (Figs. 4, 5, 7). The
Tatio value of “the distance between central
raphe endings to the valve length” was
shown in Fig. 9. The ratio values (percen-
tage) in each class of the valve length were

3T

35
30—

25

Valve length(pm)

20

1

| 1 l ]
010 20 30 40 50
Ratio value of distance between central

raphe endings to valve length (%)

Fig. 9. Correlation between the valve length
and the ratio value of the distance between
central raphe endings to the valve length of
Berkeleya sparsa sp. nov. (O). The area sur-
rounded by broken line shows that of B. rutilans
(Mizuno 1977) and the area surrounded by solid
line shows that of B. obtuse (Mizuno 1979).

as follows; 15-21% for a valve length of
20 pm, 18-26% for 27 ym and 23-31% for
35 um. The ratio value increased in pro-
portion to the valve length.

Discussion

Recently Cox (1975a) showed that the
genus Amphipleura sensu CLEVE was com-
prised of a heterogenous group of species
on the basis of a detailed study using light
and electron microscopes and she transferred
the marine tube-dwelling species of the
genus Amphipleura to the genus Bezrkeleya
GREV. emend. CoXx. The characteristics of
the genus Berkeleya emended by her -are
as follows; (1) plants live in brackish or

-marine--‘conditions, (2) cells. are usually

- __surface of the valve apex; 7. Scanning electron micrograph of outer surface of the middle
wonioof thetvdlvel” ‘Scaletin 1 represents”3 mm; scalée in 2/ 'represents 300 pm ;-scale-in 3 repre- -
sents 200 um ; “scale-in 4 for 4=5 répresents 10 ym; scale in 6 for 6-7 represents 5 ym.
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enclosed in gelatinous tubes, (3) the frustule
has many girdle bands, and (4) central raphe
endings are distant.

Because of its tube-dwelling habit, frustule
morphology and marine habitat, the present
diatom apparently belongs to the genus
Berkeleya GREV. emend. Cox. Of the pre-
viously described species of the genera
Berkeleya and Amphipleura, B. capensis
GIFFEN, B. hyalina (ROUND et BROOKS)
Cox, B. obtusa (GREV.) GRUN., B. rutilans
(TRENT.) GRUN., A. arctica PATRICK et
FREESE, and A. pumila* SCHUMANN are
similar to the present diatom in valve size.
GIFFEN (1970) described B. capensis as having
following characteristics : transapical striae
were 15 in 10 #m in the middle and about
20 in 10 pm towards the ends, in girdle
view short pseudosepta were seen at the
ends of the valve, girdle segments (girdle
bands) were 2-3 and punctate along the
margin. Such structures as the presence
of pseudosepta and punctae of girdle band
are not seen in the present diatom. The
striation density of B. hyalina is more than
40 in 10 gm (RounD and Brooks 1973, Cox
1975b), which is twice the density of the
present diatom. The striation density of
A. arctica is 24-32 in 10 gm and the ratio
value of “the distance between central raphe
endings to the valve length” is 53% in
34 pym of valve length, measuring from the
figure given by PATRICK and FREESE (1960,
PlL. I, Fig. 14). A. arctica is distinguished
from the present diatom by these two
characteristics. The valve of Amphipleura
pumila*, collected at Konigsberg (present
name Kaliningrad) facing the Baltic Sea, is
7-9x107* “pariser Linie” (15.8-20.3 pm**) in
length and striation density is 42 in 1072
“pariser Linie” (18.6 in 10 ym) (SCHUMANN
1869). These characteristics of valve of A.
pumila* are similar to those of the present
diatom. However, SCHUMANN (1869) doubted
whether A. pumila* would belong to the
genus Amphipleura or not and he added

an question mark after the genus name.
Examination of SCHUMANN’s figure (SCHU-
MANN 1869, Taf. II, Fig. 7) does not clearly
reveal the genus of A. pumila*. DE-TONI
(1891) suggested that A. pumila* SCHUMANN
belongs to the genus Navicula. Further,
in the reports on the diatoms of Europe,
especially of the Baltic Sea (HUSTEDT 1937,
CLEVE-EULER 1952), a species having such
features as those of A. pumila* is not found
in the genus Amphipleura or Berkeleya.
From these, A. pumila* seems to belong to
neither the genus Amphipleura nor to
Berkeleya. The curvature of raphe endings
and the shape of pores adjacent to the
central area of the present diatom are
morphologically similar-to these-of -B.-obtusa
and B. rutilans (Cox 1975b, MizuNo 1979).
However, the striation densities of B. obtusa
and B. rutilans were 24-32 and 24-36 in 10
pm, respectively (Mizuno 1977, 1979).
Furthermore, as shown in Fig. 9, B. obtusa
and B. rutilans differed from the present
diatom in the ratio value of “the distance
between central raphe endings to the valve
length” in the range of the large valve and
in the whole range of valve length, respec-
tively.

From the above mentioned characters, it
is concluded that the present diatom is a
new species of the genus Berkeleya GREV.
emend. Cox and it is named B. sparsa by
sparse striation density.

Description

Berkeleya sparsa MI1zZUNO sp. nov.

Colonies tubular, gelatinous, branched
irregularly, with obtuse or truncate apices,
up to 2cm long, 27-66 um diameter, con-
sisting of many cells. Valves narrowly
elliptical, 19-37 ym long 5-8 yum wide; two
parts of axial area expanded in one direc-
tion, resulting in asymmetrical axial area;
central and polar raphe endings bent to
same expanded direction of axial area;

* Amphileura? pumila, according to SCHUMANN
(1869)

** One “pariser Linie” was turned 2.256 mm
(Brockhaus Enzyklopadie 1970).
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ratios of distance between central raphe
endings to valve length 15-21% for a
valve length of 20 ym 18-26% for 27 ym
and 23-31% for 35pum; transapical striae
parallel in middle portion, radiating over
end, sparsely, 18-22 in 10 #m, consisting of
single row of pores; adjoining pores to
central area elongate in transapical direc-
tion. Girdle bands numerous.

Habitat: In the littoral zone.

Coloniae tubulares, gelatinosae, irregula-
riter ramosae, apicibus obtusis vel truncatis,
usque 2 cm altae, 27-66 ym latae, constantes
ex cellulis multis. Valvae anguste ellipticae,
19-37 ym longae, 5-8 um latae ; duae partes
areae axialis expansae ad unam directionem,
itaque area axialis asymmetrica; fines
centrales et polares raphium obstipae ad
directionem expansam areae axialis ; rationes
distintiarum inter fines centrales raphium
pro longis valvarum 15-21% in valvam 20
pm longam, 18-26% in valvam 27 ym
longam et 23-31% in valvam 35 ym longam ;
striae transapicales parallelae in partem
mediam et radiantes in partem apicalem,
sparsae, 18-22 in 10 pm, constantes ex poris
seriatis singulis; pori contigui areae centrali
transverse elongati. Fasciae zonarum mul-
tae.

Habitat: In saxis inter aestus accessum et
recessum locatis.

Holotypus: Point Nosappu, Nemuro City,
Hokkaido, Japan, M. Mizuno No. 1008, 15
April 1975 in National Science Museum in
Tokyo (TNS). '

Iconotypus : Figs. 4, 5.
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Observations on Chnoospora minima (HERING) PAPENFUSS
(Phaeophyta, Scytosiphonales) in the field and in culture
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FoTos, Sandra S. 1981. Observations on Chnoospora minima (HERING) PapPeEnNrFuss (Phaeo-
phyta, Scytosiphonales) in the field and in culture. Jap J. Phycol. 29: 101-108.

Examination of the brown alga Chnoospora minima (HERING) PAPENFUSs from Hawaii,
provides cytological evidence for its placement in the Scytosiphonales. Cortical cells possess
one large plastid and a single pyrenoid, and the erect blades bear only plurilocular spo-
rangia. The thallus structure is similar to that of the other genera within the Scytosi-
phonales. However, the blade shape and subapical meristem are characteristic features of
the alga. C. minima is perennial; although a seasonal decline of large thalli occurs in
areas exposed to autumn and winter wave action, small thalli persist throughout the year.

Culture study reveals the presence of a discoid phase, which can independently repro-
duce itself for generations, in the vegetative development of the erect thallus.

Key Index Words: brown alga; Chnoospora; cytology; morphology ; pheeophycean

life history; Phaeophyta; Scytosiphonales.

In 1949 FELDMANN proposed a new
phaeophycean order, the Scytosiphonales, to
accomodate genera in the Scytosiphonaceae,
Chnoosporaceae and the Phaeosaccionaceae
(since transferred to the Chrysophyceae).
The order was circumscribed using the
following features: production of only
plurilocular sporangia on the erect blade,
the presence of a single large plastid and
a single pyrenoid in the cortical cells, and
an isomorphic life history. However, it is
now well established (TAKEWAKI 1966,
WYNNE 1968, NAKAMURA and TATEWAKI
1975, CLAYTON 1979) that crustose or fila-
mentous microthalli alternate with the erect
blade in Scytosiphonalean species. Nonethe-
less, FELDMANN’s cytological criteria are
still valid (COLE 1970).

The genus Chnoospora ]J. AGARDH is a
tropical alga, with compressed, elongated,
dichotomously branched fronds arising from
a basal disc. It was placed in its own
family, the Chnoosporaceae, by SETCHELL
and GARDNER (1925). These authors also

suggested that Chnoospora represented an
evolutionary development of cylindrical
thalli. Placement of the Chnoosporaceae in
the Scytosiphonales (FELDMANN 1949) was.
based only on morphological features. Cyto-
logical evidence of a single plastid and.
pyrenoid was not available.

This study was conducted to obtain
cytological information on one of the species
found in Hawaii, Chnoospora minima
(HERING) PAPENFUSS, to confirm its place-
ment within the Scytosiphonales. The.
morphology of the thallus was examined
and its habitat investigated. A culture
study of the life history of C. minima was
undertaken to determine the presence of a
crustose stage.

Materials and Methods

Thalli of Chnoospora minima were col--
lected from three sites on Oahu island,
Hawaii, over a period of two years, from
1976-1978. The inclination of the substratum.
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slope at each site was measured with a
protractor. Thalli used for culture were
washed in sterile seawater, trimmed 4cm
from the blade apex, soaked in an antibiotic
mixture (GUILLARD 1973) and placed in
petri dishes containing seawater-algal agar.
Petri dishes contained tips from a single
thallus only. All cultures were maintained
at 18-26°C (ambient temperature) under
a 16 hour light regime at 600 foot candles,
using cool white flourescent tubes. Thalli
obtained through culture were Kkept in
covered culture dishes containing 250 m/ of
filtered seawater to which PROVASOLI's
Enriched Medium (MCLACHLAN 1973) was
added. Groups of immature F, and F,
thalli were kept in a growth chamber at
20°C with 10 hours of light. Germanium
dioxide (LEWIN 1966) and the antibiotic
mixture were added during the weekly
medium change to surpress contaminants.
Culture dishes were agitated at 100 RPM
on rotary shakers.

Material for cytological examination was
sectioned on a freezing microtome and
stained with analine blue. Material examined
for nuclear dimensions was fixed with
alcohol-acetic acid and stained with aceto-
carmine.

A dense field population at Kaloko,
Oahu was surveyed monthly from August,
1977 through January, 1978. A sampling
ring 0.18 M was placed in the densest
portion and all visible thalli were harvested,
counted and measured. Dry weights of
each sample were recorded. Three size
range categories were established for thalli
harvested : small, less than 2.5 cm ; medium,
from 2.6 to 5.5cm; and large, over 5.6 cm.

Results

Ecology: Chnoospora minima is a common
intertidal alga in Hawaii, growing in tufts
on low angled (less than 50°) wave washed
shorelines protected from strong waves
except during winter storms or southwesterly
winds. The species is restricted to a belt
in the upper littoral zone. Although the

thalli are exposed to air at low tide, and
may be submerged for only a few hours a
day during high tide, they are continually
wetted by wave action. None are found
above the zone of constant surge. The
lower limits are also sharply defined. The
second species, C. implexa, also occurs in
Hawaii, but is subtidal and has a round,
cushion-like habit.

C. minima is perennial. However, field
populations were observed during this study
to decline sharply from September, with
large and medium length thalli found only
in sheltered locations. However, small
thalli and discs with blade initials were
present at all sites throughout the year.
In April, field populations again became
conspicuous, with medium and large thalli
in abundance.

Morphology and cytology: Mature thalli
occur in clumps, consisting of a large, ir-
regular basal crust, composed of coalesced
discs and erect fronds which arise from the
discs (Fig. 1) Young thalli are often found
singly. Blades may grow to a maximum
of 16cm. Although each blade usually
branches dichotomously several times, speci-
mens have been collected with 4 or 5
blades emerging from a single junction.
Regeneration of blades from basal crusts
as well as from eroded blade tips is common.

Both blade and holdfast consist of a
cortex of small, pigmented cells and a
medulla of large colorless cells. Cortical
cells are oval, averaging 10X15pm and
contain a single, large, irregularly shaped
plastid lying against the portion facing the
blade periphery (Fig. 2). Below the plastid
is a round nucleus, averaging 5 pm in
diameter. A single large pyrenoid is
embedded in or adjacent to the plastid (Fig.
3).

Young medullary cells are circular, be-
coming distorted and ovoid with age, the
largest averaging 34X70 um. Cell walls of
both cortical and medullary cells are thick
and irregular, with lamellate regions.

Growth takes place through divisions of
a subapical meristem consisting of a layer
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Fig. 1. Herbarium specimen of mature thallus of Chnoosporae minima. Scale equals 4 cm.

Figs. 2-6. Light micrographs of Chnoospore minime. 2. Cortical cells, showing large,
single plastid (p) lying against upper cell surface. Scale equals 25 ym; 3. Cortical cells,
each possessing a single nucleus (nu) and pyrenoid (p). Scale equals 25 pm; 4. Cross
section 1 cm from blade apex, showing plurilocular reproductive organs. Scale equals 100
rm; 5. Young disc with pluriseriate section of knot filament arising from it. Scale equals
100 ym; 6. Mature disc with sterile hairs and knot filaments. Scale equals 150 zm.
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Figs. 7 and 9. Light micrographs of Chnoospora minime. Figs. 8 and 10. Live thalli
of Chnoospore minima. 7. Surface view of blade apex at zone of developing dichotomy.
Scale equals 100 #m; 8. Erect fronds arising from mature F, discs. Scale equals 1cm; 9.
Oblique section through the center of mature disc initiating blade. Scale equals 150 pm;

10. Thallus of C. minime obtained from F; disc. Scale equals 1cm.
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of small rectangular cells lying beneath the
top cortical cell layer.

Cells derived from periclinal divisions
become medullary cells. Anticlinal divisions
of the subapical meristem produce the blade
dichotomy (Fig. 7) and the meristoderm
layer. This layer increases blade length
and width through both periclinal and
anticlinal divisions.

The entire thallus bears pits containing
uniseriate unbranched colorless hairs with
elongated cells. Hair production varies
with the degree of exposure to air, thalli
growing at the uppermost limits often pro-
ducing copious hairs.

Blades were observed to produce only
plurilocular reproductive organs. These are
uni-or biseriate (Fig. 4) and average 38 ym
in length. Individual locules (Fig. 11) have
an average length of 6 pum, with a width
of 8 yum. There are from 5 to 8 locules in
a uniseriate plurilocular organ.

The plurilocular organs are derived from
the top layer of cortical cells and are pro-
duced basipetally. Sometimes their develop-
ment along one blade face preceeds that
along the other, but mature organs occur
in dense layers over the entire surface of
the blade.

After the discharge of swarmers, the

Figs. 11-14. Line drawings. 11. Plurilocular organs of C. minima, showing uni- and
biseriate forms. Scale equals 10 zm; 12. 7-10 day old germling. Scale equals 10 ym;
13. Knot filament (detail from Fig. 6), showing multiseriate section. Scale equals 15 pm;
14. Young C. minime thallus, obtained from F, disc. Scale equals 2.5 mm.
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plurilocular organs and the cortical cells
from which they are derived erode away,
exposing layers of medullary cells. The
eroded apex then drops off, leaving a blade
stub several cm in length. Regeneration
of a new blade from the stub often occurs.

Actively swimming, biflagellate swarmers,
bearing one plastid and an eyespot, were
observed in culture dishes containing field
thalli as well as in those holding cultured
material. They were 8-10 gm in length
and 3-4 gm in width. The releasing pro-
cess of swarmers from the plurilocular
organs was unfortunately not confirmed.
Fusion of swarmers in culture dishes was
not encountered, probably because dishes
contained thalli derived only from one
parent. It was not possible during this
study to collect swarmers from different
thalli and mix them, to test for mating
strains and obtain zygotes.

Observations on the life life cycle in
culture: Swarmers from the plurilocular
organs of field thalli germinated partheno-
genetically into uniseriate filaments of 5-10
rounded cells (Fig. 12). Lateral branches
developed which coalesced, producing discs,
1-2mm in diameter and 0.5 mm thick (Fig.
5). After two weeks the discs produced
long colorless hairs as well as short
branches of limited length containing both
uni- and multiseriate sections of darkly
staining cells (Fig. 6). These branches are
termed knot filaments because of apparent
morphological similarities with knot fila-
ments borne on Ralfsioid discs of Petalonia
type thalli (EDELSTEIN et al. 1970) in culture.
Knot filaments were also observed on the
basal discs of field material of less than 2.5
cm in length.

Swarmers identical to those previously
described were observed in culture dishes
containing discs with knot filaments and in
dishes containing only knot filaments.
Although the release of swarmers from
knot filament cells was not directly con-
firmed, it is likely that portions of the knot
filament (Fig. 13) function as reproductive
organs. No unilocular or plurilocular repro-

ductive organs were observed on the discs
or the knot filaments at any [time during
this study.

Several days after the development of
knot filaments a new generation of discs
appeared in culture. The pattern of growth
of the F, discs was identical to that of the
F, thalli. Several generations of discs were
produced in this manner.

Two weeks after the development of knot
filaments approximately 80% of all discs
gave direct rise to fronds identical in
appearance to field thalli of C. minima
(Figs. 8, 14). An oblique section through a
mature disc giving rise to a blade (Fig. 9)
shows differentiation into cortex and me-
dulla in the blade initial. The small, round,
elongated medullary cells of the emerging
blade contrast with the large, irregular
medulla of the disc. Blade initiation occurs
when the cell layer lying beneath the top
cortical cell layer becomes meristematic. A
meristoderm layer is produced and its
divisions increase blade length and width.

After 1% months, the blades reached
25cm in length (Fig. 10) and developed
plurilocular reproductive organs. Aftet two
weeks a new generation of discs appeared
around the base of the mature thalli. These
discs also showed a direct return to the
blade. Development of neither knot fila-
ments nor blades occurred among approxi-
mately 20% of cultured discs. Cultures
grown under lower temperatures and
shorter day length developed identically to
those at regular culture conditions.

Conclusions

Early morphological studies of Chnoospora
(BARTON 1898, SETCHELL and GARDNER
1925, Kuckuck 1929) described its flattened,
dichotomous blade, subapical meristem, pits
of hairs and dense rows of plurilocular
sporangia. Whereas the former two features
are distinctive to the genus, the distribution
of pits and plurilocular sporangia were
found to be similar to that of Colpomenia
DERBES and SOLIERS (BARTON 1898,



Observations on Chnoospora minima 107

SETCHELL and GARDNER 1925, FELDMANN
1949). The specimens of C. minima examined
show the general morphological and cytolo-
gical features characterizing the members
of the order Scytosiphonales. The erect
blades bear only plurilocular reproductive
organs and the cortical cells possess a single
plastid with a conspicuous pyrenoid. These
features support the accomodation of
Chnoospora within the Scytosiphonales.

However, although dimorphism in the
absence of a sexual cycle has been well
demonstrated (Hsiao 1969, WYNNE 1969,
WYNNE and Lorseaux 1976) for members
of the Scytosiphonaceae, it has been
linked to enviromental conditions. The
present observations show that decreases
in the photoperiod and temperature, con-
forming to the minimum range of the
Hawaiian climate, did not inhibit blade
development in C. minima. The apparent
seasonal decline of large and medium length
thalli in the field was not due to surpres-
sion of blade development. Large and
medium thalli were present throughout the
year in sheltered locations and discs with
blade initials were found at all sites
throughout the year. It is suggested that
the decline is due to removal by the mecha-
nical action of autumn and winter storms.
Discs and small thalli are less suseptible to
removal by wave action and persist.

The occurance of a plethysmothalloid
discoid phase which perpetuates itself
before producing the erect blade is an
unusual finding. However, the existance of
knot filaments arising from the microthallus
has been recorded for another member of
the Scytosiphonales (EDELSTEIN et al. 1970)
Blades of the genus Petalonia were produced
by Ralfsioid discs which also bore knot
filaments. However, only unilocular repro-
ductive organs were produced on the discs
and knot filaments. The erect blades pro-
duced only plurilocular organs.

The microthalli of C. minima did not
produce unilocular organs. This observation
differs from other recent findings regarding
both haploid and diploid microthalli of other

genera in the Scytosiphonales (NAKAMURA
and TATEWAKI 1975, CLAYTON 1979).
This is possibly due to unfavorable culture
conditions, and future work with the genus
may show the production of unilocular
organs on the discoid phase.

The parthenogenetic development of ga-
metes is common in other Scytosiphonalean
genera (see WYNNE and LOISEAUX 1979 for
a review), and production of zygotes has
been shown in some species to be limited
to certain seasons of the year (CLAYTON
1979, 1980). This may be the case with
C. minima as well. The present study
demonstrates the parthenogenetic develop-
ment of swarmers. Future work with
Chnoospora species may reveal a hetero-
morphic alternation of haploid blades with
diploid discs, a sexual life history described
(NAKAMURA and TATEWAKI 1975, CLAYTON
1979, 1980) for a number of genera in the
Scytosiphonales.
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Holocene history of the diatom assemblages of the sediments
from the mouth of the Samondo-gawa river along the
northern coast of the Osaka Bay
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Kumano, S. and Mivanara, S. 1981. Holocene history of the diatom assemblages of the

sediments from the mouth of the Samondo-gawa river along the northen coast of the
Osaha Bay. Jap. J. Phycol. 29: 109-115.

The sediments collected by Dr. MAEDA from a caisson at the mouth of the Samecndo-
gawa river were studied to clarify the sedimentary environment by diatom assemblage
analysis. 1. The Osaka Bay Formation can be divided into the Nanko Bed and the Umeda
Bed, which is subdivided into three units. 2. Based upon the ecological categories of
diatoms, the sediments are classified in three diatom zones named A to C in ascending
order. Diatom Zone A roughly corresponds to the Nanko Bed and is dominated by fresh-
water assemblages of diatoms. From the fact that marine species increase in number
downwards in Diatom Zone A, it can be assumed that the raising of the sea level occurred
toward the period about 30,000 years BP at the Samondo-gawa site. 3. Diatom Zone B,
corresponds to Molluscan Assemblage I reported by MAEpA (1978). An intertidal assem-
blage of diatoms appears prior to that of mollusca in the progress of Holocene transgression.
Because Diatom Zone B, is dominated by Nitzschia granulata, the sea was very shallow at the
horizons between —24 m and —21.8 m. 4. Diatom Zone B, (—21.8 m to —11.5 m) corresponds
to Molluscan Assemblage II by MAaEDA. Because littoral or neritic diatoms appear, it
appears that sea became deeper at this horizon. 5. Diatom Zone C (—11.5m to—9.5m)
corresponds to Molluscan Assemblage III. The change from the sub-intertidal assemblage
to the intertidal one was caused by the regression of sea level at the pericd between
2,500 and 1,500 years BP.

Key Index Words: diatom zone; freshwater species; holocene transgression ; marine
species; molluscan assemblage ; Osaka Bay; Samondo-gawa; sedimentary environ-
ment.

The past environmental changes are
reconstructed mainly from the information
obtained by geomorphological, the biolo-
gical and the chronological investigations.
ISEKI (1976) reviewed the investigations for
the geomorphological environment, for the
fluctuation of sea level and for the develop-
ment of landforms during the Holocene
period. MATSUSHIMA and OHSHIMA (1974)
and MATSUSHIMA (1978) studied the littoral
molluscan assemblages during the Holocene
transgression along the Tokyo Bay and the

Sagami Bay. MAEDA (1976, 1978) also
determined the past sea level changes based
upon the molluscan assemblages along the
northern coast of the Osaka Bay.

The Mizoro-ga-ike Research Group (1976)
investigated a history of the Mizoro-ga-ike
in the Kyoto Basin based upon pollen and
diatom analyses. The diatom assemblages
were analysed by HASEGAWA (1968) in the
Kanto Plain and UTASHIRO et al. (1975)
in Kurashiki City in order to ascertain
the sea level changes and the highest sea



110 Kumano, S. and MiYAHARA, S.

pinjuade|d
S18U0220)
o | stsuauodaed
©| snosipoueydas nﬂmL
9]
[
o
o | earznu epnoLAey
o
S
2
@
@ |suestp eaLso(ay
7] w
LY
= eLI0UNg
~
o B[ [3quA)
-] =
@
I
» o
®
<< p
@
ejeLd}s
311930124)
(=}
-
o ejenuedb !
" RLYISZALY o] |
o .
" 1
@ eULSOLSSR|RY] :
z T !
& !
@ | wnao|h3s | ot
1 o
2 9118301949 i 3
= -
] i
= SNISLPOULISO) |
|
I )
£
i <
23RD|NS RALSO|3) rﬂ R iniii E
-H’ﬁ‘ml .
9 auoyz 2 g auoz Y auoz ¥
S3u07 wojel( worelq ] 3uo07z wojetg wojeLg wojeLq
—T—7——x e o
(4) i
- Sa123dsg Jd3IRMYSALY o
w |3
g |5 F—— (8-9) ﬂ]]]
< | g | ustaoedg g ysaay
= (2
s [v (8-1) 2 o
o |=| ustyoeag 3 sutaey o
< | O @
s |S L
o = i
3 |= i
= [g] (w)satdads autaey | [
[=]
=i Lt o 2
= = T I T I T Swwo o
[=3 . — S O w w o o 0 e—r~—
2 @’ o o w S ~ wn o o v —_ o & —< o,
=L ‘o < ~ o - - ~ - S @ — S piis IR IEIE]
o @9 sx o + o +| + + +| + - +| + | j=g=Y=%=]
O 4 > (=] S, (=3 o C o o o O (=3 o o o0oC
O m™ o [} { = o~ M - - N o = w - N i O~ W
=Ty (=) ~ ol ~ - ™ o ~ ™ O [l = o« : N~
° & = .‘— o~ < @ © ~ o~ © o @ i —ado <
i el I " 5 n 1
& 7 ©
7 “ = N o
i E- E —wn o -
2 = * SE S w© w0 w wE « =
=% 4 mOLwi O S35 T O3S wuwm— <
= o~ == = O Qe ] ACRR DR — o
2 g |=5ErEcis s S B EE2TS S
g~ |2 |=88tg:58 =gr3is ~enEEET o S
& @ S| "Sesdco~m S~ TO wmS ~coc
< ®© u—"E=E '™ SR mu O oV Emo _—Owm 5y
= o° = o Q= E38&0m3 oS OE wn o >
5 O 5 RXE>CEQ SEwo—n cEaES TT B
o8 O | SEGm = cmE— 0w 282N 28
o = o 2588 EE - Qe TV Y— W=D T
= i EKIJUU O '~ S > orx NV s Qe
B! s Yt o0 B S—Qoauc > NCB OO =
= = necsaw v 3OS - @ =00 S Hu
= 2 f=za= < anFanN SErEO0
N 2 epL i
JUBWLOALAUT LERAAAPRUT LepLi4d3uL-qng -Eagix:[ I dejemysauy
- T HARARA .
i H H HRHARAHR N 4
selRd sl i HHEHHRHHH i &
i o
£ c- o Ae AL fe ] @
3LLs daddn fe() A31LS alppLy Dla,.‘z%'s eag }ggad = i
=~ E Silie
s~ [ =
s mm . o | B
Pt i Peg ep o pag ojuey g =
E=vE | uotjewmoyl €| E
! - * o | =
228 uotjewaoy Aeg eyesg weyr |G| %
o IINT 30 7 B H 3N3D0LSI3d
Z
T T T T t T T T T T T T T T T T T T T T
w-
Jyzdag = = & &g

Fig. 1. Stratigraphy, columnar section, molluscan assemblages, radiocarbon dates and
diatom diagrams of the sediments from the Samondo-gawa river along the northern coast
of Osaka Bay.
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level of Holocene transgression. YASUDA
(1978) investigated the history of environ-
mental changes and human activities around
the Uriudo site in Osaka Prefecture.
He reconstructed the paleo-geographical
sequence from the Paleo-Kawachi Bay, via
the Paleo-Kawachi Lagoon toward the
lagoonal lowland based upon the geomorpho-
logical, the archaeogeological and the
palynological evidences. MORI and HORIE
(1975) studied the diatoms in a 200 meters
core sample from Lake Biwa-ko.

The present work forms a part of studies
to reconstruct the paleoenvironment during
the Holocene along the coast of Osaka
Bay. In the present paper the diatom
- assemblages were analysed in order to
ascertain the sedimentary environment
already reconstructed by evidence of
molluscan assemblages (MAEDA 1978).

Materials and Methods

The sediments were collected by Dr.
Maeda from a caisson used to build the
foundation of bridge piers of the Tatsumi-
bashi from February to June in 1972. The
Tatsumi-bashi is situated near the mouth
of the Samondo-gawa river along the
northern coast of the Osaka Bay in Japan.
For the diatom analysis, samples of
approximately 1g were taken at proper
intervals of sediment, boiled with 15%
hydroperoxide, and treated- with conc.
hydrochloric acid. A suitable amount of
the cleaned and washed materials was dried
and mounted with pleurax. The identifica-
tion of diatoms was made by means of
photomicrographs. About two hundred
frustules of diatoms were counted in each
sample, along a transect chosen at random
and the relative abundance of each taxon
is shown as a percentage of the total.

Stratigraphy

The stratigraphy of the sediments at the
Samondo-gawa site is shown briefly in the
2nd to 4th columns of Fig. 1 and was de-

scribed by MAEDA (personal communication)
as follows:

The lowermost unit of this sediment
belongs to the Osaka Group, composed of
blue sand and gravel.

The Itami Formation is divided into two
units :

a) blue green sand, clay and dark brown
peaty clay about 2 cm thick.

b) dark brown peat; lower peat 40cm
thick, middle volcanic ash 50 cm thick and
upper peat 20cm thick. The upper part
of this bed may be separated from the Itami
Formation on the basis of the radiocarbon
dates described below.

The Osaka Bay Formation can be divided
into three units.

a) lowersilty clay (Nanko Bed) ; the lower
part consists of humaceous silty clay con-
taining Phragmites sp. and freshwater sedi-
ments ; the upper part consists of laminated
dark brown clay containing many marine
shells such as Crassostrea gigas and Cerithi-
deopsilla djadjariensis, which imply the
beginning of Holocene transgression at this
site.

b) middle silty clay (the lower part of
Umeda Bed); all consist of marine silty clay
containing abundant marine shells indicating
the sediments typically formed in an inner
bay.

¢) upper silt (the upper part of Umeda
Bed) ; the lower part consists of silty clay and
fine sandy silt upward, containing marine
shells indicating an inner bay sediments.

Radiocarbon Dates

Seventeen samples from the Samondo-
gawa site have been dated by Dr. HAMADA.
Sixteen of them are shown in the 6th
column of Fig. 1. The other one is of
—9.7m and shows a radiocarbon age of
1370+80. The radiocarbon dates suggest
that the upper peat of the Itami Formation
shows a radiocarbon age of 22,000+415
years BP* and the upper continuation of the
same peat bed shows an age of 11,900+150
years BP. Dr. MAEDA has not yet given

* BP=before present=before 1950
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any name for the bed younger than Itami
Formation and older than 10,000 years BP.
Consequently, the authors consider that
there is an unnominated bed between the
Nanko Bed above and the Itami Formation
below.

Molluscan Assemblages

The molluscan fossils from the Umeda
Bed at the Samondo-gawa site are studied
and summarized by MAEDA (1978) as shown
in the 5 th column of Fig. 1. MAEDA’s descrip-
tion for the molluscan assemblages are as fol-
lows in ascending order. Assemblage I has
characteristics indicating the environment
of the intertidal zone of an inner bay. He
pointed out that it shows the beginning of
Holocene transgression at this site. As-
semblage II has characteristics indicating
the center of an inner bay. This assemblage
is considered to have been formed at the
period of the high level of the sea. Assem-
blage III indicated the sandy area of an in-
ner bay. Such an.assemblage was found in
two horizons at this site, one at a depth
of —22m and the other at about —10m
below the present sea level. The assemblage
at —22 m is confined in a very thin stratum
indicating a short period in the rise of sea
level. Another assemblage of —10m im-
bedded in a sandy stratum indicating the
leading edge of a coastal delta, which shows
that sea was very shallow at that time at
this site.

Diatom Assemblages

According to the results provided by many
authors (HusTEDT 1930, 1959, 1961-1966;
PATRICK and REIMER 1966, 1975), most taxa
of diatoms are able to be grouped into
categories of salinity, i.e. marine species
(M), marine and/or brackish (M-B), fresh
and/or brackish (F-B) and freshwater species
(F). Based upon these categories the diatoms
found in the sediments at the Samondo-
gawa site can be classified in three Diatom
Zones which named A to C in ascending
order. Diatom Zone B is divided into

Subzones based on an occurrence of Nitzschia
granulata.

In Diatom Zone A (—27m to —24m),
being dominating by Melosira distans,
Navicula mutica, Eunotia spp. and Cymbella
spp., the ratio of freshwater species is more
than 50% and increases up to 93% at —24.5
m depth.

In Diatom Zone B (—24m to —11.5m)
freshwater species are dominated by
Stephanodiscus carconensis and its ratio is

less than 20%. On the other hand,
marine species increase up to about
50% and the ratio of marine (M), marine
and/or brackish (M-B) reaches nearly
85% at around —15m depth. Diatom

Zone B is divided into Diatom Subzone B,
(—24m to —21.8m) and Diatom Subzone
B,(—21.8m to —11.5m). In Diatom Subzone
B, diatoms are dominated by a marine
species Nitzschia granulata and a freshwater
species Stephanodiscus carconensis. Diatom
Subzone B,; is roughly correlated with
Molluscan Assemblage | and Diatom Subzone
B, with Molluscan Assemblage II reported
by MAEDA (1978).

In Diatom Zone C (—11.5m to —9.5m),
being dominated by Cocconeis placentula,
Stephanodiscus carconensis and Cymbella spp.,
the ratio of freshwater species is about
50%. Diatom Zone C roughly corresponds
to Molluscan Assemblage III by MAEDA
(1978).

Discussion

The radiocarbon dates suggest that the
lowermost part of the sediments at the
Samondo-gawa site shows an age of about
30,000 years BP. From the fact that marine
species increase in number downwards in
Diatom Zone A, it can be assumed that
the rising of the sea level occurred toward the
period about 30,000 years BP. Pollen analysis
tells us that mean annual temperature at
the period between 33,000 and 29,000 years
BP was about 3-4°C lower than that of the
present in northern Japan (NAKAMURA et
al. 1960). This warm period was immediately
followed by a cold glacial period around
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2,0000 years BP, when the mean annual
temperature was 7-8°C lower than that of
the present. Corresponding to this warm
temperature a high sea level around 30,000
years BP has been expected in the coastal
area in Japan. YASUDA (1978) points out
that a series of radiocarbon dates places
this warm period in the Wiirm glacial age
between 33,000 and 29,000 years BP, sug-
gesting the possibility that it corresponds
to the Denekamp Interstadial (HAMMEN et
al. 1971) in the Netherlands.

The genus Eunotia is commonly found in
stagnant waters and Melosira distans is
characteristic of more or less humaceous
lakes. From the fact that Diatom Zone A is
dominated by the above mentioned taxa,
FEunotia and Melosira distans, it can be
considered that there were many lowland
freshwater marshes around the Samondo-
gawa site and the sea level was very low
at the period around 10,000 years BP.

According to MAEDA (1978) the beginning
of the Holocene transgression, confirmed by
the intertidal assemblage of mollusca, starts
at —23.4 m, which horizon shows an age of
8,820 years BP. In the present paper, only
four frustules of diatoms were detected at
—24.0 m, as if some remarkable events or
environmental changes took place. Many
marine species of diatoms appeared at
—23.8m, which horizon consists chiefly of
humaceous silty clay containing Phragmites
sp. but no marine molluscs and belongs to
the lower part of lower silty clay of the
Nanko Bed. From the above - mentioned
evidence, it can be assumed that an
intertidal assemblage of diatoms appears
prior to that of molluscs in the progress
of Holocene transgression.

It is considered that sea was very shallow
at the horizon between —24 m and —21.8 m,
because Diatom Zone B, is dominated by
Nitzschia granulata, which is frequent on
sandy shores in England (HENDY 1964).
This consideration agrees with the opinion
that sea level rose slowly at the period be-
tween 8,800 and 8,000 years BP (MAEDA
1978).

On the other hand, Diatom Zone B, is
dominated by Stephanodiscus carconensis,
which is one of the most noticeable phyto-
plankers in the Lake Biwa-ko ever since
the last 250,000 years (MORI and HORIE
1975) and at present time (NEGORO 1960).
MorI and HORIE (1975) stated that Stephano-
discus carconensis decreased at Sc. 1 Point
of a 200 meter core sample from the Lake
Biwa-ko and referred the period after Sc.
1 Point to the post-glacial time. From the
above mentioned facts, Stephanodiscus
carconensis found in Diatom Zone B, at the
Samondo-gawa site is regarded as a phy-
toplankter which drifted from the Lake
Biwa-ko, so that this site was connected
with the Lake Biwa-ko through the Paleo-
Yodo-gawa at this period.

In Diatom Zone B,, the dominant species
of marine diatoms changes from Nitzschia
granulata in a sandy shore habitat, via
Cyclotelle stylorum in a littoral habitat, to
Melosira sulcata in a littoral or in neritic
habitat in accordance with the changes of
the molluscan assemblages, from intertidal
to sub-intertidal zones reported by MAEDA
(1978).

In Diatom Zone C (—11.5mto —9.5m), a
decrease of Melosira sulcata of littoral or
neritic species and an apperance of Nitzschia
granulata on sandy shore habitat as well as
an apperance of the intertidal assemblage
of mollusca are found. It is assumed that
these changes were caused by the regression
of sea level at this period between 2,500
and 1,500 years BP. On the other hand,
the ratio of freshwater species increases up
to 50%, being dominated by an alkaliphilic
species Cocconeis placentula, and a planktonic
spcies Stephanodiscus carconensis which
drifted from the Lake Biwa-ko. From these
facts, it can be considered that the Samondo-
gawa site was located near the fringe of
the lobated delta of the Paleo-Yodo-gawa.
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FE B EORE: HERE/ —~ (3). Bipedino-
monas rotunde CARTER (7 F > 7 #ifd). Isao
INouYE and Takeo HoriGcucuHi: Notes on micro-
algae in Japan (3). Bipedinomonas rotunde
CArRTER (Prasinophyceae).

PARKE & GRreeN (1976) o4 ¥R

%75 <~ 7 #§ (Prasinophyceae),

Bt 9 & A

TTrARL=
H (Pterospermatales) # 7 m» -/ 3 Af} (Nephro-
selmidaceae) ICFTJET A TH B, K& 4~6 pm
DIFEEIESRETH D, ME D+ » M L DEREER
WHETH 5o &< OYERERKICAEEL TLTH A
BB DL, TRILE S T\ AR IR E
ot GFtk, 1981) 2RI TH 5,
WL AT, S ERD 2K
DFERPFED/NE /2 NFZ DL DET, ML EIL
v TIRT, 2R - OE 2T 5, EERCH -
T2HDORECH»h, Vv 7ko X Hi2F v 7
ViZGERIE VY 2 A FOMEED B (25T 5,
BAvzIER AR oK H H, FHECEE LT
T 5, BT & B OMEEIETT wh b, T
ER IR Liean s, MMIERI e, RUFER®RY
WHWTHk <o LIEL kT 5 &, BRI L
K1 ok 5 BREAERTTmc oL, & EiiE
IR 2 B4 Z 1 & 9 Il Fam 3703, THOUE%E
Wk EIZ LD, O X 5 Ikl < b2
2T0T, OGRS RTY BoRERL
WINES ThH B, MBwEl Lic s &0 Z OfEm e
WD BETFIREERECIRRIE S 178y,
ML 1% 45 nm D IEFIEOEH & k) 2

B jg"

A ceIl under phase contrast microy.

Fig. 1.
Fig. 2.
scales.

Shadowcast field of large stellate

Fig. 3. Map showing localities where speci-
mens of B. rotunde were collected.

[BOSLROB NEITRSE 5, ThbOBAILMINT,
BTHMET CORMRMLHETH S (K2),
;@é}:@fﬁﬂi[’l:’ﬁ’ﬁwi CARTER (1937) oitifkic X
—F L, F @R olEE ManToN et el (1965)

P“LI< —HT 5,

AFREEE, W RIROKY v 7 A SEEROY v 7
b LELEDHES 5 0T, HEAYIRIE B &
Db ETHERELTWS EBbh b, BT TR
LichEIC s 5RO S iz K 3 1cmd, B
Sk Sl ¥ TOIRRIPIIC S LU, T
HEOFTH BB L,

5| F 3C ik

CarTER, N. 1937. New or interesting algae
from brackish water. Arch. Protistenk. 90:
1-68.

Jeb W 1981, IR, — b~ (1)
Syid:, W 29: 6.

ManTON, ., Ray~ns, D.G., ETTL, H. and PARKE,
M. 1965. Further observations on green
flagellates with scaly flagella: The genus
Heteromestix Korsuikov. J. mar. biol.
Ass. U.K. 45: 241-255.

Parke, M. and Green, J.C. 1976. Class Pra-
sinophyceae. In Parke and Dixon. Check-
list of British marine algae—Third revision.
J. mar. biol. Ass. U.K. 56: 527-594.
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BLE, SEHERSSUHEASRI-ZSENOFTEDLERE
H# R ERF

RN RN HE (238 AR TTRMNIIS2)

YosHITAKE, S. 1981. Drifting algae in the River Tama in view of dominant species,
diversity index and MoToMuRrA’s index. Jap. J. Phycol. 29: 117-120.

Drifting algae were investigated at 8 stations in the middle and lower reaches of
the River Tama, central Japan. The materials were collected in August and October
1973, and in January 1974. When an abrupt increase of algal density was found in the
main course of the river, the first and second dominant species were composed of planktonic
species or attached algae which were capable of living also as plankton. In this case,
the diversity indices based on SHANNON’s formula were generally low because the drift-
ing algal communities were confined to several species. Such an abrupt increase of the
algal density with a low value of diversity suggest that the dominant species might
derive from proliferating planktonic algae rather than removal of attached algae.

Compared with the average cell density in Japanese rivers, higher values were found at
a few stations of the tributary streams. The first and the second dominant species at
these stations consisted of attached algae which have a tolerance for water pollution and
in addition, the diversity indices were low (1.10—2.62) excluding one exceptional high value,
3.54. Negative correlation was recognized between the diversity index and MOTOMURA’S
index (MoToMURA 1943), which is the cell number of the first dominant species divided
by the total cell number, and between the dominance index (McNauGHTON 1967) and the

diversity index.

So, it is more time-saving to employ MoTOoMURA’s index than the diversity
index which requires much time to calculate.

High values of MoTOMURA’s index were

recognized at such stations where drifting algae profusely increased or the waters were

polluted.

Key Index Words:
\MURA’s Index.

diversity index; dominant species; drifting elgee; MoTo-

Sakiko Yoshitake, Kanagawa Dental College, 82 Inaokacho, Yokosuke, Kencgawe,

238 Japan.

1973%£ 8 A, 108 % X 19744 1 Ao 3EICHIc»
THE) o, THREO&RNS, it 3, 38t
BORTEYEELL, chbHl TREOLFAEKEIZ
BT BHELE L SHEEERY S, SENORTENE
BEAERL Tl i, HHOEMICSHRMERC
nhbb0L LTENOMEOEMAZEHN L TAI

HEEHE

HTFHEORER, JoHhohRBTITL, EE
K 250 ml RERAKL, wr—=V vEERTE-7. &
FHI—BHBE L% EBREET, ZoRFRE
E#E LCEMHL, —O—EELXRYBEXTRoT
FEREBE LTI 300 @Gy B, BB UCERYH

ﬁbf;o

® g

SENOHR THEOBEFR%L Table 1 12 &,
chIC X B ESENARTITIN3ES Ficik st. 1 X
h st. 2 ¥ Tz 5x10~5x10% #EATH B A, st. ¥
Tk 2x10° gl EEEmVBEERRL, ThLD
FTribRABCEEER LTV 5, Eifioftsic i
<TEVBEEENALR D st. 3, 4 OoF—E LT,
Fh#h Cyclotelle sp. B LTxbH, F_FL
11 Chlamydomonas sp. Merismopedic sp. H3HBL
LT\ 5%, (Table 2),

10 DRAERLRTIE st. 2 TTRETHRTH -1
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Table 1. Cell number (cell/m!) and index values in the samples of drifting algae from

the River Tama.

dominance index

station cell number/m! diversity index Motomura’s index

Aug. Oct. Jan. Aug. Oct. Jan. Aug. Oct. Jan. Aug. Oct. Jan.
1 58 14 425 2.62 2.88 3.24 44.8 57.1 27.8 60.3 78.5 44.5
2 539 30 1312 3.15 2.66 2.69 28.9 30.0 47.6 46.0 56.5 63.4
3 2117 376 1024 2.48 1.96 2.83 50.6 69.4 32.8 62.1 76.3 65.8
4 9368 1069 383 2.37 1.8 3.39 53.2 64.5 26.9 69.6 81.6 61.9
5 3836 871 311 2.98 2.28 3.07 26.7 44.7 32.8 47.1 70.6 55.9
6 36 8 763 2.49 2.16 3.54 38.9 37.5 25.4 58.3 62.5 36.8
7 2010 396 2371 2.36 3.54 2,62 47.2 22.0 38.8 69.2 42.4 66.3
8 19198 590 214 1.42 1.10 1.82 61.2 80.7 47.7 86.8 89.0 82.7

Table 2. Dominant species of drifting algae in the River Tama.

station  date the first dominant species the second dominant species
st. 1 Aug. ’73 Synedra ulna var. oxyrhynchus Cymbella turgidula var. nipponica
Oct. ’73 Ceratoneis arcus var. vaucheriae Navicula gregaria
Jan. 74 Nitzschia dissipata Cymbella ventricosa
st. 2 Aug. Nitzschia palea Chlamydomonas sp.
Oct. Cyclotella sp. Navicula gregaria
Jan. Chlamydomonas sp. Nitzschia palea
st. 3 Aug. Cyclotella sp. Chlamydomonas sp.
Oct. Cyclotella sp. Melosira varians
Jan. Chlamydomonas sp. Stigeoclonium sp.
st. 4 Aug. Cyclotella sp. Merismopedia sp.
Oct. Cyclotella sp. Merismopedia sp.
Jan. Nitzschia palea Euglena sp.
st. 5 Aug. Merismopedia sp. Cyclotella sp.
Oet. Cyclotella sp. Anabaenopsis sp.
Jan. Euglena sp.
st. 6 Aug. Nitzschia paleacea Nitzschia palea
Oct. Achnanthes sp. Cocconeis placentula
Jan. Cymbella ventricosa Gomphonema tetrastigmatum
st. 7 Aug. Synedra ulna Nitzschia palea
Oct. Nitzschia palea Stigeoclonium sp.
Jan. Nitzschia palea Stigeoclonium sp.
st. 8 Aug. Nitzschia palea Stigeoclonium sp.
Oct. Nitzschia palea Cyclotella sp.
Jan. Anabaenopsis sp. Stigeoclonium sp.

DH, st. 3 Tik 3x10® fifabl k& ic v BIEE LA
CEEoT B, st. 3 & St. 4 OFE—F LB
Cyclotella sp. ¢, E-BE LB I +hFh Melosira
varians, Merismopedia sp. 1Z7t - T\ 5,

1AWk st. 1 TH 4x10* filad - 723, st. 2
TEA e b k&< e h 10° MIRLIE & 72> T B,
st. 2 OFE—EF LML Chlamydomonas sp. T, F—
BRI Nitzschia palea 1Zis 5T\ 5,

DhE X b BB AT O TS EERDESE i
TR, B—RIVEESER VW ThEH

EERRELETHERIhTWS (fl, 88 st. 3, st.
4, 107 st. 3, st. 4), —7F, LFHEoFAEMSITHN
ThihEVWBERBSRLTWTY, FoMmRNE
BEBEL TR T, BB SRR TR
BThoh, F_BERIMNBEREEL -T2 (A,
18 st. 2), thbEfiosicyL T, EEHK
IO L\ &5 D % 4 H #55 (SHANNON and
WEAVER 1963) 138 LT/PX\MET, 1.84X n2.69
DOEDExF LT3 (Table 1),

FHC 3T AADFNE +~HE s/ mi,
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BEITD IR CRERDOE B A~ 25N D,
Thbik, 8AD st. 7 & st. 8 T, #H—EFLEI
Zh¥h Synedra ulna, Nitzschia palea, E— B4
f&(3 Nitzschia palea, Stigeoclonium sp. TH %, 10
ALRAL 218 T, E—FELHHEIFhd Nitzschia
palea, E—fF L&z Stigeoclonium sp., Cyclotella
Sp. Thd, 1 AT, st. 7 T Nitzschia polea,
Stigeoclonium sp. »%, @57~ T\% (Table
2o

DEXY, chooFRTHRTEDOSVEEE,
FThLIELLTHBERECLIZbDT, ChHOBOHK
BEEMEAER DN EETHE, OBRDS
BEIERUL, 2R ED3. 548 < £1.10~2.62
E/NEVfEER L 5TV B (Table 1),

* 2

BAROMN O TEIL, L £ 2@k wR
D%, —BIEHEOEBCHE LTVW5ER, £
O EUEROEIHBERT L TELLDOTH D, #
> T, BEOBMMAALLVRY, EREIZESVHLEOE
LEGHE DI, 2D XS BRI S ERAK
LB, LOLAFHETIE, KD X5 i T Tk
MTETHEED HFEIH LR LT 5,

1) FEKBMECHTENSEHEEL T\ %5
Bo ZOBNIARIIT 34t % Hth s TEIZER L7,

2) WO KCEENFEL TS84, o
TP IVKHEE TR, BRSHIHLHERNVE LV
BT b SEEERII/NE L e, st. 8, BIAZ 0fl
TiT\ 5,

3 FAILIrDBEATCHEEENLBCRALLSES,
108z st. 1 ©, Ceratoneis arcus var. vaucheriae
NEBCHBE LI-DRZOFTH B,

ED LS BB L » TEEEREIMEVERRLT

LAKE OKUTAA

«AKIKASA

St.1 CHOFU-BASHT
SE.2 HALIDMA-BASHT

St.3 BISO-BASHI

St.4 FUTAGO-BASHIL

St.5 MARLKO-BASHI

5¢.6 LICASHIAKIKAVA-BASHL.
St.7 ASAKAVA-ARAL-BASHI
5t.8 NOGAVA

o

2468 10k

Fig. 1. Location of sampling stations in the
River Tama.
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A:r=0.857
B:r=0.850
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50r

Relative abundance of dominant species

40

301

re— L 1

0 2 3 4
Diversity index

Fig. 2. Relationship between dominance (as
percentage of cell number contributed by the
most dominant species: line A and that of total
cell number contributed by two most dominant
species : line B) and diversity index of the River
Tama in three seasons. @------ relationship be-
tween MoTOMURA’s index and diversity index.
X eeenee relationship between dominance index and
diversity index.

WBDML, BEBOERRIC X - THENTRE Th
b, BLHEAVGLYARERETHEHEGIE D) M
WU 2HMNEL, BEMHEOALE CETHEEE1L
2) L#tETE, LRUANAOEEYTRIEOHEIL 3)
E—EEZ DENEYUTH D, b, BLEOLER
G B s & DERISIED, M TENEORE,
HRAHEETHCIEETH S,

MTEBEOBELHET I, BEHEOERENS
HROSBERRERNTILEND S - L B
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Lichy, SHMERROBEHRBE TR0 T, 20
FErhrbbb - L bEBEAAEL LTHERY %2 T
Dtco FERIZTH (1943) 1w X % EBHUCHBE T 5%
Hodb, BAOMBGEELAETHER AbLELED
B, WHLCBEHORBEAR CH-7-ETH S
(Table 1), ZHMBOEANCHE > BETIE, HMKRO
AL EBBONEHERE T 2ENTETH %,
>T, BEEEZE—-MOBEOHMEL, EHHTEE
KEREL D, COBORTAENRTEN £ 0K
A, BREHETIOREERLL-TL %, £ZT
SE)| DR THED #fiZ8 & SuannoN and WEAVER
D SRR O BB % Fig. 2 OEHKARRL
oo FOFEBAFRET r=0.857 CEEESY, 9% &
LI ADHBMEFRARD AHEMNTE, ERAL y=—
20.85x+96.59 TH 5, Zhizkimomkt (1943) iz
L3 EMBRDETHD,

ki McNaUGHTON (1967) 1z & % &L B
(dominance index) »\El%#EM: & A OHEBIBFAER
HBEENTESLELELTV S,

COBEEERL, BEEEOL LS EEED
KROEOMEMEE, Bl L 2 Bo@EEK oy + 0t
HOMRMBEERTE - 7% EF 5 (Tablel), B
it SuanNoN and WEAVER O SHEMEISR & 448
BABSSR AT 2133 T, WEOBFKED Fig. 2 0E
MBIRT, HEAGRE r=0.850 T, {S1HE%Y, 99
%3, AOMBIREGEARIIL, EBEUER y=-19.08x
+113.25CH 5,

LRRD X5 teEn D BEERE ORI i 8k & L
T, MRS IUBESERESUCEY TS B4, RO
TR OHENL VB THEDT, thEFIR+T2
HMEFTH 5,

EENART, MTEOHELTW5LELLIS
&Rz, 8 Ao st. 3m50.6, st. 4 D53.2, 10
Ao st. 3 »69.4, st. 4 ©64.5, 1 fD st. 2 O
47.6TH b, FOHITAT. 6~69.4L KX\ MEXRLT
Wb, FHRICEWTIE, 4760 2R+ 01x8 A, 10
A, 1A® st. 8 £33 CH %,

EX b#ET B &, MTEROMBOKEEXT
T, KPR CIEREEOR FESELHELICE
D, BILFBHLLAKOBAETHHEELDR D,

51 A X #k

e W 1971 @) o TECo\ T, BHIETAER
3# 22: 34-61.

"/Ee B I HETF - &TEEXL-B88 BB
B opHER 1973 AEEOHMEEH (diver-
sity index) & 4 1 B iEHIEH (biotic index)
Zo\\T, AKEREK 15: 846-851.

ARTTHIE 1976, BYmBEEms: I — o4k L ERE
o AREFTFTEREEELS, FITHIR. BHo
McNauGHTON, S.J. 1967. Relationships among
functional properties of Californian grasslands.

Nature 216: 188-189.

HEBES 1976, SiEM X 5 KIBERE O LB
ffi, FAZK&BEK 18: 729-748.

oAt W 1932, BEROMEMEERICE \ T, B3
44 : 379-383.

TR B 1943, HEROHEAIERBICoVT (HEH) .
HHERF 9: 117-119.

FIEYCIE « HlEE— 1976, £HE 0 LHMtHERC X
BKEBEOFE, AKEBEK, 18: 712-724.
SHanNoN, C.E. and Weaver, W. 1963. The
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KAEPRLES M) Aulacosira ambigua (GRUN.) SIM. O#MELICOWNT

MR B - BREET
HREERFENELE (184 SGIHFAHEIFAH 4-1-1)

KoBavasi, H. and Nozawa, M. 1981. Fine structure of the fresh water centric diatom
Aulecosire embigua (Grun.) Sim. Jap. ]J. Phycol. 29: 121-128.

Nine samples of Aulacosire embigua (=Melosira embigua (Grun.) O. MUELL.) col-
lected from different habitats in Japan were examined using the scanning electron micro-
scope. The ring-costa, termed “Ringleiste” in German, was revealed to be a canal running
around the inside of the valve mantle near the edge. On the inside slope of the internal
wall of the ring-costa opposite to the large rectangular opening of the external surface
one weakly developed labiate process usually appeared. However, specimens with two
labiate processes were infrequently noticed.

Both the separation valves with tapering solid marginal spines and the connecting
valves with interlocking bifid marginal spines were found in a single chain. These two
types of valves were clearly distinguished by the presence of marginal costa at the .junc-

tion of the valve face and mantle of the separation valve. Each loculus was clcsed inside
by a cribrum and a framework composed of circular and radially developed stick-like

costae.

Key Index Words: Aulacosira ambigua; Melosira ambigua ; centric diatom ; plank-

ton; SEM fine structure.

Hiromu Kobayasi and Michiko Nozawa, Department of Biology, Tokyo Gakugei
University, Koganei-shi, Tokyo, 184 Japan.

Melosira ambigua (GrRun.) O. MueLL & M.
italica (Enr.) KueTz. |3, FHWCRKEFF v 7 ¢+
iy 1 v v ORENTEETH D, Bl 7 = 7O
FCI, RO XS KETLAMTY, BoRER
13 HusTeEDT (1930) EL 7/ PMEFIRDL &L fFD
RT3, LZAMNIZTIL, M. embigue (3¥E<
TR S bR (sulcus) #LO>EHEELT
HhhTuwb, LaLiedih, EBIIEZTO X 5 ikfd
FEELRL 0T, BELADETIL M. embigua
LE2 LR LEGEN M. itaice LREIRBRLE,

HEE{ORILLEMPBEINCTIEISERE>TL
%, Li L, CrawrorD (1975) 23R FEAME .

(SEM) #H\T, M. embigue (3% X 5 e

£, TR EROEETH D Z LRI -

LCLIk, M.ambigua DEGFENRL 5> HLM LT
> TE,

¥7:, SivMonNseEN (1979) (3 M. granuleta (Enr.)
RaLrs, M. italica, M. islandice O. MuELL., M.

distens (EHR.) KUETZ. e EREM 75 v 7 b v
2, TRTHEAMCTERET AL, MlcHPrEL D
P AR (cribrum) CRAE X h I fEfL (areola) %
Lo b, BEr 1 E0ERER (labiate process)
HhoI Ll OAAYERL, hbxELHT
Aulacosira BizB L2 BT -71

L H, M. ambigue 3 L <k M. italice LRE
XNT EAREORE Y HFEEMFE >0 SEM
HACTHEELLEZS, TALDIREALTNTA,
Aulecosira embigua (GRUN.) SIM. LEEZh BN
XL THhBHZ ENHBE LI,

COEOMMEE woWT, FhzofEk Aule-
eosira BB LM% B2 &0 FYUHIT DT LKD

HOFMRAEB-OTHEE Lt ik, Aulacosira

Bos 1 7#Th5 A. italica (EHR.) Sim. (31H5E
oG (ring-costa) oAt (Fig. 23), Zhirfia
HEooEc s\ TL B b A ambigua &
HEK-TVB CREEER.
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HHEEFE

B A LR, KO A, HREES
3DTH 5B,

FHEAB 55.4.29 7571 v,

KR - ALl (54.4.29 75221,

HE - KIgiB (47.6.11 mpHH),

[l - B#iiE (53.5.3 [KiR),

BWE iy (40.10.3 i),

[l R EBRARARE (47.4.29 EiR),

BE - Z%Fih (54.11.30 KiR),

# « —ZB¥ (55.5.5 75v 7 v,

Ut - B (1.4.17 75221 v)

EDRK D, Bl - - BELKFEKOIEIZE 4
BIVF R ATIg - 7ok, BRI BTk i@y
Bl XFEED 1D 7135 — b3, RE%
Pleurax ¥ 7ci3 Eukitt THA L TR L1, ¥ 7R
—RORME & HEEHBT Bldicit, @5 &tk

Pleurax drCRE 2 8H LichiH@E L, SEM 1o
LBBEIL, P - ALICHAMETBE Y <1
7erES, F THEEL, BREBRIREE A% S
CYLATEELLbDOERA, SEM @&z, H
32 S-550 &, AAEF JSM-F15 B4 #H L7,

RREER

ERETREIhHABO X FEHE T X hit
(Figs. 1, 3-5, 6, 9), RE®D AHFNL %4 THAI
T H B AERICH LTEREER S 575 £ vk
IZEFIL, SRR HRT 5 SURETE Sy
KEL LD, BROKEICEALTUL, *0FRDER
K&EL, BRER 4-13 pm, FZET 4-16 pm TH oo
BEFIE 10 pm Gz 14-20K OFEIZ 5 - 7= £318% D
LRSS, AR 10 pm Az 14-22(A% K 2 B
ZEMTEL, BREICIE, BITH - T 150 S50
Reht. (Fig.8), Llkoz &%, HusTEDT (1930)

Figs. 1-10. Light micrographs showing variation in breadth of filaments of Aulacosire
ambigua. Scale=10 gm. 1. Narrow filament mounted in Pleurax. Bottom sediment from
Sanpoji-ike pond; 2. Mid-focused filament showing the specialized inward folds called
sulci (arrow heads). Epiphyte from Oomine-numa pond; 3. Narrower filament composed
of four connecting valves. Bottom sediment from Shinrin Park; 4. Middle size filament
composed of a separation valve with tapering marginal spines and two connecting valves.
Plankton from Biwa-ko lake; 5. Middle size filament composed of eight connecting valves.
Plankton from Biwa-ko lake; 6, 7. Up and middle focused girdle view of the same
filament mounted in Eukitt showing the hollow-costae (Ringleiste in German). Plankton
from Biwa-ko lake; 8-10. Valve face, up and mid-focused girdle view of the same valve
mounted in Pleurax. Bottom sediment from Oze-numa pond.

Fig. 11. Scanning electron micrograph showing two sibling valves linked tcgether by
interlocking spines. External opening of the labiate process (white arrow) and internal
view of annular ring-costa (black arrow) are visible. x 3000.

Figs. 12-17. Scanning electron micrographs showing fine structure of Aulacosirc cm-

bigua. 12. Detail of the interlocking spines of the connecting valves.

x11500; 13. Valve

face of the connecting valve showing areolae located at the junction of the valve face and
mantle. x6500; 14. Detail of the alternately inserted tapering spines of the separation
valves. x8000; 15. Oblique view of a separation valve showing the tapering spines, the
terminal large areolae of the curved striae (white arrow), marginal costa (black arrow)
and marginal areolae on the valve face. x11500; 16. Separation valves collected from
Biwa-ko lake with small areolae on valve faces in addition to the marginal large areclae.
x6400; 17. Detail of each areola on the valve mantle showing frame work compcsed cf
stick-like circular and radial costae of the inner layer. x24000.

Figs. 18-22. Scanning electron micrographs showing fine structure of Aulecosire cm-
bigua. 18. Mantle edge of a valve showing large external opening of labiate process.

Note absence of sulcus near the mantle edge.

x11500; 19. Internal view of valve erd

showing ring-costa with one labiate process (arrow). x6400; 20. Inside view of fructured
hollow ring-costa showing thin internal wall and perforated external wall. x10000; 21.
Inside view of fractured hollow ring-costa with thick internal wall. Lips of labiate pro-
cess are seen on inside slope of the ring-costa. x8000; 22. Detail of lips and longitudinal
slit of the labiate process. x30000; 23. Aulacosira italica. Inside view of fractured

mantle edge showing solid ring-costa. x8000.



126 KoBavasHi, H. and Nozawa, M.

DREHEL I —FK LT,

BRI H BB (spine) &5 LOFET
Lo THREN, TRALEBRERNAE > TV B,
AL 21770 - T DT, Toizs A LoiHifas
RIFCETh, ESUKOMEE (hals) ke LTE
ggxht (Fig. 11), o X 5 A&7 (connecting
valve) D#ESHIL, M4k (interstria) DER i
1AT2R6h (Fig. 12), EHEAERSZHL T2,
BUIBT L D b EDOFREN~FHTH B Icw, P
FIRENA b S RWR Y Tha Z ikt Lo
HBih b, HELMCKE and KRIEGER (1952) (1:5:8%E
TEMEC X ABEICECT, ZOBOBRORERK
BRELTVLEN, HOBBZOWTREE S O b
DEXL—FK LI, EHRZIDXSIHEHX 1,
A. granulaete (EHr.) SiMm. (FLorRIN 1970) X 0¥
A. baikalensis (K. MEYER) SiM.
1979) ©d Boh T3, #@E, REOFRTLFE
T, BRECEOMCHE O REY LB OHFET 5.
(Fig. 13), Lo L7cdin, EEUL XL OHRKLEN
IIE KB (KoBayast and ANDo 1977) & 8430k}
T, BEORMI b bixsr/hEfelakl (#1/4
—1/10) A%, BEEAHMCROARCSET 256
L Ebhi, (Fig. 16),

FLoriN (1970) %, A. granulata TI3EEELIUK
T HFRIMOROBMEI~THT, chbhe ., A~k
ChEaE->TEThiEVLORN L, LHOBDARAE
LiAAB » 1o/l (separation valve) AE{ED@R
FRBEbhB L, HAITOWATLOCG R 3
ERBRTVB, AHOMEXEE LI I-T A
ambigua THHE Itz (Figs. 14-16), L»L,
CLEVE-EULER (1951) 3 A. ambigueizi3 =Dk 5
kMl (Endzellen) 2RI iVDT, Bk
DRNEIIR X TA T RETHEBROBE (Gurtel-
band) AUIANICEECDLIRZ B LBRTV B,

SEER OB, EMTHEAROZTRI D LROR
2, AUSHEEBOERE L 1A F286h 5 (Fig.
14), %7, HEROBRESILEEGRETEL->TH
b. Tichb, REMOKDRECEVIaSuLo b
DLy 2-3f5K&E< (Fig. 15), LiAisT, o
Ko EHFIS 10 pm dcl2-14K < e b, Bk
W 1 AOBAGREIMb S, XBBETS, REOB
FleohiciETARE L LER, SLIOHASL
ROFEND, NEERERNTHZLRTETH B
(Fig. 4 o&ER), REOFZKICIR-TRSHhS 1751
DREFFNE, BE OB LETOIFEEL TV 5,

(CRAWFOLD

L TEELL

SEER TR B IRE L BiRigE 2 h v (Figs
15, 16), BREZO Lz lnic Y EEsh T
W5,

mEFofasr (Fig. 17) of, AEIeR
X PITH ORI IER G A R OB S B 52 & T
Bt oHs & fE-T > 5, Oxkuno (1964) & A.
granulate D ERHEEC>\T, FEIZHIN IR TE
z bhicABEROERTHE S, AlicED > TR
HABRO LT3 &l ZoFMRRERLTY
Bo BELOEE LI A embigua TYH, XL
B RIch oTchs, W< DhDRROEEED KL
&= AT, EAMICIE Okuno DR LcERE &
—HT3L5cBbhb, TOXSEROMUNER
0 LT fafikesiz, Melosira varians C. A. Ac.
(CRAWFORD 1971), M. nummuloids (DiLLw.) C. A.
Ac. (CRawrorD 1973), M. moniliformis (O.
MueLL.) C. A. Ac. (CRawFORD 1977) oz h &k
RBig>TV B Zhb OSSN (rica)
%% %/ \f (pseudoloculus) &PE¥h 5 (Ross et
al. 1979) 4D THB, thiexfL, A. ambiguaT
AR R B RV,

HusTeEDT (1927) 2% = DfEICOWT, BEiR & e~
BRAANDIRETIEFEE T, BASREOLR YLD
ERBLTVA LI, B hbOlEEESTS
BLEELHER, B TP REXLSREBCHSD
LINT &L, BHRKEFATIE, BIROEV-HAK
' &, 2ToEEC OWREL LD
WEvRs - LT (Figs. 2,7, 10), LaL,
MERCESYELELLDOTRED L 5 LHEIRS
hY, Tt SEMiz X ABETLRBCEUTHHE
Rbhieh ot (Figs. 11, 18, 19), —7, ®ROA
T Tk o DM RIRCIEE LicHiarRoh 308
(Fig. 19), *DWmEE» b REBLFEOFRTH 3
o L AWEA Lis (Figs. 20, 21), #&FoREad, IHEK
OB DHECLONBIEFECEVWLOFETRL
h o HELMCKE and KRIEGER (1952) D#X X Tt
RED S O AN TE Y, BROBEREHEM LD
13 CRAWFORD (1975) 2\ T TH 54, MR L
Tirwisly, ZOECELTHEVREEEANLLC A
i, GrRunow (1882 in VAN HEURCK), MULLER
(1903) » &b b d e Chic HEgL v Tin
7eus, HusTEDT (1927, 1930) ic/r - T, BAMS/cHi%
Lol RRBER LCRAARIA L Ebh
5,

B (REOKBR) OFmTIT ERFEE
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LB »7:Bns 1 fEfFEST S (Figs. 11, 18) 23
I Fi2Eo b b Boht:, 3Tk CRAWFORD
(1975) 1x o h %, BikZefe (labiate process) D4t
BADOBHOTHS 5 L XT 523, SEDOHET,
BE EORE L H OBICAB~DEHTLEETS =
Eabah (Figs. 19,21, 22), oo Ehd
RBREROAM~DHOTHD = L EFHELDD
ENTER,

PDEnD X5, OFREFORDOBREICEE ofa
hoo &, Ol BIERETHD L, OBRE
WAl L 1 HOBRERY DL, DI HKR
X 5T, = offiix Simonson (1979) DRIET B L 51T,
M. nummuloides % 5 1 78 &+ 2% Melosira |En»
5, A. italica # 21 7fi &+ % Aulacosira Bz
LrzbhTIvbobBbhb, BL, Aulacosira
B % Thalassiosira £} & Melosira £tD & & 5 12 &
BIe503, S$BLSBEHE2ETIHMETHS 5,

Fi, BOVHE TodIc M. itelica var. tenuis-
sima (GRUN.) O. MUELL & RE X H T 3R R 3-5
pm O fEffIZoWTh, XEHSEM i3 B(E%R
fifgotcl s s, A. ambigue Lo BEERICHRII
Bowbh lemote (Fig. 1), A. granulata var.
angustissima (0. MUELL) SIM. &\~ Tid, 33
EB L SEMIC L 2BBEOEEND, hbMAERE
BOBNETEOHBICEINIRETHB LTHHE
MHES5KD (KiLham and KiLuawm 1975), 4@ED
RAETH, BRIESem LUTOLDOZDMBE T2 KIE
MRRYLTY, FLE—0REFTIHBET 3 EEOR
BROBRIEFENTH o1 ChHDORERLEELED
&, A. embigua T, i< TR\ MEELRONEH
ELTHTBLE R Wb D LB 5,

AR L, BEEHMORBLRET X - HHlX
¥MBAREHERFTOFEECHE L, SEM D
FEEZE 2 bh i BARRRFEOBER KT < B3
BLEF2,
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Yasu, H., Notoyva, M. and SucimoTo, K. 1981. Culture and cytological observations on
Dictyota dichotoma (Hupson) LAMoUrRoux and Spatoglossum pacificum YENDO. Jap. J.
Phycol. 29: 129-134.

Culture conditions of 20°C, 2000 and 4000 lux light intensities and 12h dark and 12h
light photoperiodicity, using modified Grund medium obtained the complete life cycle of
Dictyota dichotoma and Spatoglossum pacificum from their tetraspores. Under the above
conditions, male or female reproductive organs were produced on plantlets 8-10 mm height
of Dictyota dichotomae after one month culture, and on plantlets about 10 mm height
of Spatoglossum pacificum after three months culture. The life cycle was completed in
two months for Dictyota dichotoma and in seven months for Spatoglossum pacificum. The
chromosomes of Dictyota dichotoma in the cells of young gametophyte and in the cells of
antheridia had the haploid number of from 25-30. Cytological observations on the tetraspo-

rangia of Spatoglossum pacificum indicated the following: 1) In early prophase, chromatin
threads form loops at one corner of the nuclear cavity. 2) Occasionally a chromophilous
spherule was found in the nuclear cavity at prophase I. 3) The nuclear membrane was

clearly visible even at metaphase.

Key Index Words: culture; cytology; Dictyotales; Dictyota dichotoma ; Spatoglos-

sum pacificum.

Hiroshi Yabu, Masahiro Notoya and Kiyoshi Sugimoto, Leboratory of Merine
Botany, Faculty of Fisheries, Hokkaido University, Hakodate, Hokkeido, 041

Japan.

7 3 v 7+ (Dictyota dichotome (HuDsoN) La-
MOUROUX) DWW T Bk M Tixd < 2»%H THURET
(1855), WiLLiams (1897 a, b, 1898, 1903, 1904 a,
b, 1905) MoTTiER (1900), WENDEROTH (1933),
ScHREIBER (1935) %z X b BRIFELTThh, WM
SlaTh R BEOEEBREHR, RTFORE,
HEVEEABCOVTH LI BEER T2, &0
7 1 v /B ETdbEES, SHfRicE S ¥ TH
Aifg & KFEOTRBRCE»HKICHT TIHER
Bohas, BFEESBRTEORNELAT, $iZE
Bz oL TOHRELEN (1903) AT 0 £
OB RR Lichb D &, Ak (1966) 2 UMT
BMAYREL, TOERBCOVTHRELLID2
BInDBITTEC,

—%, AUL7 s rvBRBT A==V 7y (Spe-
toglossum pacificum YENDO) (119024E YENDO #3Z
NEFEE LTRER LR, HHREBME IR E R
TWBH, RIEHERENB LRI,

FITEELIRECETAT I /v aev s
FOmSITFEEEL, TOREFTOVTEHELH
BTwicde s, MEELRAPED LD LIfiREDOR
BHPBLZENTEL, X, KEEXTSTELT
BELLT I 7405 oS FEBL->TS
S F oMY R L, 707+ TIRERF
DRFGLT, 2z v/ TR FEL LW BT 6
DITFHRES TRACOVWTL - EDORERT-
oo

HHEEFE

HEE LCHEB LT $ 271219795 8 A11A,
a2 v /31979108 18V Th L BTN O
BIRTRE LI RTFHTH 5,

7 i/ oNSTFRETFHER LLCRE
10,15,20,25°C, MEE% 500, 1000, 2000, 4000, 8000
lux, Y12k R8I0, 1265RIBEIY TL0 A fss &%
FTotods R, B 20°C, BES: 2000 lux & 4000
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Figs. 1-8. Dictyota dichotome Lamouroux. 1-4. Tetraspore germling in culture: 1.
Part of a male gametophyte bearing fully matured antheridial sori in 30 day culture; 2.
Part of a matured male gemetophyte bearing young antheridial sori in 35 day culture;
3. Part of a female gametophyte bearing eggs in 10 day culture; 4. Part of a female
gametophyte bearing eggs and young sporophytes. developed from the eggs, in 45 day
culture; 5-7. Nuclear divisions in tetraspore germlings: 5. Side view of metaphase in a
cell of germling in 35 day culture; 6. Metaphase (arrow) in a cell of germling in 35
day culture; 7. Metaphase (arrows) in the cells of antheridia of male gametophyte in
35 day culture; 8. Cross section of a female gametophyte collected at Zenigamezawa in
Hakodate on Avgust 11, 1979. Fig. 4 scale to right of Figs. 1-3. Fig. 7 scale to right
of Figs. 5-6.
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lux CHEBRENBEN DT, 7IiCr4dbazy
ZHIRE DR ORE & RETHEE Ui, BRI
modified Grund medium (McLAcCHLAN 1973) %
Ay, —BE—E, KoLBrikLi,

7 327 O R F R TR OB F BG4
Bifge 73~ (1:3) OWCAZL, B~
FE YY) vefiKs w5 —A# (WiTTMANN 1965) ©
R Ll 22V 7 TIRRBE LY ETFEO—T
YHEK (1929) OB (2%+ A3 v afpsTce, 2%
7 » aff - T0cc, XKEERE « 2.5¢cc, #IK » 30ce) &k
A=) v 3: 1 OFETCHEAENCREELE CEE
L, #5974 VERR XY EX 8 DY ZEHL, ~
AF v VR~ V2 ) VORE LT,

HELHER
. 7344

HEER: BB BRTFRLI AR ES-
10mm & igotehl, Z0EEZAE @10%) o
FRAE RN ST HENE DA THERE AR X hic (Figs.
1-4) , HEMEG TIAEOPRRIAE & Y KBS AT D,
BRBEIER IR TL 5, MG TIRERSIIDH
EFomE L LTRbI5H, 0 4-5 BRI L
7o88 (R 65-70 pm) AiEH Shic, IURAUAE -
oidn b otk ey 1 BT OPEY » — VB LA
TRTEEL, BOBARECOVWTERERXT-%, =
DB EITITINIFEF LT 2-3 BARO KT e 51 RF
#5-8EROLBRGEIBRAELT, TOX FHITLT S,
FRLCPERCATL, IoRFRIFGLALE
EEBEIED, LaL, EEEPHERLLVEILEE
THrELBE IR, POREHIT1 r AR
Ftk (EH10mm) Lich, ZoMrbERmEAH
FREET D ERRONUSIATH» B My TR
OB ERILD, TRTOEMN 1 7 ABITITERE
LT RBME (R 9mm) Licd, = Ok
HEIOHEINIAGI1 ¥ ARCEORE LY
SRaTH (RS 10mm) AEBLRL,

BHE: moyRFRle 3 BE CHEH 6 mmic
FELcbDS5HEEE, TOBEIC 2BHE > B+
DOHAEBEI0ELEE, R L TR R BE TR
th D RIRAHE DD T B #Fng (Figs.
5,6) AELRH, ZTOHNERT, Rty
B BrBIIAVE LI RBZ ENTEI -1,
D550 3EDETIREhEN25,27, 290 e fkE
FRDI, HERBETIEERRNTY BR (Fig.
7) REFBEBECTELN I TH 25-30 ORpaEH

NELRI,

RATHRE LMk : BETRARTLONNES A
UARRELLT s 27y 2 IRECHELZVEEL
Tk 25, #9300 DA aTF4cE - T 3 i
Otk thx B Uiz, = OROmSITFHEILEE 3-5
cm THAELTEKY, 6 UEHcEdemsy
lF& (BEH 10cm) X0 it/hEl, —kiyc ke
LTHRBMLIbD LB, 3 EEOMEM&ITS
hbGRH 10cm THEMBEFEHELIZE L AES
NS RTH L LESE1 B, Fig.812%h
L OMEMAED 5 B 1 BEOEKE 2R,

2. aELHY

HEHR: Figs. 9-11 3yl FowBRE s
T, EORT (R 70-94 pm, Fi5 86.5 pm) 352
FPAMHK 3 7 ABICE M Lom, 1 2.5mm &R
L, ZORE10% D RSFEEITHEN: UM O LTI BT
DB Roht, BEETERE OMBREBILT 3
CIYDFELE—FKT BN, BTERRIES T vy
+EhiEkE, HEMRE (Fig. 12) 1 33EREOH
RIS hihsd, BT 5L\ FRELEIC
BELTS B X5 ics, 98 (Fig. 13) OB D
bR Thb# 2 BHEEICIE (R 74-84 pm, F3580.3
pm) M SR, BIBOHBAIE- IEND D
MEVEG A DB R LTIl R Bl SR B &, COXRTH
BIEREETH L BADI BIZT 179D
BE L ARCHTE Lic, ZREININSIRFORFDS
ALABORERTR, $94 ¥ BEIZGE 1-2cm,
18 3-5mm L hENRRFEEE L, < OEIX
FORENED LR B L 5Lt~ T, EYIRTFREL
FGOTHMOFHFOFANCEDLIB L 5Tk, K
ORI I TL %,

#HE: boRBMlar My FRERMEL LY,
ARG ETOECHSRTERXE TS, oy
AFEIZTOKE ST LABCEIAEL LD,
Ry 25 pm Tig o MBS W R BRIA T 5, B
A O DIT IR EARIBEADO—BIREEL (Fig.
14), &\ THED T #ifEioRIR & e TERIED D
PR TR L oD, AU OTD TI#H20% D
BactaFic X< fux % “chromophilous spherule”
(Figs. 14,16) 2%, #10% OEMCIEECELTY
VARD ST R E s EnAbh s, AE 1E
THBELNFHIC2f (Fig. 16) ##E T 5, B #H
il BT EE T EoMEAIHRCEE T
% (Fig. 17), A EOF A0 FIT DN E
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Figs. 9-18. Splzldglossum pecificum Yendo.
Liberated tetraspore ; 11. Tetraspore germ-

ling in 4 day culture; 12. Part of male gametophyte bearing anthridia in 95 day culture;
13. Part of female gametophyte bearing eggs in 120 day culture. 14-18. Nuclear divisions
in the tetrasporangia; 14-16. Early prophase. Chromophilous spherule in Figs. 14 and 16
and crescent lens body in Fig. 15 are indicated by arrow; 17. Side view of metaphase I:
18. Metaphase II (arrows). Fig. 13 scale to right of Figs. 9-12. Fig. 17 scale to right

9-13. Tetraspore germling in culture: 9.
10. Tetraspore germling in one day culture:

of Figs. 14-16.
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DHDNRECHRDIIKEDHAD LD bHh B,
2HHTIIMEL 8-10pum Lich, H1HBOKE
DIXRI D /N E T B, 52 DEEKR X MIaNC 4 1%
ARSI hicth, MR, U4 onTFrmFk
k3,

£ ®

BBDOZEL S ETIRT ¢ v 7Tkl (1907)
DEMEE A, fik (1966) AHEMEfA A ECa LTV 545,
2E VI TR RIRE SR Ty, K%Y
TORBLTRERRARNRETT i vrvbazey
7 MEOMERBEXET B L, 7o
74 T3y 300 EE oM TR U - T 3EED
PR R R & TE A, LAL, 22V /4T
BEBHIRET L TER, -1,

T I/ RHEYONSRTORBRIBE £ T
Conx (1865), REINKE (1878), THURET and
BorNET (1878), WiLLiams (1904), PeIRCE and
(1905), CarRTER (1927), RoBiNsoN
(1932), IxoH (1936), Fa#k « JEHF (1966) i X b 1T
bhlchvuTFhd ZoBEIREEcE EED, X
TEEERRERIC L - TR S T,

SEEELDIT-IHERTIE, Tivrvlazsy
7k E SIS Ra T RIFEEDKL0% H B U Tk
DEMBIE & 7e» oo T U THEMMA B Shiciis
BELLLIAS, TXTHSBTHRCREL, 712
I TCIRH27yAT, 22 v /v TR Y ATHE
HEFEREIEDENTEL, 737y TREIC2

RaxpoLpH

r ARBERE T\ 2 HROEFER L BFA, ZOf

BhbAhd ET 7L HEBENKERNE  THREE
HOBEICHA ORI TIMEREORBE2FE
L, Bo4 r Bfro@Eiik o 2 o4 iFk s 8
DIRERTWBAREEA DB D EHEIND,

7 327 OR AR OV TERBRIC RN E O #HR
< MoTTieEr (1900) & WiLLiams (1904) A
hd n=16, KMEOHETH (1958) & KUMAGAE,
InoH and NisHiBAYAsHI (1960) »v»Fh $ n=32
ERELT 5, AWRTHEET I v 7/y0OlES
AT EFHOMIEA & B A DEFHOMA TR Y
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Imazu, T. 1981. The succession of phytoplankton communities in the Sara-ike irrigation
pond in the Akashi District of Hyogo Prefecture. Jap. J. Phycol. 29: 135-141.

The present study deals with the annual changes in phytoplankton communities in the
Sara-ike irrigation pond which lies in the western area of Akashi City in Hyogo Prefecture.
The collections and investigations were carried out a total of six times, in the years 1959,
1960, 1964, 1967, 1973 and 1977.

The total number of phytoplankton species in each year fluctuates narrowly between
42 and 47. However, the number of desmids dropped sharply from 27 forms in 1959 to 10
forms in 1977. The number of Chlorophycean taxa excluding desmids, increased, though
the total number of Chlorophycean taxa decreased. Year by year, the number of Cyano-
phyceae increased, as did the Euglenophyceae and the Bacillariophyceae. Those species
which appeared or disappeared in each year are listed. '

In 1967 there was a great change in the species composition, with many species disap-
pearing, and new ones taking their place. New taxa in 1967 totaled 16 forms and those
which disappeared totaled 14 forms. The change in the number of taxa showed a close
correlation with the degree of eutrophication of the ponds. The period of species change
coincided with a new housing development being constructed near the ponds. The number of
species which continuously appeared during the period from 1959 to 1977 were 12. Those
species appeared to tolerate the increased water pollution.

The process of phytoplankton succession is summarized as follows. Over time we
observed the gradual decrease of desmids, the gradual increase of Chlorophyceae, excluding
desmids, and the gradual increase of Cyanophyceae and Bacillariophyceae, though the total
number of algal species at any one period was almost invariable.

Both simple and compound quotients of the pond were calculated for each pericd when
collections were carried out. These calculated values show the clear progress cf the
eutrophication of the Sara-ike pond.

Key Index Words: eutrophication; phytoplankton community; succession.
Tatuo Imazu, Himzji-higashi Senior High School, Himeji-shi, Hyogo-ken, 670
Japan.
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Fig. 1.
in the western area of Akashi-Shi.
ike B: Hasu-ike C: Akasakahokubu-ike D:
Nagaikehokuto-ike E: Juichigo-ike F: Shimo-
machi-ike G: Naka-ike H: Katabuchi-ike 1I:
Yasojima-ike J: Shimo-ike K': Nishiwakinanbu-
ike L: Sara-ike M: Shindenhokusei-ike.

Map showing the distribution of ponds
A : Kotorikui-

Table 2. Number of phytoplankton

Table 1. Water quality in each year in Sara-
ike pond.

Year pH D.0(%) Water color*
1959 6.2 137 7
1960 6.0 138 7
1964 6.2 127 8
1967 5.8 115 9
1973 5.6 108 9
1977 5.4 120 8
Mean 5.9 124 8

*Number of Forel’s water color standard.

EhED, BTt 27 —»—€ No. 25075 ¥
s viy PERLED, KEOLIEIERELHHE
I Uty BRI 3~5 %R <Y v TEELL, #
#FIEA L LTI, pH, B, BHHEEHRE K& (71
LA BKEED) oftic KEBTEES O ST R ST,
19594 DIIERAT LI = o S HE LT D R
e 2wy , bFAHL, e A BT AT
AH LTI, 1964 RERICIITh b O e &
AHBLIZ U, 1967TECITRERT E 7, 19735
EE e o MELEE ot KEIL Table 1 1R
T L baEmEk: (pH 5.4~6.2) Thbh, BHEEFAR
IIREHTL08~138% HR Lic, T, KEBIRKT7 xV
Ak No. 7~No. 9 O TREREXZLP

species in all ponds surveyed (A—M).

Ponds surveyed Chlorophyceae Total
Cyano-  Chryso- Dino- Eugleno- Bacillario- Desmids excl.
phyceae phyceae phyceae phyceae phyceae Desmids

A. Kotorikui-ike 1 0 0 3 4 4 7 19
B. Hasu-ike 1 0 0 1 3 1 5 11
C. Akasakahokubu-ike 1 0 1 0 2 0 1 5
D. Nagaikehokuto-ike 1 0 0 0 5 0 1 7
E. Juichigo-ike 2 0 0 0 8 0 1 11
F. Shimonomachi-ike 0 0 0 0 2 0 2 4
G. Naka-ike 1 0 0 1 6 5 6 19
H. Katabuchi-ike 0 0 0 0 4 0 1 5
I. Yasojima-ike 1 0 0 0 5 1 3 10
J . Shimo-ike 0 0 0 0 2 0 2 4
K. Nishiwakinanbu-ike 0 0 0 0 3 0 0 3
L. Sara-ike 3 1 0 1 5 27 7 44
M. Shindenhokusei-ike 2 0 1 1 3 0 1 8




W75 v 7 b vOBER 137

50

/\/-\Tﬂa'
401

30 \/\
Chlorophyceae

@
o
o
)
o
a {inc.Desmigs )
-]
5 20r
-]
5
z Chiorophyceae
+ lesc), Desmids)
10 Desmids
Bacillariophyceael
/\/'/\‘ Cyanophyceae
P Y
o srresrersiilhog, Pnleggphceae

™ Chrysophceae |

1959 1960 1964 1967 1973 1977

Years

Fig. 2. Changes in number of species which
appeared in Sara-ike pond, from 1959 to 1977.
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Table 3. Abundancy of ghytoplankton in Sara-ike pond
Abundancy ) Abundancy
Species §—§ § g g g Species % § § g g g
— — - — i — ~— — — — — —
CYANOPHYCEAE Bulbochaete sp. 2 2 1
Gloeotrichia echinulata 1 2 2 Coelastrum microporum 2 1 2
Lyngbya dignetii 3 1 1 Scenedesmus gracile 2 3 3
Oscillatoria tenuis 2 1 2 2 S. quadricauda 2 3 3
Gloeocapsa aeruginosa 1 1 2 1 2 Ankistrodesmus falcatus 2 2
Anabaena affinis 2 1 1 Kirchneriella lunaris 2 2
Chroococcus limneticus 2 2 1 Gloeocystis gigas 2 2
Microcystis aeruginosa 2 4 2 Volvox globator 4 2 2
Aphanocapsa grevillei 2 2 Zygnema sp. 2 2 2
CHRYSOPHYCEAE DESMIDIACEAE
Dinobryon divergens 2 1 1 Closterium cornu 2 1 2 1
DINOPHYCEAE C. dianae 1 2 2 2 2 1
Ceratium hirundinella 1 C. dianae var. minus 1 1
EUGLENOPHYCEAE C. parvulum 1 2 2 1
Phacus curvicauda 1 1 2 2 C. toxon 1 2 2 1 1
P. orbicularis 1 2 Cosmarium amoenum 1
P. pleuronectis 1 1 1 1 C. binum 2 2 1
Euglena deses 2 C. circulare 3 3 1
BACILLARIOPHYCEAE C. contractum 2
Cymbella gracillis 2 2 2 1 2 1 C. contractum
C. constrictum 1 var. ellipsoideum 2 2 2
C. lanceolata 1 1 1 C. furcatospermum 2 3
C. tumida 1 2 2 2 C. jenneri 1 1
Fragilaria construens 2 1 1 1 2 2 C. lundellii 1 1
Frustulia romboides 2 1 1 C. pachydermum 2 2
Gomphonema angustatum 1 1 2 2 2 C. sublatere-undatum 2 2 1 2
G. constrictum 1 1 2 1 C. subortogonum 2 2 1 1 2
Eunotia lunaris 1 1 Euastrum ansatum 2 2 2 1
E. pectinals 1 1 E. bidentatum 1
Melosira varians 2 2 2 3 E. glaberrimum 1
Navicula cryptocephala 1 Hyalotheca indica 3 3 3 1 2 2
N. exigua 1 1 1 H, dissiliens 3
N. placentula Micrasterias alata 2 2 1 2 2
Surirella robusta 1 1 1 1 M. crux-melitensis 1 1 1
Tabellaria fenestrata 1 1 1 M. foliacea 2 1 1
CHLOROPHYCEAE M. lux 2 1
Golenkinia radiata 2 1 1 2 2 1 M. mahabuleshwarensis 2 2 2
Oedogonium sp. 2 2 2 2 2 2 M. pinnatifida 2 2 2 2 1 1
Spirogyra sp. 2 2 1 2 2 2 Netrium digitus
Pediastrum araneosum 1 1 1 Nval'- naegelii 2 1 2 1 1 1
. digitus
£ boryanum 2 lozozoz MAERL L
P. duplex Pieurotaenium nodosum 2 2 1 1 1 1
var. clathratum 1 1 2 1 Staurdstrum gracile 2
P. tetras 2 2 2 2 S. iotanum 1 2 1
P. tetras var. tetraodon 2 2 1 S. johnsonii 2 1
S. paradoxum 1

Note: Numerical figures mean the abundancy of the appearance

(1:rare,

2: few,

3: common,

4 : abundant,

5: extremely abundant)



Table 4. Comparison of newly appeared species with that of disappeared species.

1960 1964

1967

1973 1977

Species appeared

Cyanophyceae

Euglenophyceae
Dinophyceae
Bacillariophyceae

Chlorophyceae

Desmidiaceae

Gloeocapsa aeruginosa Anabaena affinis

Phacus orbicularis Phacus pleuronectes
Ceratium hirundinella
Cymbella tumida Merosira varians
Gomphonema angustatum Navicula exigua
Eunotia lunaris Surirella robusta

Eunotia pectinalis
Pediastrum tetras

Staurastrum paradoxum Closterium dianae
Cosmarium jenneri
C. lundelli

Total 7 Total 10

Chroococcus limneticus
Microcystis aerginosa
Lyngbya diguetii

Phacus curvicauda

Tabellaria fenestrata

Volvox globator
Bulbochaete sp.
Coelastrum microporum
Scenedesmus gracile
S. quadricauda
Cosmarium circulare
C. contractum
Euastrum ansatum
Micrasterias alata
M. foliaceae
Zygnema sp.

Total 16

Aphanocapsa grevillel
Oscillatoria tenuis

Euglena deses

Eunotia lunaris Cymbella constrictum
E. pectinalis
N. placentula

Gloeocystis gigas
Ankistrodesmus falcatus
Kirchneriella lunaris

Cosmarium amoenum
C. contractum

C. sublater-undatum
C. subortogonium
Hyalotheca dissiliens

Cosmarium toxon
Euastrum ansatum

Total 12 Total 6

Navicula cryptocephala

Species disappeared

Cyanophyceae

Chrysophyceae
Euglenophyceae
Dinophyceae
Bacillariophyceae

Chlorophyceae
Desmidiaceae

Lyngbya diguetti
Oscillatoria tenuis

Phacus curvicauda

Eunotia lunaris

Cosmarium circulare
C. contractum

C. furcatospermum
C. pachydermum

C. subratere-undatum
Euastrum ansatum
Micrasterias alata
M. foliacea

M. lux

Staurastrum johosonii
S. paradoxium

Euastrum bidentatum
E. glaberrium
Staurastrum gracile

Total 4 Total 14

Gloeotrichia echinulata

Dinobryon divergens
Phacus orbicularis
Ceratium hirundinella
Cymbella lanceolata
Eunotia pectinalis
Frustulia rhomboides
Pediastrum araneosum
Cosmarium binum

C. Subortogonium

Micrasterias cruxmelitensis

M. mahabuleshwarensis
Netrium digitus (Ehrb.)
Staurastrum iotanum

Total 14

Lyngbya diguetii Anabaena affinis

Gomphonema constrictum Eunotia lunaris

E. pectinalis
Navicula exigua
Pediastrum tetra
Cosmarium amoenum
Hyalotheca dissiliens

Pediastrum duplex
Closterium cornu
C. dianae Ehrb,
C. parvulum

C. toxon

C. circulare

C. cotractum

C. jenneri

C. lundellii
Euastrum ansatum
Micrasterias foliacea

Total 13 Total 7
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Table 5. Changes in dominant genera of Sara-ike pond from 1959 to 1977.

Year 1959 1960 1964 1967 1973 1977
Dominant genera Cosmarium Cosmarium  Pediastrum  Volvox Microcystis  Scenedesmus
Micrasterias Closterium  Closterium  Pediastrum  Scendesmus®  Melosira

Table 6. Values of éimple quotient and compound quotient of Sara-ike pond from 1959 to 1977.

1959

196

0 1964 1967 1973 1977

Simple quotient

.0
1.3\27/, 1.3\25

25 30 27 24
, 1.5\17/, 1.9\16/ 2 5\11/ 9 4\10

R

o (#), .43
Compound quotient 1.4\27 , 1.5 25

3L 55 35 32
, 1.8\17/, 3.4\16/ 3 2\11/ 3 9\10
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&F %: C.WRIGHT REDRAAK#E Laminaria saccharina | L. japonica TH3
Takashi KANEKO : HARVEY’s Laminaria saccharina collected by C. WRIGHT from Japan is

L. japonica

BB ERRATEMTY > 4, y12v7
v —+— (Simon Fraser) K% L. DRUEHL #i%
Lt s 77 +=2v 7 Laminaria saccharing f.
linearis J. AGARDH sensu ToKIDA #RE L, A
BARET S & ##E L7 (DRUEHL and KANEKO
1973), L» L, *o#% C. WRiGHT »' North Pa-
cific Exploring Expedition (1853-56) m&iz HAT
HELLBEEAR DO P HARVEY L -T L.
saccharina (L.) LAMOUROUX & [RI%E & t-iEAD
H5o k% Dawson (1959) il -THRE I hic
HARVEY OXREOFERF “Willlam H. HARVEY’s
report on the marine algae of the United States
North Pacific Exploring Expedition of 1853-1856”
THloto ZOWMXD p. 11 KIFAOFELLT,
L. saccharina (Lx.) J. Ag. Sp. Alg. 1. p. 132.
Harv. Phyc. Brit. t. Turn. Hist. t. 163. Hakodadi,
Japan. Three varieties are in the Herbarium.
DEBVEH B, b LIDRENRELTHIE, FEELD
W& L b BN, T dbfgEs s L. saccharina
FREIhTWBZLichd, ¥inz LizxBEoy
MOES D b BKREVCER L L eDD T, FERLYE
OEELIVWEER ST W o, 197841 Smithonian
Institution # 3, EHZXREAED L. sac-
charina, 7 o7 0Oz C. WRIGHT DRz X % 3
EOREXYROTH LI, KOBFTLH HEALE
Hd TRE Lice £ 0%, D Dr. J. Norris
OEIFETEALZMBIBL, FLIBETHIELLE
1D T, ZOEEERE LIV,

3EEOEEEAD S b, 2MHEEIELIETHS
A 1 EFRREC—BIETTH D, HiEAHUL No.
01476 & No. 01477 o 2z o2 h, BiZOSHTIT
1{EfE, BBORINCIL 2EGDOERNLY, Lbic
7 <zt U.S. North Pacific Exploring Expedi-
tion under Commanders RINGGOLD and RoDGERs,
1853-56. Laminaria saccharina, C. WRIGHT coll.
Japan. LEHRTW B, Ficific No. 01476 pfigze

#iciz~ v&# &, Hakodadi Bay, dredged by Mr.
SHIMPSON & H 5,

No. 01476 DA LizAabh b X 5124k T,
¥EMLEX 5em, 1§ 4cm, 2FIOESROMME
BT5, EMIEX6.0mm, TRIZ LOmmizEL
o, ZRMCHRBERE T 5, BIXMETIL, HEH
Ko RERIEMD DB - &, LA LEREST
WBE s b L. saccharing %, FF iav7 L.
cichorioides DI\ AT 5 25, Efc ke
HETAHZENLRIHBE LR, HIT 5 HEMA
WIRERFOZENLHELLX Fl & h B (MiYABE
1902), EMcHEEELX Lo &, HEMIEMEE
ThHaHZE, b v 7 BEDISFCITEELI R
BIhDENBVIERERTD L, AEAkEk~a
v 7 Laminaria japonica ARESHOUG Dk & [F%E
T5HMRRWEBbh 5, No. 01477 oEHKED 2 E
oEx (Fig. 2) ©5%, 1EATIERDOEX62.5
cm, 18 7.5cm, EHiZE X 2.5cm, R 3.4mmx
5.0mm T, RIZEHOELAS 1.5cm DLz A
L#TIT 5, EFTIBEOL L HREE BEIRS
(Fig. 3), f> 1 fEfkixK & 30cm, g 6.5cm DI
MoOZDOERTHS (Fig. 2), ZDEAO—HrY)
Wb, WARKCRLICEZ A, EHOET 9.0cm 12
A0, 18 3.Tem hble b Wb eh#Hf vy,
FHEHHSERC DD EEI22/5 Th B, EIEDE
T HPHE T 1530 pm, BFTHT 510 pm TH B,

BED X5 C. WRIGHT 12X > TH# # X h,
HARVEY {2 X » T L. saccharina L RE I hi-EA
1%, Mivase (1902) 3 X O+ (1936) o L. ja-
ponice DFEWE, FIVPIVEERFE, 2IF—FK
3%, No. 01477 o iEAK iz Hakodadi & DERBHR
Bz g\ hi No. 01476 LR UBPT CHEE IR b D
EBbhB, LBEERED 2 v T BEGDO DD E
2Th, ZhbofEk% L. jeponica ARESCHOUG
LRAELTE L2 2V EBbh3,

HarRVEY (Dawson 1959) 1z k kit “Three varie-
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o8 naTioHAL WUBEUM

R13xov2 Co WRIGHT (2 » CTltimtin b s iz Laminerie seccherine (L.)
No. 01476 of4 (A # —A OEfLL cm), K 2% No. 01477 o

Lamouroux. [ 1%
4

™o

100 pm
"

K 3. No. 01477 DR D%}
(mc) %3,

TW\ h“’l“-’l |[| ) 4‘[5(»’11_

ties are in the herbarium” *#% 22 #idors
z 7 Xzt Leminarie seccherine r Upsicl
three vareties % {FizoL. 'f!:%\)TFD}’E* 5,
e RZEHIC BT 2 M E O FEREAY T
FEEEIC Te b i & D (BURROWS 1964 ; CHAPMAN
1975) 2ip B0, TRk EECH - TRES

1

T% 2o

Bh ) ICHAELEAOMERS T LI L o% %
& Btz Smithonian Institution @ Dr. J. Norris
CEHOBEEL T T,
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Burrows, E. M. 1964. An experimental assess-
ment of some of the characters used for
specific delimitation in the genus Lemincria.
J. mar. biol. Ass. U.K. 44: 137-143.

Cuapman, A.R.O. 1975. Inheritance of mucilage
canals in Lamincric (section Simplices) in
Eastern Canada. Br. phycol. J. 10: 219-223.

Dawsoxn, E. (ed.) 1959. William H. HARVEY’s
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report on the marine algae of the United MivaBe, K. 1902. On the Laminariaceae of
State North Pacific Exploring Expedition of Hokkaido. J. Sapporo Agri. Coll. 1: 1-50.
1853-1856. Pac. Nat. 1(5) : 3-40. Rk &AES 1936 HA#EEE. NHEEBE, X

DrRUEHL, L. and T. KANEKO, 1973. On Leminaria
saccharina from Hokkaido. Bot. Mag. Tokyo. (046 Jtife B TR ERSTINT b 238, 7 g K EE R
86 : 323-326. )
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Cox, E.R. (ed): Phytoflagellates. Developments in Marine Biology. Volume 2. ix+474 pp. Elsevier/
North-Holland. New York, Amsterdam, Oxford. 3¥ffi#y ¥16,400

fRED Cox o X, 1978FIcy g —o 7 KETHEI R T 24 ¥ 7 EE%¥ 40 Annual meeting
I3\ T, “Phytoflagellates: Form and Function” &\~5 7 —~D v v #o v ahifflnh, COEERESL
e TRBFROBENTTHORICE VI S ETHD, Tihbb, P vRAL Y ATILETOEERNEH
xhhotel &, BECHITIYRD b, +oRB R TE Loz L, FLTARIRI D, EEEHOWELE
BEELPWFEORIC L > TTTHORTWBRDIE, hbd EMECHT 2 PFRRI0L S T S F 5
HZoBLTRRIATED, —fic, HROBRETH/CIBET I LAEBETHELOENRKEL, C0k
5 IR EITHT oI, PIROBREIMEYBECER VRAALBEYE 2 H L HREIhicL V5, £ L
T, YYHESTATEN A—TERD S LERERMIF> TS AREELF S HREZ L L THLIH> LT
SBRICDNREETH S,

HRCBZBLTARDE, SHHCBEALEERES AV IHMAERO BEALTRTABEIRTVE &,
LObBEHOBELZIVCTHIBEE B TEELTOAMRETHDZ L3 b, MEI BTV B L5,
Bmic o hE TABCEM L B i ot LW B, REDEND S  RTHEIC BT 5B % ik
BRI S B ENE L, EREREHEMCE VAT TV-58Y), iz Bourrelly o “Les algues d’eau
douce”, & %\ ik Fott ® “Algenkunde” 7c & DT <hcBYTL, ZHECERL TV BHMEDORKEY 74 » —F
DRIESLTLLTA TR ofc, TR LT, ABRIAZHOEROMEECHEHEELRET 5o &0t
TELINTOABTEL > THY, TOHETHROZBRIAE LV 25, AETHO LTV 5 Bl LEE
EHIFHEUTOL > THAH: BfiflniE (C.A. Lembi), k& (R.W. Hoham), 73~/ 3 (R.E. Norris),
Hihmg®E (R.C. Starr), 1 FY 4o (P.L. Walne), ¥& &% (R.N. Pienaar), ##&% (D.]. Hibberd)
~7 +# (D.]. Hibberd), HIFMR&A#E (D.]. Hibberd), HRMEHE (S.D. Van Valkenburg), 574 FiE

(P. Heywood), 7 9V 7 +#% (E. Gantt), {B#iE% (K. Steinger and E.R. Cox).

EFEONBRIBHTEMHFNTH D, ThThOBEREOLTOWEROFERIEANA IR TV 3, REZDR LI
IoT, BRI hCEHEL DY, HROBREMIMCEL TV HL0R, HXELTOREDSI LD
BMESELETHEY, VThRLTHAYKENINTH Y, £<0RLAEFEOEFEMEY A HESLYE
U RRFHT R ORRPECEMMR LFHMCBN LIRS L itoTR Y, FThthbic FULTHEORH
RMUBRTWD, ZDIHIE, ThhbFOEIRSVTH— —BEERMB LB LS, LhELER L -
TiL, ZOEOBEHL L TRRLERI DV EbH-T, ﬁzotmmLk<hE%&me&korubo
D X5 IeBEwiE, Pz, H.C. Bold and M. J. Wynne (1978) o “Introduction to the algae”, (Rrentxce-
Hall, New Jersey) % Van den Hoek (1978) “Algen” (Einfihrung.in. die Phykologie, Geor’g Thleme
Verlag, Stuttgart) 7z& 03 < htﬁﬂ@’(b%@gﬂ)iﬁfﬂ%%ﬁtkhfb HFESIEI VLS k!@)’\h‘%b

K%uﬁLé%ﬁ%ﬁH@%@t&bxéoﬁﬁﬁkﬁbﬂo(b6&ﬁk¥?%ﬁﬁ%¥ﬂéht%1m&
ek n St IE, BBV, FHOME k%@énfu5M%§L%?éﬁ1®ﬁﬁoﬂﬁkt?ﬁét
DHFE I EPMHB L RD T LEIL, CHETEOL S BBHUCETHB O hoietiic, LuLF
BlELienrins LBbRE, £h, REILEOFHLATL VBRELTIAXBRL AR LLDOTH B, Kb,
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% { OFEIZIx, Needed Research LW S HAMNKRBIFETOHNTHR D, WROZIILEL TH S 5 HFREIZDOW
TOREHREIRTWTEERLBEEAD,

HE, BEFEMBCIPBEEOMRIELIERL, —BEScme T, MBRSH Loy cEScET
HHMAEESOMBIAER IR TE L, ABORBOETIE, ThUMOECLSWLWTERIATLB LA AE
HCowTOIDL 5 HMRKECT, BEROHEILIDI > ME#EDL > T oh, FEHIEVCEDX
5 BAHIT H B & Vo o Bk B A IO \WT, HEERORBE V> E T, K.D. Stewart and K. Mattox
CIBHRMABHEIRTWS, 07—k, WEECELT, KEOWELESHY R LD RF L v 5 HE
ColkiBL0THY, BE, ZO0BOEEZLYPOLCEREMENBEIATWI5TF L 550T, #ik-
FHEVS L 5T —~REBLOD B ECI—FHOMELND S L Bbhb,

BREEOERTOWTHhD &, ABIL 21 7HRITH B7dh, —FHRFID, —FEIE iV
RERELD : A4 EIL> (B2 p. 15 ©16-1717, p. 137 DI5-16DMDITIR1THT, p. 137 D327 HILE
DTHB)o FEIRTIRETELZRIFE LIV, (G )

10 ™ 11 ™ V11 ™ V™™ 1 ™ 1 ™ 1 ™ 111 ™ 111 ™ 1 1) ™ 1]} ™ 1) ™ ) et ™ ] el ™ 1) el ™ 4§ el ™ V1 el ™

®BH4&Aa e E R ERAAL 060 ALRAFREIL4TEE HRALIESERN
FrsEEL LRk &4t 085-04 by P 5L A B ST - SR i
HHEEFRBREGRSE 160 HRHHEREE 1-29-8 MAEAARELEC LA
BB T LR S BAKERRE 100 FRBTREXAFE 1-6-1 AFEH L
L+EREREREBRBASESS 108 MR SR 2-16-5
K. K. G5 REEEFRN - K B 3B 173 FrEiRsR A LT 32-17
BRLSH REFEMEE 113 ERECHE AL 5-25-18 '
BRE&d Y 7 4 b AHBIRAT 189 REEEII T AR 1769
WA EWER 143 HERBAHKKRE 5-2-12
I RS 150 FHREBAE KA E T 1-21-9
Bl R AL d BEBER 214 16T 4 BEX 4 [ 8580-61
kEED 410-21 &5 R 7 ARIELET 9 B RT 227-1
SREREHERBREPE L v 5 — 40 BiFHEHIT 69-6
HipEERR &L 742-15 10 RARERLH T ERT R EF 962-1
HR&H verps 260 FEMEH 1-12-9-103
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—BHFOFR R ALK, £, J.A. WesT & (»
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