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Epilithic freshwater diatoms in Jakarta,

Surabaya and Singapore

Michiaki SuMIiTA and Toshiharu WATANABE

SUuMITA, M. and WATANABE, T. 1979. Epilithic freshwater diatoms in Jakarta, Surabaya

and Singapore. Jap. J. Phycol. 27: 1-6.

The nine samples of epilithic algae were collected from inland water in Jakarta and

Surabaya, Indonesia and in Singapore in February, 1974. The present report deals with

the epilithic diatoms in the collections done at nine stations, among which stations 1-6

were lentic environments and stations 7-9 were lotic environments. The authors have

made some investigations from ecological view point on the diatom floras at nine samp-

ling stations.

Michiaki Sumita, Terai Senior High School, Terai, Ishikawa Prefecture, 923 Japan;
Toshiharu Watanabe, Biological Institute, Faculty of Science, Nara Women’s Uni-

versity, Kita-uoya-nishimachi, Nara, 630 Japan.

One of authors, Sumita, had an oppor-
tunity to make collections at several inland
waters in Jakarta and Surabaya, Indonesia
and in Singapore during the period from
5th to 15th, February, 1974. The collec-
tions of epilithic algae were made at nine
stations at a reservoir, ponds and streams :
one in Singapore, six in Jakarta and its
surburbs, two in Surabaya. In the present
report, the authors have made some inves-
tigations from ecological view point on the
diatom flora at nine sampling stations.

Stations and methods

The materials treated in this paper were
collected from lentic environments (Stations
1-6) and lotic environments (Stations 7-9).
The location and characteristic features of
sampling stations are as follows :

A. Lentic environments (Stations 1-6)
Station 1. Seletar Reservoir. It lies 9.2km
north of the city of Singapore. The sample
was collected at the lakeside near the con-
trol tower.

Station 2. A pond of Keban Bintang (Sura-
baya Zoo) in Surabaya. The pond is roughly
elliptical, being about 150 m in its major

diameter.

Station 3. A drainage from station 2. It
is about 2m wide. When the collection
was made, it had little water and larvae of
Chironomus were found abundantly on the
muddy bed.

Station 4. An artificial pond of concrete
in southern intersection of Jalan Husmi
Tharin, Jakarta. The pond water was clear
and many floating macrophytes, like water
lilies, were found.

Station 5. A paddy field of Lebak Bulus. It
lies 15 km south of Jakarta. The irrigation
water is supplied from a river near by.
Station 6. A pond in the Lalarn Park, the
southeastern suburbs of Jakarta. Itis about
150 m long and 120 m wide. Many water
plants were seen along the coast.

B. Lotic environments (Stations 7-9)

Station 7. A creek in the Bogor Tropical
Botanic Garden situated 60 km south of the
city of Jakarta. The width of the creek is
about 3 m.
Station 8. A stream in the Jalan Prot Muh
of Jakarta, about 5m wide. Both of the
banks are built of stone, and the bed of
the stream is gravelled. Outlets of domes-
tic sewages were seen here and there.
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Table 1. Water temperature at each

Table 2. Genera and number of taxa

station belonging to each genus
Station Date Water te:nperature Genus Nux:;k;czr of
9
1 m-7 28.5 Melosira 4
2 m-12 29.5 Cyclotella 2
3 m-12 30.2 Fragilaria 2
4 m-14 30.0 Synedra 4
5 m-15 25.6 Eunotia 5
6 m-15 25.3 Cocconeis 3
7 - 8 29.2 Achnanthes 6
8 m-14 30.2 Frustulia 1
9 m-15 25.3 Gyrosigma 2
Neidium 4
Station 9. A river in Lebak Bulus situated Diploneis 1
15 km south of Jakarta. Its width is about Stauroneis 2
4m. It is used for the irrigation of station Anomoeoneis 1
5. The river water was reddish brown, rich Navicula 2
in humus. Caloneis 2
The water temperature observed at each . .

station is as shown in Table 1. At the Pinnularia 6
stations 1, 3, 5, 6, 7, 8 and 9, the epilithic Amphora 8
algae were collected from flat upper sur- Cymbella 6
faces of stones about 20 to 40cm deep in Gomphonema 9
the water. At the stations 2 and 4, the Rhopalodia 1
materials were collected from surfaces of Hantzschia 3
submerged stalks and leaves of water plants. Nitzschia 16
The materials were treated by TSuMURA’s Surirella 4

method. .

Results

In nine samples collected in 1974, a total
of 109 diatom taxa from 23 genera were
found. The numbers of taxa belonging to
the genera are shown in Table 2.

The identification of each species is based
on the literature given after the name.

In Tables 3 and 4, the relative frequencies
of principal species are shown: Those of
lentic environments in Table 3, those of
lotic environments in Table 4. The follow-
ing taxa are common in the lentic environ-
ments (Table 3). These taxa are: Melosira
granulata (EHR.) RALFs (Stations 1, 2, 3, 5),
Navicula cryptocephala var. veneta (KiTz.)
GRUN. (Stations 1, 2, 3, 5) and Nitzschia
palea (Kttz.) W. SMITH (Stations 2, 3, 4, 5).

In Table 3 Cymbella affinis KiiTz. which
drew our attention because of the high
relative frequency. On the other hand,
other taxa do not exceed 23% in relative
frequency.

In the lotic environments, widely distrib-
uted taxa are Eunotia lunaris (EHR.) GRUN.,
Navicula pupula Kitz., Pinnularia braunii
var. amphicephala (A. MaYER) HusT., Gom-
phonema grunowii var. grunowii, Nitzschia
amphibia GRUN. and Nitzschia palea (KiTz.)
W. SMiTH. The abundant taxa occuring in
the materials are as follows: Navicula
cryptocephala var. veneta (37.8% at Station
9), Nitzschia palea (36.4% at Station 8),
Gomphonema grunowii var. grunowii (22.6%
at Station 7) and Achnanthes linearis (16.1%
at Station 9).
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Table 3. Principal diatom taxa and their relative frequencies
in lentic environments

Station
Taxon
1 2 3 4 5 6

Melosira granulata 16.0 9.5 30 53
M. distans var. alpigena 3.6
Cyclotella stelligera 20.4 22
C. Meneghiniana + 3.0
Synedra rumpens 44
S. rumpens var. familiaris 38
S. ulna + + 45 338
Cocconeis placentula var. lineata 8.8
Achnanthes exigua + 2.0
A. linearis 2.7
Neidium gracile 24
Navicula confervacea 10.5 +
N. cryptocephala 31 + 6.5
N. cryptocephala var. veneta 6.0 82 5.6 438
N. halophila var. tenuirostris 24
N. laterostrata 46
N. mutica 2.2 +
N. notha 29
N. pupula 31 41 +
N. pygmaea 123
Caloneis bacillum + 25
Pinnularia braunii var. amphicephala 2.0 + +
P. microstauron 29
Amphora fontinalis + 6.1
Cymbella affinis 32.0 55.3 + 66.9
C. thienemanni 221
C. sinuata 36
C. turgidula + + 44
Gomphonema grunowii var. grunowii + 3.6 2.8 53
G. angustatum var. producta + + 33 + 22
G. gracile + 39
G. gracile var. lanceolata + 24
G. parvulum 2.2 43 +
Rhopalodia gibberula 30 38
Nitzschia amphibia + 16.4 + 33 +
N. commuta 46
N. fonticola var. genuina 8.7
N. frustulum 7.3 +
N. frustulum var. perpusilla 22
N. gracilis 41
N. Lorenziana var. subtilis 38
N. obtusa 3.7 3.0 +
N. palea 2.7 138 + 179
N. tryblionella var. levidensis 35

Number of taxa observed 20 42 37 11 \ 51 \ 12
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Table 4. Principal diatom taxa and their
relative frequencies in lotic en-
vironments

Station
Taxon 7 8 9
Melosira granulata + | 96
Synedra rumpens 2.6
S. ulna + 28
Eunotia lunaris 40 3.2

Cocconeis placentula var. lineata| 2.6

Achnanthes linearis 16.1
Gyrosigma scalpoides 6.4
Navicula contenta var. parallela| 8.0

N. cryptocephala 4.0

N. cryptocephala var. veneta 38.7
N. pupula 6.6 (102
Caloneis bacillum 2.6
Pinnularia borealis 9.6

P. braunii var. amphicephala 53| 28

Amphora fontinalis 26| +

Cymbella affinis 40| +

Gomphonema grunowii var. 26| 46| +
grunowii

G. angustatum var. producta 15.8

G. gracile 2.6

G. tenerrimum 2.6

G. longiceps var. subclavata 40

Hantzschia amphioxys 84

Nitzschia amphibia 80| 65

N. palea 26364 32

N. thermalis 46

Stenopterbia arctica 64

Number of taxa observed 27 |16 |11

Discussion and Conclusion

Epilithic algae were collected at nine sta-
tions of inland water in Jakarta, Surabaya
and Singapore. From these materials, dia-
toms of 23 genera and 109 taxa were iden-
tified in the present study.

Among these taxa, Achnanathes crennlata
GrunN. (Fig. 2) occurred in the material from
lotic station 8. HusTEDT (1937-1939) de-
scribed that it is widely distributed in tro-
pical Asia and in Australia. Furthermore

FoGED recorded it from Thailand (1971) and
Srilanka (1976). From upper facts, it seems
to be tropical species. However, as it has
been often recorded from some rivers in
Japan (WATANABE 1957), it may be quite all
right to consider to be widespread forms in
anywhere, not only in the tropics but also
in the temperate zone.

Cymbella thienemanni Husrt. (Fig. 6) was
abunduntly found in the present material
of station 4 where is lentic environment.
HusTeDT (1937-1939) cites the original pub-
lication for the species name from taxono-
mical investigation to materials collecting
from waterfall in Java. The taxon resem-
bles to Cymbella ruttneri HUsT. in the valve
shape, however, the present taxon can be
distinguished from Cymbella ruttneri in
that the last few striae toward ends become
slightly convergent or parallel in the pre-
sent taxon.

Gomphonema tenerrimum Hust. (Fig. 8)
occurred in the present material of lotic
station 7 was nomenculated by HusTEDT
(1937-1939). The striae of this taxon is
strongly radiate and without isolated pun-
ctum. FoGED (1971) recorded it from Thai-
land.

From the relative frequencies of all taxa
at each station, SHANNON’s diversity index
of the diatom community of each station
was calculated by the following equation :

H=—2XY(Ni/N)log.(Ni/N)

Table 5. SHANNON’s diversity index of the
epilithic diatom communities at
each station

Station Diversity index

1 2.0
2 3.0
Lentic 3 3.1
environments 4 14
5 49
6 1.3
7 29

Loti
otie 8 2.2
environments 9 19
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where H is the SHANNON’s diversity index,
N is the total number of individuals of
diatom at each station, N: is the number
of individuals of the taxon 2.

Table 5 indicates SHANNON’s diversity in-
dex at each station. In the lentic environ-
ments, the numbers of taxon occurring in
stations 1, 4 and 6 were small and few taxa
were to be found very dominant, while at
stations 2, 3 and 5, the numbers of taxon
were comparatively large and dominancy
of limited taxon was not so remarkable
(Table 3). Accordingly, the SHANNON’s di-
versity indexes were obviously small in the
former stations (Table 5).

Cymbella affinis is clearly dominant in
the lentic environments, showing the high-
est frequency at station 1 (32.0%), station
4 (55.3%) and station 6 (66.9%).

The diatom community of station 5 where
the number of diatom taxon is the most
abundant and the value of SHANNON’s index
is accordingly the largest among nine sam-
ples, is an example of the paddy field dis-
tributed widely in Java Inland.
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Fig. 1. Cyclotella stelligera CLEVE et GRUN. Fig. 2. Achnanthes crenulata GRUN.
Fig. 3. Neidium gracile Hust. Fig. 4. Neidium gracile HUsT. {. aequalis HUST.
Fig. 5. Amphora fontinalis HUST. Fig. 6. Cymbella affinis KUtz. Fig. 7. Cymbella
thienemanni HUST. Fig. 8. Gomphonema grunowii PATR. var. grunowii Fig. 9.
Gomphonema tenerrimum HUST. Fig. 10. Nitzschia amphibia GRUN. a genuina
MAYER. Fig. 11. Nitzschia amphibia GRUN. [ acutiuscula GRUN. Fig. 12. Nitzschia
palea (KUTz.) W. SMITH.
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Life history of Pseudobryopsis sp.*
(Codiales, Chlorophyta)**

Kazuo Okupa, Sachito ENomoTO and
Masakazu TATEWAKI

OkupaA, K, ENOMOTO, S. and TATEWAKI, M. 1979.
(Codiales, Chlorophyta). Jap. J. Phycol. 27: 7-16.
Pseudobryopsis sp. from Amami Oshima, Japan, was found to have a heteromorphic

Life history of Pscudobryopsis sp.

biphasic life history in culture. Macrothallic gametophytes are monoecious and generally

male and female gametangia on different ramelli. Sexual reproduction is anisogamous.
Zygotes germinate into creeping filamentous microthalli with irregular and constricted
The microthalli mature holocarpically and produce many stephanokont zooids,

but these zooids are morphologically different from those of Bryopsis and Derbesia. The

branches.

Both macrothalli and microthalli grow well and mature at
18-26°C under either long or short day conditions.

zooids develop into macrothalli.
The macrothallic plant is multinucleate
and coenocytic, and the nuclei are small and appear to distribute at the same level as the
chloroplasts. The vegetative microthallus is uninucleate, and this single nucleus becomes

gigantic. In both phases, cell walls appear to lack cellulose.

Kazuo Okuda and Masakazu Tatewaki, the Institute of Algological Research, Faculty
of Science, Hokkaido University, Muroran, Hokkaido, 051 Japan ; Sachito Enomoto,
Iwaya Marine Biological Station, Faculty of Science, Kobe University, Iwaya, Hyogo-

Ken, 656-24 Japan.

The Bryopsidaceae includes two genera:
Bryopsis and Pseudobryopsis. Recent life
history studies on several species of Bry-
opsis have reported different life history
patterns in different species: heteromor-
phic biphasic life history in B. plumosa
(RIETEMA 1969, 1970, 1975; TATEWAKI 1973),
in B. monoica and B. hypnoides (RIETEMA
1971, 1975), in B. maxima and B. ryukyu-
ensis (TATEWAKI 1973, 1977), and in B. lyng-
byei (KORNMANN und SAHLING 1976); hetero-
morphic monophasic in B. hypnoides (BAR-
TLETT and SouTH 1973); monophasic in B.
hypnoides (NEUMANN 1969 ; RIETEMA 1971,

1975) and in B. plumosa (RIETEMA 1969,
1970, 1975) ; and heteromorphic biphasic (di-
plohaplontic) but with no diminutive micro-
thallic phase in Bryopsidella neglecta (for-
merly Bryopsis halymeniae, HUSTEDE 1960,
1964 ; RIETEMA 1972, 1975). From these
investigations, two plants of the same spe-
cies, B. plumosa and B. hypnoides, were
found to have different types of the life
histories depending.on their different habi-
tats.

In contrast, in the genus Pseudobryopsis,
only BErTHOLD (1880, in OLTMANNs 1922)
observed conjugation of biflagellate aniso-

* TAYLOR (1962) pointed out that the genus Trichosolen MONTAGNE (1860) has priority over Pseu-
dobryopsis BERTHOLD (1904) and proposed that the alternative to conservation is to transfer the
hitherto described species of Pseudobryopsis to Trichosolen. In this paper, however, Pseudobryopsis
is used as the genus name because it is well-known and currently in use.

** Dedicated to Dr. L. PROVASOLI on the occasion of his official academic retirement with sincere

wishes for continued scholarly productivity.
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gametes in P. myura from Naples in the
Mediterranean region and NEUMANN (1970)
reported in the same species that germlings
develop into uninucleate protonemata, al-
though he observed neither sexual nor
asexual reproduction. According to NEU-
MANN, the protonema is lobed and irregu-
larly branched, and may produce upright
pinnate thalli directly in the same way as
Bryopsis hypnoides from Helgoland.

We have observed the lifehistory of
Pseudobryopsis sp. from Amami Oshima,
Japan in laboratory culture, and report for
the first time the complete life history of
a species of Pseudobryopsis.

Material and Methods

Thalli of Pseudobryopsis were collected
at Ayamaru Point near Ushuku (28° 28'N;
129° 43’E), Amami Oshima, Japan on June
2, 1977 (by ENomoTO). Only one tuft of
plants was found in a water-filled depres-
sion in the rocks near low tide level.

The plants were taken to the Iwaya
Marine Biological Station, Kobe University,
on June 5 and maintained in a diluted PES
medium at 25-30°C. Original stock cul-
tures were started from excised apices of
main axes 5-10mm in length and grown
in screw-cap test tubes (18 mm X135 mm)
containing 10 m/ medium. Sterile apical
parts were employed as the inoculum.
Clone-culture plants were taken to the
laboratory at Muroran on November 10.
Small branched apices 2-3 mm in length
were excised and rinsed several times in-
side a sterile 0.5-1.0% seawater-agar plate
to establish unialgal cultures. The apices
were first cultured in screw-cap test tubes
containing 10 m/ medium. Some of the
cultures grown unialgally were transferred
into petri-dishes (65mm X80 mm) containing

about 180 m! medium. PES culture medium
(PrRovasoLr 1968) was used, and it was
changed every 15-20 days. In this experi-
ment, nine incubators equipped with cool
white 40 W fluorescent lamps (ca. 2000-
3000 lux) were employed under the follow-
ing temperature-photoperiod regimes: 10°C-
14 hr (No. 1), 10°C-10 hr (No.2), 14°C-14 hr
(No. 3), 14°C-10 hr (No. 4), 18°C-14 hr (No.
5), 18°C-10 hr (No. 6), 22°C-14 hr (No. 7),
22°C-10 hr (No. 8), and 26°C-14 hr (No. 9).

For cytological observations whole
plants or fragments in various stages of
development were fixed in acetic alcohol
(1:38), and were stained with acetocarmine
or iron-haematoxylin. Also chlor-zinc-
iodine and Congo red were used for staining
the cell walls of the culture material to
determine whether or not the cell walls
contained cellulose.

Result

Cultures started from 2-3 mm long apical
fragments grew rapidly in incubator No. 7
and in a month attained heights of 3-10cm
and 150-280 #m in diameter in the middle
part of the main axis. Such plants reached
reproductive maturity within a few days
after transfer into fresh medium in incu-
bators No. 7-9. Formation of gametangia
occurred on older ramelli on the lower part
of the plant and spread gradually upward.
Gametangia were initiated only adaxially on
the proximal part of each ramellus (Fig. 1),
and they gradually swelled and developed
into mature gametangia (Fig. 4). The ma-
ture gametangia were often asymmetrical,
ovate or obovate, and measured 88-(120)-
136 #m long and 80~(91)-112 ym wide. Each
gametangium was pedicellate with a plug
separating it from the ramellus. A papilla
was produced at the distal end of the game-

Fig. 1. Gametangia borne near the proximal end of each ramellus. Fig. 2. Male gametangia.
Fig. 3. Female gametangium. Fig. 4. Adaxial initiation of gametangia. Figs. 5-6. Liberation of

gametes, male (A) and female (B).

Fig. 7. Female gametes. Fig. 8. Male gametes. Fig. 9. Plano-

zygote. Fig. 10. Settled zygote. Fig. 11. Germination of a zygote in 3-day-old culture. Fig. 12.
Microthallus in 1-month-old culture. Fig. 13. A part of a microthallus showing constrictions.
Scale: (Fig. 1)=1mm, (Figs. 2-6)=100 #m, (Figs. 7-9)=20 #m, (Figs. 10-11)=10 #m, (Figs. 12)=200

pm, (Fig. 13)=50 #m.
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tangium, and the gametes tended to mass
toward the papilla (Fig. 2). The mass of
male gametes (male gametangium, Fig. 2)
appeared yellowish brown in color, while
the female gametangium (Fig. 3) was dark
green or brownish green. The plants were
monoecious, and each fertile ramellus bore
1-3 or more gametangia, generally either
all male or all female.

Discharge of the gametes was light-trig-
gered and occurred at the onset of the light
period. A mass of gametes was squeezed
out through an ostiole in the papilla (Fig.
5). This discharge ceased completely when
the plant was moved to a dark place. The

male gametes usually remained massed near
the papilla for about 1 minute and then
swam away (Fig. 6 A), while the female
gametes remained densely aggregated and
wriggled around the tip of the gametan-
gium (Fig. 6 B). The male gametes swam
vigorously for 5-10min., whereas the female
swam slowly but had a longer period of
motility (2-4 hr) than the male. The male
gametes were much smaller than the fe-
male, 4-(4.8)-6X1.2-(2.1)-3.2 #m as compared
to 10.5-(12.1-14X 4~(4.2)-4.6 pm. The male
gametes were biflagellate (ca. 14.2 #m long),
elongated pear-shaped or fusiform and had
a degenerated chloroplast, or sometimes
none, and lacked an eyespot (Fig. 8). The
female gametes were also biflagellate (ca.
19.5 #m long), pear-shaped or elongate pear-
shaped but had a distinct chloroplast with
an eyespot (Fig. 7). Sexual reproduction
was anisogamous. Conjugation followed
between the male gametes and the female
ones around the female gametangium, and
each pair freely swam away and fused to
form a planozygote (Fig. 9). The male
gametes did not have a clearly recognizable
phototaxis, but both the female gametes
and the planozygotes showed positive pho-

totaxis for a while. Unfused gametes never
developed parthenogenetically.

The planozygotes swam for a few hours
before settling on the substratum. Settled
zygotes became spherical (Fig. 10), and in
3-6 days they began to germinate (Fig. 11).
After about 3 weeks, germlings appeared
as creeping filaments which were irregu-
larly branched, swollen, curved and con-
stricted in places (Figs. 12 and 13). These
unicellular microthalli increased in length
but not much in diameter and by about 50
days had attained a length of 3-5 mm but
were only 20-50 #m in diameter. Chloro-
plasts were irregularly shaped measuring
2-6 #m wide and did not contain pyrenoids
(Fig. 22). The 50-day-old microthalli reached
reproductive maturity within 5 days after
changing the medium, even in the same
incubators (No. 7-9). Some microthalli di-
vided their contents holocarpically into
many tear-shaped zooids (Fig. 14). The
zooids were usually discharged through a
rent which opened at one of the terminal
ends of the filament, but some zooids re-
mained inside the filament as aplanospores.
The zooids of this species were stephano-
kont, but differed morphologically from
those of other species of Bryopsis and other
Derbesiaceae. The zooids measured 16-22
X10-15 #m, with a long tail posteriorly (ca.
7-10 ym long) and a small constricted ring
of 8-20 or more flagella (10-15 #m long)
anteriorly (Fig. 15). The zooids had a num-
ber of evenly distributed chloroplasts but
no recognizable eyespot, and they were not
clearly phototactic.

After swarming sluggishly with a spiral
rotation for a while, the zooids settled on
the substratum, became spherical (20-30 #m
diam.), and formed a wall (Fig. 17). Within
4-5 days, the settled zooids began to ger-
minate and developed into erect filaments

Fig. 14. Formation of zooids in the microthallus. Fig. 15. Stephanokont zooids. Fig. 16.
Liberation of zooids. Fig. 17. Settled zooids. Fig. 18. Germination of a zooid. Fig. 19. Apical
part of the erect macrothallus producing lateral branches (ramelli), one-week old. Fig. 20.
Macrothalli. Fig. 21. Chloroplasts of a macrothallus. Fig. 22. Chloroplasts of a microthallus.
Scale: (Figs. 14, 17 and 18)=50 #m, (Fig. 15)=20 #m, (Figs. 16 and 19)=200 #m, (Fig. 20)=1 cm,

(Figs. 21-22)=10 pm.
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(Fig. 18). These germlings rapidly devel-
oped an upright axis which showed a dis-
tinctly positive phototropism. In incubators
No. 7-9, one-week-old cultures had erect
axes 2.5-3mm high and about 50 gm in
diam. These axes produced lateral ramelli
distally (Fig. 19), thereby developing into
a new Pseudobryopsis plant (Fig. 20).

The basal part of the germlings produced
a prostrate rhizoidal system which was an
irregularly ramified stolon. The prostrate
system later sent out many new erect fila-
ments, each of which developed into a Pseu-
dobryopsis plant (Fig. 20). Thus 20-50 Pseu-
dobryopsis thalli developed from a single
germling. After about one month incuba-
tion, the plants attained heights of 3-10 cm
and reached reproductive maturity pro-
ducing biflagellate anisogametes. In some
macrothalli the erect axes became ramified.
Chloroplasts were flat discs or spindle-
shaped discs without pyrenoids, measuring
1-5X1-3 ym (Fig. 21).

Both macrothalli and microthalli grew
better in incubators No. 5-9 than in No.

3-4. None survived in No. 1-2. About
one-month-old macrothalli had the ability
to mature in incubators No. 5-9 within 5
days either by changing the medium or by
removing the cultures from lower temper-
ature conditions to higher temperature con-
ditions, for instance, as from incubator No.
5 to incubators No. 7 or No. 9. The ini-
tiation of gametangia could be induced in
incubators No. 3-4, but the gametangia did
not attain reproductive maturity. Micro-
thalli also became fertile in incubators No.
5-9 by changing the medium, but they did
not reach reproductive maturity in incu-
bators No. 3-4.

The vegetative macrothallus was a multi-
nucleate cell, or coenocyte. Interphase
(resting) nuclei in the vegetative macro-
thallus were all of about the same size (2—
3 ¢#m in diameter) and contained a single
nucleolus. They were more easily visible
at the apices of ramelli (Fig. 23). These
nuclei were distributed rather evenly at
the same level as the chloroplasts and were
sometimes observed adhering closely to the

Fig. 23. Nuclei at an apical part of a ramellus. Fig. 24. Giant nucleus in about
2-month-old microthallus. Fig. 25. Nuclei in the main axis of a macrothallus, show-
ing occurrence at the same level as the chloroplasts. Fig. 26. Nucleus in each zygote,
a day after liberation. Scale: (Figs. 23, 25 and 26)=10 #m, (Fig. 24)=20 zm.
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chloroplasts (Fig. 25). On the other hand,
the germlings derived from zygotes devel-
oped into mononucleate microthalli. The
nuclear diameter increased and in a 50-day-
old microthallus it had attained a diameter
of about 16-20 #m. Such a giant nucleus
was usually spherical or somewhat elon-
gated and contained a big nucleolus (7-9
#m in diam.) which stained deeply with
iron-haematoxylin (Fig. 24).

Staining reaction of the cell walls was
examined in both macrothallic and micro-
thallic plants. Cell walls stained negatively
with chlor-zinc-iodine and Congo red, indi-
cating a lack of cellulose.

Discussion

As noted in the introduction, the life
history of the genus Bryopsis has been
investigated by several authors in different
localities. Heteromorphic biphasic, hetero-
morphic monophasic and monophasic life
history patterns were found, and in the
widely distributed species B. plumosa and
B. hypnoides different types of the life
history patterns were found according to
different habitats

In contrast, in the genus Pseudobryopsis,
only NEUMANN (1970) has reported on cy-
tological observations in the life history of
P. myura from Naples. According to him,
the formation of specialized gametangia is
induced by refreshment of the medium,
and germlings, probably derived from zy-
gotes, develop into uninucleate branched
protonemata, each of which directly pro-
duces erect pinnate thalli after transition
to the multinucleate stage. His results are
quite similar to that of Bryopsis hypnoides
from Helgoland.

In our Pseudobryopsis sp. from Amami
Oshima, a gametophytic phase is a multi-
nucleate macrothallus and a sporophytic
phase is a much reduced uninucleate micro-
thallus which has a single gigantic nucleus.
This cytological evidence quite agrees with
that of P. myura described by NEUMANN.
OQur species, however, has heteromorphic

biphasic life history in which the macro-
thallus producing biflagellate anisogametes
alternates with a microthallus producing
stephanokont zooids, but it never develops
directly into a macrothallic gametophyte.

From this, it suggests that some species
of this genus may, like Bryopsis, have sev-
eral different types of life history patterns.

The Pseudobryopsis sp. examined here
differs in several important characteristics
from the Bryopsis species.

In macrothallic gametophytes, gameto-
genesis in Pseudobryopsis occurs in special-
ized gametangia on pinnae (ramelli) rather
than in direct transformation of vegetative
pinnae as in Bryopsis. The presence of
this specialized gametangium is one of re-
asons for the separation of Pseudobryopsis
from the genus Bryopsis. The microthallic
sporophytes are prostrate and irregularly
branched, resembling those of Bryopsis, but
the branched filaments are more slender
and are considerably constricted in places.
Furthermore, the stephanokont zooids are
tear-shaped or ovoid provided with a long
tail posteriorly, in contrast to those of
Bryopsis and other Derbesiaceae (Derbesia
or Bryopsidella) hitherto known.

RIETEMA pointed out an important differ-
ence in the cell wall constituents between
the gametophytic phase and the sporo-
phytic phase in all species of Bryopsis and
the Derbesiaceae investigated by him: the
cell wall of the gametophyte stains posi-
tively with Congo red and chlor-zinc-iodine
because it contains cellulose, whereas the
cell wall of the sporophyte does not stain
and apparently lacks cellulose. In Pseu-
dobryopsis myura, however, the cell walls
of both macro- and microthallic phases are
obtained negative reaction with these two
stains (RIETEMA, unpublished data). Further-
more, HuiziNg and RIETEMA (1975) clearly
confirm the above mentioned results by an
infrared spectrum analysis and thin layer
chromatography. According to them, the
cell walls of gametophytic phases of Bry-
opsis and Derbesia contain a xylan and cel-
lulose as the main constituents and those
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of their sporophytic phases contain mainly
mannan, but in Pseudobryopsis myura the
cell walls of the both macro- and micro-
thallic phases contain mainly mannan. In
fact, in all our species of Bryopsis investi-
gated previously (B. plumosa, B. maxima
and B. ryukyuensis), the cell wall of the
gametophytic phase (macrothallus) stains a
deep violet with chlor-zinc-iodine and red
with Congo red, but the cell wall of the
sporophytic phase (microthallus) does not,
while in Pseudobryopsis sp. the cell walls
of the both phases do not and apparently
lack cellulose. The present results quite
agree with RIETEMA’s opinion.

According to Burr and WEsT (1970) wor-
king on Bryopsis hypnoides with the elec-
tron microscope, in mature parts of the
macrothallus the cytoplasm is divided into
two layers : the outer layer adjacent to the
cell wall contains most of the organelles
including the nuclei, whereas the inner
layer next to the vacuole contains only
chloroplasts with polypyramidal pyrenoids.
RieTEMA (1975) also reported this fact in
all his species investigated except for the
sporophyte of Bryosidella neglecta. In the
present species the cytoplasm of the macro-
thallus is apparently not divided into two
layers between the cell wall and the vacu-
ole, and the nuclei intermingle in the same
level as the chloroplasts or actually attach
to the chloroplasts. Pyrenoids are not ob-
served in the chloroplasts at any stage.
These features differ from those of Bry-
opsis and rather resemble those of the
sporophytes of Bryopsidella neglecta as de-
scribed by RIETEMA (1975).

The influences of temperatures and day-
length on growth and reproduction in both
phases of the present species were investi-
gated and compared with Bryopsis ryukyu-
ensis. In B. ryukyuensis from Ushuku,
Amami Oshima, which is an almost iden-
tical habitat to the one where the present
species was collected, the macrothalli grow
well under 18-26°C in long-day conditions
but not under short-day conditions, where-
as the microthalli experience a dormancy

under long-day conditions and sporogenesis
occurs only during short days at 22-23°C
or more (TATEwWAKI 1977).

In the present species, the macrothalli
grow well at 18-26°C under both long-day
and short-day conditions, and gametogene-
sis occurs under the same conditions. The
microthalli also grow well and sporogenesis
occurs at 18-26°C under both long-day and
short-day conditions. The dormancy period
is shorter and it is broken more easily than
that of B. ryukyuensis. In this experiment
refreshment of the medium or transfer from
lower to higher temperatures can induce
gametogenesis and sporogenesis, and it
seems that these treatments are one of
the important factors causing the change
from the sterile to fertile stage. Therefore,
Pseudobryopsis sp. is expected to grow abun-
dantly in the vicinity of Amami Oshima
throughout the year because the water
temperature of this area ranges between
18°C and 28°C and the day-length appears
not to be an important factor for the
growth or reproduction of either phase.
Furthermore, since fragments of macro-
thalli develop into new macrothalli so easi-
ly in laboratory culture, and its stolon is
able to issue so many plants, one would
expect to find many Pseudobryopsis plants
in the field. However, the plants are found
only rarely at Amami Oshima, while B.
ryukyuensis grows abundantly during its
favorable season (May-July)!

Under our culture conditions, the plants
appear morphologically similar to the ori-
ginal plants from nature. Unfortunately,
however, we did not have the preserved
collections from nature, so the species
could not be clearly compared.

In general, the species of Pseudobryopsis
have been classified on the basis of dimen-
sions of gametangia; location of gametan-
gia; morphology of gametangia; whether
pedicellate or sessile ; size, shape and rami-
fication of main axis and lateral ramelli;
whether the base of the ramellus is swol-
len; shape, size and dimension of chloro-
plasts; and presence or absence of pyre-
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noids in the chloroplasts. Results from the
present culture experiments from genera-
tion to generation under various conditions
show that ovate to obovate pedicellate
gametangia are produced on the lower half
of each ramellus. The dimensions of the
gametangia are within a constant range, and
chloroplasts never have pyrenoids. How-
ever, length and diameter of axes and
ramelli, shape of ramelli, shape of the
base of the ramelli, number of gametangia
on a ramellus, and pattern of ramification
vary depending on culture conditions. Ac-
cording to the constant characters obtained
in culture, the present species from Amami
Oshima fits most closely that of Pseu-
dobryopsis oahuensis described by EGEROD
(1952). OcaTa (1956) reported P. hainanen-
sis TSENG, 1936, from Takarazima of Tokara
Islands in southern Japan, but it is quite
different from the present species.
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Addendum
KoBarAa and CHIHARA (1978 a, b) have quite recently reported on the taxonomy and
life history of Pseudobryopsis hainanensis TsSENG. Their results and our results were

both first reported at the 43rd Annual Meeting of the Botanical Society of Japan,
Chiba, Sept. 1978.

KOBARA, T. and CHIHARA, M. 1978a. On the taxonomy and sexual reproduction of the siphonous
green alga Psexdobryopsis hainanensis TSENG. ]. Jap. Bot. 53: 341-352.

KoBARA, T. aad CHIHARA, M. 1978b. On the life history of Pseudobryopsis hainanensis (Chloro-
phyceae). J. Jap. Bot. 53: 353-360.
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Cytological observations on Ptilota pectinata (GUNN.)
KjELM. and Pt. pectinata f. litoralis KJELLM.
(Ceramiales, Rhodophyta)

Hiroshi YaBu

YaABU, H. 1979. Cytological observations on Ptilota pectinata (GUNN.) KJELLM. and Pt
pectinata 1. litoralis KJELLM. (Ceramiales, Rhodophyta). Jap. J. Phycol. 27: 17-24.

Two species of Ptilota, viz., Pt. pectinata KJELLM. and P:. pectinata {. litoralis collected
from Hakodate and Usujiri, Hokkaido, have been studied cytologically. The first meiotic
division in the tetrasporangium showed to have chromosomes of n=ca 34 in Pt pectinata
and n=ca 32 in Pt pectinata {. iitoralis. Among those chromosomes, the largest in mid-
diakinesis comes to take O-shape in Pr. pectinata and 8-shape in Pt. pectinata {. litoralis. On
the basis of the chromosome count in the cells leading to the formation of spermatium and
carpospore, together with in the germlings from tetraspore and carpospore, Ptilota pectinata
{. litoralis was indicated to be haploid in gametophyte and diploid in tetrasporophyte.

Hiroshi Yabu, Faculty of Fisheries, Hokkaido University, Hakodate, 040 Japan.

The red algae, Ptilota pectinata (GUNN.)
KjJELLM. and its forma, Pt pectinata f. li-
toralis KjELLM., which have been reported
to occur along the coast of Hokkaido (Oka-
MURA 1907; Yamapa & Tanaka 1944 ;
TokipA & Masaki 1959) are very com-
mon during spring and summer at Hako-
date and its neighbouring Usujiri where
the materials had been collected. So far
as I am aware, the cytological informations
have been lacking for the Ptilota group
(KyLIN 1956), so the present study was
undertaken.

Materials and Method

The materials had been collected from
May to July in the five consecutive years
from 1971 to 1975 at two sites, Hakodate
and Usujiri, in Oshima Province, Hokkaido.
Several times, tetraspores and carpospores
of both species had been discharged and
cultured in SCHREIBER’s solution to see the
mitosis in their germlings. The favourable
dividing nuclei were obtained only in the
germlings of the spores from the thalli of
Pt. pectinata {. litoralis which were col-

lected at Tachimachi-misaki in Hakodate
on May 29, 1974. The materials of the
thalli and the spore germlings were both
fixed in 3 parts absolute alcohol and 1 part
glacial acetic acid and stained with WiTT-
MANN’s technique (WITTMANN 1965).

Results and Discussion

Meiosis in the tetrasporangium of Ptilota
pectinata and Pt. pectinata f. litoralis: The
process of the meiotic division in the tetra-
sporangium of Ptilota pectinata and Pt.
pectinata {. litoralis is quite identical, and it
was very similar to that of Chondria tenuis-
sima recently described by To6zUN (1976).
Sometimes, however, the phase just like the
so-called ‘resting’ or ‘diffuse’ stage which
had been reported in Palmaria palmata
(WEsTBROOK 1928; MAGNE 1964; YaBU,
1971) or Gracilaria foliifera and Gracilaria
sp. (McLACHLAN, et al. 1977), but not so
conspicuous, was visible before diakinesis.

The chromosomes in early diakinesis in
prophase I, come in sight as the tangled
thin threads with several minute knots
(Fig. 1) and they soon change their form
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Table 1. Chromosome number counted at diakinesis and early metaphase
from the nuclei with particularly good chromosome definition in
the first tetrasporogenesis of Ptilota pectinata and Pt pectinata
f. litoralis
Chromosome number 25 26 27 28 29 30 31 32 33 34 35
Number {Pt. pectinata 2 2 8 6 7 8 12 2
t
nuclei Pt. pectinata {. litoralis 1 2 16 3 1

to the distinct outline in small but various
size (Figs. 2-5, 15-17).

The data of the chromosome count in
diakinesis and early metaphase for two
species (Table 1) showed the interesting
feature indicating that the chromosome
number differed between the species and
it was n=ca 34 for Pt. pectinata and n=ca
32 for Pt. pectinata {. litoralis. The largest
chromosome at mid-diakinesis takes O-shape
in Pt. pectinata (Figs. 2-4) and 8-shape in
Pt. pectinata 1. litoralis (Figs. 16-17) and
this was well discriminated at mid-meta-
phase as an extra large chromosome (Fig.
5). At anaphase II, this chromosome of
Pt. pectinata represents the figure of X, of
which one arm is somewhat shorter than
the other one (Fig. 11). In anaphase I &
II, two long trails were seen to be left
behind the chromosome alignment, however,
they were not so evident in P:. pectinata
f. litoralis (Figs. 20-21) as in Pt pectinata
(Fig. 10). Abberant side views of meta-
phase having odd chromosomes were en-
countered in considerably high frequency
in Pt. pectinata (Figs. 6-9), whereas such
views in Pt. pectinata f. litoralis (Figs. 20-
21) were relatively a few. Rarely in Pt
pectinata {. litoralis one lagging chromatid
(Fig. 21) was found at anaphase I & II. In
both species the chromosome which was
moving precociously toward each pole was
occasionally seen in one of the daughter
nuclei at metaphase II (Figs. 12, 22), and
this was visible clearly to be separated
from the chromosome group even in more
advanced stages of later anaphase or early
telophase, too (Figs. 13-14). From the view
of this characteristic feature of its move-
ment, I consider this chromosome to have

close relation to the sex determination.
Mitosis in the cell leading to the forma-
tion of spermatium and carpospore of Pti-
lota pectinata f. litoralis: The dividing
nuclei in male plants were easily obtained
in the materials collected at any time in
the cells leading to spermatium formation
(Figs. 23-24), and the good figures usually
showed 20-30 chromosomes. In female
plants, the dividing nuclei were obtained
not so easily as in males; they were found
only in the materials collected in the middle
of May, 1973 at Tachimachi-misaki. In
those materials mature procarp and that
with the spermatium nucleus through tri-
chogyne (Fig. 25) had met with frequently.
Nevertheless, I failed to observe the fact of
the fertilization of male and female nuclei
within the carpogonium. In the fused cell
together with carpogonium and auxiliary
cell and in the cells of the gonimoblast
arising from the fused cell, 40-60 chromo-
somes were seen occasionally (Figs. 26-27).
Mitosis in the spore germling of Ptilota
pectinata f. litoralis: The tetraspore and
carpospore of Ptilota pectinata f. litoralis
are nearly the same size of ca 36 #m in dia-
meter which in somewhat smaller than
those of Pt. pectinata (average ca 40 #m). In
the same way as was described and figured
by INoH (1947, p. 187-189) on the spore germ-
lings of Pt. pectinata, tetraspore and car-
pospore from Pt pectinata {. litoralis in
culture had developed within two weeks
after liberation into the thalli consisting
of several seriated cells with one or several
long rhizoidal filaments at its base (Fig. 36).
When prophase sets in within one-cell stage
of the development the nucleus increase its
size rapidly until ca 28 #m in diameter, where



the numerous small chromatin granules ap-
pear within the nuclear cavity (Fig. 28).
Soon the thin chromatin threads come to
occupy the whole area of the nucleus. At
late prophase in one or two-cell stage, I
saw ca 30 chromosomes in tetraspore ger-
mlings (Figs. 29, 31-32) and 40-60 chromo-
somes in carpospore germlings (Fig. 36).
In the tetraspore germlings, two chro-
mosomes were somewhat longer than the
others (Figs. 29, 31) and at anaphase they
usually left a little longer trails behind the
groups of chromosomes. As in the case
of anaphase in the tetrasporogenesis, tetra-
spore germling was rarely seen to have
one lagging chromatid still remaining near
the equatorial position at late anaphase
(Fig. 33). When each cell was completely
formed by the acomplishment of the cell
wall, the newly produced nucleus was found
for a while connecting each other through
pit connection of the cell (Fig. 34).

Hanic states (1973, p. 28) in the spore
germling of Chondrus that “—at the four-
cell stage; each cell may contain 2-4 nuclei.”
I (YaBU 1976) saw in Palmaria palmata and
Rhodymenia pertusa that the cell of the
spore germling is essentially uninucleate,
however some cells occasionally come to
have multinuclei. In P. pectinata {. litoralis
the germlings of tetraspore and carpospore,
both have also uninucleate cells, however
very rarely 2-4 nuclei were observed in
only one-cell stage of the development.
Unfortunately I was unable to ascertain
whether each of these nuclei were effective
for the later cell formation or the other
nuclei except one became extinct in a little
while. With the staining of Fe-propionocar-
mine after Feulgen, Hanic (1973) detected
the conspicuous polar body at each end of
the spindles in germling spores of Chon-
drus crispus. 1 tried this double staining
for the tetraspore germlings of P. pecti-
nata {. litoralis, but such a body could not
be noticed in any of the germlings.

The chromosome counts in the spore ger-
mlings together with those in the formation
of reproductive organs in tetrasporophyte

Yabu, H.: Cytological observations on Ptilota 19

and gametophyte described above confirmed
the fact that in Pt pectinata f. litoralis
tetrasporophyte is diploid and gametophyte
is haploid as has been known in many
species of Rhodophyceae since YAMANOUCHI
demonstrated on Polysiphonia violacea (=P.
Aexicaulis) in 1906.

I wish to thank Dr. M. Notova, of the
Faculty of Fisheries, Hokkaido University,
for his kind support in collection of the
materials.
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Explanation of Plates

Figs. 1-9. Various stages of nuclear divisions in the tetrasporangia of Ptilota pectinata (GUNN.)
KJELLM. All X 1,300. 1. Early diakinesis. 2-4. Mid-diakinesis. The largest chromosome taking O-
shape is indicated by arrow. 5. Metaphase. Arrow indicates the extra large chromosome which was
transformed from the O-shaped chromosome appeared at diakinesis. 6-9. Side views with one or
two odd chromosomes at metaphase (Figs. 6-7) and early anaphase (Figs. 8-9).

Figs. 10-14. Various stages of nuclear divisions in the tetrasporangia of Ptilota pectinata (GUNN.)
KJELLM. All X 1,300. 10. Anaphase. 11. Metaphase in the second division. 12. Side view of meta-
phase in the second division. 13-14. Anaphase in the second division. Arrow indicates the chro-
mosome which behaves alone to be separated from the chromosome group.

Figs. 16-27. Various stages of nuclear divisions in the tetrasporangia of Ptilota pectinata f. lito-
ralis KJELLM. Figs. 15-24 & 26-27, X 1,300; Fig. 25 X 130. 15-17. Diakinesis. Arrow in Figs. 16-17
indicates the largest chromosome taking characteristic 8-shape. 18-19. Side views of metaphase with
odd chromosomes. 20. Anaphase in the second division. Arrow indicates one of the faintly stained
a little longer trails leaving behind the chromosome alignment. 21. Anaphase in the second division.
Arrow indicated one lagging chromatid. 22. Metaphase in the second division. 23. Late prophase
(pointed by arrow) in the cell leading to spermatium formation. 24. Liberated spermatium with
chromosomes (pointed by arrow). 25. Mature procarp with male nucleus (pointed by arrow) through
trichogyne. 26. Late prophase of diploid nucleus in the fused cell of carpogonium and auxiliary cell.
27. Interphase or prophase nucleus in the cell of gonimoblast, Chromosomes are seen in the upper-
most and lowermost cell in the figure.

Figs. 28-36. Various nuclear divisions in the spore germlings of Prilota pectinata f. litoralis
KJELLM. Figs. 28-34 & 36, X 1,300; Fig. 35, X 130. 28. Prophase in one-cell stage of tetraspore
germling. 29. Late prophase in one-cell stage of tetraspore germling. Cleavage furrow toward the
cell division already makes appearence faintly in the horizontal plane. Two long chromosomes are
indicated by arrows. 30. Anaphase in one-cell stage of tetraspore germling. The trail leaving from
the chromosome alignment is indicated by arrow. 31-32. Late prophase in two-cell stage of tetra-
spore germlings. In Fig. 31, the long chromosome is indicated by arrow. 33. Late anaphase in two-
cell stage of tetraspore germling. One chromatid (pointed by arrow) is remaining still near the
equatorial position. 34. Interphase nucleus in three-cell stage of tetraspore germling. The nucleus
in each cell is elongated and is connecting through pit connection of the cell. 35. More advanced-
stage than Fig. 34. 36. Metaphase in one-cell stage of carpospore germling. Cleavage furrow toward
the cell division makes appearence already faintly.
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On the structure and reproductive organs of
Halosaccion glandiforme
(GMELIN) RUPRECHT, Rhodophyta*

In Kyu LEE, Valentina F. MAKIENKO
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LEE, I. K, MAKIENKO, V. F. and KUROGI, M. 1979. On the structure and reproductive
organs of Halosaccion glandiforme (GMELIN) RUPRECHT, Rhodophyta. Jap. J. Phycol. 27:
25-30.

The vegetative structure and development of reproductive organs of Halosaccion glan-
diforme, the type species of the genus (type locality : Kamchatka), were investigated with
materials from Kamchatka, Kurile Islands and Aleutian Islands. The species is character-
ized by 1) almost straight and rarely branched cortical cell rows in vegetative thallus,
2) bearing hairs, 3) tetrasporangia with a stalk cell occurring among almost straight sterile
cell rows, 4) the cells divided from superficial cortical cell producing spermatangial mother
cells, and 5) a mother cell producing two spermatangia. Cystocarps are not known.
According to this investigation, H. glandiforme occurs in the Aleutian Islands from
Unalaska to Attu Islands, Kamchatka and Kurile Islands. The ones growing in Pacific
North America are known to be a different taxon.

In Kyu Lee, Department of Botany, Seoul National University, Seoul 151, Korea;
Valentina F. Makienko, Pacific Research Institute of Fisheries and Oceanography
(TINRO), 4 Shevchenko Alley, 690600 Vladivostok, USSR ; Munenao Kurogi, De-
partment of Botany, Faculty of Science, Hokkaido University, Sapporo, 060 Japan.

Halosaccion glandiforme (GMELIN )RUPRE-
CHT, the type species of the genus (type
locality : Kamchatka) was first introduced
by GMELIN (1768) as Ulva glandiformis.
RuprecHT (1851), combining it with the
genus Halosaccion, discussed precisely the
validity of this basionym and the synonyms,
Fucus saccatus sensu TURNER (1819, pl. 241,
figs. a, a, b, ¢, d left only) and Duwmontia
hydrophora PosTELs et RUPRECHT (1840).

In spite of the early description and
wide distribution of this alga, some signifi-
cant taxonomic characters are still obscure.
The nature of spermatangia and cystocarps
are quite unknown up to now. Although
tetrasporangia have been repeatedly re-
ported (TurNEr 1819, RuprecHT 1851,

SPARLING 1961, Guiry 1974), their develop-
ment, which may be one of the important
characters to discern species (LEg, 1977,
1978), is still unclear.

This paper deals with the structure of
the thallus and the development of tetra-
sporangia and spermatangia of H. glan-
diforme. The procarps and cystocarps are
not known as in this genus.

Materials examined

The plants were collected from the Bay
of Kronotskiy, Kamchatka on July-August,
1970. The materials from Baby Island of
the Aleutian Islands, Alaska, were collected
by the members of the Aleutian Expedition

* Present work was supported partly by a Grant from the Asan Foundation (Korea) 1977, for the

first author.
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of Hokkaido University-1975, on August,

1975. Some other herbarium specimens

from Kamchatka and Kurile Islands were

also examined. Parts of them were pre-
served in the herbaria, Department of

Botany, Faculty of Science, Hokkaido Uni-

versity (SAP) and Faculty of Agriculture,

Hokkaido University (SAPA). They were

summarized as below :

Kamchatka: Ozernaya, July 29, 1930 (by
B. UMENO), 2, sterile plants (SAPA.),
Kronotskiy, July 29, 1970, 3 plants (® &
sterile), Aug. 2, 1970, 2 plants (@), Aug.
4, 1967 (by L.PERESTENKO), 13 plants (ster-
ile), Aug. 1970 (by H. KrLoclova), several
plants (8, @ & sterile).

Aleutian Islands: Baby Isl, Aug. 24, 1975
(by S. Sato & K. UsHuipa), SAP 032370
(@), 032371 (&), 032373-4 (®). Attu Isl,
Aug. 17, 1975 (by N. Masupa), 1 plant
(sterile). Atka Isl., May-June, 1931 (by
Y. KoBavasHI), 5 specimens.

Kurile Islands: Paramushiru Isl., Aug. 8,
1932 (by M. Nacal), several plants. On-
nekotan Isl., Aug. 15, 1935 (by M. NAGAI),
several plants (SAPA, max. 10 cm high,
@ & sterile). Harumukotan Isl., Aug.
16, 1935 (by M. Nagal), several plants
(sterile). Ketoi Isl, Aug. 12, 1935 (by
TATEWAKI & TAKAHASHI), several plants
(®, 8 & sterile). Simushiru Isl, Aug.
22, 1930 (by M. Nagar), several plants (D
& sterile), Aug. 16 & 22, 1967 (by L.
PERESTENKO), 17 plants (®, 8 & sterile).
Uruppu Isl, SAP 021981 and 15149
(except for upper left).

Observation

Vegetative thallus: The plants at hand
are up to 10cm high. They are membra-
naceous, simple and oblong to elongate
elliptical with entire margin. Young thalli
are mostly spatulate or broadly elliptical.
The plant erects one to several fronds from
a small discoid holdfast. The stipe is
scarcely discernible or, if present, very
short. The frond expands cuneately from
the base and is broadly obtuse at apex.

The regeneration of new saccate fronds
from the ruptured margin of old thalli is
not rare. In drying the plant becomes dark
purple and scarcely adheres to paper (Fig.
25).

The mature thallus is composed of corti-
cal and medullary layers (170-200 #m thick)
and central cavity. The cortical layer
comprises three to four celled straight and
rarely divided branches arranged perpen-
dicularly to the outer surface (Fig. 3). The
cells are elongated oblong and densely
pigmented. Secondary pit-connections with
adjacent cells are not seen. The superfi-
cial cortical cells are sometimes spatulate
in form, 4.5-5.5 #m broad and 5-10 #m long.

The medullary layer comprises five te
eight irregularly arranged rows of cells
which are somewhat compressed and larger
in the inner layer. The outer one or two
subcortical cells are originally round to
oblong but become irregular after fusing
with adjacent cells. The protoplasm is
modified into characteristic stellate forms
connected radially with adjacent ones. The
innermost cells are 50-80 ym in diameter.

In young plants, 2 mm high, the cortical
layer is a single row of oblong cells (5-6
#mX10-13 #m in size), and the frond is
solid. The medullary layer comprises outer
firm medullary and inner soft central cells
showing clear margins (Fig. 1), The cen-
tral cells are ruptured later, leaving a cen-
tral cavity (Fig. 2).

Unicellular hairs are present occasionally
from the superficial cortical cells. Some-
times, they are found within both tetrasp-
orangial and spermatangial sori, too (Figs.
9, 14).

Tetrasporangia : Tetrasporangial sori cov-
er almost the whole frond except for the
uppermost and lowermost portions. They
originate from superficial cortical cells.
Tetrasporangium initials are more enlarged
both in width and height than the adjacent
sterile cells (Fig. 4. When the initials
become about 20 #m long, the sporangium
and the stalk cell are formed by an unequal
periclinal division (Fig. 5). The sporangium
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Figs. 1-9  Vegetative structure and tetrasporangia of Halosaccion
glandiforme (GMELIN) RUPRECHT.

1. Transverse section of 2mm high frond in upper portion, showing the central
portion filled with large cells. Irregular lines show the position of margins in
the future central cavity. 2. Middle portion of the same plant, showing rupture
of large cells. 3. Transverse section of 8 cm high frond. 4-6. Development of
tetrasporangia. 7-8. Development of secondary tetrasporangia. 9. Hairs within
tetrasporangial sori (m: margin, between medullary and central cells, cc: central
cell, cl: cortical layer, ml: medullary layer, ti: tetrasporangium initial, ys:

young sporangium, s: sporangium, st: stalk cell, ss: secondary sporangium).
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when about 27 gm high is divided into sori elongate at the same time as the tetr-
tetraspores. The mature tetrasporangium asporangium initials. They become slender
is elliptical, 18-22 ym broad and 35-43 #m and straight filament later. Sometimes, the
long, whereas the stalk cell is acetabuliform filaments divide dichotomously at the basal
and about 15 #m broad. portion and are shorter than the mature
Sterile cortical cells in tetrasporangial sporangia with a stalk cell (Fig. 6).

SRR
o5

Qe 57530
Qacc QO
00008 o0
H90A¢ §§3
2B 0he
080 9
oogno 19

0
o)
0
S
O
e
)
o
(@]

(

A
@)
%

===
GO

10um

Figs. 10-24  Spermatangium formation of Halosaccion glandiforme
(GMELIN) RUPRECHT.

10-13. Development of spermatangia from surface view. 14. Hair within sper-
matangial sorus. 15. Elongation of superficial cortical cell. 16-20. Formation of
mother cells from superficial cortical cells. Cells originated from superficial
cortical cell are figured with double lines. 21-22. Development of spermatangia
from mother cells. 23-24. Formation of secondary and tertiary spermatangia
(h: hair, e: superficial cortical cell, m: mother cell, s: spermatangium, ss:
secondary spermatangium, ts: tertiary spermatangium).
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Fig. 25 Halosaccion glandiforme (GMELIN)
RUPRECHT.

Tetrasporangial plants collected from the Bay
of Kronotskiy, Kamchatka (August 2, 1970).

The internal proliferation of secondary
sporangia is common from stalk cells (Fig.
8). More often the secondary sporangium
protrudes while the spores are still within
the sporangial wall (Fig. 7).

Spermatangia: Spermatangial sori devel-
op in a manner similar to the tetrasporan-
gial sori. The spermatangium is originated
from the superficial cortical cell. The cor-
tical cell elongates until about 10-13 p#m
long and divides obliquely into two to three
outer cells and one lower cell (Figs. 10-11,
15-16). The outer cells elongated nearly in
15 #m long are divided again into two
spermatangial mother cells outwards and
one basal cell below (Figs. 17-18). Some-
times, one of the mother cells formed by
an especially oblique division divides once
again into upper two mother cells and one
lower basal cell (Figs. 19, 20 right). Thus,
about six to ten mother cells are formed
from a single cortical cell.

The spermatangial mother cell protrudes
two spermatangia subterminally almost
simultaneously (Figs. 12-13, 21-22). A sec-

ondary spermatangium is formed commonly
within the empty cavity, and the tertiary
one is observed rarely (Figs. 23-24). The
mature spermatangium is oblong to elon-
gate elliptical, 3.4-4.5 ym broad and 12-14
#m long, and the mother cell is 3-5 ¢m
broad and 10-15 #m long. The superficial
culticle over the sorus is shed when the
spermatangial mother cells are formed.

Discussion

Our plants are in accord with RUPRECHTs
description (1851) quite well both in outer
They
are characterized by membranaceous tex-
ture, perpendicularly arranged cortical cells,
stellately modified protoplasm of the med-
ullary cells, and hairs from superficial cor-
tical cells. Another noticeable character
of this species is that sterile cells among
tetrasporangial sori remain narrow rarely
branching and never developing into para-
physes. Most of the spermatangial mother
cells are formed from the cells divided
from a cortical cell.

J. Acarpu (1876), YEnDO (1909) and DE
Tont (1924) questioned the adoption of Ulva
glandiformis GMELIN (1768) as the basionym
of this species. In Japan and adjacent re-
gions, therefore, this plant had been known
as H. saccatum KUTZING sensu YENDO on
the basis of YENDO’s insistence (1909).
Further discussion on the nomenclature
was given by LEE (1978). According to LEE
(1977, 1978), however, the so called H.
saccatum in Japan and adjacent regions is

appearance and vegetative structure.

comprised of such heterogeneous members
as H. glandiforme (GMELIN) RUPRECHT, H.
yendoi 1. K. LEE, and H. minjaii 1. K. LEE,
while true H. glandiforme was not found
along the coasts of Japan.

Comparing H. glandiforme with other
members of the genus, it resembles H.
minjaii in vegetative structure by the ar-
rangement of cortical cell (LEe 1977),
whereas it is similar to H. yendoi and
possibly H. ramentacewm in spermatangium
formation. The spermatangial mother cells
are formed from the cells which are divided
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from the cortical cell (LEe & Kuroct 1968,
as H. saccatum, Guiry 1974).

So far as the present investigation is
concerned, the plants occur in the Aleutian
Islands from Unalaska to Attu Islands,
Kamchatka, and Kurile Islands. H. glan-
diforme, as known in Pacific North Amer-
ica, is a taxon distinct from the species
described here and will be the subject of
a later paper.

We are grateful to Dr. Joun A. WEsrT,
University fo California, Berkeley, for cri-
tical reading the manuscript. Thanks are
also due to the members of the Aleutian
Research Expedition of Hokkaido Univer-
sity, 1975, for collecting materials.
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nists to the genus Fucus. IV. 1-153, pls. 1-
258, London.

YENDO, K. 1909. Notes on algae new to Japan
I. Bot. Mag. Tokyo 23: 117-133.

F-E*. V. F. TFI v I . BARRE*: Halosaccion glandiforme
(GMELIN) RUPRECHT D@&#HEEEMBEDORECHT

Halosaccion glandiforme (3% v 2 BIZJ&T 5L % T RUPRECHT (1851) iZ X » Halosaccion BiZf X
hi- type species THHH, TOHFEFREFEMBALMZEN TV FEHHIAFED type locality TH
% Kamchatka K0 Aleutian FUj, Kurile FIG0bEE IR E L LT L, FEOSEFME B % 4K
fEEEBTORE,N DB LI, LOMKE, AT 1) KEMasEECy LEACEIL, 2) BillakoE
EL, 3) WUSATEEL stalk cell - T, EE Qb s sterile cell FIoic B & h, 4) BTFHREM
xR lan oo H LcHiluc X 0 Foh, 5) R 2 HORTFREMKT S, LaL, KEOV-FhE
DIZ B BT AR b FERIERh - 7o, APFEIC X h AR Aleutian %725 Kamchatka,
Kurile 7l ETHMLTB 2 ERBLMCIL 70, LIicH - TEARKFEERCEFTL, AEREIH
TWB L DL H. glandiforme L J|D taxon TH5B Z EABELMTID, COMBEIBREDORSLZ LT3,
(EE Y v L KEREARB¥KY 9 ¥ B, **Pacific Research Institute of Fisheries and Oceanography
(TINRO), 4 Shevchenko Alley, 690609 Vladivostok, USSR. ***060 #L 4% #idt K 4L 10 £75 8 T B, JbifgH
REHZRHEDELRE)
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BINKIKE Achnanthes BOHEIC DV T

® OB & —

EHARFBERE (677 WA M/NEIL 3-4-1)

GoToH, T. 1979. On some Achnanthes from the Yodo estuary, Osaka. Jap. J. Phycol. 27:
31-33.

The present paper deals with three taxa of Achnanthes from the Yodo estuary of
Osaka, Japan.

Achnanthes kuwaitensis HENDEY was only described from the Aono estuary of Shizuoka
prefecture, and the other two taxa are new to Japan, these are Achnanthes amoena HUSTEDT
and Achnanthes pseudogroenlandica HENDEY. A. amoena was first described by HUSTEDT
from the Cameroun Lagoon, west coast of Africa. This taxon occurred in my specimens
but it is not obvious whether it is autochthonous or allochthonous origin because of its
rare appearance. A. kuwaitensis occurred on the lower part of the River Yodo where
the salinity values were 28-31.2%, A. pseudogroenlandica appeared in large numbers only
in one station where the salinity value was 31.2%,.

Toshikazu Gotoh, The Faculty of General Education, Kinki University, Osaka, 577

Japan.

EE TN DEKIBI S BEEFC OV THEY
TV, BEE TR 12084 ) R lT5RED, Lh
bD5Y, 197710 AOFREC K TH A X H 0.8~
59km MIOAR I VEREI NI BEE Achnan-
thes BD 3%, T7cbb Achnanthes amoena Hu-
STEDT, A. kuwaitensis HENDEY, A. pseudogroen-
landica HENDEY & 2OWC R HBET 5, M, A.
kuwaitensis (X, 3 EIL - /K (1978) i X b
HREBOFH)OWM D X h#ENRHBOLT, o2
taxa (XHAHERETH 5,

1) Achnanthes amoena HUSTEDT:--Figs. 1-4.
HUSTEDT (1952): Botaniska Notiser 4: 386,
f. 66, 67.

REAREFE ©, KR NEVBIRREET,
W& 10 pm, RIE 4 pm, FEHERIERROHELH
L, 8830 U e 510, RRIMTLIRL LV 4
BiLicd b2 ik T, HBCEECRIT5. TD
10 pm 1T 24 K, EHEER ISV Ot R
L, &P RTETE, KT IS 2 THEIR
KEFIL, KBTI PETICic b, TOL10 tm i
17-18 KT, &4, 1 AOFEPLHREZEL T2,

HUSTEDT AR T 7Y AEEDOH AN—V1F

7= EDERBLTB2, TOKIEARD L OTIR
72 {BKIC X W RERENSET NI L DTHAH S L
BL T\ 5, EIIDBETIIES 30% O
MCHBEL, EEOFE TR KEOM AL
Bla Loy, ARSI L CEEMSARD L Db,
HHVERAR L DEER oo, FOHRBERENEA
FEERDIE DBV DO TH BT,
EEfh . YEN KRB Mo X 9 0.8, 2.6 km Efiis,
DA A A=V T =V (T7Y HTRE),
2) Achnanthes kuwaitensis HENDEY---Figs.
5-8.
HENDEY (1958): J.R. micr. Soc., 77: 55, p!.
VI, . 8-10.
MCINTIRE & REIMER (1974): Botanica
Marina, 17: 173, pl. II, f. 6 a-c, pl. 11I,
f 4a, b
BRESRERE T, RRIAAB Y ET, R& 13-
61 pm, HRIE 6-7.5 pm, WHERIARROMELEL,
FOFRRFOKZ LD ERT, KiER—FH A ith
5o HEIEINT, POBIIRL, TEEEILRIRT
HBDo FBRTHLRB (10 pm T 13-16 ) X bigh,
10 pm i< 12 RKFLEL, PR TIBERC, KiFTiliz
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EAEHTERIIT D, JEEEEBIRR OB Bt
HL, TOWMMIROFRYAS L DH LR AL
BI2b0FTHEA2RBDOND, SRTHER L FE
CABOR (10 pm i 10-12 {B) T, £EIF & A EFATIC
BFIL, MKRmRORMBICKEIRENE2ET 5, &
FBET 10 pm i 95-12 A TH B,

AfEDEE% HENDEY (I 38-70 #m, MCINTIRE
& REIMER (1 25-70 pm & R ZhEH L T 543,
FRETEThD XV I/ PR BEENR LA
oo ¥, £EFUzOWT HENDEY (%10 #m iz 10
AL LT85, AR CIIAR T OR R ), #
R TIL 10 pm T 12 K, EHEHERTIL 10 #m 12 9.5-
124, BREEROFIACIL-> T B, ThEfkk
7oL MCINTIRE & REIMER DEHIC L RHH
ha,

AflX HENDEY IR X 5T+ 4V =) TDF TR}
ED s T 7B XY ERINICH, TOERRTON
T MCINTIRE & REIMER (X7 2V 4, L v M
DY 7 4 F IO O 1 BHET, RWABORCH
BL, Z0%HEOC — 7IIRELDIKTHD L%
BEL T3, EBOTETITIES 28-31.2% DA
& SHBEL TV,

B W CKBUR) Mn X v 08, 26, 43, 59km
i,

G g TIEE (FAV=VT), R v
(7=—=1)

3) Achnanthes pseudogroenlandica HEN-
DEY---Figs. 9-12.
HENDEY (1964): Bacil.,, p. 177, pl. 28, f.
9-12,

REEARR S LIRIREESTZ T, Kb
R BEHO D, B 20-22 pm, FRIE 4.5-5 pm, HEEs
B 3\ TEB RS ©, T FREEIIRIR TR
ERWCTLOREIET 5, ML L v7keh, 10
pm i 11-12 AFFEL, PREBTIBESHIRC, KiKT
T ETIT B, ¥, & 2DE&MT 1ADERR
BEREZLEL T D, HHBIRIRT, ToXREOHKA
BE—JRCHn G, SEEERIRROBERKE LA
L, ZOMUIBIRHICBET 5, A (10

pmic 12-14{8) X b7 h, PRTIIFHTIC, KiFTik
HAHRICETI 5, SHEEIL 10 m i 10K TH B,

AR ¥HL HENDEY DE#E KD 20D S TR
%, Tichb, a) iEH HENDEY D5 % 5 25-30 #m
Iy EVC &, b) AR DS E %> HENDEY
1110 pm i 8 AL LTV B4, ARKTIX 10 #m 1T
104 L, 2%\ 2 b, Lo L, MioE Tk HENDEY
DHBE I BT B 0D, EEIDHIBEOE
BERoic kT, AEERAEL,

FEOFAETIE, MO L 08km LS (Y
31.2%0) = A. amoena, A. kuwaitensis &I HH
HEL T, flioid 08km X9 BIR) TidE
ST Rbhithots,

B I ORI o X h 0.8 km EJiHLA,

G F—v (JvY=—), INTx—FATY,
RyFw—2 (4 FY R)

Brfkroedicd, RFERCKLHBY 58K
H¥Pbo, TOREBFERBL CvieZucE®K
FEEMHE BRRE-CEEtcHL T, BELDH
BriLET,

5 B X &

HENDEY, N. I. 1958. Marine diatoms from some
West African ports. J. R. micr. Soc. 77: 28-
85.

HENDEY, N.I.1964. An Introductory Account of
the Smaller Algae of British Coastal Waters.
Part V: Bacillariophyceae (Diatoms). Lon-
don.

HUSTEDT, Fr. 1952. Neue und wenig bekannte
Diatomeen. IV. Botaniska Notiser 4: 366-
410.

Hufks - K 8L 1978, BEBHEE - HFHMor4 v
v—HRC W AEY 4V YiEowT. BEE 26: 47.

MCINTIRE, C. D. & REIMER, C. W. 1974. Some
marine and brackish-water Achnanthes from
Yaquina Estuary, Oregon (U.S. A.). Botanica
Marina 17: 164-175.
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Figs. 1-4. Achnanthes amoena HUSTEDT
1, 3. Raphe valve

2, 4. Rapheless valve

Figs. 5-8. Achnanthes kuwaitensis HENDEY
5, 7. Raphe valve
6, 8. Rapheless valve

Figs. 9-12. Achnanthes pseudogroenlandica HENDEY
9, 11. Raphe valve
10, 12. Rapheless valve
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JII g B =

Shoji KAWASHIMA :

Stschapovia ¥BEICET

A record of Stschapovia from

Abashiri, Hokkaido

BB AT B35 Stschapovia (v F v £ 4 T
JB) X 1954 4F1C A. D. ZINOVA 23R T BT, [
Hri H AL o De-Castri ¥ 225 Stschapovia
Aagellaris 23 ie#E iz (A. D. ZINOVA: A new
family, a new genus and a new species of brown
algae. Contrib. Bot. Inst. Acad. Sci., USSR,
Series II, No. 9, 1954, in Russian),

C OYFE AR b AT S 20em HE D DHS
BT, O FHMEEZED b BCREROIEER
Lieh, TORCHAR IR 2 HET 5, ZINOVA I
X B OWECTRIC BT 5 4 B il e on T
X, T MR EATE S 4% 5 2 5 (1956) 1T

FAAMEEEbRE IR ICHED LHE] & LT
U, THE MW CE L ekttt Rons o &
HBrm b L] LTS,

FEIZO—HEL THBEWHZ ofpEc B
o TEIcn, ., dLimEREETNcERES R
2ODEAERERTH LNTELOT, LhbHxT
Nl (el ¢ DY L A

BAO— X 197748 A 7 H, #E7ETTHEN fAE K
T D HET CHENBZER GESZAYRKER) 23R4 L
7o T, 9 mm OREIRIRA D 50 A & O 37 fF
e B, FORKDOLDIEER85cm &/hX <,

I1mn

Figs. 1-2

Stschapovia flagellaris A. D ZINOVA,
1977 Aug. 7, Abashiri.

R 05 ecm, JEEH 2 cm, R 6cm iz EDEX
TH5 (Fig. 1-2),

fhp—o1X 1978 48 A 9 H, fEH v E kT
o BERLMAKEEET A X h RS, i
X B EKZE2m (B30 m) & 35m (Hik 60 m)
WS T05m2dhrch 84g & 84.6 g DEMANELNT
Wh, B EILELTecm 28T, ZRif2cem, B
JE¥# 3 cm, HERI12cm TH B,

A & b FEEED oD R SITIEMER I LB 23, 22
R & MRS C 0.3~04 mm, JUEHHT 1~14 mm i3
ETHD, 1012, ZOILERDOIUEL ZINOVA (Le) 23
BRL TV AR E - & D LIClRER TR, P
RSB AR~ D & D 238 CREREREE L AR
¥ ZINOVA D TWAKIL—KT 5, ZhbDm
b, ZOYEET St. flagellaris & L TUHT T HANW
b5, L, Tekd  OASHERIT X - THET
Lt mdb It d,

St. flagellaris 1. De-Castri #0375, + T T.
F. STsCHAPOVA and V. B. VOZZHINSKAYA (Al-
gae of the Littoral of West Coast of Sakhalin.
Contrib. Inst. Oceanology, 34, 1960) s X 0% Voz-
ZHINSKAYA (Macrophytes of the Sakhalin Sea
Coast. Contrib. Inst. Oceanology, 69, 1964) 5
KEFD Aleksandrovska 7> B &G L Tw5 (W T
b EEEEE ST, US. Naval Oceanographic Of-
fice, 1969 4F Jlt JL iR & ki X %), Aleksandrovska
TR T o e x= 2 (Fucus evanescens) iy 0
TEHEL, EAE30~35cmicisd &5,

R L TR E L T ST, iU
Ihug, Zinova D5 X b, WIEH L A
w =Y VROV (Frv) TREDL A EFERX
NIcb DL UHHEE T TICEEL TR D, L OO
A DF b LIS T, SO
AN TR TN E SR B2 Wb TE B
550 bbAAMMANTETRIERDEETH 5,

sk, T OYERIBIAEIL R EE AR R M o 1R
O HEFE T O 2 BFer O ) g S E AsRE
L <t/ T, BRI hMET ol it L
y ol 15O

TR ARG T X s ENKZE, K BEom
K FLB L BT % (041-14 JbimES s ioiEsss de
USRS SR A 2 v & =),
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F U —E FErythroglossum bipinnatifidum (f13%,
A/NJUH) OERK

=Lk HMHEX

AR K % (062 FLifLTH & F X 76 M 243-2)

MikaMi, H. 1979. On Erythroglossum bipinnatifidum (Rhodophyceae, Delesseriaceae) from
Chile. Jap. J. Phycol. 27: 35-38.

The apical segmentation and the reproductive organs in Erythroglossum bipinnatifidum
(MONT.) J. AGARDH were observed on the basis of specimens determined by H. ETCHEVERRY
D., Chile. 1) The thallus is monostromatic except the midrib. 2) The thallus is branching
from the margin. 3) The apex is like those of Branchioglossum: (1) it possesses a trans-
versely dividing apical cell, (2) each cell in the cell rows of the second order bears a lateral
branch (a cell row of the third order), (3) apical cells of each cell rows reach the
margin of the thallus, and (4) no intercalary divisions occur in any of the cell rows. 4)
The procarps are formed acropetally on the first order cell row of the growing point.
5) The procarps consist of a four-celled carpogonial branch and two groups of sterile cells.
6) The carposporangia are borne in chains. 7) The cystocarps are borne on the midrib.
8) The spermatangial sori are borne on either side of the midrib. 9) The tetrasporangia
are borne in narrow sori which extend along either side of the midrib. 10) The tetra-
sporangial primordia are cut off from the surface cell.

Consequently, it seems that E. bipinnatifidum (MONT.) J. AGARDH is a member of

Branchioglossum.

Hideo Mikami, Sapporo University, Sapporo-Nishioka, 062 Japan.

Erythroglossum bipinnatifidum (MONT.) J. AGA-
RDH (1898) (i MONTAGNE (1837) i& X » TE
#® X T\ Delesseria bipinnatifida 335< %
DTHbB, TDE2ATaAYF4iXERkF)—HEHD
Valparaiso TH Y, BELD 4 7KL 7 v X,
»¢ Y ¢ Natural History Museum (Cryptogamic
Section, PC) K XhT\v5%, X TZDRE, jtk
TEFHEOUHRER EXELT, 5 -K¥ED
H. ETCHEVERRY D. #&DEHIC /s % Erythrogl-
ossum bipinnatifidum (MONT.) J. AGARDH D % 4
TEAGT AT FEHEER S OR EC L 5% EDH
EBALTRARLFBRCETIRIER, 7) K E
bipinnatifidum OFKICOWTEHFMR X BH &m0
TE I OTRCHBICHRE LI\,

# ¥: SEoBZcAVLhIEEAILTH
ETCHEVERRY D. X > CTRIEI NI DTH 5B,
[EFE=%D 5 LT Fig. 2 KRLich i, 19574

11 iz Valparaiso ®dtJ5 Coquimbo TEEI NI
LT, i, HEEGROTUSRFEORENGED
bhic, Wi Fig. 4 WRLICH DX, 2z hEWR
fE o U4 faFthc, 1955412 A 14 H, Valparaiso
3\ Quintero-Loncura T bHh, Bh O —IE (L
1957 4£ 11 A Quintero (Ventana) Ti:Hh -5
FE#fETH - 1o (Fig. 5)

S F: BIRFECHEILIDSKEL, HE13~18
cm, {§4~8 mm CTHHMEERE 1 BoOMKEN LK
o PINEBWULATH B2, BEMEFSUIABR TR
DdHhNB XS ki ey,

E8E: Fig. 6 IABOAEREYRT, b, #
ZBAETT A TRMINE (a) b b, 2 (IFI0BILLTHE
Sl HET D, B2 (FIOTAME () RV 3
AV DTRAN (is) (LI 2 D L THMEDBIDICET S
(Fig. 7)o M4 7 ZHIfFTH OMRRFIC S\ THLRHH
g,
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ZAANT: Fig. 8 3ABED 7o mr 7OEFIK
VCEDRERBBEYRT, Bb, 7osv ALEEFRER
T, EREOE 1 RFICHECIEA TRIBICH
mEhd, Tersr X 4@EHRL VLD AL RS Y
Bilfle, 2#ofifiias»bb o,

¥ OR: FERIER]mm L THEOBNE B
CYATHETS (Fig. 11), Fig. 9 I ERACKIT S
FAMN (fu) ROT==75 2 + (gon) XiFT, &
JAF (ca) (% 2~3 EF >R Mg > TET S (Fig.
10),

BFEH: Fig. 13 3tk bic ksl 5 HitE A 7E
BEOHMRELTRT, AL, BTREIEOFHO
FICIA - ThEA L L THET B,

MIRRFH: U RFEIEEAER AL, $
oM R->TRE2 L TET 5 (Fig. 12), A
FHE R (primordia) (% Fig. 14 (r) K/RLIC L ST
surface cell L h¥IhiHEhs,
£t =B

a s »~ 7 Y& @ Erythroglossum (3. J. AGARDH
(1898) i X @I HhAETH Y, KYLIN (1924) i
X » TZhix Nitophylloideae (¥ = ,¢/ ) Hf}) i2
EBEXhT\wb, £T4E, H. ETCHEVERRY D &©
Y o> THE Xhic Erythroglossum bipinnatifidum
D24 TEALH (Fig. 1) &, HEHFDORAECIL D%
BOEIREA (Figs. 2-5) L ¥ RIE~RBE, Thbid
ERELBRLEHULTV5, EREAVEELIER
1) b EkE1ETH, (2 HIELLY
BiE3T B, (3) £ E A DHEBIL Branchioglossum
woodii (KYLIN, 1924) LEEUL T %, Elb, a) B
BT 5 TRMEE 42, b) 2 IFI0& MRS
AT o MR LTS, o) FMaFIORMERIALT
BOBLCET B, d) A& 5 Bifhofiaslicd
BEELKV, @) 7oarv ATERSDE 1T ke
REHCHR IR, 6) 7oar AL 180 rvs
TvBE, 2OhHERE XY ics, (6) RIRFIIEH

ReET 5D, (1) BREIPWHECET S, 6) MFRT
TEFHITL surface cell X h AT 2EDHME T
RBINT, o THAEBLhICHEZE-SSRY TF
zE, Erythroglossum bipinnatifidum (MONT.) J.
AGARDH DIEfkit Nitophylloideae (¥ x/x/ Y H#i
B BT 5L DTkl { T, Delesserioideae (3 /
»~ ) VBl oFd Branchioglossum JBD 1 # v <
—THoHLOCBbhB, &IATEELRKE Ery-
throglossum bipinnatifidum ODFEA% L L T
Wl nx T KYLIN (1924, Fig. 22, E) iz L v #%
e E. bipinnatifidum O £ 512y, TOF1
MFNCH LN E GNP RN B, BT ORKIC
725 T KYLIN (1956) (X, A4:FHZE 7 & OREH ol
¥RXMF FiZ, Erythroglossum BD % 4 7fi%W)
BHDT 7Y hEE E. schousboei J. AGARDH (KYLIN
1924, p. 30) bR F YV —ED A& (E. bipinnati-
fidum) CERTHEHERL TS, T2 T, UE
DOREFTIBL TH TS, SHKRE L TRWREE F
27t 5T\ 5 Erythroglossum DBB R WT5%
i, ER2EOThENCONWT, 24 PEAXD
L ODFHRHFLBTAIREBEDNS,

Boesry) —EORERERAFCRASAIILE
KEMECELEHILEBEL LT 5,

5l A X &

AGARDH, J. G. 1898. Species, genera et ordines
algarum. Vol. 3(3). De dispositione Deles-
seriearum mantissa algologica. Lund.

KyLIN, H. 1924. Studien iiber die Delesseria-
ceen. Lunds Univ. Arsskrift, ser. 2, 20: 1-
111.

KYLIN, H. 1956. Die Gattungen der Rhodophy-
ceen. CWK Gleerups Férlag, Lund.

MONTAGNE, C. 1837. Centurie des plantes cel-
lulaires exotiques nouvelles. Ann. Sci. Nat.
Bot. sér. 2, 8: 345-370.
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Figs. 1-5.  Erythroglossum bipinnatifidum (MONT.) J. AGARDH

1. Photograph of the type specimen from Valparaiso, Chile (in the Natural His-
tory Museum in Paris, France: after H. ETCHEVERRY D.). 2. Male, female,
and tetrasporangial specimens from Coquimbo, Chile (Det. H. ETCHEVERRY D.).
3. The same, more highly magnified. 4. Tetrasporangial specimens from Quin-
tero-Loncura, Chile (Det. H. ETCHEVERRY D.). 5. Tetrasporangial specimen
from Quintero (Ventana) (Det. H. ETCHEVERRY D.).

cy : cystocarp ; ts: tetrasporangial sorus.
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Figs. 6-15.  Erythroglossum bipinnatifidum (MONT.) J. AGARDH

6. Apices of thallus-segments. 7. Margin of thallus showing early stage in de-
velopment of branch. 8. Apical part of female plant showing development of
procarp. 9. Fusion cell and gonimoblast branches bearing carposporangia. 10.
Carposporangia. 11. A part of female plant. 12. A part of tetrasporangial plant.
13. A part of spermatangial plant. 14. Surface view of frond showing superficial
position of tetrasporangial primordia. 15. Surface view of frond with mature
tetrasporangia.

1-10: segments; a: apical cell; ca: carposporangium; cby, cby, cbs: first, second,
and third cells of carposporangial branch, respectively; cbmc: mother cell of
carpogonial branch; cp: carpogonium; cy: cystocarp; fu: fusion cell; gon:
gonimoblast; i, i3: initial cell of cell rows of second and third order, respec-
tively; r: rudiment of sporagia; sc: supporting cell; stc;: first groups of sterile
cells; stcymc, stcamc: mother cells of first and second groups of sterile cells,
respectively; ss: spermatangial sorus; t: tetrasporangium; tr: trichogyne; ts:
tetrasporangial sorus.
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HEEFREINE S BEHFRE (085 L8 H BRI 1-15-55)

KANDA, F. 1979. On Cladophora sauteri in Lake Shirarutoro, Hokkaido. Jap. J. Phycol.
27: 39-44.

Lake Shirarutoro, which lies about 20 km north-east of Kushiro in eastern Hokkaido,
is rather a small and shallow lake 6.5km round and less than 25m deep. There was
reported an alga referred to Cladophora sauteri by the previous authors. However, mor-
phological details of the alga have not been published.

The alga is distributed widely in the lake, covering the bottom as separated filaments
and irregularly shaped loose aggregations. In summer the plants are abundantly cast
ashore at the north of the lake by south-east wind. There are found neither ball shaped
firm aggregations as seen in Lake Akan, nor attached plants on any substrate. The
branching of the filaments and the shape and size of the cells were investigated and
compared with the related known species and formae. As the result it is concluded that

the alga is referable to Cladophora sauteri (NEES) KUTZING f. sauteri.

Fusayuki Kanda, Biological Laboratory, Kushiro College, Hokkaido University of

Education, Kushiro, 085 Japan.

v 5 b o FACEE R, SIBETTOJLEK 20 km
DL H b, HE3.37km?, FH 6.5 km, BAKE
25m O LEMoEc B #ThH 5 (FK - G
1977), = SYIRBREOTILRC HIch, Kiky 7 v
FegHtEo Yy s v )l BRHEAL, BESR
DB HTHH L T\ 5 (Fig. 1),

ZOWITIE < ) 2 HROEAD D T LA\ o
INT5 (L 1965, HA 1977, iR 1978), 7 H
AT B Cladophora [& D3 % 1T » 7= SAKAI
(1964) 2 X b, =Y =DEMD—DOTH B Z &HEK
INTWB, LLy st ooy efFERICOW
TOFELWEREL LV,

4, BANHEERLSOKEC LY, vt
BEL HAL TV 5 < ) e FEORELXT IESE:
B, ZOBONRRGOVENHAEDOHKER, vt
aICEET LT 5 < ) = RRIIEIIRASD SIS
FBEh T\ AMEYD <Y & (Cladophora sauteri
(NEES) KUTZING {. sauteri, #14a: =Y &) LR,
FRETHAH  ERHER LI, SZTEY I ol
D= Y DR ESEFRRRATICONWT, Tk

o< = L OB OFBRCOWTHET S,

4

L4
L.Akanes ©
L. Shirarutoroe-
)

Kushiro Moor

Lake Shirarutoro

Fig. 1. Maps showing the locality
of Lake Shirarutoro.
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EROBELRE
1978 4.6 H~8 HiZhld Ty vt oiffilo< ) =k

FOPEE AT - 72, T DOPNIIEAIKEE 2.5 m T

KEWEZIZE D TEWIEITHS (Fig. 2a), L

a

Fig. 2.

Cladophora sauteri in Lake Shirarutoro.
phora sauteri gathered with a net; d, middle portion of a filament, showing

D3 THIED B OFEOFIUIIEKT 5 2 L7 LTI 3
m Oi%x L -7/ D HDOKE X 1.2X1.2cm)
FIWTH ED AT 5 & et TE A (Fig. 2b), ==
VRO MUC X » T

T

TS L, o

-

a, Lake Shirarutoro; b-¢, Clado-

branching manner; e, lower portion of a filament; f, cells of a filament.
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BoJtRICSBIT EF B h T e,

BRI o 1 24 LB E R 7o25, W TFhib
IR Fig. 2c~f CRd X 512, —FIfIRD ik
TEECHEL Tk, HlMEEROEREY L OK
BB THotc, chiZ vz 4y 47y RBOE
THB (K- IUES 1977, v 4 74 BICBELTL
SAKAI (1964) X BFHLVWE#ErH B, Thicks
ERKED = ) = i58L Cladophora sauteri (NEES)
KUTZING & Cladophora minima (OKADA) SAKAI
D2fEXNBH Y, AEL 3 RE BREL2HENDS
T\Wb, ZD5HED 5 b D —fflH, Cladophora
sauteri {. sauteri DSMFEH D<) = THH, =V =
WS Ak Z oREATT D eI TH » TIERKR
foMmEE KL TRV e uEish oy, Licat
ST DRI TIEREDOHLNL I - T D%
<Y RIS EC LT, ek, CL minima ©
E Y ERG AR E S THATH S okadae
ETBEAREIR TV BA (FHE 1977), Z 2Tk
—It minima OEFFFEA LI,

LEY 5 v b aOBE» RS hc~ Y e &
ORRAIE Fig 2c KRLIRET, @5 <, MR
£E-TkH, FREV £y b CiBUCE 2 DRRGE
CHFBENTES, BRIHECELYE->TE
BLTEY, MERPARR L ECEAFEL O
1o EBO L OIREERCHIBREX LTV 2 TEDO L
DB > TRBATHULENRELTV5, KRk
DE X% 05-3.0 cm TEESFLL TV 5 (Fig. 24,
e BOPhOLFHIELETHBHRIREOETTIZ
MNEDFLH B, KEEE O TAERSAT, T
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BTREAIVHELH 5. RREYEBRL T2
i Fig. 2f CRLAC X S5AERTLTHY, K
DEMTE S DR, RN esHE D5, ¥
TRV AIRI VK B RERE L Tk h, #illg
DE L AN LRG I T HHENE,

MO Fig. 3 Rt X S oREmEER <
Fii  OHIfaT 30-60 pm T, T DO D {Ma T
1140-80 yum ThHotc, IHbICHMAOKRXLELD
T OB % Bk < KA < OMla T4-16 &5
fEzich, ZOMOKOHIRTIL2-14 THoTe X
DEFMECTRY 6-10 10k b % {H ¥ » T /e (Fig.
4),

v & 7Y ROECHB IR GRS 5RO,
RX, B L - THEINS (SAKAL 1964), CL.
sauteri & CL. minima (ZHBOEAFEEREY LT
B5h, BEREL VB TEHIENRS, ¥/ Fig.3
DT Cl. sauteri & CIl. minima O DI
LOROEOFHE AR LIcH, CL sauteri TR EK
HHE K DBORESBH E Dilkbitv, ZhuekL T CL
minima IR DRI L TR OMRORNEL
KRV, ZhbDZ ENBERINIY 54+ oD
<) =& CL sauteri BT 5,

K Cl. sauteri O 3 i (f. sauteri <= =, {.
kurilensis 7 =Y %, f. kannoi 15 7 + =Y €)1
FREOHRORRPRI EFEDOHRALET Lo TEFIX
hTvd, ThHofixky 70t oo~ ) THED
fHL M DL DL THEL THaic (Fig. 3, 4), Hifla
DR T3 MEXRFITA Z L cE v aifilank
X LEROLOfEIL . kannoi & o 2 BFEDOEIZ K

a average 40 b a e :40
% 302 305
dophora f 2 - -
Cladop, qra rom 20% 205
Lake Shirarutoro ] S
[o] ! 0
Cl sauleri f sauteri | F——t————i —_—
Cl sauteri §. kurilensis —_— ——
C!. minima f. minima —_— —
Cl minima £ crassa 4 —
-40 60 80 100 120 140 160. 20 40 80 100
diam. (um) diam. (um)

Fig. 3.

Distribution in the diameter of filaments of the alga from Lake Shirarutoro.
a, cells of branches; b, cells of blanchlets.

The ranges of the diameter of the

related taxa are drawn by reference to the description of SAKAI (1964).
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a b
average 30 average 30,
Cladophora from - 208 208
Lake Shirarutoro 10 ; . Z
Zaaa =
| ° f °
f. sauters |—|—| | _1 —
f. kurilensis p—r—| ] |
f. kamoi | . b | | ' i 4
1 1 ; 1 1 1 1 1 1

length/diam.
Fig. 4.

) SN S ' | 1 | S | s SIS ==
0O 2 4 6 8 10 12 14 16 I8 20 O 2 4 6 8 1012 14 16 18 20

length /diam.

Distribution in the ratio of length to diameter of cells. a, cells of branches;

b, cells of branchlets. The ranges of the ratio of the related taxa are drawn
by reference to the description of SAKAI (1964).

X7 B D, SAKAL (1964) 12 X iuE f. kannoi
TIEEOMIT 7-20 TH 0, {. sauteri T O KN
T OHIAT (3-)9-12, ZO{hoROMIlIT 6-9 TH
Bo Fto, f. kurilensis TUEHHHT < & < HoM
T 6-10(-14) L7s 5T b, ¥ F vt alliflod OTIL
f. sauteri, . kurilensis & —3F B45Ai¢ 4 — v pi{
bitc (Fig. 4), f. sauteri & {. kurilensis 35RNE
DIGED R TIERFITE T, 20 2 mia KT 25
e . kurilensis TEXFHEL LB L, . sauteri T

a

P O RO

Fig. 5.

ARG E WS 2 L TH D (SAKAL 1964), v 7
Wb el = ) B HEROR JIC oW TR0
D hia b O TR HRA%E D, WL T ek
W Foo FOEER 1. sauteri LRI U TH D & DOMiFEE
fofivts (1978, #afE), chboz b, ¥ 3
Wb eiflo= ) e ERUE Cladophora sauteri (NEES)
KUTZING {. sauteri (f1%4: =V &) THh,
IZEHADT U E DK EE:

RO XLy Fov r m il < ) =i

2 3

The shape of aggregations of Cladophora sauteri (NEES) KUTZING f. sauteri.

a, ball shaped aggregations from Lake Akan; b, irregular shaped aggregations

from Lake Akan; c-d, irregular shaped aggregations from Lake Shirarutoro.
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FIEBDOLDELEAL LD TH 5 ZepiFhotc
2, ¥ I o BIETECAbIhS X SR LW
vo—FRRO<Y =X RBRTE7eh -1 (Fig. 5),
vyt ailo=y) = HETIE Fig. 2 TRLE
L5 HRRED, ThOAFERCPBELEEL TS
R0 0T, BCBlOILREOWIT L - FoFTICiT
LHEELNICHDOBEVLDTY Fig. 5¢, d RLT
X 57, PRHRROTEHOARGERTH -7,
BRI (1952), BAL (1976) iz XiuE, FIsEHiD< Y
= RRGENb o — FREFDL D ETLALAHD
Begideohns, vt ooz 2 ZBERKbOH
FHCELE, RREHOBRERMCET A LD TH-
1o. BEMERZ, RBEO—-EDHEEL THLT,
AOEEERTHRCHO T 530 TH S,
Wiy svb alino<) eDRREBERAORE X%
RE LT, Fig. 6 1IC/RL7c X512 2~3cm D3 DHRK
P%L, REVWLDTIE8SecmZREL DL H o1,

Number
2§ 20 15 10 5- 0
_oF v ¥ ¥ 7 1o
€ .
L
8 18
.
T 7
(58
e o
5 ° -® ]
£ o %
qg:l.- h"’. X}
| o bl
® 9
°®
2 wed
]
‘I.
O T 5 4 5 6m 0
Width

Fig. 6. The size of irregular shaped aggrega-
tions picked up at the north shore of
Lake Shirarutoro.

ZDkSmy It ollo< Y DRREER LA
£ o v o — IR (Fig. 5a) LiXFDHBRCHT
ZELVBVAD B, LrLirb oh ¥ TRESUL
THRO=) =FE L L TREIh TV 50BDL
DEiX, BEETHBBY, B, KEILIZLE
Eh WD THote (OKADA 1938, KOBAYASHI
& OKADA 1953, SAKAI 1964),

= TR LIRS B2 AL < Y = (Cl-

adophora sauteri {. sauteri) TH D IH b FJFEBID
by taBOLDETRESLTZDLS
ARGBEAOHMECHE LD THA 50 FIFEHE
D=y eTheo— FROXhWARRE LD DT
{—T, RKFFEysrrafiowy)2LRAELA
Ripie LIdBERTH 5 (BKD 1976), Lo L—FR
L xEhbaie o — FRIT B &E23FERCH
D, vyt o3 ENENSZETHB, BAT
CL. sauteri f. sauteri DFET AL SAKAI (1964) iZ
Iane, FFESE, EREE v el (TRLIE
B8 Loabh Ty, hboHmoRA KL
FEFHCLLALLELLREND, MEBCE
T= Y edive— FRBEACKLBDR, vt el
TS Iovh, TOREREYEATLIZ LT
< ) = OO » # = X » (UHE - BH 1961, F
R P38 1973) L3 KERKD D Z L TH S,

Fbhherirt eHloRECRAFTLTCT S -8l
BHUBLIEYREOFEATE, <) 220 THHEK
FrR W E ¥ Lt ABRERBEHEER R ORI
EEgEECRB L ET, AR~ Y =H
BCBMTALXHFTLCTFEY, ARLPEXL
Tuwhtx ¥ LAABFEEYEREOBRRER
#, WHREFELCEH L ET,

5l B X H
LHEEASE - IWHEER 1977. BARKERE. AH
EBEFL, H

AN - \UERE - FHESE4E 1976. <) =05,
BREERR BARME, BIXKRTLMHFIE
WMo~<y s BRE LB 1-21. F9RHAT.
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Japan and its vicinity. Sci. Pap. Inst. Algol.
Res., Fac. Sci., Hokkaido Univ. 5: 1-104.
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Section H-1. Economic value of algae of the Pacific Region land and shelf

Section F-III. Biological porductivity of the Pacific Ocean. 3.

Macrophytes of the Pacific Ocean and their utilization (Convener: Dr. M. S. SUKHOVEEVA,
TINRO, 4 Shevchenko Alley, 690600 Vladivostock, USSR)
EWHEHEDOY v £Y v 458 Committee on Botany & Committee on Marine Science DILETITIHN D
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© 14th European Marine Biology Symposium (International Helgoland Symposium 1979)
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tion of life in the sea =, Formal Session & LT
(1) Threats from major sources of sea-water pollution

(2) Management of area, species and ecosystems
Zoftiz Informal Session & LT

A. Methods for assessing pollution effects

B. Ocean management: How can we proceed ?

NEeBE IR TWET, &t DM 80. —, ##lix Symposium Office: Biologische Anstalt Helgoland,
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3LHE¥CTTT (BR—#).
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BEERFEEIOEFEFTARIBREEES

(A-1) B B: TEESOERICEKEITREA
OFRE 1 EFINSEKULEOI/ANT 4N
EECHKEIHE

SHRBREECFRINTOIRERNL, To(LFhE

EE2DL, FlerOfFREHOES D LEDTHHR

HEEATV 3, ZhHBREROLES S IKEP
OFEFDERT I LIFTHET OV TR & A LTI
IhTwisw, 4B MCP, CAT, NIP,
DCPA, DCMU, Linuron, PCP, Benthiocarb &>
W T DATEN BB O\ TRE LT,

1 HRARETCRT?hHEHRD, tEH5
WKEROER7 o 7 (MBEROEL) v+ 2§
23 in vitro TiX DCPA, Linuron, PCP, Ben-
thiocarb 7¢ &3 {, MCP XI5,

2. Ry FKAZBGICEChHI BBRERIR S D
HECOWTHRD L, HREROL,ALIRVThix
FAX X D& <, ¥ -BEOmIEE LTk, MCP, NIP,
CAT MEX THERYEHLTIH, LoUBXT
BHAREFEGETE = v F OHENEDL NI,

3. —E4&MHT (BBM #5#h, 2000 lux, 12.12 B,
20°C) TOLED 7 v v 7 4 VA XIFTHEC
O\ TiY, DCPA, Linuron, PCP, Benthiocarb i
L AEERDENHE L, B MCP & DCPA, MCP
& PCP DOEITHENIREDRNRD LRI,

(BRK - 8F - 49)

(A-2) Bl &: TEEBOERBICEKISZTREH
DFE 2. Breached cell DHER{E L UHEE
FERICHEKIETHE

BERlIOBRCH T 5P OWTUL, LAREE,
EREEMR ] LOERICET 5 { o2 DO RELRHDL
RTWBRTER, BN, 2ry carotenoid
YETHV O OLRERYA, LOBE (/1
a7 4 MR I X ONEE TFIUBERHT 3 LT B E A
DEECOWLTHRE L,

1. Scotiellocystis, Protosiphon, Fritschiella 75
Y5 EOEWBMD breached cell DRFETRME 4 F
CRiTAHEL LT, HRRETTE, PCP AR
%58 <, Linuron, DCPA 7 EAZHIZRVTW 5,
¥7- MCP, CAT, NIP /el iz & A SHREMFE AT
RdHRTL,

2. PCP 3i32i¥5ppm L FOPEETC/ o740
WA RET S,

3. WETFHBCOWTEL PCP AR b, %<
DEIFE TS ppm U LOPRETLDOEEYR R D
bhs,

4. 10ppm D PCP LT, 7ua7 s K
BRIC & A — O % T 5 O LIE, YRRV
NI 24 el T dh o 7o

5. Protosiphon D7 v v 7 4 VMU L OEETF
WU L, MCP & PCP, Linuron & PCP Off
Z DR ERFEHRLBDBD LRI,

(BHRK - BF - £9)

(A-3) OEMERMEE* - R BEEA* - EEEAIE - TEE
B RAEHRITIEERONRPHFAR 1. K
BEICHERTIREEROECDONT

SABBEC RV TART 1 EXBUTEFTLTH S
2, FEHBLHERDG THIMCRET 2R EC s\
TEEE D Skeletonema costatum & & b &L
%, TOBRRECABIKEHEY L, ABOKREIR
BHIEET %,

ZOPWEEBRCOWTUL, ThETCKREY ~LvD
WHeH b Peridinium BO 1D L\ &5 DT,
fe L ERABRThh Tohinl,

BHE D IR ERO = LI 5 RARDRAK &L 158 ky
AWTABOM B EE LB IOEBHTHEL
o ZTDRER, 1) BROEFIERIL L, 24, 77, 57,
2" THB, 2) €V /4 ¥FDOEBIZL Peridinium
BCBLTABREF 5 34 FOBAIRKL, ib
D EROHIEE % 5  ARECRAT R ABRS,
3) LT flagellar fin Hic\s, T &t 7,

UEoBREREL T TOMRCESE, 58
D E ki LEBOUR D\5 Peridinium triquetrum
(EHREMBERG) LEBOUR M43 543, FD&HE¥
EoBRSVCTR I BERFE ML AT H IRV,

(MRBK - EPRER, P ERRSMBKR)

(A-4) OfEMEER* - BHB*  THALREL™: &
FEAMBIBCHAGTIRAEEREOVRFCDONT
PSR T OEFBRO—RHIC Y 2 b RS

PEOFENMLNTEY, Rz oMBORERIR
X0 FEEAWEL TS, 2hBbDYy2x DT



BECHTHERL Tk, EREZS2V-FFH I EC
L OHBHBEHTBRET D N TES,

FHE DI 1978 5£ 9 AICKAMEEPI 10 sk h KR
BRL, Tov 2 P ERYARE L. TOREE, BA
%1% & v Protoperidinium, Gonyaulax, Protoce-
ratium, Pyrophacus, Zygabikodinium 15X D&
Dy 2 HRDLI, BIOCRBRTICE S L 1
LEREESR g%/ h 1000 Biidzi, EBDOY
ZED5HEL B:‘.ﬁbfcﬁ&i, Protoperidinium -Ci1.
P. leonis, P. conicoides, P. denticulatum, P. ob-
longum 75 ¥, Gonyaulax Ti¥ G. spinifera, G.
excavata 1t KT, I Gonyaulax BD ¥ 2 b iL{E
W% 3 LTz, Pyrophacus T3 P. horologi-
cum, P. vancampoae HRDLII,

= (LK - K, BHK - B)

(A-5) ok - AR : PERRERBDEER
HEE

WERNARELEEREESCKE TN EB 2 .0
10 AR S A 1T, 1976 ~1977 £ 2 FERC 4 BT
1o o> THEEER O A 2 T,

LAEHCHR L EEERL 2T ER(EE 12
B, 3% 79 MM, 8% 33, 1 104 R, AR
T 9IRER) Tho1o, BEHEENHEATLZ &
Mg d RE ORI B - BERHCIFEETHY,
HICGEOHMBRERN S BB DI & 5 Btk
DOYFEEL X BT B ERE B,

JNEBI s\ TR RS A B~ R, A
Eh LM (moat) A} TIAAS B WY i BEFATEAE
s, TEMCAEMBIZEE L L TRKERVDS L D/
RigsEs, EHigNCaEKESThThBLERL,
BHEMD, SHECRED > TREEL LT L c—ED
WBEEEOTNRD LT, EHEMMESHNCRE
AT 5 MHEER T, ThH Rl L DFkie
BEOWMIEN » TOBATHNE, ZHEHRIGL TH
BEUEA BCAEFET AR, AMMrERL LT
BT HEEOLENEN 2T

BN BT B R AR AR, BIRELL
BTIILHD 40%, #FEHTIL6E0% &5 HLEBETH
h, EECEREHEERPRRRTH 1o, LK
BHEE TS D, EFEOEV-HIHCEEOELEN
HH, LWEHNBERCEEDOEHNHEERNADDII,

(HIKK - f84)
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(A-6) OokiEHE - HEHE: RERNIFECH T
SERORERER ST

AR B RIE )| TEEIZ s\ T 1976~ 1977 SR G
DBEROTEXT, 19TTE4ARV TR RIS
BROXBREBMFEE (V4 v 77— CI->THE
L7,

WBECOWTMEL-BRERIX, BETX400g
(d-w.)m?{ijtt, BERVIMETETRELY 2FH W
400~900 g (d.w.)/)m2 THh -1, Tl EBEEEYT
(/N T 6~90 g (d.w.)/m2, KK T 400~1,200 g
(d.w)m? Thotc, AKBEENBVY KTV 74T
111,883 g (d.w.)/m2 DI FHEX B, £HFNC 1kg
(dw)m? &z 2RHFELXETHHEEIVL, 40
BETE I ofohy #9758 YBE, £FTH%L
DFEINIGETH 1,

BREX AT 25 EoROXER—Ki % XK
Wiz, DR, KEFKEBGEE (PR%)iC2\T
TR, B, A%, BEBREEHTIhTR16S,
16.6,7.6, 18.5 mg O,/g (d.w.)/h. DEIE(EXBlc, Fi-
PR I3 EHEE LT TN 96, 132, 87, 137
THH, Ib sy HEOFEHETENER 34, 3.9,
2.2, 48 mg Oy/g (d.w.)/h./klux T&H - 7=,

LEIPIE Lo KL DWE TIL, 25~32°C, 100 klux
L EoBER - BlEH TR TLRAREEIMET
THZ LR, BALELEBREIRDbIIL,h -
12, Fto, F—ECTEELERCRERXIE LI
BT, MEOMTHENEHCETOERNRDD
ni, (KK - 1H4)

(A-7) RIUBAZE - OHRRRME: F KLU BHR
BEOFYY P TANICDNT

BRBCRTHREXFTNEROREBME 2SN S
Siphonaxanthin (X, 74%HB -2 748« 1 FY
FREDHE, M EIIEICAT T AECREEL
TkY, ThHOFRIZ L - TEICERH TORMED
LWHFIRE R 2 LDTERVEARER L RS
haZ biz#4Lic, LA L Siphonaxanthin #/R
{EFED D VIBEORE BERE SR, XD
L5 e BREBECITITIHFRCH HRADF v b7 4
AREERTHBZELHBALILLDOT, ZD+4 v b
7 AVDRERRAAR, FILOFMERITCHI, &
DEBEFEDOIv2 757 4 —EBIORIR <2 b
Eoo#ut Loroxanthin i&—3K Licicd, huxs
BT HZ ERALM LIS T D Scenedesmus ob-
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liquus DEE LB LIcHER, Zh% Loroxanthin
LEETHZ M TE I, Loroxanthin ¥ Siphona-
xanthin OFRHWEAL IR TEIHAEIEELEED
TV S, Loroxanthin &gt BOAEARIL R <
7 P MR EROBRIEARE X i Enb,
ZD*4 v b 7 4 it Siphonaxanthin & Ric b
ERORRLBITIIBE L b D L hice B,
Z DX 57 Siphonaxanthin ORI HBELEZ LR
DYV 7 A, BEFESLVIRETHD and
» Siphonaxanthin /R {BBIRET 5 Z L1TA
RHLBRRTH 2,

(AEA - THEHREBRLY 2 -)

(A-8) OHET S5F - BARMEET - IiF K - EEOEREE:
£ E Pandorina morum [CD\T

BWEDIL, FWED P. morum wigithic Xt »
THREL, WRE - S - A AME . £EE -5
i - HEFREHT O T,

FDOFER, TURE - MEMEAERE - BYEERE - £EROX
E iz COLEMAN (1959) & (2i3RETH -1, EEF
DFEFZOWTIE, COLEMAN (L1008 E& Fhb
1 o0MRTHEIFET S LHEL, FHES (1978) k1
DOEE Fhb 4 OOHRTRIEFTHEOHEREEL
1o WEDIXZOHEBERF LI L, REOHELH
B R, COLEMAN LiiSRBETHD - L v
BLic, BT, FHFROBHATLBUC O\ TR
BLICOTHRET S,

P. morum 1%, AMEMZIEL A5 2 ENRD
bh, HHREHIRD bRt o1,

(MENBILEEF LY 2 — - &)

(A-9) MEAME: WEE Dunaliella sp. DIEEE

TR - WA R OB E I < o0 O )
BEEL, RIEFEN10g/l % Z 2 BEWLS v 7%
T7F e RANRT ZRAOEHMREZH D, ThbDr 4
BEOEERFIC OV TLRIEIDO~T,

LB 2 77 2 3 2R OME CHEII KO
FHRT B ERMBRTVS (B - KB 1975 /¢
E), 2AEDERDRAEYE D% D Dunaliella sp.
FERELTRIE A, Mgl IFEEOER YR
T Lot RIGEE 8~14% OFMEMN X L %
@ Doubling time (X 15BfE <¢HWTH D, 3% UTF
& 18% LA ETOMIEILFRA Exbhichotc, Fic
BERIREE L 20°C fHE @O & 5 THH,5°C & 30°C
TRELSbIol, fMlaDKE Jix6-11x2.1-

40 pm & Dunaliella minuta V5EVMERRLICH,
BEDH, KACTHD,  (WEBREHEFHER)

(A-10) OWEMREER - THRXRE : EXBRFENRE-Y
a2/ 4 b# Bryopsis-Derbesia complex O
EBREEFESE 2 HRENKREROLIFEESZOD
HEFELILDNT

HRAEEY, ERRICCERE 197742 A, 1978
E£3A) Lic~x€BD 1 Bryopsis sp. I\ T
WHEFEHBE LEREOWRET - . ARTENE
HOYy Yy TEETEFTL, FEEBMT2~4cm &/)h&
{, RBEILIFEXETS, TWHLHEIFE IR
Dl X O 1 RO B H 558 2 kofliie s
HACECAEL, FIeEsLTes 1y FIREAX
FR%E T, DRI EARCH T, Ba/NagEES
ST 5, AREITHERERK T, 2AROHEL L ORE
DEBTFEXELD, HEOFER, A FIL15~25
cm DEERIRBCIEL, —ORRBTLEENT
B XY SHWEYF IR D0 E F (stephanokont
zoospore) A Ulz, ZDWEFIIKRTHALNS X
5 IeRED ~ x = DRI FE LT,

AfEx, B. hypnoides 3 XU B. ryukyuensis i
a2, HrVNITHB &, MR THEZLE
T L BicB, ¥12, B. plumosa 3 XU B. indica
LIV PROMESE RN ADN S, A, ~*
=R EARRGIRE DORBOM R EZRET 5%
TROLFZE L LD, ThETERRINI =R
DEFC—HKLILWZ &b, "2 =ROFELE L
bhs, (REK - £WPER)

(A-11) ODirce Michiko YANO : §i8%#= - HJIl
EAF: RYZHYOHEHKREE

Acetabularia calyculus % BiCZE A UTRIE#E Y
4 FORETHREL, FERENTARBAROAL
WK TR U, BARESChEOMmE NI T E Y
#7350 BCA&DOMK, #4920 A%IC Cyst #¥HRL, E
210 BICAE CeRBTFRESA L TRERHE L,
BETFIN 7 2, REORE T b AR %
BT 55, BRAEBROFELUICRKIFRE L s b il
MRIAHLBBRh o1, BREFEML, £
DO RES, R Licrhilinc £ U B8R L e TELL
LTWaZ &b, HlaF{LoBRICH-RD 5k
EZ1DT, ¥T0200WEXHET ARTF L
BEEORILER LI, #3337 100~200 #m
DINIAFETF A A IR X & CREFTC AR L, Mlaisss



B R IR EHF T L CHlROBEL L ElE
Lo X, BEFHKEROFEFMIES, KIREY
4 ¥ 2B IE LI OTUE L AR OISR ST Tl
BLICRER, HEFESEMT X Y FRIER L HIELE
LR R 1R, (KRBRK - #3 - £9)

(A-12) INAIRBA: 9AEDT7Z / YEICDNT

s AEDOT =/ Y EOEFS, LERNY, B5S
YHIDICH, v LEREE IS, RAEERE S
B, Ty &y fi2it i ounT1975 % 1 Anb
1978 %5 BTl TARE T - 12,

7 VEEKILY » 2EREROREMATREHLE
LT&bhich -1, EEATHRED Prachuap Khiri
Khan A>BEICHF T Narathiwat (AT D #g 5
TREFEI AMLEE2 BIC 7 VEAILLBRI,
7 v &=l Tt Phuket B%d.0ICEBES3 BAH
b4 VESRNRADRD, ZhbAFMATO /
Y EEOL BRI REOK D HEEOPHDRIC
FZULTRY, TOEFRERE L OB
HOHBHI LhEZLND,

BECOWTHRBE vy 2 BFEGERED I Por-
phyra vietnamensis TANAKA et P-H. Ho &, %k
FE 1E», FloTv &~ fgfllhnbik Porphyra
crispata KJELLMAN & RKRIE 1AL D H - T
% (RIEX - #)

(A-13) OIRMEENK - FRHE - ZHRME: hAHS
T/ UERGOEREKLERH

THIH 7 VRRYE VI EDMDOT =/ ) BE
BLRDEFHRRETRT A4 T </ (Porph-
yra tenuipedalis MIURA) DAERRPLFDOHEEL 5
FHBR, FREUEEREROHEXWACITT S
ERARIE L TERERER YT -1,

EREDOEAEEFET, 15°C, 10 BRI (6 klux)-
14 B5RREHAC ESP 8t AV TITV, B 41 BB
100 H ¥ CH HMRCER, FE, LAROEKESE,
KA, WRicERPUELI, T, ERGOTER
THA =7 b kies L THEHT -7,

EROERFEEX, EWMT2ZAHETEL, XTo®k
BERIETICONTET L, EEEHY ORE
BIERCH S THEMNLL,

KEBORE L, #930 klux THEAFITEL, 90 klux
¥ COF A TIE KR ERREDLRich o, 15°C
CRTAEMEREHID OIEAFINAREE (Pn) 1
13~35 mgOy/g(d.w.)/hr T, FEEH 77 HE F TILES
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T DBIIEMIHETIC O TET Lic, XEFEERK
WL 20~25°C TRAEL R LI, MIGERE 15°C
T 0.8~3.2mg0y/g(d.w.)hr TH » 72,
HERHICHOOBEEGEIL, 79874 0ra0l12~
036%, 743xY =Y v075~23%, 7437 =
v 015~043%, #HaF /4 F 0.02~0.09% TH-1c
2, WTRLERT2 HEZ TIEL, ZOBRERN
ELITON TET2gED bR,
(RKK - 1)

(A-14) OEEEAIE - = HRBHE: XYE/VDOHFLH
BoaEEREICONT

Sl BBEOIL 194 EUE R VT oOWTE
AERCHTAERRE LT, KREE, GAMOERE
Rt BEARMNOLRGXRVEL, ThboREYH
AL,

HEDIXA Y€/ Y OFRER L EORIOIERGEYZL
LT, £UkhBaRoMERRENORC=/H-F
BHitk o THREINCEBRERLIHLWEOHE
BROERG LB, MG IhCEARIRGET
hefiThlco TH SCWTEREZEL TV DD LT
HFLOWROHORIERKIWLIVCEEBXEL TV 5,

b TR OFAERIERGY B HENT
i, ZoWEHEEYIRY, Fho XL Tab &
BT RIS - T3, Ticbbhc@fshicEA
ik, 742xY) 2 ) yRFERBESLTETAER
T543nm & 568 nm TR IEHE KA BEbhba, HL
R D ERIEER (A CLE 543 nm OBEER AL,
568 nm OE AL RDHbND, FiLWEER
DHFRRET DO TUTE TR T LV,

¥, =i - BEEFLVEAR OWMG i oX 5
WHAD+ 2 5EREL1EMGE X 1975FE3 A 18 HIC
TFHEEEERD THORBEER ORI ALRRAL, £D
BY ORI MR LB T, TOBRKMBIERET
BrepiLWHORAR L ELT—FKTHC Lhtbho
o HLOVWEABHOBEFINTELT-o T
W (KK - W)

(A-15) =hiRiE: RYEIVICHEPNBARSHKHE
AD FASERGOBEIOEEHLEICDONTOD
8

24/ Y OFREELFEREDOTH L - TEL
RHEERRGEODIARM CH I RO LGER L,
MR THrTFER L HERM L O 4BHOE—ARE
RENET S, TOERPCEFRLDOEEE DS HD 2
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BEOB LML 2AEEFIVIWEROE
HENLIE 3@ EPHORFRMAD + 2 7 R
GrET 5, 26ERCRRACAERTTHNERT S
FH2BERERALNRD, 2EPECIELLNDT
XTO#EEbE,RHZLI, B2 GEHCITEERRNO
Habye L HRROBEbREILETRHRDN S,

VAN DER MEER (1977) i3 4 =/ Y &2\ T R
DRBERET, BPHNEHOESYTHI LR
> TEBFECAbh L AER D ¥ 4 71 1U5RTY
BROBOBE S AT HIRBESHR L bisbig
WICHIET B 2 B E i A BONSF T DET S
ZEEMLMC LT, RYE /Y DESRBEAD + £
SERGL AT/ YV OBELALL 2T 4D
BRTFHHAET S ETHE, BEHOHAAHLRIIEE
SAFH IR TERTNOBEROBEFIED
KRBT L » THRE 5, FOBEGREMITL
TR, 24E/ VOFAL AT/ Y OBELIZER
LTHBZ Ervbrols, HRERLGERMOREFIT
RBicsftath FRABEL, TXHE- TV B ERRE
LEEX NI, (AKX - 1)

(A-16) OHEMRK - BAMX: R/A T/ VDL
EE (FH)

I EEKREDA L7 7Y Gloiosiphonia capil-
laris (HUDSON) CARMICHAEL D4 {550 & B2tk
BUO 74 —nvFBECIVFEARELI

RFELCERTRSBOBRMGCARL, 27AK
1% 15°C DB A& CFESER 122 mm, 20°C DE
A&HT132mm OREX LigoTc, ZORHFDOEE
RBkE 8FCHT, ThTh%5°C, 10°C, 15°C,
20°C ORBAROERSGHTEELL, EE&HCE
TLILDD 5L, 20°C BT, 14 ARG
OFFEMIAL v iEE, ExAEIPRINIC, ZOEY
#ix7 4 — v FTELONDEBE L A UHEOE R
HERLT,

74—V FCREMTHEMSFL, 3ARL6RAET
Boh a5 RTFEOEMILLL, 4 ArbETE
%5 AnbERSEYE—FEFHCEL, SATEHLL6
ATACHIF TERYPRLICHE, SECHRT 5,

Nova Scotia DA+ 7 /7 VT BRF IO REL
TRl 4 e F TSR S h, REMREZR A
T2 Ern@E&h T 5 (EDELSTEIN 1970,
EDELSTEIN and MCLACHLAN 1971), & & 5 23,
AREA + 7 7 ) TR R TFREAER S
NTEMEIEEUR I N, BIiACAEHESE 0K

B RLECEDORILD, 74 — v FEREORE R
LBETHLABREAL7 /7 )V DAEFERIX Nova
Scotia FEA + 7 /7 ) LiXBAHYUGBFHERLDL
DEBEbhb, (Jbx - = - )

(A-17) OREBAEHR - B: NRAF¥REAS
FZ2OEEFTICHIEPHBER

BAEDOTHINC 197845 A 17 HICHE L~ 3 4
FREFMETA I BRIFELICA F2D A5G
RFHHLEIATEIEEL, AENTEY LR
T o1,

JaF %, Mg 10 AH5 15 B CHEE G E
bh, 30 AD 35 B TR L AR E LRI,
ZTOWIIFEEE D 1:1 THote, HERTED NI M
HErbHRBEIACRREFEAFAFZ TR AR
K, 4F¥2TL30 BIRICRB LU RFhelcs
o NAAFRTIXEEREL (BN RTFOFEShE
HEEET, 4 2 TIERE LU IaTt4 L Mo RRT
DREFLTESULBRE LI, REEHI A1 ¥2
TiE n=#30, 4 ¥2TiX n=12~15THh -1,

ek« KEE)

(A-18) RBHFKSB : fEA FRABX=ZNRTHRO—
wHE

AR SR IR RIS 3 B ANIRE O A 75 - 7 1R
HDO7 Yy FRERONMUHREDOKEOm O~ % H
YEEmOG ECEFTL, Y EEEMRTE B
e, REREESIHELBRY, WEKOEHEYS
%, EEh OELEY Th ThEEICEL, R E
BRI HCaEoR—/lar b4 L5, BifE
i & BAEITR D b —FHEIC P E L, Pt
S&TELR LRI IR EET A ERIRT, BExfE
BB BEMCIBEE R C E2E 5, EEEE
MXEROM 45K, B EEHB MIEROH
25 fFR<, B&PEBEHIIPRKEHBESHIERD
#2158, DML 1~58E»HHY, FoBEE
TEEROM 3 ERG. ERARBIIFHCAEL, Bifk
FETH 2, FHRTEHRCHIEL, LMtk
o W HFD S XERY 20 ym, KRXH30 #m O
BN HERIIY T, PRV O ki NE
L, FRERNI=ANRTH D, HEERBTDO S
FEXE M OB OB AL, HEEET
D 53 DENHEEC SRR E NS, 7 s Ak
BEABRTRMHE WA U, MEERBBI R E Sl ki
METE, O RIRMBEOPMMIETNh, BEEYEL



7eW e (BRK - H - &)

(A-19) EE M XEEV VR 3 EORR

KEFEOHFR, TicbbkEORERIZIIZR, 2
Y RBEIND v VRESABELEEFL, htbo
fEix 1) USRTECYVHL, 2) WFRFEOR
FE REMHEEMOFEHEER O FE, 3) fiolk
BB DO, OEATAARNTA, £—2+35 )7
¥, KFEEDOT - T\REDOY VB ERE SHHEL TV
oo ZLTXBIC I B E, 3—0y 3@ HORD
FER L L Bbhd v VBOBEOFENAFRE S h TV
1oDT, EEDO T Y =2RT v Fv oy & —le & CHE
LB RAL, WEBENIBEYERLC, L0
B BOXM¥EE CTHD Laurencia obtusa pi=v/
HBROBEYRLTEY, L pinnatifida & L. hy-
brida © 253 & bieh - FEESASERERY DA TR
B, RATFER, Thbbaxs 2 ) 2FLMA
B USlaFE L RBEXROIE AL AT o
2o (dek - ki)

(A-20) OHPREP - FRAKE : BiGERKWER 2
BCOOWTOSTEFHTIR

HESIAACAT T 5RIRBEE (crustose
brown algae) D EFFMIBIRLED TV B,

SENIEFEKRE - hilis L A ADREHE X D EREX
NicAv#I95BEmMBT54%E 2% Ralfsia ex-
pansa (J. AG.) J. AG., Mesospora schmidtii WEBER-
VAN BOSSE &2\ TR L ICIURE - 7 8F LR
*HRET 5,

R. expansa (3P4 v VEEE, = v — v T4, R~
IR ST AEETH D, BATIIEESC X
DD TRETE, BEKE, Wl, R, DY
Ehic, AECEL TIRD 2 SR BEELEOR
BOFEVEEL LI, 1) BFD 513 3~6 ORI
(stalked cell) &40, 2) HEAMBE L1 BHOTE
HiMa (sterile cell) i35,

*V 2K 5 & (Mesospora) ¥, WEBER-VAN Bo-
SSE (1910) i2 X h, =L — v ThbREINICEHR
M. schmidtii %% LFIL S i, ZOROEFL
NEMCRINHEEERBELX IO LD, i
DAY #7757 BREENDIBPLACREINEhD, 20D
BRI 4 — 2 £ — 5, b iET 5 2R mn
T35, 4, BEKE THREINEMIKERE
BE HELATEBEORERENL 24 7THTHS
M. schmidtii YRESh5, kB OBEIRE, &
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LLHAHETHS, GRBK - £HBER)

(A-21) BRER: BEBE—EEY ) RO—& (8
EHFHYER) OEFRICONT

A% (Acrothrixz sp.) Y, Elachista stellaris
(WANDERS et al, 1972) % E. fucicola (KOEMAN
& CORTEL-BREEMAN, 1976) D X 5, BFFETD
BESBENADN, EETREFETIIRALD 2 5L
(vegetative diploidization) 23 &b 5,

BTEILOWETIL, SREALETIIREFLT
BHERFH n=90r 10) 0¥ ¥ T:BL, BERERSE
BT, TOBEERFGEHOEEHEE 2n=16~20)
DEMLAMNEI L TEERFHCL S, SEAGI£
TOERFEORBERFHIETEIUR SN,
OFEEMRL T ERFL T, BETFLABEORLEY
BYET,

HRRFH,HLEBELT 25, ToRMLRS
By T5HEANC, ToEFMAROESEHTEAL TV
b, COEMLESL, FCERRALLTREY T
{, SiREASRETHHIhIERLH S,

AL GBI =+ &Y 7 (Acrothriz pacifica) &
DUTHHEEHED T BH, TOEHERBGCLRE
R0 2 fELtEL iV, BBETFOEEIFT, K
DREARBFIERELAH CERBHEEREZEVELE
B&HTHECEERTHRCHR T R E, FELR
> TCAEBR TR, (FK - 8 - KE)

(A-22) owhif - SHHE: TRIVNEOMES
CEBFTBA Y05 REFORN - SRR

kv 87 FEDE L BELLRECHT TEHTS
DX LMbh T3, Lal, A—KERCEETT
LEROF Y £ T BEERERCHREE LT, TORM
RS PR, ol - R LcBliz & A E gL,
HWESIL 197741 A2 b LEMChIc > TTFER
BICETH Y #7578 1I3EORBEEIAL O ONTIH
i, DRkHIRATEEL, UTO X 5 nmR B,
@ BRABEHEIIIFEE (T2 - s 57 7)
T2hH, B (x4~ 3¥YV=7) TIAH, K%
DML 4~6 ADEITH -1 @ HEWIRIIRET
We2HrA(F59E-4ve2), BECHTHA (#
A e ), YE3~4 A TH o1, @ IBBHHIRENL
FREMETILOTHL 1 AR TH-T. @
ME—EEL IR TS v £7 5 TiE, BEEHCW
12> THEEAL e\ NE OB SRR B i, Bk
LB FoBINTHELE, ® /725Y) 27
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TIREBE AR ESRCTA 2HAFET A &M
MBIt oTce —BHL 4~T A BTHIEE) 12, ot
11 8~12 F (RIARY) R BT 5. COMBHIRAT
HTEbHY, HKEF B OBEAEREI
5 THIRE D FT AR &0 5 MBI, ST
CERIBDLNID 51, (KK - )

(A-23) oy - TEHHENE: TERNEOHES
CEFTBRVY IS REREOEMHER

TV EU I HOBRCERTE (B [akL) o
TFEHC L > TELLBLT S, AFFRTEZ DD
EHOETCHONABEHEOERFPALMCL, Zh
HEEBORMAORET A LT AME L, B
BETERNMEONBABCHE XL TEETS
NEEMRCLT, B LTS (K 2ED, 1976
FEIANG1977TE 10 B TOMEA 1 BIERKEL 72,
HERIUTOLS>TH 2,

@ BERCEBEOBRR ORI LY RB &,
JAFYEI cFANET ¥V TRET c T ALY
7t EOEMBEEBIBER L et g — v BRI,
Lhl, B2ETIRESE HCKOBHE) KL
RotHEMNROhI, @ KFEMKRHEEV 5D
THLWBETCATT 2 REEEED v =27 « 4
VE®Y - F7¥EX, ThEhEBNRERGNELY
Rl @ BENLIAMRTAHMIAF 27T
4R, BEL0ELL2ATH o1, TOBHO—HY
D DHBEEREG—FEEDT e s KR BRY10
cm) G, aLE7, kY £7INIHRKREE, @ —
FEReH b O - JROBITBBICEKR & i1,
EORITE OB THREBEITCHRA & oD, BB
TR L, £HEBTIEPERCSECEREh, £
BROLER®D 30~60% % Hdlc, (FKKX - #4)

(A-24) KBEX: LEBICBETIHCAR, 7h
XRBICDNT

HHEBREO b O OERIL, FEE TOR
ETE, T2 ABBLAML A Y AT - A
D2HEEFAL TBETERE IR T, L
2L 1974~T8 SR bofc » T A K ROEE B D24
BRESRATCI D, L orDHFLVWaMRRELR,

TEBCET S Y A 3FEH R ALRS G
DL LH/PRTERITIOcmBETHD, 70 21T,
EFIREY, EERECHISDIELFHL TS, 7
A ABDL DL, SELEBCIELINE NS L
NEB T o 1ops, 1976 £E3F 4 e B rh T HIc SR AR

HXIT e v x DFAENRTER IR, BELICHE 2TV
LT3, EHIZT #1 * pEBHERHE O RFGEEA O
N= 2 DJHIC 1976 FERK AR Z L U T, FD TR
DUNEEEITIE, 100 m2iZ 4 ot IR D &, DTH
S FCMBEITIE N — R H L THHED ST ¥ T
BOsERLTc, DX ST HEBTIE, #Y 2@, 7
HABOEBCHEL TS TILRVEENTTED,
ZOREPSBRO N DEOFEFRC @Bk A L o h
%o (BaX - BEEYLy 5 —)

(A-25) JIWBRR=: 3YyqvavrEFrHavrsoF
FEHCDO(VT

3y 7TROFIERL, ThrEfcE 2 2 EEE
BEHFEOHRMNDRT, D536, L TOWThoOmIC
RN 57, BOK, HROBEL ST
BoOSEHIEL L TEERERTH 5,

IV4vayTEFHay 7ionT KJIELLMAN
& PETERSEN (1885) & & (1902) %X U %, s
(1896, 1902, 16, '36), & (1903, °10, ’11), OKAMURA
& UEDA (1925), & | (1925), KANDA (1941), NAGALI
(1941), #hEH (1946), YABU (1965), {k -+ A& (1969, °73,
77), fEAKRD (1964), JIlig (1965), KAWASHIMA
(1972) LAEROBENDH B, Zhb OTFEBIEE
KRBT 3BT E L WRELS A B S,

ZZTIE, B BRI & W O TR
BRECOWTOZEEDORELXEEL TRL, KWT
xR (le) itk b+ 73y 7OHEER L, HEQ
ERRELICI VA ary 7TOFRE LB LCHE
DEBE W L1V,

(LB L RERER G & —)

(B-1) oFEE £-F B - THEkXH: HERLE
HH® Ditylum brightwellii |C$(3 3 kR
FoOERBECDONT

EHE DI, @EOP.OLBEY Ditylum bright-
wellii % PROVASOLI Di{b¥E K £ #1 (PES) icxE
7+ Y v 4 NagSiOs-9H,0 % 10 mg/é ¥R in Uiz 5
HTERL T LA, 25U BB oS
Aic, ZRORRITERE L, = DBEOFELO
g, =AEEREEL, MoK TR X -
Thdbh, AREIRERFCOLGFET S,
X, BRETHD, KIRETCERL M s\ T
i, MREEHBRICAEDY, ThEBE> X5l T
FC P8k R Bl 1 BB EORSH BRI h
B MO HIX, REHMIEON « AR Fh



FhRONI S L RDORGERE & FEOREMI TR
Thz, MREIFRCKRBLL, GRLEEERCE
b5,

Z ORIRIRF O EFET DL aaiLic s
A, PO CRERE Lo IR TERRIE IR B OB\
WABLTRAZ LT, 1BELMGC, LA EDH
RASMKIRIRTFCE LI, ChbPELEICETE
BUkERoMErER I i,

(HEK - WEER)

(B-2) OB & g*-/\ # BL**: Pinnularia
sundaensis HUST. DREOHBHEHICDONT

Pinnularia iy, %< O5ENEZEURKEESR
THH, TOBRBLRBOLDONE, TOID, &’
WETFRORKE LT, & <5 MULLER (189,
1898, 1909) HIZ X » TR BT & 5 Pr R fTHHR T
5, TEM pERXRADTHB L, T ORBME
ZO\T, KOLBE (1943), OKUNO (1954) iz X %
W|END D, ¥, SEM IZ X 582813, SCHRADER
(1973) & X » T, P. viridis, P. cardinalis {Z-2\~T
B AHRRBIC oW Tied h T 5, LbL, RED
BHRESEZ DV TE, TR ARBAM b E,

HELIL, 7u0—-vERCI->TEBLMIC P sun-
daensis DFFNCESE, FHOREMSECER L TE
BafToTEl, FDOER, B (Alveolus) Dir
BEHSENBID o tc, T, Eif (Velum)
AIREHET, TOHNBIIEL, ThIZEZEH T5nm
DORAHAEL LD LTEY, FhissiiE
ERH1I0nm O/NLESE b ->TWBH T Ehbho
7o (FEEA - £9, PHREKX - 4£9)

(B-3) BHAFR: T HHE Thalassiosira di-
porocyclus (DT

75V 7 b VAR AE 30 pm HiR /NI
HoMarSERHRERCZEh T3 113, Zh
¥ Thalassiosira subtilis (OSTF.) GRAN D £ T
HbhT\\b, EE/ v9=—0 HASLE X, Zh
DEAYEHEM THELT, BREROMED
LW EBEEROGAD LA G, oL oo
g T. subtilis, T. diporocyclus, T. minuscula (=
T. monoporocyclus) D 3r B 5 EFEELI,

BAEHRCHET 5 Z O EEIFAT S5
BAE ¥ CHIMNERE, B, HRBCb ORI
M, TXT T. diporocyclus CHM4THLDOTHY,
BRI T. subtilis (L EFER T gLy,
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V# D MAKAROVA 3BT XTx T. subtilis
EL, HEROMBEOEILL L TH- T 503, BIRE
BoffEOHRIBETE VL, ThEhoos
MOFERMBIcHIC L, YEILIhHXFIEL LT
AEL T ORI W EEZBRD, FHCANETRED
LDIRFELVERE T I BARBORGTHREXRS
ZENHY, S5y 7 b v AOBOHVETLEE
#3xh5, (R ¥ X K HE)

(B-4) Lkl #*- KE—B*- O/ 3L*: Gom-
phonema sphaerophorum ODERIEZD
B/ICDONOT

G. sphaerophorum (IA REHIREX 2B
MR THDA, HEOIEG T TREDLARE
WoRBERARNLLEA, 1) KEE, 2) hER,
@) MER, (4) HERO4REFTES Z Lavbh
o1 FTRINCHIBELELBDIR 2 4 AL THH
BERDEWD HTHB, HURRIIIGARNLD
D47, £47DEELEH ST LR T eh o
7D TR & R HE ORI E - THEr T 5 Lt
7\ A3, EHRENBERG DJRICHE (1845) iz Xaire <
10 SEH D IR (1854) It 2 DDA TV B, D
5HD1D3E ST OEREELEIBbhWETH
50, HEDLOXMALMCKERICET AL 0TH
b, KEENIHOREFLKRE L, LKL, IR
H OB T - T0BRFE b ob OHE AL
PEESTET, BHYDIRLEALTAERYRL,
SHib, bolEbHAKBCRER T, HED3E
BUTFh BRI B LS, KERO X 5 ek
o @i E b OEBIR oML T, s
FHEARLATHT, +HEY - \FHERB - B4/H
COHZMH LI,

(FHREKX - &9, *HFERIEAER)

(B-5) HI#BAL*- OFBRAT -8B 1#: Ak«
= Navicula schroeteri OFBFHFHR

& EINoFHEERE)IC 1978 4 8 A 2 1= Navi-
cula schroeteri D HREMEZ KA TV 7¢5 — T LT
#9300 MOBEBETRCH/EL, TOERETOWTH
¥R R T - D TEDEREYWET 5,

EALFHEKX)
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(B-6) EPHBLE* - OFARBE**- BB 1§: PRy
4% Navicula cryptocephala v. inter-

media DHFMPHRIFHR

1978 4 10 A 11 BHFWR D3 FAGI o # 5 )11 %
fHEDRBC S Bzt & L T\ 1o Navicula crypto-
cephala v. intermedia %) 300 MEAKEBEEECIBY
L, ¥DFRC L - THEBLXBRRE LI BE¥NMR
oW THET %,

FERALRFHEXR *HERAELY 5 -)

(B-7) ofZE @ -/IH&®F: NIOHEFECHEL
KEFEQHE, & ISEANCDONT

ALY TREXHET 558, EEBHHT
B—BRCEREOLHELFEL TS L SRHES
LEOHILVEGHTHB L SCHEI B, HED
1976 £ 7 & 1977 £ 1 AT BEB)IKROFESE %
20 A TRE LR Y, AEROBRER, ~v 704
YR, FEMHRE, BRIGBE, ¥+ /¥ OSKE
88, ¥ 70 cfBRin & O BAE LR
DTRLIADEMEZILE TS, (HiEdX - H)

(B-8) OXH B -MF X: KEBEEHER HO
HERZICOOT

RREERER B+ OEZERERBC OV THOL (1968)
DREND Y, THIBEEE7 o—52ERBL
T 5B LR XT B,

BWEOKRIBEOREE(CAHE « HB - (LEOES
Biebich, BANCHL LS LT 5RZ05DNB
& o T 1976 LUK T B, BHESITBEER R K
DREXBEY LI,

FEHERI 10 km O i HLAREILRETH 7m
DFES ¥ THREDAE ORI, ZDFRENL UC » Ay
THELDAEL T, & iF I I\ TH 6000 5D
HEWEHEIND, ZIbEIJIIVBORE %
MWy, ERMED S5 x Pleurax AT Y h FLse5 —
FELT,

ZOFER, ®—) ¥ S ST I\ T 6000 4E FijH D
BECELHMIC R\ T, BERREOEENFL
 hOEEEOERAERTZ b otc, ZhidE
Te LEF O L 0®E L LEULCERTH B,

(WFEA - - 4)

(B-9) OXABRBTF* - MEF &+ - BEHEE: KB

BRCHIIHEERECONT

BE, KEBCRWT, REBERDYEESAICER
WU CRULIIE, REE - BEAELIYAL T, BF
DRBEALE RS L OREL, LI (FEK - H)
BIRI-> TR TWw5, HED, EEEBREA
TBEOREE(LOHE XA,

e LT, FEN52 42 6 A MILRKEEH (]
#£ 132°377, db#4k 33°27") I %\ T, KARERTHEL
ARHREEB Y- THRIRE A 8m iz DOH~Y ¥
7arTERAvi, Thrbxo—HfExMo L, B
B, K, Pleurax THALTF L /%5 — MEKRL
Lic, ChxEFEROEHNRE—ERC/DETT
v FREEEL, FRAROBRRT IR

T DR, RAKH:D Eunotia J&, Cymbella Bh
FELILZ DAL DERINOPENEZL OIS
L, EB%@EC T &ML Synedra tabulata,
Melosira sulcata, Cyclotella striata, Cyclotella
stylorum THnHZ &, Fto, ZO%EIHEIAED
FEH FEXU4m 2RO E LICRS) THERE S
19, Synedra tabulata, Coscinodiscus J&, Thalas-
siosira JBIL ML DFFTEL Igo T B Lig s
DHMREEI, ZORELBEOREE(ERTHRE
BREXKE LI, ZZIRBELR,

(FHEX - H - £, HRIRBRBELEKX)

(B-10) OEBRFEF*-MEH & EhRE™: BE
AP OEFREICDNT

B KB R O KRR i f1s 5 g L AT 2w T
Wil (1977) 25, KIREBEH—FERNITIT—EH B IR
THoeHEXRL T B, ThIARRIEREH O k-
AR VBECESTCE VIR TV, HER
W OERRRIL, HERURRCEFTLICLDTEZOR
BIBILRE LTELBY T, HRELHNT S
FHO L LTHEATH S, T THENL, EMBIIE
FEC B L T i il T DBRICEREE & e HERK
W (—9~—24m) XAWT, BEESHXT 53T Xk
h, £, BEAEOTIEEEE L i
b, RE—FERNHLBRIECED F TOREHE LR
Itzo s LTcskNE 20 T, 150EHC D X #9200 OB
BEFHLIc, ZOEBRIKDL 5L DTH -1,
EREBRLTHEE X XERKETH B Cyclotella
striata RO* @BIERRMED Melosira sulcata H\ 5
FTHotoe XRKMED Cymbella, Eunotia |BIi1Tx
FRBEMEBRMTH - 1o EXONE TR RKK
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DYRIRIE) TEEWMERLI, BREBOT LI RICEL 5T, RERDDEWANBITLICLEX DN DR
HERLICE (—24m, #15FH) TEREENEL 1 (9 TR LiF—HKL T\ 5,
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