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An interspecific graft between two Japanese
species of Acetabularia®

Ikuko SHIHIRA-ISHIKAWA, Dirce Mithico YAMAOKA YANO?®
and Kozo IMAHORI

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

SHIHIRA-IsHIKAWA, I, Yamaoka Yano, D.M. and Imamnori, K. 1982. An interspecific
graft between two Japanese species of Acetabularia. Jap. ]J. Phycol. 30: 1-7.

Interspecific grafting experiments using Acetabularia first performed by HAMMERLING
(1940) were duplicated using two Japanese species of Acetabularia, A. ryukyuensis OKa-
MURA et YamapA and A. calyculus Quoy et GaimarD. In their natural habitats, both
species produced caps whose cap-rays (sporangia) were arranged evenly in a disk. How-
ever, under different culture conditions, caps of irregular, loose rays consisting of detached
sporangia were frequently formed. Ninety per cent of caps produced on enucleate stalks
consisted of irregular loose rays. Whereas HAMMERLING used two types of cap shape,
as a marker of gene expression, the results of this study indicate cap shape cannot be
used as a characteristics of Japanese Acetabularia species.

The number of rays in each cap was found to be stable under different culture con-
ditions and the average number of rays in each species was notably different. Therefore
the number of cap-rays was used as the marker of gene expression in this experiment.
The caps produced in the early stages after graft treatment had the number of cap-rays
characteristic of the enucleate apical fragment, while in the later stages, the number of
cap-rays were characteristic of the nucleate basal fragment. The caps regenerated on the
decapitated stalks had the cap-ray number of the nucleate basal fragments. These results
agree with those of HAMMERLING, who stated that the nucleus produces caps characteristic

of the species by the production of nuclear-controlled morphogenetic substances.

Key Index Words: Acetabularia calyculus; Acetabularia ryukyuensis; cap shape;

cap-ray number; graft.

Interspecific grafts between 2 species of
the genus Acetabularia were first carried
out by HAMMERLING and the interaction
between the cytoplasm and transplanted
cell nucleus was observed (HAMMERLING
1940). The results of the experiments were
later interpreted by HAMMERLING (1953, 1963)
as that the chemical compounds (morpho-

1) This work was supported by Grant-in-Aid No.
564226 from the Scientific Research Fund of
the Ministry of Education, Science and Culture,
Japan.

2) Present address: Instituto de Botinica, Caixa
Postal 4005, 01000—S3Zo Paulo, SP, Brasil.

genetic substances) synthesized within the
nucleus were released into the cytoplasm
of the stalk and controlled differentiation of
species specific feature of the cap. A
biochemical explanation of these events has
been attempted rather recently (SCHWEIGER
1976), though some problems still remained
unsolved.

Grafting experiments using Acetabularia
have interested Japanese biologists, but con-
firmative studies have rarely been attempted.
In the course of morphogenetic studies on
Japanese Acetabularia, the authors performed
graft experiments using two Japanese species



of Acetabularia, A. ryukyuensis OKAMURA
et YAMADA and A. calyculus QUOY et GAI-
MARD. The results of the experiments will
be given in the present paper.

Material and Method

Acetabularia calyculus growing on shell
fragments was collected from Noto Penin-
sula in Ishikawa prefecture (SANO et al.
1980) in August, 1978 and 1979. Gametes
liberated from cysts in the cap-rays (spo-
rangia) were isolated. Uncalcified stalks
were produced by the germination of zygotes
derived from fusion of these gametes. A
month later, cells which had detached from
the culture dishes were observed floating.
They acquired a length of 3-4 cm about 10
weeks after gamete liberation. The cells
used for the experiments were the descend-
ants of this material, which was maintained
in the authors’ laboratory for 2-3 genera-
tions under unialgal culture conditions.

Acetabularia  ryukyuensis was collected
from Ishigaki Island in Okinawa (ARASAKI
et al. 1979) in March, 1979 and 1980. Stalks
growing on dead coral pieces or on Nylon
fishing wire were cut off at their bases.
After elimination of attached organisms, the
substrata was cut into small fragments.
Fresh, uncalcified stalks regenerated from
the rhizoids which had remained on the
substratum. Single cells on each fragment,
which acquired a length of 3-4 ¢cm in several
weeks, were used for the experiments. Since
the liberation of gametes in A. ryukyuensis
was never observed, isolation of cells was
not achieved.

All cultures, before and after graft treat-
ment, were maintained at 23°C in sterilized
Jamarin artificial sea water®, which was
renewed once every 2 weeks, under 2000
lux illumination of fluorescent lamps, with
12 hours illumination daily.

Grafting treatments were performed un-
der a dissecting microscope using sterilized

* Commerciel medium manufactured by Jamarin
laboratory.

2 Graft of Acetabularia

opthalmologic scissors. The cells of each
species were put in sterilized sea water in
a petri dish and were cut at a region 5mm
from the rhizoids. Immediately after cutting,
the nucleate and enucleate cell fragments
from the different species were gently put
together and the more slender stalk was
inserted into the larger one (Fig. 1). The
connected stalks were left overnight in a
stationary dish in dim light. Morphogenetic
observation took place after transferring
these cells into fresh sea water.

Fig. 1. Connection between apical and basal
fragments. A. Directly after insertion. Some
lumps of protoplasm appear at the junction site.
% 25. B. 6 hours later. Protoplasm extends from
untreated area to injured portion. x25.

To obtain enucleate cell fragments, the
stalks were tied with Nylon thread before
cutting to avoid excess leaking of cytoplasm.

Results

1. Problem of morphological markers:

a. Shape of cap and cap-ray.

The appearances of caps varied according
to environmental conditions (YAMAOKAY A-
NO 1980). In the laboratory, cells frequently
produced abnormal caps with an abnormal
arrangements of cap-rays (Fig. 2). The
shape of the cap-ray was also observed to
be affected by culture conditions. Table 1
shows the acceleration of abnormal caps by
higher temperature and higher light inten-
sity. Enucleate cell parts produced a high
number of abnormal caps under 2000 lux
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Fig. 2. Shape of caps.

Table 1.

Under 5000 lux illumination :
nu:leate cell
enucleate cell fragment
Under 2000 lux illumination :
nucleate cell

enucleate cell fragment

A. Normal cap; «10. B, C and D. Abnormal caps. x10.

Acceleration of abnormal cap formation.

Temperature
32°C 22°C
100*  (100) ** 67 (92)
100 (100) 71 (98)
80 (93) 0 0
58 (92 60 (90)

* Number shows the percentage of abnormal cap.

** Number in parenthesis represents the percentage of abnormal caps when partially
abnormal caps were included with abnormal caps.

illumination at 22°C, although nucleate whole
cells usually produced normal caps in this
culture condition. Some of the abnormal caps
consisted of similarly shaped cap-rays, and
other abnormal caps had differently shaped
cap-rays. The change of cap shape was
accompanied by a change in hair number on
the corona superior. This change was used
by Hidmmerling as one of the specific
markers, as well as the cap shape. Even
in normal caps of A. calyculus, the shape
of the cap-rays of laboratory grown material
was usually different from that of thalli
collected from their natural habitat. The
tips of the cap-rays in the latter were flat
and concave, while in the former they were
convex (Fig. 3). Accordingly, it appears
that the shape of cap is too variable to use
as a morphological marker of species.

b. The number of cap-rays.

More than 200 caps from each species
were collected from both laboratory cultures

and their natural habitats. The number of

rays in a cap were counted and the relation-
ship of this number to the different species
and to different environments (Fig. 4) was
investigated. The average number of rays

in a cap is 34 in A. calyeu/us and 72 in A.
There appears to be high
constancy in the number of cap-ravs for
each species, especially for .

ryukyuensis.

calyculus.

Fig. 3. Different appearance of cap edges. A.
Cap produced at natural habitat; x30. B. Cap
produced in laboratory. x30.
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Fig. 4. Distribution of cap-ray numbers in a cap.

Table 2. Interspecific grafts of A. ryukyuensis and A. calyculus. Com-
bination of the basal fragment of A. calyculus and the apical fragment of
A. ryukyuensis.

days number of species specific
cap-rays appearance of caps
6 52 RYU
6 48 RYU
6 46 RYU
7 52 RYU*
8 61 RYU*
8 52 RYU
9 36 CAL
10 38 CAL
12 34 CAL
14 36 CAL
15 34 CAL
16 30 CAL
18 35 CAL
19 36 CAL
21 35 CAL

33 30 CAL

* These cells were used in Experiment 3.
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The number of rays is not easily affected
by environmental conditions, though the
shape of cap and other morphological fea-
tures are frequently altered. Thus, the
number of cap-rays is seemed to be available
as an index of species specificity, or of
specific gene expression in this experiment.

2. Interspecific graft:

Experiment 1.

After the basal fragments (nucleated) of
A. calyculus and the apical fragments (enu-
cleated) of A. ryukyuensis were connected
(Table 2), the caps formed in the first 8
days after the treatment had more than
46 cap-rays, while the caps formed after 9
days had less than 38. The cap-ray number

of the former is different from the average
number of A. ryukyuensis. However, caps
with such a number of rays as 46 frequently
appeared in laboratory culture of this spe-
cies, and was different for A. calyculus.
Therefore caps formed in the first 8 days
had a ray number consistent with A. ryu-
kyuensis wheras caps formed after 9 days
were consistent with A. calyculus.

Experiment 2.

After the basal fragments (nucleated) of
A. ryukyuensis and the apical fragments
(enucleated) of A. calyculus were combined
(Table 3), the caps formed in the first 11
days after treatment had less than 37 cap-
rays, while the caps formed after 13 days
had more than 59. This clear difference

Table 3. Interspecific graft of A. ryukyuensis and A. calyculus. Com-
bination of the basal fragment of A. ryukyuensis and the apical fragment

of A. calvculus.

rumber o
10 28
10 37
11 37
13 60
14 59
16 59
18 65
19 66
20 75
22 68
25 61

* The cell was used in Experiment 3.

species specific
appearance of caps
CAL
CAL*
CAL
RYU
RYU
RYU
RYU
RYU
RYU
RYU
RYU

Table 4. Interspecific grafts of A. ryukyuensis and A. calyculus. Regenerated caps
after decapitation of the cells.

First cap formation

Second cap formation

basal apical species specific species specific
fragment  fragment days number of appearance days ng;n?gy(s)f appearance
(nucleated) (enucleated) cap-rays of caps p of caps
CAL : RYU 7 52 RYU 13 35 CAL
CAL : RYU 8 61 RYU 23 36 CAL
CAL 15 65 RYU

RYU : CAL 10 37




6 Graft of Acetabularia

was observed in the caps which were pro-
duced before the 11th day and after the 13th
day. The former indicated the specificity
of A. calyculus and the latter indicated that
of A. ryukyuensis.

Experiment 3.

Three caps which were produced in the
first 10 days after treatment (See Table 1
and 2) were cut off and the decapitated
cells were successively cultured under the
same culture conditions. Regenerated caps
appeared 2 to 3 weeks after decapitation.
As shown in Table 4, the regenerated caps
had the cap-ray number of the species cor-
responding to their basal fragments, although
the first caps had the cap-ray number of
the apical fragments.

3. The terms that the information of
cap formation exists in enucleate
cell fragments:

Before cap initiation, 50 thalli of more
than 3cm in length of each species were
randomly selected and their rhizoids were
removed. These enucleate apical fragments
were cultured under the same condition as
the graft experiments. They survived more
than several months, although cap formation
was limited to only the early stages. The
last cap initiation took place at the 16th day
after enucleation in A. ryukyuensis and no
more caps were produced after the 17th day
(Fig. 5). It seems therefore that informa-
tion for cap formation persists in cytoplasm

100

™ ) A
3 A, caveuus
-
=] - a- A RYUKYUENSIS
8
ot
(]
o 0. o—
g ot om0 —
o
b / p—-0—B—
‘%' o _ &
s/ A
@] o &
4 /
o IS
o”
o~
0 Lo P

0 2 4 5 8 10 12 m 1 18
Days
Fig. 5. Cap formation on enucleate cell frag-
ments after removal of rhizoids. No more for-
mation takes place after 17th day.

for around 10 days under the culture con-
dition of these experiments. This length of
time is identical to the period when the
caps express species specific number of cap
rays of apical fragment in Experiment 1
and 2. These results support the fact that
in the graft experiments caps produced in
several days after treatment express the
specific feature of the apical fragment,
without expression of the genetic informa-
tion in the new nucleus.

Discussion

Many types of inter- and intra-specific
grafts have been performed by HAMMERL-
ING and other workers during the last 40
years for the purpose of analyzing nucleo-
cytoplasmic interactions (BONOTTO et al.
1980). A. mediterranea was the most gene-
rally used for these experiments. A widely
known experiment (HAMMERLING 1940) is
the graft between A. mediterranea and A.
crenulata. The cap shape of both species
seems to be stable at least under normal
culture condition. Acceleration of the pro-
duction of abnormal caps by higher tem-
perature and higher light intensities has not
been reported in these species. The first
difficulty encountered, when Japanese species
of Acetabularia were used for graft experi-
ment in authors’ laboratory, was the unreli-
ability of the cap shape. The variability of
the cap shape is observed in the arrange-
ment of cap-rays as well as in the size and
shape of each cap-ray. Both A. ryukyuensis
and A. calyculus harvested from natural
habitats are similar to A. mediterranea in
the arrangement of cap-rays, which adjoin
each other and form a disk. Very often
the stalks of above two species produce
detached cap-rays whose appearance closely
resembles A. crenulata. This abnormal cap
formation is induced by an unusual environ-
ment and also by enucleation of young cells.
It is not uncommon to incorrectly identify
the Japanese species of Acetabularia when
the algae is exposed to different environ-
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mental conditions. Regulation of morpho-
genesis by environmental factors, especially
cap formation in Acetabularia is under in-
vestigation.

It was found that the number of cap-rays
was comparatively stable in spite of the
environmental change and that the distribu-
tion curves of their numbers (Fig. 4) never
overlap each other. Due to these facts, the
number of cap-rays serves as an adequate
species marker in the graft experiments
using these species, whereas morphological
features such as the cap-ray arrangement
are not suitable for distinguishing these two
Japanese species.

By use of the number of cap-rays as the
sole marker of specific gene expression, the
present study obtained the same physiologi-
cal results as HAMMERLING’s study (1953)
which used cap shape as the main marker
of gene expression. Grafting experiments
using the Japanese Acetabularian cell appear
to be useful for research about nuclear gene
control.

Acknowledgements

The authors express their gratitude to
Prof. H. G. SCHWEIGER, Max-Planck-Institut
fir Zell Biologie, Heidelberg, who kindly
permitted one of the authors (I. S-1) to
study general methods of Acetabularia
research in his laboratory in summer of
1979. Thanks are also due to Dr. M. IKE-
MORI, Kanazawa University, Mr. O. SANoO,

Marine Culture Centre, Ishikawa Prefecture
for their kind help in collecting material.
They also thank Mr. E. MANABE for his
technical help.

References

ARrRasaKI, S. and SHIHIRA-IsHIKAWA, [. 1979.
Distribution and ecology of Acetabularia in
Japan. In: S. BonoTTO, V. KEFELI and S.
Puiseux-Dao, (ed.) Developmental Biology,
Elsevier North-Holland Biomedical Press. P.
15-18.

BoxoTTo, S. and LUTTKE, A. 1980. Grafts and
transfer of cell constituents into the giant
unicellular alga Acetabularia. In: J.E. CELIS,
A. GraessManNN and A. LoyTEer, (ed.)
Transfer of cell constituents into eukaryotic
cells. Plenum Publishing Corporation. P.
409-432.

HAMMERLING, J. 1940. Transplantations Versuche
zwischen Acetabularia mediterranea und
Acetabularia crenulata. Note Ist. Biol.
Marin, Rovigno 2., 1.

HAMMERLING, J. 1953. Nucleo-cytoplasmic rela-
tionships in the development of Acetabularia.
Int. Rev. Cytology II. Acad. Press N.Y.,
S.F., London. P. 475-498.

HAMMERLING, J. 1963. The role of the nucleus
in differentiation especially in Acetabularic.
Symp. Soc. Exp. Biol. 17: 127-137.

Sano, 0., IkeEmori, M. and Arasaki, S. 1981.
Distribution and ecology of Acetabularia caly-
culus along the coast of Noto Peninsula.
Jap. J. Phycol. 29: 31-38.

ScHWEIGER, H.G. 1976. Nucleocytoplasmic In-
teraction in Acetabularia. In: R. KinG (ed.)
Handbook of Genetics, Plenum Publishing
Corporation. P. 451-475.

YaMaoka Yano, D. M. 1980. Culture of Aceta-
bularia calyculus and regulation of morpho-

Kanazawa Aquarium and Mr. M. TAJIMA, genesis. M.S. Thesis, Osaka Univ.

BIEAF, SLe- 3Fa Y4 h-v/, SERZ: AFENY/ ) OEREER

~= )y R -~ THRShi- kb e S&, AKEH+/ Y, A. ryukyuensis OKAMURA et YAMADA
(#4#,9) &, A. calveulus Quoy et GAIMARD (k¥ =¥ %) OFEMEAYRAAT, ~< U v 7 FRE»
HENER AR TR FREBVE L L TR OB AERE S - fent, LR 2MORKENY /) T,
HFOHWELHEDIELT5 2 LIXTED -1 WEO A HEOLThIRATIE FRETH 2035 REHT
CRTGHTHE 2 L%\ P OBBERERLCKOBMILIKTEL, T, ¥ V1 FaiRE LICEKEERC
3% DILER A HAE LD T EMNE IR,

WRICIL, H M) OTERIZH EONHELDH D, LdFORBIIERLC XD BErdr-7cDT
CREEEL L TEARERY SIS 2 ENTER,, BARLEBE, HI0ALENCE U » L EREER OO
HETHDTFERE LY, TAUBCE U 7 AERSER I OBORBTHIFEREH Db LI, i, Hl
FEOHFEHEL, A—ZLCHEO I FEO LB EREDI VT TABDFERIE, ~< ) v /DX
BRERYEMRTHLDOTH o (560 KERFFLpiARILINT 1-1, KEXRFHBFDEDELR)



‘8 &) Jap. J. Phycol. 30: 8. March 10, 1982

#t B B=: gEEE/— 6.
Pyramimonas grossii PARKE(7 5 </ #iH)

Isao INouyE and Terumitsu Hori: Notes on mi-
croalgae in Japan(5). Pyramimonas grossii PARKE

(Prasinophyceae).

Pyramimonas (3% & L TRRIR « IKIBRIIA &
BI577 v/ %ThHY, FIPTHEELMOOHK
FYIARRI BB RD Z LN TE D, REED
B 7 v S EX B BERTERLVBO—2T
B, ODRETHRIKHMOI TS T 5 v/ FiiX
Tetraselmis(=Platymonas, Prasinocladus) p% 5,
Pyramimonas (3R _E Tetraselmis ={lTk b,
iz 2T, OB LIRT L5, QMK
RFCied, Em»HARB EMIMITE, @RI
HLDBHEART, ThZThOEOAE T+ T4
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Liagora valida HARVEY (Rhodophyta) from Sand Key, Florida®
Isabella A. ABBOTT* and Mokoto YOSHIZAKI**

*Hopkins Marine Station of Stanford University, Pacific Grove,
California 93950, U.S. A.

**Department of Biology, Toho University, Miyama, Funabashi,
Chiba Pref., 274 Japan

AssorT, I.A. and Yosuizaki, M. 1981. Liagora valide HARVEY (Rhodophyta) from Sand
Key, Florida. Jap. J. Phycol. 29: 9-14.

Taxonomic discrimination of Liagora valida Harvey (Namaliales) is based on vegetative
features that are known to vary in all species of the genus, and are therefore of little
value. An ontogenetic study of the female reproductive system, based on a specimen from
Sand Key, Florida, the topotype locality of L. valida is given, and offers three features
of the reproductive system which may be more helpful for taxonomy. The young carpo-
gonial branch is relatively straight and arises from the shoulder of the bearing cell; the
cystocarp is covered by an involucre of sterile filaments whose cell shapes and sizes are
similar to those of vegetative filaments; carposporangia are liberated from one to several
terminal cells of the carposporophyte one or more at a time. L. velida is the type species
of Section Validae Yamapa of the genus Liagora. This section contains most of the
common species occurring in the warm Pacific.

Key Index Words: Cystocarp formation ; Liagora valida ; Nemaliales ; morphology ;

Rhodophyta.

Liagora valida HARVEY (Helminthocladia-
ceae, Nemaliales) must be considered to be
the type species for the section Validae of
YaMADA (1938b, d) although not designated
by that worker, probably owing to the fact
that he was uncertain of its features since
the species does not occur in Japan. YAMA-
DA (1938a) mentioned examining a co-type
specimen of L. valida (UC) but having ob-
served only young females and spermatangia
could not come to any taxonomic conclusions.
Furthermore, an earlier report (OKAMURA
1935) of the occurrence of L. valida from
outlying islands of Japan was never subs-
tantiated by YAMADA (1938a-d; 1944). The
type specimen of L. valida from Sand key,
Florida (HARVEY, 1965, p. 138) and pieces
of the specimen to be considered as part of

1) This work was partly supported by a grant
to junior author for the Scientific Research
Fund of the Ministry of Education, Science and
Culture, Japan (No. 564228).

the lectotype may be found in the Harvey
herbarium (Trinity College, Dublin) and “co-
types” (designated by Setchell in herbaria)
are in the University of California (UC)
herbarium and in the British Museum (Nat.
Hist.) (BM). YAMADA (1938b, p. 4) circums-
cribed this section to include three groups
(Decussata, Distenta and Validae). L. boer-
gesenii YAMADA and L. setchellii YAMADA
placed in section Validae by YAMADA were
interpreted by ABBOTT (1945) to be larger
specimens with stronger calcification from
the entity previously described from the
Caribbean by BORGESEN (1915-20) and from
Bermuda by HOWE (1918) as L. valida.
Though collections of Liagora from the
Caribbean (ABBOTT, personal observations)
contain some Liagora valida types of plants,
i.e., thalli 40-50 mm tall, fronds cylindrical,
calcification mostly continuous and relatively
thick, such specimens are far more common
in collections from the Pacific. At this time;
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such specimens constitute the largest group

of unnamed Liagora specimens in any of .

the world’s large herbaria (ABBOTT personal
observations).

When YAMADA (1937 ; 1938a-d) published
upon the Japanese taxa, he tried in every
case to include descriptions and illustrations
of all reproductive stages, following the
example of B@RGESEN (1915-20) from the
Caribbean. This was a considerable impro-
vement over the essentially vegetatively
oriented features selected by workers of the
preceding century. DESIKACHARY and BALA-
KRISHNAN (1957) focused attention on pre-
and post-fertilization events in the genus, a
point of view held and practiced by the first
author of this paper (ABBOTT 1945, 1970,
1976). However, such stages are difficult to
observe from dried material and we prefer
to work on thalli preserved in liquid, using
dried material only when type or other
authentic material is involved. The gift of
liquid preserved material from Sand Key
made possible the observations included in
this paper. From external appearances and
shapes of the cells of the assimilatory fila-
ments, this specimen resembles L. valida,
but in the details of the development of the
female reproductive structures, it is uncertain
what the similarities may be to the type
specimen inasmuch as the variation in deve-
lopment shown by this and other species in
the genus is poorly understood.

Materials and Methods

A single specimen was collected at 2-5 ft
depth off Sand Key, Florida (near Key West),
4 June 1978 by John G. SCHWEDE, and is

numbered ABBOTT 14836a in the first author’s

Jerbarium. Preserved material and slides

made from it have been divided between the
two authors. Slides were made by decalcify-
ing in weak acid, staining with 1% aniline
blue with a drop of 1% HCIl, and mounted
in 70% glucose syrup. Further material
from the same place, numbered ABBOTT
13766, was collected at 0.5 to 2 m depth, 20
1V, 1980, leg. J.G. SCHWEDE.

Observations

Fronds cylindrical, up to 35 mm high, 1.5
mm in widest diameter, 5-8 times dichoto-
mously branched, fastigiate, and heavily
calcified throughout. Construction of mul-
tiaxial medullary filaments and cortical (as-
similatory) filaments. The medulla is com-
posed of two kinds of strand cells which are
intermixed : 1) filaments 5-10 ym in diameter
which arise from the basal cells (Fig. 1) of
assimilatory filaments and are rhizoidal in
nature, and 2) medullary filaments 12-35pm
in diam. The assimilatory filaments are
usually 4-6 times furcate. The lower cells
of the assimilatory filament are cylindrical,
becoming oval to moniliform in appearance
in the upper portion and the cells increasing
in length away from the apex. Each cell
of the assimilatory filaments contains a cen-
trally located stellate plastid with a single
pyrenoid. In the youngest apices, assimila-
tory filaments are irregularly dichotomously
branched, the filaments rather straight and
upper cells mostly oval (Fig. 4); frequent
unicellular hairs occur on the ultimate cells.
In slightly older sections where, for exam-
ple, unfertilized carpogonial branches are

Figs. 1-11. Liagora valida. 1. Relationship of assimilatory filaments (af) to medullary filaments
(mf), showing rhizoids (rhf) that are produced by the lower cells of the assimilatory filaments.
2, 3, 4. Details of young carpogonial branches being formed from the shoulders of bearing cells. 5.
Young carpogonial branch borne on lower cells of assimilatory filaments, indicating new and deli-
quescing unicellular hairs in terminal vegetative portions. 6. Young carpogonial branch with carpogo-
nium (cp) ready for fertilization. 7. Young carpogonial branch and details of cells of assimilatory
filaments (af) cluster. This carpogonium was not fertilized. 8. Carpogonium after fertilization show-
ing first and second divisions. 9. Immediate post-fertilization events in the carpogonium area, includ-
ing first division after fertilization, and initiation of gonimoblast (gf) cells. The trichogyne (tr) is
still attached. 10, 11. Various stages in the development of the gonimoblast showing carposporangia
(cspn), involucre of sterile filaments (invf), and relationship to assimilatory filaments (af).
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seen (Figs. 2, 3), the upper cells of the fila- more densely branched cortical systems
ments become more moniliform and in still appear (Fig. 5) with corymbose outline. They
older portions where cystocarps are being are formed in part by broadening cells and
formed in adjacent branch systems, shorter in part by upper cells deliquescing (Fig. 5),

cspn

M cspn

i 1 _

o

af

invf

=7\ af [ '_ ‘1”
A mf Ve, j‘.,‘
okl = ﬁf 2
S inv{ E
N 12,13,16
/4 100 pm
14
50 pm
15
20 pm

Figs. 12-15. 12, 13. Various stages in the development of the gonimoblast showing carposporangia,
involucre of sterile filaments, and relationship to assimilatory filaments. Fig. 12 also shows the shape
of older assimilatory filaments clusters where terminal cells have dropped off. 14. Detail of a cluster
of ‘involucral (sterile) cells showing plastids and other cellular details. 15. Detail of mature terminal
portions of cystocarp showing sporangial walls from emptied carpospores, illustrating 2-celled
chains of carposporangia before discharge or dissolution. 16. An old cystocarp with both assimilatory
and gonimoblast filaments showing terminal loss of cells, thus becoming shorter and smaller than
younger gonimoblasts (cf figs. 12 and 13). Abbreviations used in figures: af, assimilatory filaments;
cb, carpogonial branch; cp, carpogonium ; cspn, carporangium; lst div, first division of zygote; gf,
gonimoblast filament; invc, involucral cell; invf, involucral filament; mf, medullary filament; rhf,
rhizoidal filament; 2nd div, second division of zygote; tr, trichogyne.
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leaving shortened filaments of similar shaped
cells.

Carpogonial branches are first formed (Fig.
2) in abundance in the younger terminal
branches. The carpogonial branch is formed
(Fig. 6) in an upper lateral position (near the
shoulder of the bearing cell) on the second
to fourth cell situated above the basal cell
of an assimilatory filament. The carpogonial
branch is slightly curved and is normally
composed of four cells (Fig. 8) sometimes
three or five (Fig. 7) cells. The carpogonium
produces a trichogyne from the distal end.
In trichogyne intiation, the trichogyne base
may be pinched in (Fig. 6), or gradually
tapered (Fig. 4). Mature carpogonial branches
are 10 ym in widest diameter. The trichogyne
is up to 150 #m long, and 3-4 ym in diam.
Trichogynes develop almost directly toward
the surface of the thallus, ultimately pro-
jecting beyond the surface. Frequent curved
carpogonial branches with clear contents
(empty) are seen; they become thick walled
but do not develop further.

After fertilization, most of the trichogyne
breaks down except for the basal portion.
The first division (Figs. 8, 9) of the fertilized
carpogonium is transverse, followed by slight-
ly oblique divisions of the upper daughter
cell (Fig. 9) which alone initiates further
divisions that form the gonimoblast. The
next divisions are longitudinal. A sterile
involucre of filaments is produced immedia-
tely after fertilization. These filaments are
initiated by cells adjacent (especially directly
above and below) to the cell on which the
carpogonial branch is borne, and are very
prominently developed. The bearing cell of
the carpogonial branch never produces sterile
cells. From their initiation (Figs. 10, 11) the
involucral filaments branch rapidly and
tightly surround the carpogonial branch.
As the carposporophyte grows upward the
involucral filaments also grow in an upward
direction (Fig. 12). The gonimoblast filaments
are compact ; the cells of the lower part of
the gonimobalst broden and develop a dense,
rich protoplast. The upper part of the
gonimoblast filaments remain fairly slender
(Fig. 13) and produce carposporangia termi-

nally. Carposporangia are sometimes ob-
served (Fig. 13) in 2-celled chains, both spores
being discharged from the terminal pore, or
one develops ahead of the proximal one (Fig.
15). The mature carposporangia are obovoid
to dome-shaped, measuring 15-18 by 8-12 pm.
The wall of a mature carposporangium
ruptures at the distal end, releasing the
carpospore. The empty carposporangial wall
remains. The upper lateral portion (Fig. 15)
of the first proximal cell swells upward to
one side, initiating a new carposporangium.
In old and senescent cystocarps, gonimoblast
filaments and the upper cells of the involucre
have disappeared (fig. 16).

Discussion

Though often characterized (AGARDH
1896 ; BoRGESEN 1915-20) as having assimi-
latory filaments that describe a corymbose
(Fig. 5), this shape is only evident in areas
that bear developing cystocarps, for regions
where young carpogonial branches are deve-
loping (Figs. 2-6) show a different kind of
arrangement of cortical filaments, being
more regularly branched throughout and
having cells more elongate. In the oldest
portions, where terminal cells are being
shed (Fig. 12), again the assimilatory fila-
ments are not corymbose. In the develop-
ing carpogonial branches (Figs. 2, 3, 6) the
branch is cut off from the shoulder of the
bearing cells and are thus different from
the formation of the carpogonial branches
of Liagora viscida (KYLIN 1930, Fig. 3, A-C)
the type species for the genus where the
carpogonial branch is borne laterally in mid-
portions of lower cortical cells.

BORGESEN (1915-20) was the first to show
that rhizoids from the basal cells of the
anticlinally directed assimilatory filaments
join with the axial filaments to make up
the medulla. Our observations illustrated in
Fig. 1 substantiate this.

AGARDH (1896) and B@RGESEN (1915-20)
emphasize that the cystocarps are borne
above the layer of calcium carbonate. This
was not clearly seen in the Sand Key speci-
mens of L. valida, and is a feature that is
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shared with other species of Liagora such
as L. boergesenii (ABBOTT 1945). Its impor-
tance cannot be assessed at this time.

Finally, B@RGESEN (1949) illustrated sper-
matangia from thalli occurring in Mauritius.
These are ultimate cells that are smaller
than those bearing them and are not formed
on stalks. Male reproductive organs should
be re-examined from Florida or the Carib-
bean to check this point, as most sperma-
tangia of Liagora are stalked.

QOur observations that the Sand Key cys-
tocarps possess involucral (sterile) filaments
that are of the size and shape of vegetative
filaments demonstrate an unusual feature
for Liagora species, where the involucre is
usually of more slender dimensions and
conspicuously different from vegetative cells.
Should this be a constant feature of L.
valida, it would be a very useful one for
taxonomic distinction. Our observations on
numbers of terminal cells of the gonimoblast
that are involved in forming carposporangia
are new for the genus.
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RaTNAsaBAPATHY, M. and Kumano, S. 1982. Studies on freshwater red algae of Malaysia
[. Some taxa of the genera Batrachospermum, Ballia and Caloglossa from Pulau Tioman,
West Malaysia. Jap. J. Phycol. 30: 15-22.

This paper deals with a collection of freshwater red algae from Pulau Tioman. Two
species are described here as new taxa: Batrachospermum crispatum differs from B.
procarpum in having a long club-shaped trichogyne; Batrachospermum tiomanense differs
from B. procarpum in having sparsely branched primary branchlets and numerous almost

unbranched secondary branchlets.

Two species, Batrachospermum godronianum and Ballia

prieurii, are recorded here for the first time from Malaysia.

Key Index Words:

Ballia prieurii; Batrachospermum crispatum, sp. nov.; Batra-

chospermum godronianum; Batrachospermum tiomanense, sp. nov.; Malaysia;

Rhodophyta ; taxomony.

Over the last decade some papers have
been published dealing with the freshwater
red algae of Peninsular Malaysia. RATNASA-
BAPATHY (1972) listed, with brief notes and
some descriptions, algae from Gunong Jerai
(Kedah Peak), including of one species of
Batrachospermum. The algal species of
Sungai Gombak (Gombak River) were re-
ported by RATNASABAPATHY (1975) and
BisHop (1973), who listed seven taxa of
freshwater red algae, namely, Auduinella
sp., Batrachospermum sp. 1, Batrachos-
permum sp. 2, Hildbrandtia rivularis, Calog-
lossa sp., Ballia sp. and Compsopogon sp..
Based on the collection made during the
Joint Malaysia-Japan Project of Scientific
Investigation into Freshwater Lakes of
Malaysia, KuMANO (1978) described several
new taxa, these being three species of
Batrachospermum from Tasek Bera (Lake
Bera), Tuomeya gibberosa from Sungai Maron

Kanan, Caloglossa ogasawaraensis var. lati-
folia from Sungai Cherok and Ballia pin-
nulata from Sungai Gombak. Recently,
RATNASABAPATHY and SETO (1981) described
two new species of Thorea from Sungai
Gombak and Sungai Tahan. Regarding the
freshwater red algae of Pulau Tioman
(Tioman Island), RATNASABAPATHY (1977)
reported in a preliminary list the occurrence
of Kyliniella sp., Batrachospermum sp.,
Bostrychia sp. and Caloglossa ogasawaraensis.
The present paper deals with the freshwater
red algae from Pulau Tioman in more detail.

Location of study areas

Pulau Tioman, lying some 30 km off the
east coast of Peninsular Malaysia, is the
largest of a group of 64 volcanic islands (Fig.
1). Its area is about 114 km®?, The island has
a generally rugged geomorphology and the
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Fig. 1. Map of Pulau Tioman, west Malaysia.

relatively few flat lands are coastal. Geolo-
gically the oldest rocks are of volcanic
origin and appear to be Permian-Triassic in
age (KHOO 1977). The occurrence of raised
coral reefs at Kampong Tekek and Kampong
Juara, indicates a former higher sea level.
The drainage pattern is mostly dendritic.
There are several freshwater brooks, streams
and tributaries. The largest streams such
as Sungai Mentawak, S. Keliling, S. Ayer
Besar and S. Baharu rise from peaks around
830 m to over 1040 m above the sea level.
In general the streams on the eastern half of
the island flow across a variety of volcanic
rocks, whilst those of the western flow over
plutonic rocks, mainly consisting of grani-
toids. The stream waters are clear, aer-
ated and unpolluted. Practically all human
settlement is along the coast and river
estuaries. Representative streams, including
S. Ayer Besar and S. Baharu, sampled from
21-29 May 1974 during the morning and
afternoon showed a temperature range of

25.5-26.5°C and a pH range of 52 to 58.
The acidic nature of the waters is somewhat
similar to that found in several upcountry
streams of Peninsular Malaysia.

Descriptions of species

1. Batrachospermum godronianum SIRODOT
1884, p. 235, tab. 18, figs. 1-12: Mor1 1975,
p. 470.

Frond trioecious, 2-4 cm high, 200-400 ym
wide, richly and irregularly branched, muci-
laginous, brown. Axial cell cylindrical, 20-
30 pm wide, 120-400 #m long. Whorls glo-
bular or barrel-shaped, separated or com-
pressed. Cortical filaments moderate. Pri-
mary branchlets richly branched, consisting
of 5-8 cell-stories ; cells of fascicles ellipsoidal,
fusiform or obovoid. Secondary branchlets
few. Antheridia globular or ovoid, 3-4 ym
wide, 4-6 ym long, terminal on primary
branchlets. Carpogonium bearing branch
consisting of 3-7 barrel-shaped cells, arising
from the basal cell of a primary branchlet
or laterally from the intercalary cell of a
primary branchlet and often arising as a
lateral of a carpogonium bearing branch;
carpogonium about 5pm wide at the base,
about 5 ym wide at the apex, 25-30 #m long ;
trichogyne elongated, club-shaped. Bracts
numerous, some with sterile carpogonia.
Gonimoblasts 1-3, globular, 100-140 #m in
diameter scattered in an outer half of a
whorl, sometimes exerted from a whorl.
Carposporangia globular or obovoid, 8-10 #m
wide, 10-12 ym long.

Specimens examined : Sungai Ayer Besar,
Pulau Tioman, Malaysia (RATNASABAPATHY,
Nos. 16, 22, 24 and 30, 24/V 1974).

Habitat : Attached to submerged stream
rocks, stones or bottom gravel, sometimes
associated with Caloglossa, in the middle and
upper reaches of Sungai Ayer Besar.

The Malaysian specimens are slightly
smaller in size than the Japanse Batrachos-
perrhum godronianum, but is identical in
many respects. This species is reported for
the first time from Malaysia.
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Fig. 2. Batrachospermum crispatum KUMANO et RATNASABAPATHY, sp. nov. A. Structure of
whorls showing curled or hooked primary and secondary branchlets and gonimoblasts inserted
centrally; B-C. Antheridia lateral on primary and secondary branchlets unilaterally branched;
D-E. Primary and secondary branchlets, curled, hooked and unilaterally branched: F-G. Develop-
ment of the carpogonium; H. A fertilized carpogonium with gonimoblast initials; I. Clavate
carposporangia terminal on gonimoblast filaments.



18

2. Batrachospermum crispatum KUMANO
et RATNASABAPATHY, sp. nov. (Fig. 2)

Frons trioica, 2-3cm alta, 200-350 um
crassa, plus minusve dichotome ramosa, valde
mucosa, aeruginosa. Cellulae axiales cylin-
dricae, 30-35 pm crassae, 200-300 #m longae.
Verticilli pyriformes, pluerumque contigui.
Ramuli primarii crispati, unilateriter ramifi-

cantes, ex 5-13 cellulis constantes; cellulae

fasciculorum cylindricae vel fusiformes, 5-
8 pm crassae, 10-20 ym longae; pili nuli.
Ramuli secundarii numerosi, crispati, totum
internodium obtegentes. Antheridia globosa
vel ovoidea, 4-6 #m crassa, 6-8 ym longa, in
ramulis primariis et secundariis lateralia.
Ramuli carpoganiferi e cellulis basi ramu-
lorum primariorum orientes, breves, ex cel-
lulis 3-4 doliiformibus constantes; carpogo-

nium basi 5-9 gm crassum, apice 5-7 pm -

crassum, 54-75 ym longum ; trichogyne cylin-
drica indistincte pedicellata.
merosae et brevissimae. Gonimoblasti singli
vel duo, globosi vel semiglobosi, 140-190 gm
crassi, in centro verticilli inserti. Carpos-
porangia clavata vel obovata, 9-10 ym crassa,
17-30 gm longa.

Frond trioecious, 2-3 cm high, 200-350 pm
wide, more or less dichotomously branched,
strongly mucilaginous, deep green with a
mixture of blue. Axial cells cylindrical, 30-
35 ym wide, 200-300 gm long. Whorls pyri-
form, very often touching each other. Pri-
mary branchlet curled, unilaterally branched,
consisting of 5-13 cell-stories; cells of
fascicles cylindrical or fusiform, 5-8 ym
wide, 10-20 gm long ; hairs none. Secondary
branchlets numerous, curled, covering all
internode.” Antheridia globose or ovoid, 4-6
pm wide, 6-8 pm long, lateral on primary
and secondary branchlets. Carpogonium
bearing branch arising from the basal cell
of a primary branchlet, short, consisting of
3-4 barrel-shaped cells ; carpogonium 5-9 ym
wide at the base, 5-7 yum wide at the apex,
54-75 pm long; trichogyne cylindrical, in-
distinctly stalked. Bracts numerous and
very short. Gonimoblasts single or couple,
globular or semiglobular, 140-190 um wide,

Bracteae nu-

Malaysian freshwater red algae I.

inserted centrally. Carposporangia clavate
or obovoid, 9-10 pm wide, 17-30 #m long.

Holotype: Sungai Ayer Besar, Pulau
Tioman, Malaysia (RATNASABAPATHY, No.
21, 24/V 1974, Private Herbarium, Depart-
ment of Botany, University of Malaya).
Isotype: (RATNASABAPATHY, No. 21, 24/V
1974, Herbarium of Faculty of Science, Kobe
University).

Habitat : Attached to submerged stream
rock and stones in upper reaches of Sungai
Ayer Besar; the same habitat as B. godro-
nianum.

Batrachospermum crispatum resembles B.
procarpum Skuja 1931 in having curled or
hooked primary and secondary brahchlets
ahd a large gonimoblast inserted centrally,

_but differs in the shape of trichogynes and

v

carpospores, these differences suggesting
that this species belongs to the section

‘Viridia of SIRODOT (1884).

3. Batrachospermum tiomanense KUMANO
et RATNASABAPATHY, sp. nov. (Fig. 3)

Frons trioica, ca 2cm alta, 150-300 #m
crassa, plus minusve dichotome ramosa,
parum mucosa, olivaceo-viridia; Cellulae
axiales cylindricae, 30-40 ym crassae, 250-
350 um longae. Verticilli pyriformes, in parte
vetustiore frondis obconici. Ramuli primarii
sparsim ramificantes, ex 13-15 cellulis con-
stantes; cellulae fasciculorum cylindricae
vel fusiformes, 4-5pm crassae, 8-13 um
longae ; pili nuli. Ramuli secundarii nume-
rosi, sparsim ramificantes, totum internodium
obtengentes. Antheridia globosa vel ovoidea,
3-5pm crassa, 4-6 gm " longd; in ramulis
secundariis unilateralia. Ramuli- carpogoni-
feri e cellulis basi ramulorum primariorum
orientes, longi, valde tortuosi, ex cellulis 6-
10 disci- vel doliiformibus constantes; carpo-
gonium basi 6-9 um crassum, apice 7-9 ym
crassum, 37-40 ym longum ; trichogyne urni-
formis, distincte pedicellata, ad basim saepe
flexa: Bracteae .numerosae, brevissimae.
Gonimoblasti singli, globosi, magni, 100-140
pm diametro, in centro verticilli inserti.
Carposporangia globosa vel ovoidea, 6-10 #m
crassa, 8-12 ym longa.
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Fig. 3. Batrachospermum tiomanense KumaNO et RATNASABAPATHY, sp. nov. A. Structure
of obconical whorls showing primary and secondary branchlets and a gonimoblast inserted cen-
trally; B-D. Antheridia lateral on secondary branchlets; E-F. Sparsely branched primary bran-
chlets, cortical filament and secondary branchlets; G. A carpogonium initial and a carpogonium
bearing branch at a very young stage; H-J. Stages in maturation of a carpogonium bearing
branch becoming coiled and twisted; K. Urn-shaped trichogyne formed terminally on a twisted
carpogonium bearing branch consisting of seven cells; L. A fertilized carpogonium; M. Cvoid
carposporangia terminal on gonimoblast filaments.
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Fig. 4. Ballia prieurii KuTzINg A. Terminal portion of thallus with a rounded

apical cell;

B-C. Structure of thallus showing the non-corticated axis

and branchlets, opposite and unilaterally branched.

Frond trioecious, about 2 cm high, 150-300
p¢m wide, more or less dichotomously bran-
ched, not very mucilaginous, olive-green.
Axial cells cylindrical, 30-40 ym wide, 250-
350 gm long. Whorls pear-shaped, in an
aged portion of thallus inversed conical.
Primary branchlets sparsely branched, con-
sisting of 13-15 cell-stories ; cells of fascicles
cylindrical or fusiform, 4-5pm wide, 8-13
pm long ; hairs none. Secondary branchlets
numerous, sparsely branched, covering all
the internodes. Antheridia globular or ovoid,
3-5pm wide, 4-6 ym long, unilateral on
secondary branchlets. Carpogonium bearing
branch arising from the basal cell of a
primary branchlet, long, strongly twisted,
consisting of 6-10 disc- or barrel-shaped
cells; carpogonium 6-9 ym wide at the base,
79 ym wide at the apex, 37-40 ym long;
trichogyne urn-shaped, distinctly stalked,
often bent at the base. Bracts numerous,
very short. Gonimoblast single globular,
large, 100-140 ym in diameter, inserted cen-

trally. Carposporangia globular or ovoid,
6-10 ym wide, 8-12 ym long.

Holotype: Sungai Ayer Besar, Pulau
Tioman, Malaysia (RATNASABAPATHY, No.
15, 24/V 1974, Private Herbarium, Depart-
ment of Botany, University of Malaya).
Isotype: (RATNASABAPATHY, No. 15, 24/V
1974, Herbarium of Faculty of Science, Kobe
University).

Habitat: Attached to side of large sub-
merged boulders on right bank of upper
reaches of Sungai Ayer Besar.

Batrachospermum tiomanense also resem-
bles B. procarpum SKUJA 1931 in having a
twisted carpogonium bearing branch but
differs in the shape of the whorls which
consist of sparsely branched primary bran-
chlets and numerous almost unbranched
secondary branchlets without hairs. This
species belongs to the section Contorta of
SKujA (1831). '

4. Ballia prieurii KUTZING 1847 p. 37, 1849
p. 663, 1862 p. 12, tab. c-f; DE Ton1 1903
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p- 1896 ; BOURRELLY 1970 p. 254, pl. 71, fig.
6, pl. 72, figs. 1-2; STARMACH 1977 p. 256,
fig. 108 d-e. (Fig. 4)

Frond 5-7mm high, 200-230 pm wide,
dichotomously branched. Axis non-corti-
cated, consisting of subhexagonal or octa-
gonal cells, terminating in a broadly rounded
tip; axial cells large about 50 #m wide and
about 60 #m long. Branchlets opposite, uni-
laterally branched, 100-150 um long, consis-
ting of 3-6 cell-stories, gradually taping
towards the apex, each terminating in a
subconical cell of about 10 gm wide, 10-12
pm long; basal cell of branchlet pentagonal
or barrel-shaped, 18-25 pm wide, 16-27 um
long.

Specimens examined : Sungai Ayer Besar,
Pulau Tioman, Malaysia (RATNASABAPATHY,
Nos. 18 and 27, 24/V 1974).

Habitat : This species was found in two
freshwater collections of mainly liverworts.

This species was first described from
rivulets in Cayenne in French Guiana and
it was found for the first time in Malaysia.

5. Caloglossa ogasawaraensis OKAMURA
1897 p. 13, figs. a-d, 1908 p. 183, pl. 37, figs.
1-11; SkuJA 1938 p. 631, tab. 35, figs. 1-10.

Frond about 2cm high, dichotomously,
rarely trichotomously branched, articulate,
consisting of narrow leafy segments, purple.
Narrow leafy segments linear-lanceolate,
attenuating more narrowly towards the
base, 150-600 ym wide, 1-7 mm long. Rhi-
zoids and similar leafy segments produced
laterally from the constricted portion and
from the margins of leafy segments. Tetras-
porangia unknown in Malaysian specimens.

Specimens examined: Sungai Ayer Besar
and Sungai Air Dalam, Pulau Tioman,
Malaysia (RATNASABAPATHY, Nos. 19, 22, 28
and 30, 24/V 1974, and Nos. 33 and 48, 26/V
1974).

Habitat : Attached to submerged or par-
tially exposed but wet stones and pebbles
or on bottom sand in middle and upper
reaches of Sungai Ayer Besar and Sungai
Air Dalam; sometimes associated with
Batrachospermum crispatum, B. godronianum,

Bostrychia sp. and Compsopogon sp.; ocas-
sionally epiphytic on submerged trailing
roots.

This species was reported previously from
Pulau Tioman by RATNASABAPATHY (1977).

Discussion

In addition to the above described species,
Compsopogon sp. and Bostrychia sp. were
collected from Pulau Tioman. However, the
authors could not identify them to species
because they were found in fragments. The
five genera representing seven species en-
countered in the two streams samples in
the small island, Pulau Tioman, indicate that
freshwater red algae are more widely distri-
buted than generally believed. From the
biogeographical point of view it is noted
that Batrachospermum godronianum and
Caloglossa ogasawaraensis range from tem-
perate and subtropical to tropical latitude.
That Pulau Tioman, included in the Sunda
Shelf, was in pleistocene times probably part
of a large land mass linked to Peninsular
Malaysia and adjacent islands including
Indonesia is one factor that suggest the
possible extension of our new species to at
least Indonesia.
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Cladophora as a prominent global algal monitor for
trace metal pollutants
(2) Long-term low concentration stresses, its biodeposition
and depuration

P.M. SIVALINGAM and Rodziah ISMAIL.

School of Biological Sciences, University of Sciences Malaysia,
Minden, Pulau Pinang, Malaysia.

SivaLNGcaM, P. M. and IsmaiL, R. 1981. Cladophora as a prominent global algal monitor
for trace metal pollutants. (2) Long-term low concentration stresses, its biodeposition and
depuration. Jap. J. Phycol. 30: 23-30.

Long-term, i.e. 30 days, low concentration biodeposition studies of trace metals in
Cladophora fascicularis indicated their maximal bioaccumulation factors having a seque-
ntial order of 2 ppm stress lots>5 ppm stress lots>10 ppm stress lots for Cd, Co, Cr, Cu,
Fe, Mn and Ni-though their maximal bioaccumulation periods vary: Cd; 600.00 (22 days),
Co; 425.00 (30 days), Cr; 78.00 (24 hr), Cu; 1037.05 (22 days), Fe; 1105.00 (6 days), Mn;
23.00 (24 hr) and Ni; 790.00 (22days). In the case of the trace metals Pb and Zn this
maximal is observed in the 5ppm lots: Pb; 620.00 (26 days) and Zn; 790.00 (30 days).
This information confirms the previous study at high concentration stresses whereby 'the
tendency of this algal species to bioaccumulate trace metals at lower concentrations is
verified.

Continuous subsequent long-term, i.e. 30 days, studies on their depuration following
those of bioaccumulations indicated linear decreasing trends in biodischarge of the trace
metals at all concentrations with maximal depuration rates (%) as follows: Cd; 47.1
(2 ppm), Co; 81.9 (10 ppm), Cr; 95.4 (5ppm), Cu; 48.4 (5ppm), Fe; 51.6 (10 ppm), Mn;
78.6 (10 ppm), Ni; 61.4 (10 ppm), Pb; 87.0 (2ppm) and Zn; 88.6 (5ppm).

The modes of biodeposition under low concentration stresses as compared to those at
high concentration stresses, i.e. 50-500 ppms, are much diversified demonstrating a subst-
antially different biochemical and physiological interaction within the algal thallus. Conti-
nued exposure for a further 30 days complicates the issue.

Key Index Words: algal monitor ; Cladophora; pollutants; trace metals.

hours to trace metals between 50-500 ppms
indicated Cu, Fe, Mn, Ni, Pb. and Zn as

In a previous manuscript (1981) the au-
thors have demonstrated the feasibility of

employing Cladophora spp. on a global basis
in the form of a “Cladophora Monitoring
Programme” for trace metal contaminants
due to its capacity to bioaccumulate fairly
large amounts from a very low concentra-
tion of medium and even the comparability
of certain biodeposited elements to those
existing -in sediments within its natural
habitat. Related high concentration exper-
imental stress studies over a period of 48

having their highest bioaccumulation factors
at the lowest concentration such as 50 ppm
while Cd, Co and Cr were at 100 ppm.
Similarly, their modes of biodeposition
generally reflected rapid biodeposition be-
tween 12-24 hours followed by a depura-
tion and then a gradual increase in.the
biodeposition processes. Based on this infor-
mation and the tolerability of Cladpohora
fascicularis to high concentrations-of trace
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metals without any physical damage, it
was postulated that the biodeposition and
depuration processes of trace metals in this
alga are greatly dependent on the possible
physiological conditions prevalent within
the algal membrane and that they may be
related to metabolic regulatory mechanisms.
As an extension of the forementioned
studies, and as the second stage the au-
thors have endeavoured further to clarify
the unknown bioaccumulation mechanisms
of trace metals in Cladophora fascicularis
experimentally at low concentration stress
exposures between 2-10 ppms over a period
of 30 days followed consequently by a dep-
uration period of the same duration. Here
in this report, the results are presented as
a further support to the proposal of the
“Cladophora Monitoring Programme”.

Materials and Methods

Cladophora fascicularis (MERT.) KUTZING
was harvested during low tides off the
rocky shores of Batu Ferringhi, Penang
Island between July-December, 1978 (Sivali-
ngam and Rodziah Ismail, 1981). The algae
harvested were brought immediately to the
laboratory in a plastic container. Prior to
experimentation, the algal fronds were care-
fully cleaned of epiphytes and contami-
nants and washed thoroughly 3 times in
membrane-filtered sea water. Adequate a-
mounts of these thalli were cultured over a
period of one month in separate 1 liter
Elenmeyer flasks containing membrane-
filtered sea water together with the rele-
vant trace metals at low concentrations of
2, 5 and 10 ppms each, supplemented with
salts such as CdCl,. 2!'/,H,0, CoCl,. 6H.0,
K,Cr,;0,, CuCl, FeCl,, MnCl,. 4H,0, Pb (NO,),
and ZuCl,, respectively. All culture flasks
were incubated in a “Nikko Tron” growth
chamber with a 12 hr light-dark periodicity
and at a constant temperature of 20°C.
Normally, triplicate experiments at each
concentration of the trace metals were car-
ried out. Actinic light with an intensity
of 13,500 lux was used as light source.

The bioaccumulation modes of trace met-
als was followed by sampling adequate

amounts of the thalli from the culture media
at fixed time intervals of 3, 6, 12 and 48 hr
and 6, 10, 14, 18, 22, 26 and 30 days. Suit-
able nutrient conditions and constant levels
of the trace metals in the media were main-
tained by replacing the media regularly
every five days with the appropriate con-
centration of the heavy metals. After 30
days of experimentation on biodeposition,
the vessels were emptied of their media
containing heavy metals and filled with
fresh membrane-filtered sea water to initi-
ate depuration (=biodischarge) experiments.
The modes of depuration were followed by
harvesting the fronds at time intervals
identical to the bioaccumulation experiments.
In this experiment too, the media was con-
stantly replaced with fresh membrane-
filtered sea water every five days. The
sampled fronds were initially thoroughly
washed 3 times in membrane-filtered sea
water of 1 liter each and subsequently with
triple distilled water of the same volume
prior to drying at 100°C for 48 hr over an
air oven.

The dried algal fronds were then pulver-
ized separately using a pestle and mortar.
A given amount of this algal powder was

. predigested overnight in 100ml Kjeldahl

flasks containing 10ml of a mixture solution
of nitric: perchloric acid (2: 1). The sam-
ples were further digested the following
day under low heating followed by vigorous
boiling over an electrothermel heater until
white fumes evolved. The digest on cooling
was diluted with distilled water and filtered
through Whatman No. 1 filter paper. The
filterate was then made-up to 100 ml with
distilled water for analysis using a Varian
Techtron (AA 120) Atomic Absorption Spec-
trophotometer.

The obtained bicaccumulated values were
calculated as dry weight gm~! algae with
the aid of standard curves. For precision,
the background levels of trace metals con-
tent in Cladophora fascicularis from its nat-
ural habitat were subtracted from the
values (SIVALINGAM and R. IsmaiL 1981)
They were then plotted as modes of bioac-
cumulation/depuration (=biodischarge) with
incubation times. These bioaccumulation/
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Fig. 1. ®@ Modes of biocon-
centration of the trace metal Cd
by C. fascicularis when subjected
to three different low concen-
tration stresses for an incubation
period of one month.

Fig. 1. ® Modes of biodis-
charge of the trace metal Cdby C.
fascicularis after been subjected
to three different low concen-
tration stresses for an incubation
period of one month.

Fig. 2. ®@ Modes of biocon-
centration of the trace metal Co
by C. fascicularis when subjected
to three different low concen-
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tration stresses for an incubation
period of one month.

Fig. 2. ® Modes of biodis-
charge of the trace metal Coby C.
fascicularis after been subjected
to three different low concen-
tration stresses for an incubation
period of one month.
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depuration values were then calculated for
their bioaccumulation/depuration factors (=
BF or DF) at each monitoring period by
division with the concentration of the rele-
vant trace metal in the culture media. Fur-
ther, the depuration rates at each concen-
tration of the trace metals were computed
by the division of the 30th day bioaccumu-
lation factors of the relevant trace metals
with the corresponding 30th day depuration
factors. ’

Finally, based on the modes of biodeposi-
tion, a general pattern of biodeposition se-
ries was compiled for the periods between
3-48 hours and 48 hours-30 days of exposure

in order to envisage the possible biochemical
and physiological mechanisms involved.

Results

Figs. 1-9 demonstrate the various modes
of biodeposition and depuration of the nine
trace metals at low concentration stresses
over experimental exposure periods of 30
days each. It is evident that the modes of
biodeposition between the initial 3-48 hrs
as compared to those between 6-30 days
are fairly different for most trace metals.
“In contrast the depuration modes are
relatively similar for all trace metals-reflec-



26 SivaLiNngaM, P.M. and IsmaiL, R.

i & s § 8

2

BIODEPOSTED CONCENTRATION ( ug.g-!)

Fig. 3. @ Modes of biocon-
centration of the trace metal Cr
by C. fascicularis when subjected
to three different low concen-
tration stresses for an incubation
period of one month.

Fig. 3. ® Modes of biodis-
charge of the trace metal Cr by C.
fascicularis after been subjected
to three different low concen-
tration stresses for an incubation

! period of one month.
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Fig. 4. @ Modes of biocon-
centration of the trace metal Cu
by C. fascicularis when subjected
to three different low concen-
tration stresses for an incubation
period of one month.

Fig. 4. ® Modes of biodis-
charge of the trace metal Cuby C.
fascicularis after been subjected
to three different low concen-
tration stresses for an incubation
period of one month.
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ting only a continuous linear decreasing
trend in the biodeposited amounts of the
30 day bioaccumulation experiments. These
modes of depuration for the 3 concentration
stresses generally follow the sequence of
2ppm>5ppm >10 ppm except for Mn and
Ni which manifest the following categories-
10 ppm >5ppm >2 ppm and 10 ppm >2 ppm
>5 ppm, respectively.

The modes of biodeposition during the
first 48 hr incubation period manifest gross-
ly a) a continuousincrease in biodeposi-
tion at all times, b) a sharp increase at the

6th/12th hours followed by a depuration
and then a continuous increase, c¢) a sharp
increase until the 6th/12th/24th hours fol-
lowed by a gradual increase thereafter, d)
a sharp increase until the 24th hour follow-
ed by a continuous depuration and e) a
sharp increase until the 6th hour followed
by a steady-state until the 24th hour ending
in continuous depuration. With regard to
the modes thereafter until the 30 day
period, they are quite different from that
of the forementioned 48 hr depuration and
can be categorized as follows, a) either a
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BIODEPOSITED CONCENTRATION ( g g-')

Fig. 5. @ Modes of biocon-
centration of the trace metal Fe
by C. fascicularis when subjected
to three different low concen-
tration stresses for an incubation
period of one month.

Fig. 5. ® Modes of biodis-
charge of the trace metal Fe by C.
fascicularis after been subjected
to three different low concen-
tration period of one month.
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Fig. 6. @ Modes of biocon-
centration of the trace metal Mn
by C. fascicularis when subject-
ed to three different low con-
centration stresses for an incu-
bation period of one month.

Fig. 6. ® Modes of bicdis-
charge of the trace metal Mn by
C. fascicularis after been sub-
jected to three different low

RG]

LR
(0AYs)
(NCUBATION  PERIOD.

concentration stresses for an
incubation period of one month.

gradual increase/continuous depuration at
all times, b) sharp increases until 10/14/18
/22/26 days followed by continuous depura-
tion, c¢) a sharp increase until the 6th day
followed by a steady-state period uptil 14/22
days and then a continuous depuration and
d) an increase at the 6th day followed by
depuration and another increase at the 22th
day culminating in continuous depuration
thereafter. Owing to the complications
involved in these modes of biodeposition
they are simplified as overall general pat-
terns as indicated in Table 1 for clarity and
better apprehendment of the mechanisms
involved.

Furthermore, it may be pointed out from
the above data that the highest rates of
depuration for the 2 ppm experimental lots

are observable for Cd and Pb, Cr, Cu and
Zn for the the 5ppm lots and Co, Fe, Mn
and Ni for the 10 ppm lots, respectively.
Based on these highest depuration rate val-
ues the discharge of the biodeposited trace
metals could be categorized as Cr>Zn>Pb
>Co>Mn>Ni>Fe>Cu>Cd. However, at
each experimental trace metal concentration
the categorization falls as follows: 2ppm;
Cr>Pb>Co>Mn>Fe>Zn+Cd>Ni>Cu, 5
ppm; Cr>Zn>Mn>Co>Pb>Cu>Fe>Cd>
Ni and 10 ppm; Co>Cr>Mn>Pb>Zn>Ni
>Fe>Cd>Cu, indicating also some compli-
cated mechanisms involved in the depuration
processes of trace metals in algae.
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Fig. 7. ® Modes of biocon-
centration of the trace metal Ni
by C. fascicularis when subject-
ed to three different low con-
centration stresses for an incu-
bation period of one month.

Fig. 7. ® Modes of biodis-
charge of the trace metal Ni by
C. fascicularis after been sub-
jected to three different low
concentration = stresses for an
incubation period of one month.
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Fig. 8. @ Modes of biocon-
centration of the trace metal Pb
by C. fascicularis when subject-
ed to three different low con-
centration stresses for an incu-
bation period of one month.

Fig. 8. ® Modes of biodis-
charge of the trace metal Pb by
C. fascicularis after been sub-
jected to three different low

= concentration stresses for an

f- - — -

-~ incubation period of one month.
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Discussion

To back up our previous study (1981), it is
again evident in this report that the bioac-
cumulation factors (=BF’s) are maximal at
the lowest exposure concentration of 2ppm
for most trace metals excluding that of Pb
and Zn, which occur at the 5ppm (stress
lot. Nevertheless, the trace metals biodepo-
sited as maximal BF’s in the high concen-
tration stress studies (1981) occurring at
50 ppm stress are Cu, Fe, Mn, Ni, Pb and

Zn while Cd, Co and Cr, at 100 ppm. Ob-
viously, this supports the concept that at
different concentration exposures to trace
metals their biological, biochemical and
physiological interactions are in the least
comparable. These phenomena can also be
verified by comparison of the categorization
of these maximal BF’s, i.e. Cr>Zn>Pb>
Co>Mn>Ni>Fe>Cu>Cd for the present
study with that of the 50 ppm stress lots;
Zn>Cu>Cd>Co>Pb>Fe>Ni>Cr>Mn and
that of thalli harvested from the natural
habitat ; Cd, Cu and Fe>/<Zn>Mn>Cr>
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Table”l. General patterns in biodeposition of trace metals at low concentration stresses
between incubation periods of a) 3-48 hrs and b) 48hrs-30 days in Cladophora
fascicularis (MErRT.) KUTZING.
Patterns (between 3~48 hrs)
Stress BH+++ B B B 24* 6+ + +
Concentra- 7~ 6’/” 1?” 2%’ A 24 6 B 12+ B
tions A*++ A A A A’ B A B A A
2 Cu&Zn Cd&Co Ni Mn Pb Cr Fe
5 Cu& Zn Co Ni Cr Cd & Mn Fe & Pb
10 Zn Pb . Ni Cr Cd, Co,Cu Fe
& Mn
Patterns (between 48 hrs~30days)
C B looub 14*9 18{-0 22+& 264-0 6+4- 1406 6“ 22«”- 6+0- 22#4»
I AN AN AT
B CB C B/\C B C B/\C B/\C B C B C B{\"“){\C"+N
2 Co,Pb& Cr&Mn Cd,Cu & Ni Fe
Zn
5 Zn Cr Co,Cu & Cd & Ni Pb
Mn
10 Zn Cr Fe Mn & Ni Cd Co & Pb Cu Fe

‘ Note. + ; hrs, + + ; days, A***; 3hrs, B**++; 48 hrs and C*****; 30days.

Pb>Co>Ni>Hg, although they seem to
have some correlation.

The modes of biodeposition between 3-48
hrs and that for 48 hrs-30 days again are
not identical for the various trace metals
during the low concentration stresses-2, 5
and 10 ppms, as compared to the high con-
centration stresses—50-500 ppms. In fact,
due to the low concentration of the trace
metals in the media and depending on their
toxicities the algal thalli appear to definitely

demonstrate an effective control mechanism.
Hence, this does not agree with the concepts
of a) BRYAN (1969) of a linear uptake rela-
tionship of Zn, Cu and Pb by Laminaria
digitata depending on its concentration in
the media, b) SUTCHIFFE (1962) of cation
uptake by cells at two stages-an initial
rapid, passive uptake and a slower uptake
dependent on its mechanism and c) Ha-
GERHALL (1973) as one occurring via an
irreversible accumulation over a membrane
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system, supporting our proposal of complex-
ed biological, biochemical and physiological
mechanisms across the algal membrane.

The depuration rate data also demon-
strates that regulatory mechanisms exist in
the algal thallus for all the trace metals,
though not at identical levels. Further,
such mechanisms seem to vary from algal
species to species on comparison to that
reported for the Malaysian sea lettuce, Ulva
reticulata FORSSKAL, by SIVALINGAM and
ZAKARIA (1979). This statement is true also
for the bioaccumulation factors at similar low
concentration stresses. Notwithstanding the
foregoing, due to major regional confinement,
great dependence on seasonality variations
in existence and susceptibility to quick
thallus damage of the Ulva spp. this species
of Cladophora is more suitable for being
employed as an algal biomonitor on a global
basis.

Finally, the authors are of the opinion
that the present study together with the
previous one (1981) on high concentration
stresses greatly support their proposal of
the “Cladophora Monitoring Programme”
and that this proposal will be further sub-
stantiated by our following investigation of

complexing effects.
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Ultrastructure of the flagellar apparatus in the stephanokont
zoospores of Pseudobryopsis hainanensis (Chlorophyceae)*
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Hori, T. and KoBara, T. 1982. Ultrastructure of the flagellar apparatus in the stephano-
‘kont zoospores of Psudobryopsis hainanensis (Chlorophyceae). Jap. J. Phycol. 30: 31-39.

The stephanokont flagellar apparatus of the zoospores of Pseudobryopsis hainanensis
is examined and compared to that of stephanokont swarmers of other green algae, espe-
cially with that of Derbesia zoospores. The flagellar apparatus of this alga is composed of
three connecting elements and flagellar roots; the most anteriorly located non-striated
fibrous ring (band A), a socket-like structure that is composed of non-striated filaments
similar to band A and that connects the proximal halves of the basal bodies with band
A, and a supportive electron dense ring band without striation (band C). All these the
major components lie at the junction of the body and dome.

The basal bodies of this alga are fixed in two ways to two of these three components.
The posterior halves of each basal body are capped by the socket-structure which hang
from the band A and are accomodated in the depressions of an electron dense band. The
lack of striation in any component of the flagellar apparatus and the partial covering of
the proximal end of the basal bodies by one of the band structure resemble those of the
flagellar connection system described for Derbesia, though band B in Derbesia is morpho-
logically modified in Pseudobryospsis. This may support the opinion that siphonous geen
algae should be classified in the separate class rather than in the Chlorophyceae and
Charophyceae sensu STEwWART and MATTOX.

Key Index Words: Chlorophyceae ; flagellar apparatus; Pseudobryopsis; siphonous

green alga; stephanokont zoospore; vitrastructure.

The recent comparative studies of mitosis
and flagellar apparatus in the cellular green
algae have suggested the phylogenetic sig-
nificance of these features (PICKETT-HEAPS
and MARCHANT 1972, PICKETT-HEAPS 1975,
STEWART and MATTOX 1975, 1978, MELKO-
NIAN 1980, MoEsTRuUP 1978). However,
these characteristics in the siphonous green
algae have been less investigated than those

* This work was supported by Grant-in-Aid No.
548001 and No. 534028 from the Scientific Re-
search Fund of the Ministry of Education,
Science and Culture, Japan. )

**Present address: Biological Laboratory, Senshu
University, Kawasaki, Kanagawa, 214 Japan.

of other green algae (see HORI 1977, HORI
and ENoMoOTO 1978a, c). Studies of the
biflagellated cells of siphonous green algae
have been published for some coenocytic
species (CRAWLEY 1966, BURR and WEST
1970, Woobcock and MILLER 1973, WHEELER
and PAGE 1974, MOESTRUP and HOFFMAN
1975, Horr1 1977, 1981, Horr and ENOMOTO
1978b, MELKONIAN 1980) but ‘the only ultra-
structural study of stephanokont zoospores is
concerned with Derbesia tenuissima (ROBERTS
et al. 1980). As part of a series of comparative
studies on reproductive cell formation. and
their ultrastructure in the coenocytic gréen
algae, the stephanokont zoospores " of
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Pseudobryospsis are examined in the present
investigation.

The life history of the genus Pseudobry-
opsis was recently revealed through labor-
atory culture study by KoBARA and CHI-
HARA (1978a,b) and OKUDA et al., (1979),
independently. They observed that the fila-
mentous sporophytic germling derived from
a zygote produces many stephanokont zoo-

spores having a conspicuous tail-like append- -

age.
Materials and Methods

Liberation of zoospores was previously
described (KOBARA and CHIHARA 1978a, b).

TEM fixation: Zoospores less than 1hr
old after liberation were processed for
electron microscopy. 50% glutaraldehyde
solution was added drop by drop to the
zoospore suspension to a final concentration
of 5% and maintained for 3hr in room
temparature. The zoospores were then con-
centrated in the fixative by gentle centri-
fugation and rinsed twice in a seawater
for 3hr. Post fixation was carried out in
unbuffered 2% OsO; for 2 hr (original 4%
0sO, solutin dissolved in distilled water
was diluted by adding of equal volume of
seawater to final concentration of 2%).

Specimens were dehydrated in a graded
ethanol series and embedded in Epon. The
material was sectioned on a LKB 8800 ultro-
tome using a diamond knife and double
stained by uranyl acetate and lead citrate
and examined in a Hitachi H-12A electron
microscope.

SEM fixation : 4% OsO;, solution was added
to the suspension of zoospores to a final
concentration of 2% OsO, for 1 hr, washed

in seawater, dehydrated in a graded ethanol
series, critical-point dried, and placed onto
aluminum support stubs with double-back
adhesive tape. Samples were then coated
with gold in a sputter and examined using
a JEOL JSM-T20 scanning electron micro-
scope at an accelerating voltage of 19 kV.

Results

General morphology: The cell body of

ffsu_giobryopsis zoospores is generally obovate

to*pyriform in shape, with a distinct anter-
ior dome and a long posterior projection (Fig.
1). A crown of flagella encircles the most
basal portion of the dome (Fig. 2). The
dome lacks chloroplasts but contains large

*lipid granules, endoplasmic reticulum and a

number of vesicles with a dense periphery
and less dense content (Figs. 3, 6, 8). The
cell body contains many discoidal chloro-
plasts without a pyrenoid, and a nucleus
usually lies below the level of the flagellar
ring (Fig. 3). The posterior tail (about 7-10
pm) contains endoplasmic reticulum and
many microtubles (Fig.4) which are exten-
sion of the microtubular roots and cytoskel-
etal microtubules.

Flagellar apparatus: The flagellar appa-
ratus consists of a ring of about 34~39 basal
bodies, two ring bands, the socket-like struc-
tures, and flagellar roots. All these major
components of the flagellar apparatus are
arranged in circular fashion at the proximal
portion of the dome joining with the cell
body (Figs. 6, 8).

Fig. 5 is a tangential section through a
portion of the most anteriorly located, non-
striated fibrous band (band A in the termi-
nogy of ROBERTS et al. 1980). In a median

Note : Legend abbreviations: A=band A; b=basal body; C=band C; D=dome; f=flagel-

lum ; N=nucleus; R=flagellar root; S=socket-like structure.

Figs. 1-2. Scanning electron

micrographs of a zoospore, emphasizing the shape of the cell body and the crown of 39 flagella.
1. Lateral view, x1600; 2. Top view, x7600. Figs. 3-5. Electron micrographs of the zoospore
of Pseudobryopsis hainanensis. 3. A slightly oblique, median longitudinal section of a zoospore.
x5000; 4. Longitudinal section of part of a posterior tail which contains many microtubules
and endoplasmic reticulum. x19000; 5. Tangential section of band A and socket-like material
surrounding the terminal ends of basal bodies. x40000.
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longitudinal section through the dome this
is generally seen as the spherical aggregate
of a finely granular matrix which presum-
ably represents the cross section profiles of
the constituent fibres (Figs. 6, 8).

The second type of electron dense materi-
al, corresponding in its positional relation-
ship to the band B of ROBERTS et al. (1980),
shows greatest modification in Pseudo-
bryopsis. Each basal body is held by the
socket-like material which hangs down
from the bands A (Figs. 5,7,8). This ap-
pears to bz composed of fibrous material
similar to thosz of the anterior band A,
because their constituent fibrils are seen

to cross the fibrilar components of the band
A (Fig. 7, arrow). A longitudinal section
through the basal body shows that this
material surrounds the proximal half of the
basal bodies (Fig. 8).

In cross section the third type of electron
dense material (referred to as band C after
ROBERTS et al. 1980) extends to support the
terminal end and underside surface of the
basal bodies (Figs. 6, 8. When viewed in
tangential sections, it is a plate-like struc-
ture composed of electron dense homogeneous
material with repetative hollows opposite
the basal bodies (Fig. 7). These hollows

represent depressions to accomodate the

Figs. 6-8. Electron micrographs of the zoospore of P. hainanensis. 6. Longitudinal section

o

through the dome, showing cross section of band A and C, and oblique or longitudinal section
of basal bodies and their associated electron dense material. x18000; 7. Part of the flagellar
ring including all the components of the apparatus, band A and C, socket structure, micro-
tubular roots and basal bodies. x45000; 8. Longitudinal section through the dome, showing
that the flagellar roots descend from the top of dome towards the cell posterior. x20000.
Figs. 9-10. Electron micrographs of the zoospore of P. hainanensis. 9. Cross section of
the flagellar bases, showing two types of microtubular roots (arrows) alternating with the
basal bodies. x47000: 10. Cross section of the cell body at the level of the nucleus, showing

a number of grouped microtubules. > 30000.
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terminal ends of the basal bodies. As their
dimension is larger in diameter than that of
the basal bodies, including their associated
material of the second type, electron lucent
spaces are found around each basal body.

Flagellar roots alternating with the basal
bodies extend anteriorly inside in the dome
and beneath the plasmalemma posteriorly in
the cell body itself (Fig. 8). The flagellar
roots in the dome extend towards the top
of the dome (Fig. 8). Each root is composed
of four to six microtubules arranged in two
ways. In a 4-stranded root near its point
of origin at the flagellar bases, the 4 micro-
tubules are arranged in a 3 over 1 pattern
which changes 4 microtubules in a row in
a cell posterior. The microtubules in a 6-
stranded root are also arranged in a 4 over
2 pattern near their point of origin, but
soon they change to a similar row arrange-
ment in the cell body. In Fig. 9 these two
types of flagellar roots appear to alternate
with one another, but they are not always
arranged in such a regular manner in other
part of band A. Both types of flagellar
roots are embedded in electron dense material
only in the vicinity of the basal bodies (Fig.
9). No striation pattern is found in the sur-
rounding material.

In cross sections through the cell body at

Fig. 11. Diagrammatic representation of the
flagellar apparatus in the stephanokont zoospore
of P. hainanensis.

the level of the nucleus, some microtubular
roots contain 10 microtubules arranged in
a row (Fig. 10). It was not determined
whether or not all of these groups extend
into the long posterior tail of the cell body,
but the full length of the tail contains

‘microtubules (Fig. 4). The spatial arrange-

ment of these components is shown dia-

‘gramatically in Fig. 11.

Discussion

The ultrastructure of the flagellar appara-
tus in stephanokont reproductive cellls has
been studied in the oedogonialean algae,
Oedogonium cardiacum (spermatozoid . HOF-
FMAN 1970, 1973. HOFFMAN and MANTON
1963, Coss and PICKETT-HEAPS 1974 ; zoo-
spore: HOFFMAN and MANTON 1962, HOFF-
MAN 1967, 1970, PickeTT-HEAPS 1971),
Bulbochaete hiloensis (zo0spore : RETALLACK
and BUTLER 1972), Oedocladium carolinianum
(zoospore : MALKOWITZ 1978), and the green
siphon, Derbesia tenuissima (zoospore: RoO-
BERTS et al. 1980). The stephanokont cells
of these algae all bear a common feature.
The cell body is divided into two distinct re-
gions, an anterior dome and a posterior body.
The junction between these two zones is
always marked by a crown of flagella and
fibrous ring-like bands. In all oedogonialean
algae examined so far, the fibrous rings of
the flagellar apparatus are striated, while
all the major components are non-striated
in the zoospores of the green siphon (RO-
BERTS et al. 1980). The present investiga-
tion facilitates the comparison of the sub-
structural features of the flagellar appa-
ratus among the stephanokont zoospores of
the siphonous green algae.

The flagellar apparatus in the zoospores
of Pseudobryopsis has several features shar-
ed with those of Derbesia (ROBERTS et al.
1980): the presence of an anteriorly posi-
tioned fibrous band (band A), and terminal
band (band C) which supports the posterior
ends of the basal bodies. Band A has no
direct association with the basal bodies in
both algae, but other components are closely
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attached to the basal bodies.

However, there are also some variations
in both algae. In Pseudobryopsis, a different
type of non-striated electron dense connec-
tive structure associated with band A hangs
down to attach the basal bodies. This is
the socket-like structure that attaches at one
end to the band A and at the other end cups
the posterior half of the basal body. In the
zoospores of Derbesia, instead, an usual type
of fibrous band, morpologically identical to
two other bands in both algae is present
(ROBERTS et al. 1980). In some of their
micrographs of bands B, however, slight
disjunctive areas in electron density are found
at regions between adjacent basal bodies (ex.
Figs. 12-16 in ROBERTS et al. 1980) ; the areas
in band B over each basal body is slightly
more electron dense than those between
the basal bodies. Furthermore, cross section-
al micrographs including the three bands
clearly indicate that band B is different from
bands A and C, because the former is always
less electron dense the than the others (Figs.
4-7 in ROBERTS et al. 1980). Preliminary
observations on the zoospore of Bryopsis
maxtma (HORI, unpub. data) also indicate the
presence of a connective structure similar to,
but not identical with, that of Pseudobryopsis
rather than the band B of Derbesia. There-
fore, these features possibly imply various
modifications of the band B structure in the
stephanokont zoospores of green siphons.

Another difference is concerned with the
cupping material lying around the terminal
ends of the basal bodies. ROBERTS et al.
(1980) states that the proximal part of the
" basal bodies in Derbesia is surrounded by
an extension of band C and they interpreted
that band C may correspond to the terminal
caps found in the ulvalean swarmers (ME-
KLONIAN 1979, 1980). In Pseudobryopsis,
however, the proximal part of the basal
bodies is cupped by the socket structure.

The structure of the compound flagellar
roots in Pseudobryopsis is different from
that of Derbesia, in which they consist of
two microtubules (ROBERTS et al. 1980). In
Pseudobryopsis they are composed of four

or six microtubules which are embedded in
electron dense material only in the vicinity
of the basal bodies. In Derbesia the flagellar
roots extend from between the basal bodies
only towards the cell posterior and not an-
teriorly in the dome, while in Pseudobryo-
psis they descend from close to the top of
the dome to the most posterior end of the
cell body passing through a crown of
flagella.

ROBERTS et al. (1980) judged that all non-
striated major components of the flagellar
ring in the zoospores of Derbesia correspond
to a feature of ulvalean swarmers in which
a non-striated capping plate connects the
basal bodies (MELKONIAN 1979, 1980, SLUI-
MAN et al. 1980) and suggested a phylo-
genetic link between the ulvalean algae and
green siphons. Although the present obser-
vations on Pseudobryopsis appear possibly to
support their concept, it is not concluded
that all coenocytic and siphonous green
algae should be included, because a striated
connective is found in the siphonocladalean
alga, Dictyosphaeria cavernosa (HORI and
EnoMOTO 1978b). Before a phylogenetic
affinity among this complex is solved, more
detailed work on other genera is necessary.
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A new method for pure culture of macroscopic algae,
the one step selection method*
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method.

The axenic culture is useful not only for
studies of algal nutrition but also for prov-
iding materials for clarifying many aspects
of algal morphogenesis. The purification
methods of macroscopic algae were summ-
arized by CHAPMAN (1973) and TATEWAKI
(1979). The pipette washing method, a
basic one, is usually used for isolation of
axenic strains, but skilled technique is re-
quired for this method. And it takes much
trouble to obtain large amount of axenic
strains. On the other hand, some methods
employing chemical sterilants for obtaining
an axenic culture were published: antibiot-
ics (PRovAsoLI 1958, BoALCH 1961, IwaAs-
AKI 1961, TATEWAKI and PROVASOLI 1964) ;
iodine (FRrRIES 1963); potassium tellurite
(DUCKER and WILLOGHBY 1964) ; sulfa drugs
(KANAZAWA 1968); and antibiotics and so-
dium hypochlorite in combination (DRUEHL
and Hsiao 1969). These methods were
convenient, but were insufficient in regard
to the efficiency of sterilization and toxicity
of chemicals.

Following is a description of a new me-
thod for obtaining axenic cultures more
conveniently and securely. Using the one
step selection method, axenic algal strains

* This study was partially supported by Grant-
in-Aid No. 554217 from the Scientific Research
Funds of the Ministry of Education, Science
and Culture, and No. BCP 52-II-1-1 from the
Ministry of Agriculture, Forestry and Fisheries,
Japan.

will be able to be selected simultaneously
with a sterility test.
The alga tested was Dictyosiphon foenic-

-ulaceus (Dictyosiphonales, Phaeophyta) from

the beach of Charatsunai, Muroran, Hokk-
aido. Plants were collected during June of
1977. The antibiotic mixture (ABM) descri-
bed by GUILLARD (1968) was employed.
The composition of ABM was 124.5mg
penicillin G, 50 mg streptomycine sulphate
and 20 mg chloramphenicol dissolved in 1
liter autoclaved sea water. The ABM solu-
tion was sterilized by passing through Mi-
llipore filters of 0.22 ym pore size. These
antibiotics were manufactured by Sigma
Chemical Co., St. Louis, Missori, U.S.A. The
culture medium used was ASP 12-NTA
(ProvasoLl 1963). Agar plates used for
the selection of axenic strains were 90Xx20
mm petri dishes containing 20 m/ ST3 me-
dium (PROVASOLI et al. 1957) solidified with
1.0-15% agar. The sterility test media
used were ST3, ASP-BI and bouillon media.
The composition of ASP-Bl medium was 1
liter ASP 12-NTA, 5g bactopepton, 2g beef
extract, 0.5g KNO, and pH 7.8-8.0, and the
composition of bouillon medium was 0.7
liter sea water, 0.3 liter pure water, 20 g
powdered bouillon and pH 7.5-8.0. Bactopep-
ton and beef extract were manufactured
by Difco Labolatories, Detroit, Michigan,
U.S.A. Powdered bouillon was manufactured
by Kyokuto Seiyaku Kogyo Co. Tokyo,
Japan. The ASP 12-NTA and agar plate
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Table 1. Sterility tests using ST3, ASP-Bl and bouillon media.

Number of Number of contaminated strains Number of Axenic
tested strains ST3 ASP-BI Bouillon axenic strains ratio
40 0 2 2% 38 95%

A few pieces of every one of the forty strains were inoculated in every test medium.
* These were the results of two strains (nos. DF-015, 017), and each strain is recognized

as contaminative in the two media.

cultures were incubated at 14°C under an
illumination by cool white fluorescent lamps
at 2,000 Ix with 14: 10 hr light-dark cycle.
The sterility test cultures were carried out
in a dark at 20°C.

The axenic culture was established by
following procedures :

1. Mature materials were wiped with a
clean gauze, rinsed several times in autocla-
ved sea water and cut into a length of
ca. 1cm.

2. Ten pieces of materials were trans-
ferred into a glass vessel containing 100m/
ABM and stocked in a refrigerator regul-
ated 5°C for 2 days.

3. One piece was rinsed several times
in sterile ASP 12-NTA medium, and placed
in 60>15mm petri dish containing 10 m/
sterile ASP 12-NTA medium. Numerous
zoospores were released within 10 minutes.

4. Two or three drops of the medium
containing many zoospores were put on
agar plate with a pipette, and spread over

Fig. 1.

an agar surface with a glass stick. The
agar plate was cultured for 1 month.

5. After 1 month the germlings devel-
oped into 0.5-1.0 mm masses of profusely
branched filamentous thalli, and bacteria
which survived in no. 2 treatment grew to
3-5mm diameter colonies (Fig. 1). Clean
algal masses growing on an agar plate
were selected and inoculated into 10m/
ASP 12-NTA medium in test tubes. This
treatment served both an isolation of axenic
algal strains and a sterility test of bacteria.

6. These cultures were maintained in an
incubator for 1 month, and ca. 3 mm ma-
sses of axenic microthalli were obtained
(Figs. 2, 3).

The procedure is shown by the following
diagram (Fig. 4).

Moreover, sterility tests were tried using
ST3, ASP-BI and bouillon media. The cult-
ures were considered to be axenic if the
test media remained clear, and contamina-
tive if the test media became cloudy for

Agar plate maintained for 1 month (b=colony of bactria; m=mass of microthallus) ;
Figs. 2-3. Axenic microthalli’cultured in ASP 12-NTA for 1 month. Scale 1 and 2 show 1 cm;
scale 3 shows 100 zm.
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Fig. 4. Diagram summarizing procedures of one step selection method.

2-3 months. The résults obtained by this
method are given in table 1. This series
of treatments was carried out repeatedly,
and axenic strains were always obtained
more than 90%.

Axenic strains of Laminaria angustata,
Pogotrichum yezoense and Ulva pertusa
were also be obtained in high ratio by using
this method. The one step selection method
reported here is useful and applicable to
other macroscopic or microscopic algae.
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tory of Sargassum thunbergii.

Feulgen microspectrophotometric studies of the life his-
Jap. J. Phycol. 30: 44-46.

Liberated unfertilized eggs and cells of male conceptacle walls of Sargassum thunbergii
were stained by the Feulgen technique, and the relative amounts of DNA per nucleus were
measured by microspectrophotometric analysis. The average relative amount of DNA in
nuclei of the male conceptacle walls was twice as large as that of the liberated unfertilized
eggs. It is concluded that in S. thunbergii the liberated unfertilized eggs are haploid
while the cells making up receptacle are diploid.

Key Index Words:
nuclear phase; Sargassum thunbergii.

DNA ; Feulgen staining ; life history ; microspectrophotometry ;
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Fig. 1. The effect of hydrolysis time in Fig. 2. The effect of . staining time in

1IN HCI at 60° on the absorbance of measurable
dye bound by meristoderm nuclei. The points
are mean+S.D. of absorbance.

Schiff’s reagent on the absorbance of measurable
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are mean+S. D. of absorbance.
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Fig. 3. Frequency distribution of relative
DNA values of nuclei of unfertilized eggs (a)
and male conceptacle walls (b) in Sargassum
thunbergii. Unfertilized eggs: 50 nuclei, mean=
0.54 units. Conceptacle walls: 50 nuclei, mean=
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Hara, Y. and Cuinara, M. 1982. Ultrastructure and taxonomy of Chattonella (Class
Raphidophyceae) in Japan. Jap. J. Phycol. 30: 47-56.

Recently, there have been many red tide blooms reported in Japan, especially in the
inland sea regions, including the Seto Inland Sea, Maizuru Bay and Kagoshima Bay in
summer and fall seasons. Members of the genus Chattonella have been recognized as the
main component of red tides and they often cause severe damage to the fishery of cul-
tured yellowtail and sea bream.

Many strains of Chattonella have been isolated and maintained in culture in fishery
stations or universities near the coasts where red tides occur. However, almost all the
isolates remain to be identified because there is no workable identification system owing
to the lack of detailed information about their ultrastructure. The following seven strains
of Chattonella were examined by means of laboratory culture and electron microscopy to
obtain more reliable taxonomic characteristics : Hiroshima-70, -71, -78, Maizuru-75, Harima-
78, Kagoshima-78 and Osaka-79. They are fundamentally the same in their internal
structure but, on the basis of their cell size, they can be classified into two forms: the
larger form to which Hiroshima-70, -71, Harima-78, and Osaka-79 belong, and the smaller
form, to which Maizuru-75, Hiroshima-78 and Kagoshima-78 belong. Both of these
Japanese representative forms differ from the type species of Chattonella, C. subsalsa,
mainly in having thylakoids penetrating the pyrenoid matrix.

On the basis of our research, we suggest that the larger form of the Japanese Chat-
tonella should be assigned to C. antiqgue (Hapa) ONo, while the smaller one is similar to,
if not identical with, Hornellia marina described by SUBRAHMANYAN (1954), being treated
as a separate entity from C. subsalsa. Since Hornellia is regarded to be congeneric with
Chattonella, the following new combination is proposed; Chattonella marina (SUBRAH-
MANYAN) HARrRA et CHIHARA comb. nov. Basionym: Hornellia marina SUBRAHMANYAN,
Indian J. Fish., 1, 200, f. 1-14, 1954.

Key Index Words: Chattonella; Chattonella marina comb. nov.; Raphidophyceae; red
tides; taxonomy ; ultrastructure.

Yoshiaki Hara and Mitsuo Chihara, Institute of Biological Sciences, The University
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HHEEFE

- ORI o iRk Table Lici L THRTH
Be ShBIL, REESIATRBEESBRBEAEEY
BEROERELE Sh, GPM 3t (LoesLicn I
1975) #H\v, 145REI A U110 I 0, 18°C, 2000~
3000 4, 7 ADLMFTF TR I NI, BEICILININ
Mo HRA VbR T,

SeEEm s g A & U & B EE (i
M) OFEY A, BEER X O Yo 0B/ (1978)
DR X »teo BMBHRMI I EYBEMEE (=2~
e 757 4 b XFE) kX OEBRMS T
(z=a2vet 757 4 b XF-NTH) A1,
BFHEHSEEEAORARIUTOLS TH %,
1) sERmhoMias, FIHELR ik i FmE Lk
B ER 3¢ THD D, 2) Hol-Mlutba 5% 7
AE—AFAFE eV vEpEHEK (0.2M, pH=
7.2) #H\, 4°C 305~ 1 BRIRTEE T %, <D
BE0.625 0.9 AL BED Y o BiYEERICH
MUTBBEOTR LT, AR Y vEpkE Rz
A, BERCHEMLEY ok 1, 1/2, 1/4
1/8, 0 LBERXTFFiRnt, HEEEEC 10~15 50
KRR BT D, 4) 2% AR v afE e U VEEERHTRK
LV, 4°C T 3HMIBEE T 5, 5) 50~100% D=
g7 —ne ) —XTRKT R, 6) BIRFEENOEH
&% TOEMFET Lurt (1961) 23888 LicH B R -
too DYIKCIIEREY 5= — L& 7= VRO 2 Hidf
i+, 8) 8Lk L U HEF I JEOL 100C B
HRNEFEBEE A1, Rk RO HEOIIE,
UTFoRkbiAAit, DRAHoME &AL 10m!
DIFTIIT 2 %A A T 7 AKER 1ml 2z, 4
EEET 5. 2) oibic 1500 rpm, 2~ 3 4 T

WL, filakins, 3) 2%+ Ay Ak ) VR
Hig, 4°C T, 2~3WMEEET 2. 4 LROK
TEERTR D5) AT IS o

= #

SeATEEIC & B EER: A LT EME, Mlleo
KEIRESLEHHT bR B, Thbb, K
RMOME NIOHTH D, KT OB+ 28T
Hiroshima-70, -71, Harima-78, Osaka-79 ® 4 T,
INE OB IR B #fit Maizuru-75, Kagoshima-78,
%5 X 0" Hiroshima-78 @ 3 #:TH %,

L b SR AN T, AR R R K
LLEF T H B, ABOBOMINLIEZH 50~130
pm, i 25~35 pm, RRRECHIMASE SR bR
54, BHRICDIRE - TAIK, M THRIRTZRR
gmftice b, BERYET (Fig. 1), WETHMEHN
SROWAMEH D 2 KMV B, D5 bO L RRHTH
HOT, FERVWERER A T 5 REETH H DI
L, oo 1 K HROARTI > THRIT~HY, @
LA ETEBMEO I CRAEETH B, WK B
D ED0.8~L5ETH B D% L, RHEETM
DEILFIEFERACIDONEV, L L2 ORGHFEEIR
BETUM LR eddy, fiaDEEDOLDOMNAL
ho, HIKIHT, SEEEHEOELICE bic-» THIE
BEELLTV. LAL T FY A CEIRARL DM
TG T X oz Lk,

NP A+ 3B % & (ectoplasm) & PYERERE
(endoplasm) @ 2 {4y B HIRKITERBTE B ATHITHE
BB SO L, BEIK LA ERGELE
Tz Ly, SERIE O MK B TRV
PITIEA R 3 U AFRIR TREAIC TG Ih B /NERPER

Table 1. Strains of Japanese Chattonella used in the present study.

Strains

Localities

Institutes or universities where
original strains were maintained

Chattonella Hiroshima-70

OO0 060606

Hiroshima-71
Maizuru-75
Hiroshima-78
Harima-78
Kagoshima-78
Osaka-79-

Hiroshima Bay

Hiroshima Bay
Maizuru Bay
Hiroshima Bay
Harima-nada
Kagoshima. Bay
Osaka Bay

Mie Univ.
Hiroshima Fish. Stn.
Hiroshima Fish. Stn.
Hiroshima Fish. Stn.
Hiroshima Fish. Stn.
Kagawa Fish. Stn.
Kagoshima Univ.
Osaka Fish. Stn.
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Figs. 1-3. Light micrographs of Chettonella
antique and C. merina. 1. A cell of C. antiqua
(Hiroshima-70 strain) fixed with 0.2% osmium
tetraoxide. x700; 2. A living cell of C. marina
(Maizuru-75 strain). x700; 3. A living cell of
C. marine (Kagoshima-78 strain). x700.

A4 (Figs. 6, 7). Bl Tl o hun ohgk
BEES O T, Yl LA IRETHLHEIA Y TH

(Figs 4,5),
H&' FONIZC, M~ A 5 h I
’fm B D ih - TH . 27eb 5, Eh

Zho 4’4 FEAVE LI O Felil A il e i C
fiE350T, fifaeds LTk, EREEEEHRO
Bl a4 (Figs. 2, 3, 5), [t 2w LI
T, JREF 10 pm, PNEREURELO 0 S LS A
uﬁ"g/l. o 77 4 FEEEOMO - Do Filto i
tk (lz1Xw 34 5 2 o Fibrocapse japonica,
Gonvostomum semen, Merotrichia bacillata i
b A KoK O RN (mucocyst) 12iR&H 5 s
Ve UL, BEoMECHEO W LizghHio 8!
GUIIHEN S ORI I X > TRE D Z 2 5,
Teks, WKHET 7 4 FERCIGE L CHEET 5 H i /e
I FER L FERR T & Tads - 7o

IRIOFHCIRT D >+ v F & T OHIELChG 7%
P L L VR EHEIE T, J2& 30~55 pm, i 20
~%mnf%5°%%ﬁ%%ﬂmwwomjhiom

PKINEIZ 51 2 T REZEAL O R 7 1 N D FEO fifhk &
AW EFH U TH D, LTHERERIFL L,
ORI TE, Eo oS b fiim+ds o &
B L OHITOH 2 IHMEH D~ Z ATk _&Tm
% (Figs. 2, 3), e/ ek paiT sz &
(Fig. 7), i X OULHile e bk ki S*—-z}\xﬂ“s“o z
LKA E RET o 5,

EFHEBHBCLDEE: MLV L
AN CTL MR S h 72 & 512, o 0DJf
IO, BAGS s LA iiiicE 5
(Figs. 8, 13, 18), MMM LT & PIMIEIRET & a1 b
DN R T X i s, R %ﬁ@ﬁ"\iﬁ
hxdbh, FREMEOELVIEBET S 5 0 &;)’('\f
L, PRI ) Ay — ABRSICE L C & T
SHBR 5B,

A @ e alate i Eostpiicuh s C Lixie
< ISEMES IR L & e D0 RN O Il
RGP E i NRSV U M5 5 (Figs. 8, 20),
INERITETEE oS VGERE, FoiRRarusiko
WA LB NE O T ha k& (Fig.20),
Wiy Olisthodiscus luteus © LEADBEATER (1969)

Mol sphere, # %Xl U < mucilage vesicle
LA RS AT S5 Ll s, o Z oK
i, KEIIRLAHN, 774 KD I3 bHh7
> (Fibrocepsa jeponice) (555, K34 = Go-
1974) THIH LTSRS HE
T b2 BT %, Tl Ch o OEE T, Kk
HNOERIR E 722 Bk, ToOXFE»HHNS X 5
ICHHERICZE L L T BRI TV2, 20
ZEmb, Ao /NRINEORRRE LRTE
Do MR AR OB VEE AMBIE TR E 0 g 23l < 7
BHY & ATIAMED IS TR B il < e D, SRR
WEMEEA ERIRIEL oD 2ARDH TR 2 DI
WEDEE i & NI 2 T 2 8 b4 U, MR
AL EIR A5 (Fig. 21), Z 0%
VLS ME, BUNVE R X OFEREER X D RS
N3, = Zicik rhizostyle XIFEh Hi R, &

F/ M & B0 2T & A A S & i) ’C“>f4:< i
e LCtiEET 5 (Fig. 9). BZERFa w2, #

Loty

I to sy 2324 LT rhizostyle o —d &

nyostomum semen (MiGNOT,

Hea i /50
BT A icsd, SEOLRERRS 5 Wik AR L
+5% (Fig. 9, 10, 21), oML #5 X5
o= A kR g S (Fig. 100, ¢ b= v ¥

TIRERIRE fo 0 BRIbT, WEEIBIEC AT 5
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Figs. 4-7. Light micrographs of Chattonelle antique and C. merina. 4,5. Parts of a living
cell of C. entique (Hiroshima-70 strain), showing small globules (arrows) distributed in the
cell periphery. x1400. ch; chloroplasts. (Nemarsky). 6, 7. Surface views of a fixed cell of C.
antiqua (Hiroshima-70 strain) (Fig. 6) and C. marina (Maizuru-75 strain) (Fig. 7), showing
small globules as black dots stained with osmium tetraoxide. x 1200.

(Figs. 17, 22), s b2 v F U 7ONEZEIR 2 v A
FTTHIhEH, LELEERNCEL OV RER 2
VATOREMN: b2 v F Y 7ohL a5 &
%o TOXSICER 7 VY AT 120~30K Yk
BEHLTCTELLOT, 1HOI Pa v FYTiICZD
Wil fen L2 K5 (Fig. 17), SEdkikinmop
Wils W LEIETELY , 1 FdD, KV /A FitiE
FRAEDOMT OO AZE L, 20k & a4
RDERDL/A~1/5% 5%, HEFEENICIZ2~3E
DFF2aA Fabich T »25%0, L 0%E, EHE
1D B Ji P L CERIFET 5, 9214 FO
W OEEV A FOREEMTETAD ATV 5,
ZOWHBEHNDOFF a4 FiZl FX2HENbAS T A
FRT, HHETLbOLHRELEVb DL HD,
DFELHNEEFE A OBIPELFED B le -, To s LY
Te)i§%7 4 5 (girdle lamella) [XiEZEC X 7o - 12

L2s LAEE T # 5% b oo k(i fish s 1548
THZENHMBNS Y =/ 7 4+ 7 (genophore) ¢

VA K LI A b =T B A D IBALI D
bhte (Figs. 11, 19), JEGAMPLIZERBELSED .
FOICIE X Hic EE 0 344 E.R. (chloroplast
endoplasmic reticulum) »3g b Pi#y (Figs. 11, 19),
Ev /A FOREMITD Z i b oo i3 2 e iiiic
I+ periplastidal network & 83/ Nlk oo f 55 23 (i AE
T% (Fig. 12), witafiiyl"] (Chromophyta) C—ji
bR BB B IRAE Lct ER. L3ER{A ER.
L OMFEIIARFE TR g\,

INRIDRED > 4 o b & 7 OO RS IEARN
iKMo Eh EHUT 5, EHIXEZ LI,
Maizuru-75 &~ Hiroshima-78 o 2 #ifk &Pz -< 7
7Y 7 & Bbh 2 WikDFE BDH LR (Figs. 13,
14,15), Z @2 7 7 U 7 HE AR 7o LERIRTC,
2 F 7ok 3 R O M P % dv, PO RO A 2
5 & Bbh M ICE A KRB Tililc S b,
D2 T ) TIEANa A RS S L RS B
Ny, SMCAREROETHEIE O E O
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Figs. 8-12. Electron micrographs of Chattonelle entique. 8. Longitudinal section, showing
ectoplasm (ec) containing many peripheral chloroplasts and endoplasm (en) containing a
nucleus, mitochondria and some other organelles (Hiroshima-70 strain). x3000; 9. A nucleus
connecting with rhizostyle (rh) in the cyteplasm (Hiroshima-70 strain). x2000; 10. Several
Golgi bodies (g) covering the lateral projection of a pyriform-shaped nucleus (Hiroshima-71
strain). x9000; 11. A chloroplast containing a pyrenoid (py) and a genophcre (gp) (Hiros-
hima-71 strain). x10000; 12. A part of pyrenoid, surrounded with chloroplast envelope
(indicated by double arrow heads) and chloroplast E.R. (triple arrow heads). There is a
periplastidal network (single arrow head) near the top of pyrenoid (Hiroshima-71 strain).
% 26000.
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Figs. 13-17. Electron micrographs of Chattonelle merine. 13. Section of a cell, showing
distribution of many chloroplasts in the ectoplasm and a nucleus in the endoplasm (Maizuru-75
strain). x2400; 14. A nucleus possessing endonuclear bacteria (Maizuru-75 strain). x3300;
15. A nucleus infected by bacteria. A rhizostyle is present being connected with nuclear

surface (Hiroshima-78 strain).

%5000; 16. Endonuclear bacteria surrounded by two- or three-

layered cell coverings within the nucleus (Maizuru-75 strain). x26000), (Ne: nuclear envelope) ;
17. Mitochondria possessing a bundle of cored cristae (Maizuru-75 strain). x26000.

niRdbNhb (Fig. 16), chb-~ 27579 7HRAO
IR I L DS B X RSB MR © N Y & v o
BRcmbhic 2570 70xhE L —%HT 5, ¥
KEEF 7 4 Fiaod Gonyostomum semen OJ4Eh
bt 77 ) THFAET DB G ShTuw 39
ExEx bbb s, MMy, r 2 IOBEADZD

WA~ 27 ) T e LTI WS Bbihud,
EoH, MDY b SO, Kago-
shima-78 fiCik, #M- 25V 7l bh3 (Figs.
18, 21), #7423 b2 v Y 7S ER T AL 2
AT b RbRieh -7z (Fig. 22),
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Figs. 18-22. Electron micrographs of Chattonelle marine (Kagoshima-78 strain). 18. Section
of a motile cell, showing vacuolated ectoplasm and endoplasm with ribosomal granules.
%2400 19. A chloroplast, in which two genophore profiles, a girdle lamella and a pyrenoid
invaded by several thylakoids, are seen. x7000; 20. A peripheral part of the cell, showing
distribution of many small mucocysts (mc) which contain fibrous and electron dense inclusions.
x12000; 21. Anterior part of the cell, showing a nucleus which projects towords the flagellar
basis. A nucleus is characteristic pyriform-shaped, and two flagella (f) arise from the bottom
of gullet. x5300; 22. Mitochondria possessing many tubular cristae which do not have
bundles of cored cristae in their matrices. x 17000.
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Table 2. Comparison of ultrastructural and morphological characteristics of Japanese

Chattonellas and C. subsalsa.

\ Chloroplast and pyrenoid
N Characteristics
8
. = i)
g 2 o
Taxa \ & > =
. B=) o 8
(species §ES P 1 S
names and g g ,g Ty | = 9 5 g Q
S a | = w
strain’s names) g wg | §° g o | B8 2 3 ]
o b=t Sy - Lo =) 2 o
E g2 =31 = | & |58| & | 8 2
AN 5 |52 o | B |wS| @ | & 8
—_ ~o | 38 o ) oE O S o
= Sl 8% | & g | & 2 & S
) ta|>S] O | o |OE8]| O @ o
Chattonella antiqua
C. Hiroshima-70 50~130
C. Hiroshima-71 + - + + + - — Present paper
C. Harima-78 x25~35
C. Osaka-79
Chattonella marina 30~ 55
C. Maizuru-75 X% 20~30 + — + + + - + Present paper
C. Hiroshima-78 pm
Chattonella marina 30~ 55
. % 20~30 + — + + - - — Present paper
C. Kagoshima-78
pm
30~ 50
Chattonella subsalsa X 15~25 — + - - — + - Mignot (1976)
pm

% £

FELEONESERELICEREY + » PR TBO TH
L, &% MioNoT (1976) 2B L= —m o BE
@ Chattonella subsalsa DN ERILEE & PIE RS
% Hig LT Table 2 iz7Rk3, Chattonella &ﬂﬁ]_,
7= BIECHELER (1936) %, #laR»\SHEREME & PIi
FEREO=2OH5BEHE»OLRA Z &, ¥ XY
RIAT 5 Z EwBOK E e T3, Table
2 hbbb2s ko, SEFAELCERIVGTHRD
ZhHDBER Ziex Tw5,

ST, RFED TR, MAoKE IS L,
OO, ELTILRBAA 7T ) TOHEEYS
BHECE D ARD EEDDHCHETE %, H—it
KEDY 4 » bR T, BIEBNA 7T Y 7R SN

MOy vy bR T, BERBEARAS 275790 TR bioigun
MDY % » P RFTTHDB, ChHDEFoOMADOR
HHEFRERTIE CCEBD TL SHUT %, £
A0, T hb=#L C. subsalsa Lxhtig+5 &,
ERBOMECELVHERODD Z Lhbnd, Tis
b, C. subsalsa DIERETIE, 1)EES 2 5F X
Co=/ 7 7HRBEEIRR, 2) ¥V 4 FEBK
BT24&F 7 a4 FokEs—HBciziETs, 3) L
24 FEERIIZF Z 24 F2ABAL L L, & hick
L, RBEDY + v 2 FED T HOIESETIT, 1)
JAZS ASBIVC=, 747%%D, DFS5aAF
DEIRHEEET D Lk, v/ 1 VB
Fad FO—FRRATS, io & OEHEEXADLR
5, R X2 L, B baMichlilt 52 5 &
C. subslasa DML A — E=HBONEY Y SHT 2
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WS, L LERDEBED THTILED L 5 s
HWEBOHERRDD Z L NTE D 10 L2
- MRS DT B SHINTT 5 L RBED &

v b * ZIROEEUL Chattonella subsalsa & 3315
EHBLTIVLEBbh s,

RBED> + 5 bF 7 BOBEOBERICO - TEE
LThicly, H—DRTHLIKBD Y 4 o b3 T2,
1974 2 A B ¥%E D Hapa HEEE NI HE &
LTHBRTIEESREY T ¢ VY A S HOFBREHE L
LTRE LI LI Y 2 3 FY s (Hemieutreptia
antiqua) & —¥ 35, Habpa (1974) 2z oREx : F
VA VHERITE I8, D#iRfc <5 imy
HRORFE b0, 2)RBETH M VEHOKHIEY
50, 3) I NV A YEIRA b R B EiKHe (mucous
body) %32, ZliZdhots, Lvl, BEOETY
BRIX S, Chb0=Z20BEGEFHEMEY A
WIBBICE > TR T A ENTERD T, X
LILEELICOARED AR Y & » & 5SDEMESH
WOFMATLT, co@rs7ee 7y, AbkKk<
ERIV TR F kOl kD Gk
RBE). ThAODERIIZDY 4 5 PR SHIFY A
YERFTBT 58T W 2 & #RLTV5, Bl
Ono and Takano (1930) (tah o 3 FY Ay
57,4 FEEDOY+ o, P IR0 — B LR,
Chattonella antiqua (Hapa) Ono OFHlAE4%
BELTV 3, EELTIDFCOVLTEHEKTD
B LOLARWMEEZ LT, H Bk, cofs C.
subsalsa LY RICHEBRHETD % & LIRS
DEHIREEIC OV T, WSO REHICIFRYRL T
T\ SEIDEE L DORIHZ DY KRR L&Y
DLEDTHb,

KRIZEZDNRID > oy b F FDONTTHSBH,
BEAEDOKEIDERERL &, HBEER L OCANHEE
DABDOY v 5 b x 7 EERWTRDIVLZEMD,
HEELIZYUT), TDOVey FFRTE, ATV TORK
PRERCIBRE > ¢ » OB MMELEL DT
EnBIMEHER LI, LL, NOY s,y b2 S
<3, FE=oFo Kagoshima-78 #o X 5z, %W
ATV TRV DLH B & & 2HBICR
U, BoLB=0HRRA—2EHERLL, Thiyg
—DORLITBAEET TR ONIDVBERTHS
LEZBRE T, &IAHT, W EEBAEEDOHE
RrbhToigwds, vy PR FBOMO—FEIZA
Y FEDOLDONHD, 19544E12 SUBRAHMANYAN (T
1 v F#aggs: Kozhikode o West Hill #gio ki

DEEMBEEHELMEL, chu 57, FEOHK
P THBL LT, Hornellia marina SUBRAHMA-
NYAN DH %52 foy HAE % 725283 & KA B H;
THE, ZOHMT y PRTBDO A v A—THB =
EXEGE W 7 v, BE i HOLLANDE & ENJUMET
(1956) 3.7 & 2 = ED Chattonella subsalsa % B¢
L7icB&iz, Hornellia marina SUBRAHMANYAN (1
COBMOREZT HB & L, % 4 Forr (1971) %
Hornelliay3 Chattonella LA—DLDTHD LGB
LT\% (p. 443), #0513 Hornellia 7% Chatto-
nelle. DRHETH% LT 5RMCIBRTH S, Lo
L Hornellia marina } Chattonella subsalsa Ai[E
—MTHh2LTHRMBTITBETERLy BHED/)
MO >y » b3 FEA v FPED Chattonella L1, Hi
MOXES, B, +—FR=HBOHHEERY b/ 2
& 7p EXHFEMST v < OB L TV B
M, BILOM v VEL AABETEROBEEYOH 1
DEUOBEENLHMTLT, T TR LAS v F
peD Chattonelle L RFEO/|NBD Y 4+, 3T &
ERITIDEEL IV, BEKLI LR, 1 v FEDOK
LW TR EDFEA L E EThh Ty,
LhL, EROE@YERLT, ORI TIIATE
DINRID Y 4 5 bR SHEAVIFEDRDERA—FE L
TR\, T DFE4% Chattonelle marina (SUBRAH-
MANYAN) HARA et CHIHARA EMESC LH|BEL
o, RS v FEORD MK OSSN PRI
h, AFPEOY + » 35 LEOERMNELME IL,
FARMEOPNRDO Y + oy PR FTIFEE LTHEDIh BN
EThb, :

xR Ica—n , FED Chattonella subsalsa
CHYTAEIABTIRREER IR T I, B
i, 5~6 ARCEFABCHET? “BEx1 7
LIFER BRSO (C. subsalsa DA —
=JHSHHM L EEET 5) BT 55 Ly o T (@,
FLE), C. subsalsa LR—ps, Fi-BHTHEZNDLD
b Lhfv, “Bs1 77 oBOMMESE EOB
EH %,

DlER~f E28H 3 5 &, BRATIYy
PR ZBIIE TiILOZ@r@Z»bh, D550 C.
antiqua & C. marina OB ANRBCEE TS
ERERR LIS,

Chattonella subsalsa BiECHELER

Arch. Zool. Exper. Gen., 78, 80, f. 1-3, 1936.

Type locality. Salins de Villeroy, Séte, France.

Geographical distribution. The Mediterranean
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Sea: France (BIECHELER 1936; MicNoT 1976),
Algeria (HoLLaNDE and ENjUMET 1957)

Chattonella marina (SUBRAHMANYAN) HARA
et CHIHARA comb nov.

Basionym. Hornellia marina SUBRAHMANYAN,
Indian J. Fish., 1, 200, f. 1-14, 1954.

Type locality. Malabar coasts, India.

Geographical distribution. India: Malabar coasts
(SUBRAHMANYAN 1954), Japan: Maizuru Bay
(Takavyama 1975; Tanaka et al, 1977, as
Hemieutreptia antiqua), Seto Inland Sea (Ta-
KavyaMa 1978), Kagoshima (Noro and Nozawa
1980, as Chattonella sp,; Ono and TakanNo 1980,
as Chattonella sp.)

Chattonella antiqua (Hapa) Ono

Ono & Takano, Bull. Tokai Reg. Fish. Res.
Lab., 102, 93, f. 1-5, 1980.

Basionym. Hemieutreptia antiqua Hapa, Bull.
Plank. Soc. Jap., 20, 124, f. 3-7. 1974.

Type locality. Seto Inland Sea, Japan.

Geographical distribution. Japan: Seto Inland
Sea (Iwasaki 1971, as Eutreptiella sp.; TAKA-
YAMA 1972, as Hemieutreptia antiqua,; OKAICHI
et al, 1979, as Hornellia sp.)

&, LoeBLich I & FiNe (1977) i3 Oli-
sthodiscus % Fibrocapsa % &%t Chattonella %
BB LTWD, TOHRRDNTOEEDL D RBULTD
e T [N A IR

BERMEA DG LCF & - SRR (SEAE
KEERER), RHAER CKBIRFAKERBRY), IS
B (B&RAERRE), NEFMEE (51K R
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SETO, R. 1982. Notes on the family Compsopogonaceae (Rhodophyta, Bangiales) in Okinawa

Prefecture, Japan. Jap. J. phycol. 30: 57-62.

In April, 1977, and in November, 1980, the author had an opportunity to visit Nansei-
Shoto Islands in Japan where he collected some specimens of the family Compsopogonaceae,

(Rhodophyta, Bangiales).

They are as follows: 1) Compsopogonopsis japonica CHIHARA

grown in an artificial well of Kapira, [shigaki-Jima Island and 2) Compsopogon oishii
OxkAMURA grown in the Todoroki-Gawa River, Ishgaki-Jima Island and in a spring of
Osato, Okinawa-To Island. This paper presents some information on the morphological

characteristics and habitats of these two species.

nopsis japonica is discussed.

Key Index Words:

An additional criterion of Compsopogo-

Bangiales ; Compsopogonaceae ; fresh water red algae; Okinawa.

Ryozo Seto, Biological Laboratory, Kobe College, Nishinomiva, 662 Japan.

EHTIITTE A A L1980EIL A, Wl xR,
Ak (Fig. 1) w3 Lol (Fig. 2) CHRKER
WEAAA 2y 9RO 2HERELEBLOT, Thb
DEBM Ry XUV, EHORE L Er@RET 2, KT
*A 1oy vE VERRi2OVTikEERED Compsop-
ogonopsis leptoclados (MONTAGNE) KRISHNAMU-
RTHY &, H A g » Compsopogonopsis japonica
CHIHARA & DWW & il AT,

HHEEFFE

Bl CERE U 2R, —#%10% -1~ ) v TR
EBLEA, EOBERISHHRL TERBI LR, &
BEL (910°C) iz LiED < RE Lie s b BigE R kil
o

1. Compsopogonopsis japonica CHIHARA (7 A 1

v vE F+) 1976, p289, Fig. 1-2.

Fig. 3, 4 A-B.

WA, SRR, ABKR, BIK &E 8-1llem, ME#H
F, MCEA L —3EEATISORLTEEL,
FHOE R 170-500 pm TiEHET 5 L AR EE T
% (Fig. 4 A), EBHRORIEEE IR T o1
FlAR OB WEOEMMRZES <, &S 13-18 um,
18 13-15pm TH 5, FEHEBIABRTIHI V. KE

D EE AL Z o 1 SR wifll i il SE T 2
licT& s (Fig. 3A-D), X{MELCEDEELHH
Wi 5 & RGNS 2 IBoMlanbic b, SHBE G A
frEmslicd AF, SAY, 6 AkEDEATT,
J31% 23-50 pm, (X 15-34 pm TH B, SdhF
MENERLTHEL LARWCRS, BT kB
fam bR IHER 13-19 pm TH 5,

BiEE LA iA : phfRIL RS E)IE (Fig. 1) 19774
4H 418, BFER=HYE, EA No. 387.

RO : ABOLE LI RIEEOH v Filic
AT 2 IEOKEFRDOIF T, @RIV, RE
DRI PHTBOTEL KK E LTAVOR TV,
PRHE oK 22°C, pH5.0, BW /2K T, WEIHF
Davyy)— FEECKEL b 20cm TFTro—MEIfF
HEHFLTW - (Fig. 4B),

+A4 >V vE F+REIE KRISHNAMURTHY (1962)
> THRE LTRIIShTLR, #HFTHWT,
Compsopogonopsis leptoclados 7-721f L AT
tets, boECI VTR, FE - BRHA75)IE-»T,
tho THEENCABOEBE @ESh, To®Z N
WHEED LA Compsopogonopsis leptoclados -
DI BHARAEWC ELPETHD Z EHLH
i X h, Compsopogonopsis japonica Chihara
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Japan Islands

Pacific Ocean

Fig. 1. Map of Ishigaki-Jima Island showing
localities with cross marks, where the specimens
were collected from a well in Kapira (Compsopo-
gonopsis japonica) and the Todoroki-Gawa River
(Compsopogon oishii).

(1976) L LTHRE IR, IHF|EHE, RAMOL
FEBIC X M cETESR A, it - TIRAITD IR X
DG SR, M- TRESTHEEINCAEL, &
DBIREC S, b EHBZDORETH 5.
KIBL T D 5 KB OB oz Lt &

DALV IBHLEHNINADTHEN, A
D Cmpsopogonopsis leptoclados & Compsopogon-
opsis japonica & DR ILE TS L, KEHBOW
HWORBIE L RS, Tiebb, BiHERR 17#
faoFROMBERO L MO THAD 2~5855
WX LR S BT, THRMURH
THEM L4y b ot s BEARETELT,
BT EFOMaALHHHIIh B, ZOFHIH A
oM ARk ORI L 72, THRE TH
BL BCEA2ALTLFIMRE s h BCHEELT,
LU TE#MOF LMD L LR Y k5 KEML

Ffg. 2. Map of Okinawa-To Island showing
the locality with a cross mark of a spring of
Osato, Itoman, where the specimens of Compso-
pogon oishii were collected.

5 (Fig. 3)), chic LT, Fiha a3 M
Ro#HROTAOBKCIEVHS s, FWEPTEL
RIS B UTAE UrcMiliuns, ARk bR Mk
Licde TOYHH SR -FHBEMEIEHLUTTN
KAV, BEAB U TE Clelic il TR L
R & e b HE - TP ORI &R L H
CEE LS oMb, Shbofiigsichibififias o
DR EMlkasics (Fig. 3A-I), Zo®HORHL
BB BB D H 1k Compsopogonopsis ja-
ponica DEHicY 5 1 OO E LTI 23
ZtcwE B  RIEEDAMILBHED Compsopogo-
nopsis OFEWELITFHELUL T B b, KB
DFHOHERNRRA L THBZ &b, ThERETH
DEHM LI, LLAEEORIX, DEAINEL,
ST BAAOK X XL 2N T &, 2)FRRA
N3~6MEMinL vich, 90-210pm ¥ TLfhET
Bl DEPATFOKEINRRNIVZ LEDER
NEDHII,

2. Compsopogon o0ishii OKAMURA (A* 41 oV
) 1915, p 128, pl. 132-133, 1936, p 375, Fig. 182:
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Fig. 3. Compsopogonopsis japonica from Kapira showing the formation of cortical
tissues in A-I: A, an apical part of the uniseriate axis showing an initial cell of a branch.
B-F, different stages of development of cortical initial cells which are produced as rhizoid-
like outgrowths. G-H, well grown parts of cortical rhizoid-like outgrowths from main
axis. [-J, schematic comparison between I, Compsopogonopsis japonica and J, Compsopog-
onopsis leptoclados regarding their cortical rhizoid-like outgrowths at early stages of their
development.
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Fig. 4. Compsopogonopsis jeponica from Kapira in A-B: A, habit of thallus. B, a well
from which the specimens were collected. Compsopogon oishii from the Todoroki-Gawa
River in C-I: C, habit of thallus. D, the Todoroki-Gawa River from which the specimens
were collected. E, a uniseriate axis showing the apical cell. F-G, transverse sections of
an old portion of the thallus showing two layers of cortical cells. H, a young multiseriate
axis showing monosporangia. I, surface view of outermost cells of cortical layer in the
adult thallus. Compsopogon oishii from a spring of Osato in J-L: ], habit of small thalli
which are epiphytic on fronds of Oedogonium. K, a spring of Osato from which the
specimens were collected. L, early developmental stage of three erect filaments arising
from a holdfast.
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Oxapa 1939, p193, pl. 91; TanaKa 1952, p 83,
Fig. 41. Fig. 4C-I.

B, R, BRRR, %4 X 10-2lcm fEG
FE, W2 ~3E%<EAEL, THECHLT 47-
75° DEETRMT D, EEOERE 640-1150 ym
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Colacium vesiculosum EHRB. D3 & HE

m B F X
FRUER L A A (158 R F A K ZER2-1-1)

Sueo KaTo: Laboratory culture and morphology of Colacium vesiculosum EnrB. (Eugleno-
phyceae)

Colacium vesiculosum EHRB. growing on Cyclops was collected from small ponds in
Saitama and Chiba Prefectures and unialgal cultures of this alga were established in the
laboratory. To examine the formation and morphology of attachment structures such as
stalks and cushion holdfasts, two isolates were cultured in four media; soil-water, soil-
water-pea, Cramer-Myers and newly devised AF-6. In addition, they were cultured together
with Cyclops in pond water. C. vesiculosum LB 1315 (Culture Collection of Algae, Texas
University), which was reported to lack stalks, was also cultured in the same way as
mentioned above. All three isolates produced dichotomously branched stalks in AF-6
medium and brown cushion holdfasts on the exoskeletons of Cyclops. The field observa-
tions and the cultural studies show that the presence or absence of attachment structures
can not be used as a taxonomic criterion in the genus Colacium.

Key Index Words: attachment structures; Colacium vesiculosum; culture;

Euglenophyceae ; morphology.

Colacium XA FisE ¢ Cyclops, Daphnia f5
EOPZREORE LICEETHET, brETIE, #
73 (1960) B &R R A DAt Ot B C. arbus-
cula STEIN wEHEL, TOHBRBOWTHREL TV
%o

ELHTAFZHOMPBLLEW T 7 v 7+ vk
#L, ThoeFE LT Colacium o REHEERY
FToT&lo BbhickEERD > B, C. vesiculosum
EurB. LRETES 2HETFFAKFEL VB C.
vesiculosum LB 1315§ (STARR 1978) &2\ T,
A RO A BEEREE S X O Cyclops L0
BAEER TV, B, fE63E Colacium Dy FEIEL L
THVWLhT E-fHEROKE 7 » > 5 v (cushion
holdfast) EOEHE L FDOHRBIZDOWTHRNICDOT,
T ORERIEDVTHRET %o

HEELFE

e cA-72 C. vesiculosum (3 Table 1 &R
L7- C-8 #, C-67 ke Xvr LB 1315 #kTh %o
C-8 #& C-67 ¥fux, Fh#h Cyclops sp. ITE4E
LTCWic@d €y EEdeE (PRINGSHEIM 1946) T
BEEL, EE(LLAbDTHD, ¥k, TEFAKRE

X 987 LB 1315 kbR Uk AV TEBEL L,
Bk X ORI KERERORRCAER
7¢ AF-6 #Z#y (Table 2) » /L, ##ix 20°C,
3000 lux, 12-12 H§REIBARS 303 0 BBEI TFT - 7o

ErsEr iz 13 Table 3 iR LAz AF-6 iy, soil-
water ¥zt (SW ¥Zi1; PRINGSHEIM 1946), soil-
water-pea 5 (SWP £z31; STARR 1964), Cramer-
Myers £y (CM ¥z#1 ; CRaAMER and MYERs 1952)
D 4RO E AV-Tco ThZhOEERO—T %
5 LBy R, 2, 4, 8, 24BRIB K, MoK
B IOWE 7 » >3 vORRKER LTEELXT-
to BBIC, 7y v YHRAOFEECOVTL, RE
Mic AR RGBREAK (FERTEHROMOK) 4 ml
Dbl Ept B LTy Cyclops sp. 10 &
b, HEENORTHRYCAh T HRAERY
v, 2 BRSNS,

BECILl %+ A 1 v 2sBABROESR. BORE
B — I v, Ev /4 FORBREI T Ed VY
@t — 3 v (Rosowskl and Hoshaw 1970), s
Pufa iz it 0.1% PUFRKBRZ ThEhAVI, ok,
WoOBET I AHEBEME* VT
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Table 1. Source of C. vesiculosum.

Strain No.

Collecting locality Date Isolator
C-8 Shinrin Park, Saitama Oct. 21, 1976 Kato
C-67 Ichihara City, Chiba Apr. 24, 1977 Kato

LB 1315* England 1943 Pringsheim

*Culture Collection of Algae, University of Texas at Austin (STARr 1978).

Table 2. Composition of AF-6 medium WEHER LI DTH D, FDH v 7 adhtix Cycl-
Addition mg/liter ops 1fifkdbic b HA-IAD Colacium HEELTL:
e, WTFhoBEMS B EERLBE L IRT
NaNO; 140 WARBBOWE 7 5 v a vEBRL T ieh o1,
NH,NO; 22 —J5, C-67 ¥pa M Ui oEboy v 7
MgS0,+7H,0 30 AL, Cyclops | {Bfkd - b HE KD Colacium
KH,PO, 10 P L, FoHERTY Cyclops sigEICEX
K.HPO, 5 Foo THOLOHFEMETIE, BWAED2 5 o vEFK
CaCl,+2H,0 10 LTuwibobBEIhics, FHEFRLLSORSR
CaCOs 10 BEhehote COLSR, HARENTIHES
Fe-citrate 2 EHR LTV EE2% { Bd i,
Citric acid 2
Biotin 0. 002 WA C-8 & C-67 ik b, KBz
Vit. B, 0.01 ik ERE S S, SH 5\ & T,
Vit. B 0.001 FOKESIZES 19-29 pm 7 10-12 pm, RO
Vit. By, 0.001 2{2DE XDOHFE (locomotory flagellum) THERIC
Trace metals Sml k¥ Ebote (Fig. 1), ERHEIRT 1 AKD
pH 6.6 72 b 5 —10fF, MIADOHMICHE? - TEBLIE LY/
1ml of the trace metals solution contains: 4 ¥ (inner pyrenoid) % Zh th 1 flfF- Tl 7o
0.2 mg FeCl;+6H,0; 0.08 mg MnClz-4H,0; 0. HARRSM T, MIRRCEED T § » YRR
001 mg ZnSO,4+7H;0; 0.0004 mg CoCly+6H,0; TRTLTEL /4 FIZBZ LIS WA 2505,

0.0008 mg Na,MoO,; 1.5 mg Na,-EDTA. B DR BT O b DTIZ< T § v VRN <

v/ 4 FOBBIRESTH - oo BAIR 4—5pm

DEXT, HEROEMTEHEL TV, HITR 6-7

BREER pm ORKT, MDA LT\ ke, Bl
REEOMAFROEE BT A1 C. vesiculosum BB TINEL, BIELTUV i,

D C-8 ¥Rk, HHRABADNSictbDy v T b —7, EHEHE LML EOWELRIL->Th

Table 3. The formation of stalks and brown cushion holdfasts of C. vesiculosum
in four media and in mixed culture with Cyclops sp.

AF- il-water 0. . - On exoskeleton
Strain No. —. _6_ o AS&Oll;vAvater Soil .vfltfr pej Cramer-Myers of Cyclops sp.
c.h s c.h s c.h s c.h s c.h
c-8 - + - + - + - + +
C-67 — + r + r + - r +
LB 1315 — + - - - _ _ _ "

c.h: cushion holdfasts; s: stalks; + : formed; — : not formed; r: rare.
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Figs. 1-5. Cells and attachment structures of Colacium vesiculosum strain C-8. Scale
=20 p#m in Figs. 1-5. 1. Free swimming cell showing inner pyrenoids (p), 2-week-old culture
in AF-6; 2. 8-celled colony without stalks and cushion holdfasts, 2-week-old culture in
AF-6; 3. 8-celled colony with dichotomously branched short stalk, 4-week-old culture in
AF-6; 4. A colony with dichotomously branched long stalks, 4-week -old culture in AF-6;
5. 4-celled colony with a brown cushion holdfast on Cyclops, 2-day old culture in steriled
pond water.

Figs. 6-8. Cells and attachment structures of Colacium wvesiculosum strain LB 1315.
Scale=20 #m in Figs. 6-8. 6. 4-celled colony with shert stalks, 4-week-old culture in AF-
6; 7. Colonies with short stalks, 4-week-old culture in AF-6; 8. Cells with a brown cush-
ion holdfast (c.h.) on Cpclops, 2-day-old culture in steriled pond water.
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Fig. 2. Herbaria made by employing slighly
thicker plasticfilm, and keep it as covering. d=
four species or forms of Porphyra, e= Entero-
morpha fascia, f=one form of E. linza (E. bul-
bosa?)
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Fig. 3. A preface in the book ‘Yuyohsohfu-
names of usuful algae in Japan, published in 1890’
written by Prince Akihito Komatsu-no-miya. The
Chinese writing says “seavegetables are of benefit
to human welfare”.
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Fig. 4. A preface in the book written by
Dr. Yoshio Tanaka, who was a pioneer in natural
history during the dawning of Meiji Era. The
sentence written in Chinese characters is discus-
sing a history of the usage of algae in Japan.
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MEEA TR R BB DOPER ORI
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Akiyamae SkvorTzov et Nopa

Chiharaea JomANSEN
Hideophyllum Zinova
Hiroseia SKkvorTZOV
Kurogia YosHipa
Makinoelle Oxaba
Mikamiella WyNNE

Nodamastix Skvorrzov et Nopa

Nodeana SkvorTZOV
Okamurina ZiNova
Tanakaella ITono
Tokidaea YosHipa
Tokidadendron WyNNE

Tsumuraia SkvorTZOV et Nopa

Yamadaia Secawa
Yamadaella AsBoTT
Yamadaphycus Mikami
Yatabella OkaMURA
Yendonia KyLin

2YONHYBC BB L. T THEIREELT, BECHTHLORKEM LT, Zhic, Index it
REFIRTRWEERR SR b0 Nt 2 L FROL YK 5,
Genus names of algae dedicated to Japanese scientists
‘ Chlamydomonadaceae ]{ % I &
Akiyamamonas SkvorTzov et Nobpa Bodonaceae

Corallinaceae T R’ X #
Delesseriaceae = Lk HH*
Chlamydomonadaceae I/ T
Delesseriaceae B KR B ¥
Oocystaceae BT EXES
Delesseriaceae = Lk BH*E

| Rhlz?masflgaceae } B Om Ot
Hemiselmidaceae

Delesseriaceae M &KER
Ceramiaceae H & il
Ceramlaf:eae } B om .
Delesseriaceae

Chlamydomonadaceae B/ N #F ¥
Corallinaceae

Helminthocladiaceae W | % 5B
Delesseriaceae

Gelidiaceae XHB B F
Delesseriaceae OB OHF=E

(bREfE & B4
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marine algae > New marine algae from South
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(1903-1981), in memoriam
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The George Frederik PaAPENFuUss Memorial Fund has been established for the purpose of
maintaining, developing, and facilitating the use of the phycological resources of the Herbarium
of the University of California at Berkeley. Contributions should be made payable to the
Papenfuss Memorial Fund, U.C. Berkeley, and sent to the Development Office, 2440 Bancroft

Way, Berkeley, CA 94720, U.S.A.
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10:15 (6) (MGG S KIBRKE S 1 ¥ 7 Anomoeoneis FALATED LB EE
OB AL - /MR BA GREK - 424
10:30 (7) BE=VY~XOWUSRFHEECSIIEFTaresr oY
KHEEH - OBHEIEF (UB¥EEX - %)
10: 45 (8) #HEe 2 ARBOERSDOWE
OFHBA: - BE M- AF # k-2 - #HH)
11:00 (9) #&T v 74D 1 &Gelidium pristoides & + = 7+ G. japonicum DTFIE
HRFEFE=R (A ARLFHEDIET)
11:15 (10) fL&A FARH ¥ I+ BOo—HE
BADEY (K - B - Ede)
11:30 (1) RWFINEOWEEME & a4k
PEEA GRBRIIKF—E&)
11:45 (12)  BRHE - BEMERAC BT 5 BMH R O BB IO\ T
PRESCER (G - HBE)

B R
(12 : 00~13: 30) #HKIT L B BREEOHRB I FTHH FT



13:

14:

14:

14 :

14:

15:

15:

15:

15

16 :

13)

(14)

(15)

(16)

an

(18)

a9

(20)

©4))

130 (22)

45 (23)

00 (24)

15 (25)

30 (26)

45 (27)

00 (28)

15 (29)

30 (30)

145 (31)

00 (32)
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Bl v = 7 O M)
BIRAF CRBEK - #3% - %)
BEO7 077 —COMHENE
OWLTEHE* - SRR « SEIREF CELAED - £BA(, 5k - 44)
HEs5 42— 5803 54
BEFHE GHER KD
24 TEACESTRE LKA 1 ¥ 7D Diploneis margirestriata L D. elliptica o
IR S o\ T
OHHHEE - /MK 4L CGREFK - 44
BERELEy 7 ZH D Volvulina steinii D v /) { FIzonT
OFFMFAZE - B BEUA*™ - MBFZEH*** (BEIGE*, FK - £+, RIBA B« A g***)
7 — VBRI X » T fcr 1 Vv Achnanthes kuwaitesis OBz OV
BE R (AREERK - £8)
A BRI AT T 28O ou T
OHME I* - HWEF* CHIPKA - B - 4, “*BEHFHRA - Blbevsr—)
BERCEET A IMEEEO OB L L MMllSEs L O0E
O Pl - THROEME GRLEEK - 4:4)
SRR OMIIN 2 - YIBIEIE O MM L RiErE R
WoOos= GHMK - 4%
# H (FEOL)

By [EEREEE Microcystis OFEMR L cell size DEFMLH)
OWETIMF* - W B - WEZ* CExAHE - Y, **E A=W
AEE (PR Ee o oy bR EoK4EE oW T
FHRE (REKX - B - )
BEALEy 7 AQ D Pandorina - Eudorina OFMBF ORI DT
FRAx (BIGE)
BEELEE A : veRlofEronT
FHET - OFERE - RiEAK (KEX - B - %)
BAREA 7= =2 7 2 % JUSEREO RKILHRSY
OREFHIT - MMT I8 CGEuEK - B - %)
FT74REYY Y b RFEBBELSTH/ VDT e T 7 — OB L EE
OB ME « ARG F** - IR - B0 8% CESIOEW, **HEITK - B - b3
BEREAAA~FEDINR I v vTFE—+ (GS) L7z r— by v zr—+ (GOGAT) OBf%E
OFaEE—(R - KNIEA - &5 BF (BK - BEIE - K
BHIARIKE Cricosphaera roscoffensis var. haptonemofera (-~7 3 ORKILER L Ca-&E
EWEOWT
O FER* - hEEERF* - Ak E** - NBEkTF** CHFEKX - 4%, WRNEiIAILE,
AT ERIFER)
ISR HFE R Heterosigma akashiwo (5 7 4 FE) DOHEBH)
OMIFFAw* - I BEHR** « BIBIEAE* CYBIK « BRIERIE, 3K - £
AIEE D decomposition LifEH 7T v 7 + Vi X B DOFIH
Bl & (BEX -85 - 4%
BEINT 5 2ADRECKS T TRECEH
OHEBRIEN - TBINA FHREKEHE L2 )



115 (33)

130 (34)

: 45 (35)

PUE - AR LHEE OB DT
KEFIER (BHK - gk v 5 -)
W v &y SEOPMMRACT 13T FRAMK DY
IR BE (BEK - KD
BrAaahic X 5 KBRS o A BN E
O BEUSHERK™ - P « R CHMK - Flw v 2 —, ¥HRAK - #EH)

£ £ (17 : 00~18: 00)

BAEHEFSAERES (E=FHMARE, 18: 15~21:00)

%288 (4R 1 8)

10:

10:

10:

10:

11:

11:

11:

11:

12

100 (36)

115 (37)

130 (38)

1 45 (39)
00 (40)
15 (41)

30 (42)

45 (43)
00 (44)

15 (45)

30 (46)

45 (47)

- 3 R (FrRIOH)

2 — 7 U DERGHEEROTIMNGBE: BEIL LS 7 n 75 25 FOBRE
ORMIEE* - WERTF* - MK - KB B* « RARTY CHEK - i, sk
B - 1B
AR S S ¥ 1 v v Aulacoseira longispina DI ICTEIC DT
OFFIRFEMF - bk uh GH¥EX - 48
Type materials & #3< 41 Y v ¥ Surirella ovalis » S. obata 7t & NI DD FHEFM
Tt
ORI—15* - /MK BAM CHFER MG, H¥K - 44
Bk 1 & Navicula frugalis ORI
OFBAT* - il W - AEMI** HLhK, YHEAEL£-)
Bk 1 8 Nitzschia sinuata var. delognei &2\~ T
OffE: 1% - IREAT* - FRAT - SHNEE* CGHLAR, *HEHA
SFURKE S 1 v & Cymbella lanceolata r C. aspera O HHHTD\T
OBNRE* - Ik ¥ CCRERMBLFEKR, **HFEKX - £%)
22— 7 v o Cell Cycle iwkit 5 3 b2 v Y 7 D%E) : BB AEMRCOVT
O RMEF* - HREIL* - ILFEKTF* - MEBRY - MTE—* - KB B - RAEFXTHORE
BK - #d, **Haik - K -1k
B~ 2 v TORRIEE S L OS5 UM BENEIE
BHELEE (BB ¥hikE)
¥ 7B 1 & Pterocladia lucida O FEfkic b OWHTRBIZ OV T
FREF=R (A R EHEDE
AAEAN v 25 @OER
O BRH* - EIMEAM* « MR - H.W. 2 5~ v v (Mok - KB, *HEHK
REESHE - M, M7 T = 7R - )
HIBRELEY vEY /B v b A2 io—FHfE
OfEEF J&* - KIS HHR** CAFK - B - 4%, **uk - B - )
fLf=v 1 v et (W =€) OREEYHERERE
ORHRA - IEEBEARH bk - K

:00—13: 00 Bk
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E 5 R o)
13: 00 (48) #H -+ 3 Fe || Pleurotaenium rectum DHRANSIED & 2fc T L OBIEBRICOWVT
WHARE (AKX - B - H)
13:15 (49) B &iClosterium ehrenbergii O ZEEEFRIC 1T B it & HRFR BBk
OFTRHEE « SH e (K - ISP
13:30 (50) A\HHL - /\BEFEDOKEE Netrium digitus(:h> 3 F e H)DBIH RUOBERENC ST 2 HELR
OKR#EH] - FHRE - REAK (LK - B - fi¥p)
13: 45 (51) A1 ¥ Asterionella D41 FOMEEROE—
OWARFEE* - Al £** - SILEY* CHEEKX - &, Y HX - IG8HD
SRS L
BROBEYHE —ZORFHT SO—F
14: 00 (52) 7 5 A BREDHE L T oML
ORiIFTE - EHAUL (Z|EK - K¥)
14:30 (63) 7 7 A WEOHELTOLH)
OB OFI* « (EMESER B < /NEF WP CEULKBE, **RER KD
15:00 (564) » o ABEOEENORN—, Z0RAA
O HHIKER* « BEUTERAR* « THCH* CHMK - 4%, **HMK - FHEY %)
15:30 (55) &V 42y 7OBRERELEREDEELEL
OFAMURET - PR - EREE - &F # ULfgE Rk
REZBS
3 4308 (17 : 00~18 : 00) KL/ Sk
F#EEES

3 A30A (18:30~20: 30) BMHHE L v & — i
FAERBATEARGLS  HEE 0208—51—5152 (FIEMUL SHRNRBHD)
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BXEHFLFEORAFFERRBRES

(1) OFED (5 - EDEX: FLlKBICEITSH
$FEZE Peridinium FPDOEREL T OHEFEERE

W, RBEOFEA TULILIBED & A BICHRENL T
AL TR D, EROBHGICBEE U ic ARE4E ORI,
£ ADRBERERS LOMENRBEIhTW5, T
AR A 2T THEE, XF~PRCHT <y 7Y
4 B—D% &Y ALSHE Peridinium penardii D
HRERRAEL, PHTHKEHEEYREY X5,
CDFREAZ — IMHEBEE O S O TR L, B
# AR TL R IR T\B, P. penardii i, Bf
FOAREM TR EBE N ALY, FloBifL
F-WHEEHEC#) 4 X 10* cells/ml OREFER BB = LM T
Elco WA RAC LT, AREOAMSH 2L
ToAE R, BOGREIX10—15°CT, ZEHEHL LTNOy-
N, NH,-N, urea-N #FIfiT&, L L THEE
JBHEREC 7 ) w nEFED X 5 IniliiE T/ = AT L &F
T3 NP LA, Cart & KY DEENARED
M E L <ML, Ca*t o4 8.5ppm [L LT
RIFicHEAEoh, KY OfAIR 3.2~7.6 ppm
HICRIFAHIE 2 Bbhtc, o Kt 0ggaz,
BRSSO ER CEE bR T 5 Kt BED
1/6~1/10 L\ 5 HVRETH B, T Ofth, AFOH
FATILE & 3 v By, Fer*t plATHH T & AVHH
LT\w%, AR THK«2ABER LW TI, P
penardii OFEMIFRNIIKL.8H TH b, A%IUHHEHY,
REERIGEE D RRNT %8 5d 1 KEFE O By S MR T
AfETH %o (B AED)

(2) BB=H: B¥EZE Mesoporos perforatus
DFHEICOWT

Mesoporos perforatus 3 GRAN (1915) &kt -~ C,
dLBX VikE, SEINCAWEREO 1ETHY, Y
R, AL Exuvigella L IhTHchbDTHD, £
D%, RAOFEK L VY RELAOK, BETIEAR
BT A/, AFEAE»TC6@aEEh Tv 3
2, FHE DD ZDRBEOWTOREL, BEETAH
bR,

WER, oy, ye~PEERAB X OREL,
KFEUGF L EEBFEUE LAV THETELOT,
ZTOFREYREL, Db TEBOSE LOMESY
IART Rz, € TETAVA 1))

(3) B #:ELE RRLOUCREZFEARIC
NEDENT T b OERBHEE

T IR TS v 7 b DETEIIREIC O
THRE LIS

1. BESRBROWMYWTS 7+ vOAREBC L BNE
WA ECT BHESH R Cu>Cr>Zn>Ni olEF
THDOWEDENBDH BN B,

2. ZhestLTERELTOEE (7rr 7140
APER) R AMEMFE Cu>Zn>NI>Cr Th
b EBEIRRHRic b,

3. BMEECBREROMY TS v 2+ vOBRER
DXARAEE T HIHER) R, Linuron>CAT>
PCP DR OMEENRD O B, BREHL T
¥ Linuron>PCP>CAT 0JEFIC b,

4. RuiEEROBER, XA bR KRR
THHESRE, SRR IUBECHETIEWT
hby 7 v ThY, TOPTHRY=FL v 7Y 2~
MRS THBOIR L ABS kL0t Briji-35
I HERE ThH Do

5 Cho¥yomy 75 v 7+ vERORECR
IFTEME, 7 e 7 A EERRCHT HRAELRL
I, TORELETIGLT, ChboWERRHTS
#EWY 7 5 v 7+ v Ot OXCRIET 3 &Y
75 v+ Ot DECKIET AEDOMMIC X 5,
EL 7 e 0FBREFRT DI, SO L, HYT
I v b vORRRCRITTRENLCERNEHTLT,
[HEENE k2 PWHOFHEC L BEDOA I Y —=v 7
2, BRAOKHEOEOBRHEEREDOD LHoDK
Feie VBB LERETHHDTH D,

(B - &F - &%)

(4) OREESR - /J# 3h: EKBEBICESh374
*)r) Achnanthes ¥IEDOEMFEEIC L SHEK

AFBOILIEO MBI HEE OB, MR L
7o/ D Achnanthes DREENHE T 54, KO
DEETIE, CORBRIFEFCHEL TOHEBLL
T, 120 taxon OHTYH, BOKEICERMD
528, PLEOBEDIENAKREVWC LicEDBITDH
hd, TZTHEHEDIX, AHOREEHEEGEOMB
B, ZyritRREoyth, BEEOM, XU, i
HEOWREBH LB bR VT, ThEZh BT



B X ) B Ticofc b A, A. austri-
aca var. helvetica HUST., A. marginulata GRUN.,
A. altaica (PORETZKY)CI-EUL., A. kryophila PET.
DATEEXBANT D LN TEI, WHRELOPESE
Zrh, BOBEOWTUL, BROKEX, fEol
Y BE, GERE VBRI KT HEMK OB X Js
ERDCTHMZRHTLOLNA TV 5, 4], BEC X
b, WEILNRCHIHBELMBCHBHEAMNAELR
5T, IbIAL, FAROHES XU, EROEBHIO
BFICbE MDD LI ERDVCTHEOMDOHRMN
Bohtc, ¥, SEIFAN 4 PHFCIGELVE &
LT3, SERHRROBME/RAMCED > TIEET S
HEBTFHLNTES, CGE%¥K - 49

(5) #B {8*- OXFERE - IHETF - “FRA
FH* . FR& 4 FE Cymbella gracilis OHES
57 5
EEERE—BTI80EI I BRI E AV, 7

1BROFZIESEBL, BEERIEAT B2 R

BT 5, 71 REE30~60pm T, €— FiX52~55

pm, & BiEL5~9.5p¢m T, £— N3 8~8.5um

TREDOZHEORANTH 5,

TRy A ROEPRPCH D, JFHET,
RSB RBESTH Th 5. BERT, BAHIR Tl
N5, HROHEBRIPRETIO2m 9 ~15
A, €— F11K, Wi#Hiz11~164&, €— FI3KTH
%, RO PRMTI0~154, € — F124, MhimHsT
1111~164&, ®— F13KTHH, hRifL LTzt
BT B LPREOFHD UM TH D, Il & Emi
T, TgLgTEhFhOERET 5L, 2iFll
Twb, CHELEEAR, *REHA, R L ER
(6) OFBFI - /I 3h: HEEECEI(FHB

HKEH 4 )77 Anomoeoneis AFEH OB ER

RouND and MANN (1981) i3, #RK@ED Anomo-
eoneis DFHE & X & UclEX s lED 1 EX R
o, BFEMEY A HARE R BT X ),
KUTZING D717t Brachysira »HIE & ¥ 1,
Brachysira (%, BEH T, OFHE» 2 & 0%
Loy ES, OQBRELBREOEAMTIEEL
g R, @BFEE, LT LIEREEWRROM
O, OREBCRAWHO/PFEI OB R o7 &
4O DR, AIicix, RoUND and MANN A
Brachysira DR ICE Lic B. aponing KUTZ. 1
FIEROD 5 TRV, BENZOB~DOBLEX
#fF- T\ % B. exilis(KUTz.) ROUND and MANN,
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B. serians(BREB) ROUND and MANN 7¢ ¥ OffHIL,
PbED : X r @R ETHBRRONAEETH
%o

ARl T A HUOBETOWT, TORHM
Mk w B LTc b = A, (DAn. serians var. brachy-
sira (BREB.) Cl., An. styriaca (GRUN.) HUST.,
An. exilis (KUETZ.) Cl., An. serians var. acuta
HUST. O 4 53583, Brachysira DR & X < —
BT 5REYHED, @An. sp. X, Brachysira BT
BTl X R {, @ An. serians var. brachysira
(BREB.) Cl., An. styriaca (GRUN.) HUST. Dff{k
ey, e, Brachysira CHEEMHEEY R b
DHB - L FEOMANE I,

(E%¥K - £9)

(7) K#HEMP - OBAREF: 8FT /NI OOES
BFR&ECELEFTALEF - OZE

BE= VY~ XONUSRTFE, WALAIRE (O
001~0.5%) D areF vEESUHKEH TEEL,
FOMEXBE L, 0.2% L EOBETERFOK
@5y (80.7%LA L) HIEW LTc. 0.005% LA LD
TRRFRMNEL LEL e o 7o 0.001~0.05% D
ETEELLBAIRCERAER SR, EXER
4 UAEATBENE IR B> TR 8 ), 0.
01% Ti355. 7% Db DHHKER L e~ fce £ LR
KEBROKZZzre F vEECHEFEEIERLT,
EEEROB 1LTETH e FhoareF VIXR
HWOMEXIHTS L &, 0.005% LA LOBE T
faFfifao S E T o lET 5 - L RBES R,

Ki20. 005 35 X 080.01% = 4 & F v #EK ISR TU%y
fFEERL, chie—FrbXaxRBit L, HKic80
%L EDY AT ROEHPIC AR H i Lico 2D &
/6 3k F vk photopolarization B ¥k X
TR ENbroTs,

0.01% a2/ b F VHEKEBIKE T3, 17.5, 253 L U67
B AR T AR LK, FakebEL
CHEER ST e 3, 17.5 3 X OF 25K R IF B K
b ELTERR T - b DRREFR, FEEEMK
RGBSR CEE L LD LABEET
[l Lo QUSRI - 4D

(8) OoxMBLE-BE & AP & BEENT
YERBOEERDEE

AZkEDE A~ 2ADEDS> L, =/ 1Y 7R, ¢
G g R, vH I EIR CanEIR AFTIR,
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FAVEUSE, eCFB, Ty ATIRECOVTER
HOBBERYTlofc. 2hbOBIXVTh ik
RXEFFROMBE b b, FOEMCERAMEE
3, kA2 IIEMAE TRV Y LichRafiay
boTWdZE, =V1 v rFieonTikERAMEN
Wi T 3 Al L4 ABORRALEE LT3 L
Wi, ZhE CREOMETRD bR TV LR U
BEBr, ToMoOBMEHI A FENRY T
FBWTh, KHROFOMOBIRIVTH, WThi
Wi C 3 Ao LR AL b oz L xR LA,
ek - 2 - )

(9) FEP=ZR:TET-HSHD1IE  Gelidium
pristoides £*=%Y G. japonicum DFRE

G. pristoides L X DEJFHTH D + = 7 +i3HH
b DT v 7B E 2B L RinD, WEHT
FERRECHERKRDO LS THD : thoEEOEED
FHEBCOLRHMBORTIORAM:OFE ; BIK %L
IR RN O ; KRB CORBMTDO RE 5 HW
HEToOREMEOE - ERol ; hoxlhcsiT 5
RPRIEE O % .

—%, LD bR Subria 1, TebONCH =
7 4% Porphyroglossum WFIBIEbRI-Z EMD

b, BB SH R T AHECERTIIEED X 5 i
B EVBLZLTHB, ThbH 2B MRS

RTCWBEECHEE L DI OFENRD D, This
I G. pristoides Lo = 743 Fi-pyr L Bicsh
S (N e P (s I

(B AREHEF A

(10) ®’HFkXS : TR FRAHAYF LV HRBO—FE

AEOFIIFELVIKE, FRRTYERER OB X
Db, mX3mm—1lcm T, BEELEL, 6—15
18] & 5 T—FEIC R L, ST 2T 5, o
TEE D ARREREEL, FOEMIEERRY AT,
ARERE AR L b, BaxkiEs+5, B
ERAM 50—500 pm TEFD 2 — 3 fEE L, (EMILH
MBRDELSHBAREEL, BEEOFIME, M
PERCABIEN L ERMIC IR S R, £ OIEMI 3 M
LR BB E A T, FodRofilasEodiay 3
EEIDHL, 205 % 2 E1LHMAL LY, The
NERE L PEMlaY 1 BT 5. SREET M
Mo D IRl HERREE L, F0RkE
LMD RIRT O 5 LB MEMERABIEN 15T
PHREERBICAT D, HHERIEEE 0L S 2

—AFZBHCHR IR, £ O LGRS D KA
BFO > EBRCAEL, TofEc#ERBT
D5 R U, FEMESS 1 — 4 BEoHEEEE
TO5%ET D, HibkBABIE LR DR E
T 5, WU RET A0 RABIE b KoL b 2 —
1B SN, * o BigGISc S oMy T
DS EERRICA U, T oWMlas» b &HHEcbsia
FO5%EKEL, UHIRTO S 3=AHRCHZT
Do TS BT 1A D BB S Lia i h bR R i
Th, MFORFHRRIEIHMTH D,
(BHK - H - )

(D) HEEA : ZHRAROFEMEMEE

TR DY R DM 2 B O £ TZ
DEFEXH 150km T3 LY, FORLRIEEML
5 MR WERES, LRI RREDORBCEkELh B4
HEHOBROPGEEEEEY L LD EWENEETH
b ¥R L BEElo KBRS, T VY
ETHOT, EFOKERLER LLFENLEFINT T
DETREEHY SRS DO LT B, = Zic#l
HTHDII6LEN L DOFERY MBS 19752 R%KL
e, ZoBROMALINL THET 5,

KRRRRECETOMbh Iz A5 166 T, *
DNFITFELTHE, BE36ME, AR 13ETHD, =
DIEPIITEREOECEREOELEEFL, ehT
oM e T REHEBRE 2, LRE2EAE L
TkY, £2ED6BY 25, ThbDREMTIE, 7
AR, €AY, 935V ViR i
flid 281G Eh T2,

DEAMRIRE L BT 5 &, KRERRCAT
DHBLNIZI66/ED 5 b, HFR (1618) L@+ 5
BB TRMAD 0%, BER (160%) &
BT A 103 TLBD2%B I b1 B, T, Bk
F (14488 LB THEIX120@ETLEDT2%BITH 1
5o

Zh HRERBROBEC O, HROEEHY
JEEtED, BEMEMED B HEE T B 58 & L THI(1953)
DIRME L7z C/PIRHE - HH (1971) DOIRME L7
I/H R LeEETH, EFHBRIKF—E)

(12) HEXED : BUAE - BERERICI (T 3 MRIEE
BOEBICOWT
RS R BB RNE O BRI BT A BRI

LV, HERBEBIC S\ CHIR RS O — K BB
OTRER R T 5 BT, 197644 A X b ABFotic



FL, ZOHIBIH6 £ T6 HIERTHIC b RESEHY
HEXER L7 HEX=2v 29—+ ey 7 O
BEREENBEL, 19764 Himo DT m y 7 DAY
M GFESRAE wav sy — 7 L— 1+ (15
X15x3cm) %22 FHZE L, ERRZH T, Ok
19816 6 H ¥ Tl B OBEIB R EE Y » gigr (PEN-
FOUND-HOWARD ), MR % ME L TR 58y
R, FERRXFEIDORMX & B Ui,
FHEDS, 6 AOBEREAGTHEHA LIEE, i
o EEE, S EERERHOBREBR O - OREH
HEE, WThid T u— FEREE 3 ER THBR O E
b LIZFR CECE L, BB BBOELT
eV BB RA R SR font, 340 CiaMESE

HoEARIABEOFh LiIER—L it —H,

HERIX & X OB HES BB B« 1
MU, 34HTIX60%LL LICE Lo LD X 5 ik
MRAXEIEL, BT 2REREOEBBOW)
BaZH LIcHR, 7 v— PREHR 3N XV REM
WELEEL bR S, GRAEK - #38)

(BR) 13~0)
(13) AMEATF : &FKY THHOMIILEH

&V = # Acetabularia calyculus %' PJBEES
#L, WEMEEHEHORBARD T A,
HOCEMEBERIC X ) HABLUSMC S B O/ MEn A &
Hhhte, Fle, HVEEKDOERL EAHKEY L -
Thh, TOBRELCEEI 2o A FEBET
SHEKREDOFELZEBERETH - chHDHY
b A/ ) DIEKRKIEDOWTCEDOFEEEROBEH
MLEE Bbhi,

6% 2 BEH o RFAROKMT, HWic DNA-
body MEZXh 5, DNA-body i2k7@E (U
i) TRBEIRTUARWCHIBIMEBRD L & o
TV +F/—2 DNA OHTHbH, LI, BMEaE
LA L, k25 mmicET 5 CIRiERLY
RS = LEENB bR T2 Z EMHEEIN S,
FReIMEER 2, bW B “EAREE” (100x90
pm) FEED Tmm i o EBE IR B E KK
LM B0 MNED Y V1 FEICBREL T b, Bl
ERE b kg i S hic L HEI S R B, & Db
o “BERE BREELeT Y, BETHIER
P MERERR R e T L0 S, RO L2
DOHRE, TihbbREDY F YV — AEELEZKRED
BRI, Vb3 “BERE OFERUBNICET LTV
Brabhd, Wh¥dd “ERE (AR Y KV -
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PRI ST o THECM AR EETIR S BEY
TR D EEZ BIZE - 1o,
(KRBRA - #4% - £9)

(19  Ofe:niaw* - ghAREE - G : =/
O7aFT7T—-E0SH MR

) VT RTFT —ERFA - LT T T — EHEMR
T EE R BEHEYRLTB LML R TV B,
FRUCBI U TRRIERBAL S %\ L ALEE AR
BEE) v T rFT -1 ve €2 —WHFEETDZ L
FRUGH LA (1980) Z &b, BRI LY v 7,
TT7—ERFETH LD LRI O THEZRA
o 77 4 @Y v b%& 5 Chattonella antiqua,
k¥ = v #7 Nitzchia ruttneri, FEe 574 /Y
Enteromorpha compressa i+ v 7w F 7T —ERF
=T R T T —ENFETHLDLEREINDFER
PELAICOTHEET S, =9 F7D70TT7—-€D
fhH, RELE, RO KB > TIT > 7o N. rutineri
(f. w.3g) 150 mM NaCl, 1 mMEGTA, 0.1 mM
DTT L20% 7V &Y v&&ts, 50mM Tris-HCl #2
#Ew, pPH7.2, 14ml &Nz CTHRY e vDrESF
A4 4 — TI5FPR X 2 lolfhHi % 1T > 7o 10,000 X g 3055
FalsE o U 7o B 230 % AR DB E THa s Lok,
FHOLILHEE 3ml OREEHRCHEMBEL 7T 7 — €1
ve € —isyd L, ki, T0%8MOmEEN
TG, EO%, By, 2ml ORERTEEL Y
a7 7 — HEifE L, B 1ml % Bio-gel P-100
DH T LD S ATFRET, BbhilciEkEs %
BT T 7T €A v E2—FHCTT 7 4 =7
1 7e < bRTURHERLL, BREHRIEHE L LT
a-hEA VESB Y 2 F FEEYACTHEL .

CERYAED - £E4EL, HEEK - £

(15 BFEFE: EEIILA—-THOIHE

BFEMBEOERC LY, PIEOHEIRETH
LEMCIR T B, AARENEE»LRRLA3H
Maidd L,

1. Minidiscus comicus TAKANO ‘1981

Bt 1.9~7.0pm, AKE oL OXABHIEH, PR
DL ORBERIILIEET B, BRETLI ~TEHD
R SERER L, POMEC 1 ROKREER
EZEAH D, AECTHERCEH TS, M. trioculatus
DERERE/IE L, TEM T&3 LEICEWH
HBDT, ThEHEIR->TW5, 198049 A
RN THREIE D < » KM,
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2. Thalassiosira spinulata TAKANO 1981

EfE 2.5~5.0pm, FLVPNEXRIZZ AT 1A
DEEREL 1 ADOFREEL DY, RIEKIC4~6
AOBFEERL gk s+, RERLTHE TRET
Bl EBRAECEHO Y FEHONREIFEL T
B, METE\C Lidicwhd, RILOMBILSDSIT
HET %,

3. Thalassiosira curviseriata TAKANO 1981
ABEORALIEIENZ LV, BIR7.8~14.5pm, H
OBEZRIE 1 F3 2 K TERPO» S S VHER T

Fh, NEFIS COBI LB T B, BLD5~12.

AOBEEBRELERY Lo, FOML T. tealata
DLDLRIDH, BREMILLIAE, BIUCH-T, 12
BhECEDOBEEBRICEET 5, BIIRER, Wi
B, BEETHERLL, CREER A

(16) OWHME - ¥ Bh: ¥4 TEXRICESWT
RIE LI=A3B#EH 1 ) 758D Diploneis margine-
striata & D. elliptica DEIAREEICONT

BIKREEY 4V 7 Diploneis (XD 2 i X BEE

HPOER - BECELS »E ) ZORBRLTHLV D
OB D, LlolgEHE%Ex, PATRICK and REIMER
(1966) »% D. elliptica @ lectotype WHE L T
5A54 F (BM: 18739) %KMy <, D.

marginestriata O X4 FTA54 F (04/72) 7 v —
ANon—7 o vEEBZERT (BRM) THRE T L
NTEI, ThbDEA FiCEGCRE L ERED
EsEL BB LETOMREB o TRET 2.
D. marginestriata 3 HUSTEDT (1922) X - T
A=AV TOLYyYBEOEEE L TRBINLD
DT, BE20—30 #m, RIF9—13 pm, 10 gmpD
ST L SR T B, HELN LA TATAF
2B RVGH L DIRERER L ORIB RO
ThHoteh, KEIT10 pmip17, SR TRRHTH - 1o
FARMEOLDII A A FTLIEFC I —FK L, &£#
XRAIR TAERT 2 FIE A 12N E b Rl X -
THbh, FLRIBOHED % 5D DHEE DHEET
TR - TLHIDBRB ORENRD Y, REETS
Jusixl, 2 aoBaARbhic, ZO5HEIL GER-
MAIN (1979) A% TEM % F\ Ok Uik & 28 5
PRI DLDTHhot. Fh EAHTHEMED D.
elliptica DL 1 FID/PNEIRIBE T I BTe b, &4
ORI ER M MIE L > THEIXh B LD TH-
oo CGREKX - %)

A7) OFFAFE* - [F B - NGES*: BF
HFILKRy ZZXBD Volvulina steinii OEL /4
RIE2OWT

FilAl DRI\ TEEEAILED Volvuling JRiC
DWTOHEF LI, COR, ABEOE*XH2T5E
TEELE#HTHAC L/ 1 FIRBIL T AR
OHEE—H LI\ ELD - fc D T, BORELHE
LT i, FD#, CAREFOOT (1966) H - t- V.
steinii PLAYFAIR o 3 #: (FA-4, SC-22, C2-13)
% Texas k% Culture Collection } b & b &4,
ThODBBRTolc b 2 A, FHEDOH & RIS
£ age HETT DM T HMBOHE OIER
DFOBHICEE LEOE L/ 4 FARAHBLTL 3L
WORSRAR R, oz Lk, V. steinii L5
BARC L /4 FRBELTZOE#EHF T b0 L%
zxbh, KPEOKEY V. steinii L FE L1,

Aldl, ZDV. steinii DLV /A4 FORBYHEET
Bilcdic, O e b0 Rosowskl (1970) @
FERLDEFE LA TEBE VAL OBELT
21 EDHREV /4 FIERAKE EDRLUTO
BB CHBE L T B2 LB L 1,

D XHE, BEMCLCEL /A1 FOMRTE IV
Fé.

2) HOMBTIXTEA\VA, ROSOWSKI #hfs b
MERTEDBHE, —oor v/ 4 FXEFHECEHET
BLEF VT VBROIMNEELGTORETH B,

3) DMK TH ROSOWSKI HETHMEETE 5
. coMoer /4 FREETHET L LEY S
vT VRN E DT,

CBUSE, PR - 48, ERIBA - B - 44)

18) mR R: /0- BRI TERFIYY
Achnanthes kuwaitensis OHMIEEICOWT

Achnanthes kuwaitensis (3 HENDEY (1958) i X
DBET 7V, =2=—~1D7 TABLLERIhL
bDOTHhbH, iLllicksds, A X A angustata
GREVILLE ST %A%, EHHEROMET X » TR
AMTEBELELTD, 2FDH, A. kuwaitensis Tit
IRER OWE I BRIRC AT B 2 &, EREROR
URIC AR D 2, 355 DOKELIBRBIFELET 54
BBV, BR3B—70 #m, RIE7T—8 pm, KHRT10 #m
104 L FRIR LTV %,

HEIHERERER 0SS ERR P HE Lok

BLRAETXDMEGYHEEEL, 70— vIEHEPTI-



oo TORBHCESE LB S LOBHEL A, RIS
DER L HMEEOBB 2T - 1.

ZORFER, BRI 3270 pm, BRIE 8 pm, S
10#m 210K T, FiE#eEHC L < —FK L, Lo
L, EREROBMCHEETS LRI TV BIR
EOWTiE, Rl—27r—~ v T RELERNRESH
e Thbb, HFETHIERNLD, BEALEDLRIK
VR E THES Lic BEARRhL, chit, FEERE
HENDEY X% & B#XAI+5 EEPEL L TR
D EFBbR TV, LAL, - OfEE TN ORE
EVS L0, T ULAEBETHERT 2R 25
HIELE->TTELIDEELZTIVISREDR S,

(BAERBIRE, £%)

(19) OHW H* - FERE* : KIPABEFEL
BICEFT3BEORHICONT

Ao EMAE LM M (1931) X B & s, B,
HEGEE O 3 SDOMEE (KEH) 1bid, TLTHK
AT HE OB AT L HR I DB D &
BN, FBREE 1) TELTE—SEL (FEEE
wBEH), 2) £FL—EWRKE (R,
3) EWRAE—ERSEIHE, KK NERES
AR, 4) EPE— B AN — Rk
(RH#MEHGER), 5) BEEk— RaEk—REMN
AR (410 < B EE & MRS, b HFE
) D5 20Kyt ic, B (1979) T & 55F
B X SHEECEBABATED R & LREX
HE80ROMBERERDG Y b L, B L RERIC
OWTEBHEO DA A N,  JACCARD [KDIGAR
By AT ofER 4y [) &srg— el (i
Jenr ki), 1) BBmkER— AR (SR
i), 1) BREEnRE—BEKE @R
wEA), V) AMER—SHAEE GHSILEERD
D AR T e Sz FOFE2MHOHEL LT
HREE X b A k— v 7{pE, AREBREYETER
BEZED &R L D RE I CBBoBERELS
L, FilElEFEgEOHETHHREANX, Kow
EET D,

(FEIBA - B, EEEHAR - bty 2 -)

(20) O EOfEME - FENME : BRECHELET IHEE
HO—HEOEFR LHAMBES LU RE

MR BT 5 R ERRFEEEYT5H0
DO, HEE L OAEETL E OREICAE L TR
THREANCEFEERYED L0 ML A TV 5
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(#Rf% 1981),
SUEPFRON R E U BEEEE R, MRERHRCK
W, LA A vy v DOEKKRE L D BBELICLD
C, LA, B <, FiE i FE i MR
SROBROIEREHBAHRCEFIL, ThFhOF
DEBIZEC L/ 4 FEFATO B ZITKRE L, ki
M RLIE T B o 5 2L, ik M e L Tk L
RBRITIR & Do AL MM LB R R ER AW L, =5
HUEBEVELT2~8Mlanbicsitklicd, =D
FHARERBER AT T30, FOREIIE-,
bINCNEML D EOPRC X b Bk r BB
WM RS LA HES, L, Zhb
DFEMIABOACHOHILET S, AL DB
BEGETEELRD D, KBNS L
efge, Wb AERMBERETH D, — BRI DOE
HoNFMRAY, FoloFEgERciEsw T
bh T b, KEOHEXADIZIEPRTHEARK
BE, TOWMMINER CTERDO1/5~1/4DMETH <,
F oM S R A L RIKRIE S T apical groove &
Mg (Bl 1981) SRR B, U Lo bE
BRl¥a/c=viBloFe v BT BT 5
taxon ThHBLEL BRI SD, GABEK - £9)

@) § 8= SRERGEROMESH - TR
EHARELRFEFNER

BemyoLET s 4EHMRR OB EHEEOHE
KA E RS, EARCRILDE S0 24 THFF
ET5, —ORERE - BEE - HEER B EH
D —if (Coleochaete, Klebsormidium 75 &) ODHFE
iz 5 5 MLS-spline #&E L, fiuis < O
BHEHTALN D A KOBUNEREERR FR) & T
HB, ORI, MBRSBEROE L FTEY
R EMD, BROMEWITIKT D OOKEILELR
FiIRRTLDEELLR TV B, ZDX S BRKICH
T, RERBFIEDSED bR T\ T o Tl DI, BEED
R SR IR TV AR SRERBEC OV THEE T
B ED T\ B, BEET TRBONICHELXENT
5E, OESHERVTRIDHEPKEEI RIS
RS ZETTS, QMEDOHHCRTF7rET T
AL, 7742375 AFTiREVGEREZEAT2, )
HIEEIL4FR TH B, (1), B0y, %
BERGEEL S  OFE L A UEILRIICA S L55
BwxhB, Lil, -oROLBEMECH-> T,
ERBOLOMOMEER (Flx ¥, WELRHAHR
H) T O DEERERNALR D, ZOFL,
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ERERBGEBACI SIS 2DHORMNRH D &
BRETBEEL LR D, (€0 L))

(22) OEEMAF* -l {5 - EDEZ: BTHE
FEEE Microcystis OIEERKE cell size DFH
HZEE)

BEfE Microcystis (3 £ ERBILOEA LHIE
CRBIIEE LT TRO#E] 2R L, KEFPHIR
DOBRIER A EOMEEAD XL TV 5. ZOHI# LR
EOIDIHE 2 DFHENLEN TV, £0% R
Microcystis D4 EEMIBRART0 0 ¥ FfThh
Twbicsd, BL A TORBRIBET A CELRL,
HE S AL OB T Microcystis X BKDERHE
BLARO TIE, £<OBEHEOERRELTEY,
Brcizd L M. aeruginosa f. aeruginosa,
M. aeruginosa f. flos-aquae, M. viridis, M. wesen-
bergii » 3FE 1 RENED LR TV 5, FHEETIIE
FETHR S % 4D Microcystis D JHE M
EEMNHER, T UTHEIME L L TER cell size
DEMNER, 2o cell size DERICRFHRE
LB DY M5 1o bITAT - IS ERROM RIS
WTHET 5, CEMEHE - Y, “ExLEYD

(23) HHRE: ARES Chl) BESITrHHKE
DIEEFFHICONT

&L =7 #t (Graphidaceae) # H§RU$
ZEDIFLALR, EBHLLTREDOAI VER
(Trentepohlia) w o>z LpE1bhTuw% (SMITH
1921), L L, #ECOWTHEBERHLFEL (BN
e, HER, AREYELEOEKRET,
AAEE RSB0 I 4 & A Trentepohlia
lagenifera TH D = LE2@E LA, Sl BEE
() 2o s Iy BHRE, 1EoIERE
EoWT#HET %,

HAHE D EEAR19774:12 ) FaICEE L, BBM 5
MR L CHAERHEOHEE - BREYT, TOH
REEE L. SEECHAV HABIILL FO11ETH
%o Graphis aphanes, G. batanensis, G. dupaxana,
G. subdura, G. subtropica, G. tumida, Graphina
intortura, G. mendax, Phaeographis exaltata, Phaeo-
graphina quassiaecola, Sarcographa heteroclita.
ZTE LTz, PRINTZ (1939) Di#ix i, free-
living @ Trentepohlia DILEHE L, Hukthd b4y
B BRI CHEBREOMBLY K L. TOMKE,
LRNED € 2 =y BRIt 4§ 5 Trentepohlia

13, Wi b T. lageniferaThsd Z LABELNTTE
R (REK - B - %)

(24) BIBsAE: GERLKy VXED Pandorina
& Eudorina OEBFOHEEBICOVT

Pandorina & Eudorina 3BIfED & = AHEMAFEA
RBEE»REE B, CEAHZh T 5, 40, FE
@ P. morum BORY, P. unicocca RAYBURN et STARR,
E. elegans EHRENBERG DEMBETF DA B L CHLHE
EHEMBE Y MG CHMCBE L oA, FLLHER
HELR IO TEREOWTHRET 5,

Pandorina OitifEIEAMTIIE UBER THEA LI
Fichth, gamete clumping O TRBTF OHEHE
ek B BRI EE, SR A IBIA LA, = Ol
BFoRRCET A HEIFBCHS V- THETRAES
hTuwinw, EgoRBEED Volvulina, Astre-
phomene THLE XN T\% mating papilla L[FE U
bDEEL I %,

Eudorina elegans DWEHEEMB T DEAWCBE L T,
& A I9B0EDTHYF L THE Licht, Lo, #HL
WIHEARB LR, Tiobh, BT OMEER
CEB MR RREABESh i, 0B
L i, Eudorina sensu lato(Eudorina-Pleodorina)
R TGN Ih T, BENBZELL E
elegans OMEHELETF 2 H\CHTARIE X Y& 5
LWL REREE L DL, T ORRERDORARER
@ Pandorina, Volvulina, Astrephomene ¢ mating
papilla RO LD LGS EIHERIh B, (BHE
&)

(25) HEET - OFBRE - RBAR : HEELEE,
AILEHOKIEICONT

KEHESOMKOBE L, A vy otipan=
— %I L THEA LTV 545, Trentepohliaceae
(A : VERDOBBIROWT, BAEA LIEREBAD
WlExBEL, HEmHEET- .

BAMEAR, & LTERLESOBK L HFRE
Sh, LOREBCTHREXT->Ico BHOHHE - 55513,
BBM EEiIgE K AR - TIT - 7o EOREL PRINTZ
(1939) Dit#r I L1,

Yo E AR B, Trentepohlia aurea, T. bogori-
ensis, T. lagenifera ¥ X 1" Physolinum monilia
ARERTER LTz, T. bogoliensis & P. monilia 3, T.
lagenifera © 2 = —fBAE LT\ 1o, T. lageni-
fere DATHHIATVBLBbh% 22 =—0DF



SRR OB - SR IR, BRSO
FCTHBH, RRKEHRETD 2 r=—DHE, A
hDOFRDOKEF, MROEISZOSETRD 2HEOHK
B RUVH L, Fhbit Type A: A&k » ®ic
SRL, MIRDO a2 =—2HHT 2, Mo & x
7-15(-20) #m ; Type B : iR {&H K  hos, 2 EH
HT, BT s 2e =—%EET %, dla0kx
(10-)13-31 #m D 2 HETH 5.

P. monilia DIERIT L > T, REFOHBEO i

WEMED BB EETF(INBES RIS,
(REBK - B - Wit

(26) ORBHTT  RHTF=AMF: BREM4F1aT4
S LV ERZOBRKIEYES

FEtEiR R AEE T 5 MRS 7= 2 2 4 Cyani-

dium caldarium 35 X0, Zhé& X {ELILTV3,

MifgDOKE X, NEATEIRENRS  Chroococcidi-
opsis sp. DRSS FIRKILH & 7 v 7 v ERHEHIC O T
8 U, BZENINGIRSI2000L 7 A, 35°C, PH 3D
FEMAIRE, FRBRL TRIitste, BHFR
KIL@ES %, BRI V80%E =2/ -1 XD
L, BE~+v v CIEEZRE, SbRA4 v
BilEZ B L B, 23T LLTHrAZ7= 75
74 =X ot FY7VEWHEIET A2 — AANEE
DE7LVvVF T ALBRBUKMEL, EOLKLE
A%, —AEMLTILTAZE, T0a— FRIEZ
IBAMINAR 7 P ADRTEZ X D 5T L1

FRIZEL B L4 7= 2 =4 3 HNE TR #ERK-1
Bk, #H#Y (£1297) EOLEEL7RrY Fr Fo
EHRAVBDAY 7Y Fo Fu&irhs, Chroococci-
diopsis sp. (XBEPIRMBE M-8 £k, F KV E 002 H&
b, BREMHYEZTCL7eY Fy FRECELM,
4770 ) FY FiZEGElerotc, i, RK-1 4L
M-8 fD 7 v 7 vEEHEHD 2 — FRIGIZ X BW I =

R ML, TieXsFVvBIOF v T vOiENI,

I HEWNEDOC— 7 #RTHYBANFET D - LHHEE
Xhi, CGHEBEK - B - 9

(27) OEDiEH* - ARLSTF* - AEIER* - El
§*: 574 BELY Y FRXFTEEFEETTH /Y
DOTATT7T—EOREMEMT
BRI 7T 7 —€4 ve €2 —RELHHLTL

B L wBE Y (1980, 1981) A L7c, 4l

ESRERD T v 77 — EONM LRIV TER

L., ALE#EAWT, EENCHBEIRCT 7 ¢ F
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#, v v v F*7F Chattonella antiqua |7 r 57 —
EHRFEL, FOTRrFT—Ehe) v e Fh—n7
77 —+1 ez~ Leupeptin (1 pM) Tz
EhBoEwRVHLA, FEEE THOHHAE T
WLT%EL 774 /Y Enteromorpha compressa iz
B0 777 —-ENFETHEREVHL, #0
WEEE B LR Br®E 5. BRELE, AR
Y RFFF S-2251, S-2302, S-2444 ; a- HE A v
#HWT pH 7.0~8.0 TIE L1, C. antiqua 5
D7 a7 T —EOMEY, HEEZKOFECHK- R,
C. antiqua, 1x10* cells/m/ x10 m! A T.#g7K% 5%
[H15%.00 53 8 L 7= 7k B%. 50 mM Tris-HCI buffer, pH
7.2(£150 mM NaCl, 1mM EGTA, 0.1 mM DTT,
20% glycerin),5mljizx THEY b v vhE5F 44—
T 15 FVfE] 2 il L 72 10,000 x g 30 4> fsl&Ca L 7
LiE30%EMCIe 5 X 5 R E Mz o8&, EOLE
LB 70% AR Sl T\ RO HRIEE % 50 mM
Tris-HCI buffer, pH 7.2, 1 ml C&EML fo 30-70
BHRLHE X 74 b e A AcA34 -7 LIPS
GBI R AT, 6K DEAE-+7 7 &1
DAF v EBRT T T - v e EZ—FY H Y F
ELET 7 427 4— 278 ~< F THERRA,
CEM2ED, **HETK - B -1

(28) OFEE—# - KAFEA - St W : 8E4AN
FEDHLIILLLTH—H (GS) EYLY A
— oL 9—+ (GOGAT) DOHR

bhbhit, BEGEA+ 5T (Bryopsis maxi-
ma) O N R{LEAC BIRT 2 ERER OB R LU T
hoOMSRRE RO TOREREEERBIEL T
X 1=, &lix, GS/GOGAT REEHIC-ZX, EknbD
BFRRAB E LT tet A~ R 2R fVCTEOBMED
BEte = S0 EY AN, Thbb, /rLrIR
17 72 DBETR, BEOTERIhI /LR v
Py VERBRKBTHEL ThOIEERL
TULBM, FELITE - LEFEL TLC X b R
BHL, =ve FY v L7744 Ly 4 3 v THA
LicAHy &, AF+ vy F—TERELAY, X
BERIGHEPCERINTW5T : /%, 73 /8
BB CERTAo LRI D, RUWERLYEL, &
hH0EBR L, %E1C GDH ko EBohmMRnE
wH T, GS/GOGAT %#g# & GDH L o4 FEY)
BRYEBELI (B KERE - KE)

(29) OfFIGER* - FhARBAF* - ABE H** - /B
**x . MR REE Cricosphaera roscoffensis
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var. haptonemofera (I\7 }E) ORRILBREL
Ca- H&WHEICOVT

MEEDO AR RN+ 5 AT, TOHEKL
(229 AR EREYETEME CBEL, R
BIRICEE & mhec Bl Lo L B2 bh b Ca-fif
WED TR L, ZOME, ROMAEHE.
OBERELE (7 29 2) XMl o/Mash TR
xh, Fogflas~EEhs, QBEKLBEST
5rBihba2ayy y— s (Coccolithosome) 73
BXh5, QFKLELEVE (A5 —1) bAIRKT
MR Xh%, (410% EDTA il Ca-fawER
BT 5, (5)% 0 Ca-fi AR RIGHK e Ca*? D100
f&Eo Na*, Mg pBFEEL THEEEZTRVA,
Sr+z % La*3 iwx hELHEEh 3, (6) DEAE-+
na—2x (&1 + vHBHE) CREL, Ve v BEHE
LBbhb, U EOMEBHMRLOMAR TEES
TVHBRREIET AL O TH BN, Ca- fEAWHT
DTk, DE JONG & (1976) ' Emiliania huxleyi
POHEEL a2 ) AhTRER LGN F 27 F 2 v
fE%HE & 7 U OMLBENTOWTERRETH 5,

CGHEER - &Y, “ARNRIEILE, *TER

AL/NEE =)

(B0) OmBEHE* R EHY - SRET : RS

R¥EEHE Heterosigma akashiwo (574 KE)

DIEBE

Heterosigma akashiwo O ERERBENCKIT MBS
&b ¥ L ORBEMGOPELERERT X VIRF L,
H. akashiwo (3RS RAA L HERBEARL,
It R, BB ER L, W,
MRS &M T CIXMER DA EIE L, MlgTeicy
— A Lte %72 6L: 6D OHREEMCE T LA
THLUCEAMCRARA L. —HF v K, U vliEGIR
LSRRI T 5 L A i RS A Bl R s
HERBDTELE LMENERBCER L, 20D
A TIEEAEE L & E A B R BERIBARE DIRAE
Loy, “HEYELEBHEERLEEETHD,
& APNERIENE (DCMU XAREE L 0 HE) 13,
NEBBELM»SETLERUD, SREBBELL
TREATR IV b r—AD0BRBEE TET L, X
b I a2 E R Lo RB O RN IR R B & U
s LEBREFER L, SHEBHEHCETS
BRI RBER T ARV EREL LY, WEOM
TR ISR BIRA S B hic, X bic H. akashiwo
DERNEB BB E M, ET X B 0TI

W ELERABHLMC o T
MK - BERY, MK - 4£9)

(31) il fB: KMEHD decomposition LY
T btk BEOFIA

KRR TRESD succession & di->T, 44
HOTmEHC A A HEHED decomposition &z D

© hfd BV IXBRREGOFIAS AT DL IRT

WhH, COZEEBHELT, W onoKFEE D
W, FONBEEWH TS v 7 v Vi X BFIHCOW
TRBMTHRE L7

1l AfHEOEFALELTOFEISRT L vE, B
ROWKFIE LB (BB, BSELHER,
SR X RO MEIAEE 1 ~ 2 A%NEKT,
FOBB AT (6 ~14R) TOBHFEEIER LT L.

2. W75V bVIRXD e w74 VAR,
BHBEDO LR L5 LT 6 ~14ABIEMNFITEL
<#4hn (log phase) L, *0#% 16~18AHIITIEF
Bhcrs %,

3. KMEEO Y #—2HELIEEL, BFE
F, /e 7 A ABOBBIIRY T vOBELIE
IFRAETH BN, BILL > TEOEEIRIL> TV B,

4. CHN a— - r35ilxsss, &HE
YR oRFE, KFE BEROGRIBCI VERMD
b, b CRKE) Tix20%, b0 (74
+) TRAOBBRETHY, v &— lppm ¥hHo
BOD; fHIZfEIC X » TR DT 0.1~0.5 ppm BE
Tk B, *

5. @EY X—500ppm O L DY T T v
7rVREB e A VERRE, BETORED
fic X > TR B, 13T 74~230 pg/e/8days B2EE
Thb, Zoffiit CHN 2 — F— 2 L 550l L U5,
T & B NH-N 081z 25 v A BIRAR
Bhhb, (BRX - #F - £%

(32) OREBRHIERE -« REEA : BEYLT 7 AOR
ECHLETREORE

v N7 5 4 Ecklonia stolonifera \2FHRE D A X¥E
METEY Y=, 77, v=Soffkts L TEER
BLEZ bR, HESIFEOMIET OV THRHNFT
HBo £ THRAERE JETREOHEY FRERL
Lo TBELLOTHET S, Tihebb, EEF»D
DRIFEEIT10°CH 525 COMITHEETE, 30°CTik
IR 2 BLINCRSE L1, BB 04 RIZ207C, 25
CTTH#<, ¥%5 A Bikifto Mt B4k oK fln->



(X5 ot, MEI20CTRIFL, HEHIAH
T, 15 CL25 CTIRIEEIIAH, 10 CTR4AHK
TR FhETFORBCHROEEINBEINT, i,
20 COREBEM T TRER L o RFAT L HOLS
BCLHET D L EFL TV, Bk
1120C TR E HEAL, BEhafki 8 Milgnitk Tk
BIIMROMEYRL, FOBCEEBICTFETLoHN
fibh b, OMMERTHEL, LEMRORKARON S, ¥
fo, BOET L AN SBIL D ONEE IRl
B IAHENERII25C TEHEFROALMTE
LUEReh o1z, 20 CToYFEMkOER (L)
L ERW)OBSRIIONGES L=2.53W—5.13, I}
R%00.969 L£7ch, BHOEMNHBERL,
(FHRKEMM 2 ~)

(33) XFIEX: « AMEDBROFRELCON
T

7Y offffale £k, HhBCAFEL TEL TS
DT, MABOMARK - HHLHBRMe L2 OIS T
5 ki, KREBEFEROE O LERLFETH S,
MhER+s v &y SErERE LLAKNTH S, i
Brl-TR%5L5ThHb,

WE - AMEREREOHhEO MBI, 4 A My
~THEAREL, 8N, 10H~2]]
¥TE, XbDH T Ti, FEEAZ, 7
hEV, YV=EES, £V €7, 2aLEIOIAMT
%<, ZOAENHNEDOFEBEE - T\

LOLENGRRNFTAA A NE 7, LT EY
NBLABRD X5 -1 MAERBEREL,
NEREEL, e icoh, B—MEabitbiih
EHH g TUhnt, MNBDE L, WAVT
B, EFEBREIE> TV

BRI BET AN EO NPT MDD
ik, MEBRENENTH D, MEBETH ImLLL
DOFENEHIHRINTE 5, 3EROBERMBIEE « F
X b hEO N TIBATPREE N Ric D = & A
EEhi, (BEK¥EREEY € v % —)

(39) MARE: WEAR ST THOPMREICS &
(FTTRABKDZE

TRABAKCEEThTWAERILEY, KUEHL
IUOBBE, pH ik v &y SHEYMRO4EFCRIE
TREYRFELL,

4V E7: FAAEKTIR7 vE=7HNTI10 ppm
HE, 7vE=7BMHT 25 ppm Xh b RACEY
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MAhbhton, WHEEE, HMSEEE, R TiX100 ppm
K ThRECEE xR bhith -1, BREBEF XS
ppm XL ETRACE S Ebhl, BBEIRL 400
~600 mOsm/kg DO THEIEL, pH 115~10
D TRBII L ich - 1,

THAEZ D FKABAKTIRT vE=TJENT 10 ppm,
T vE=T7THMTY 10ppm XS BECEENRLS
ntc, FHEEE, WA, RFETIZ100ppm X TH R
EREEIADRIE o e, BAEFRIE 1ppm XL
ETEE B, BEHEZ 1, 200~600 mOsm/kg
DT T EIEL, pH 12 5~100FHETIIREE
liel= 7 1P &Y (R 19/ X0 o

TV Ay SESMORECHEY B LIFTOIRTK
NEKPDOT v =THEN, BBERIERLLOTH
b, AV AU SHTLERL> T RLRPITR
ZHOERDDDZ Ehbhot, CGHIEK - £)

(35) OEmEM* - IRAFE - HHER : BE
FHo L DA BEREONERAE
BEONKAROMEIREFDO—ETHD T &7
FA=2 =X THBICITE Y CEMTEDH, E
JHTEHRMORKBEIERL TV 3~4
cm? ThHote, & AN DHBEIRRICESRK LU
MR L LOEMER L O EEOR I OFEKRIc A
Lz T ABOEMECTOLS L SR LHA, RIL
ARBLONBAERL L TEEOR L EREYIF - 1o8
HEHTEILNTED LS D, % THEIRAKM
Y REET B L AT, EROAH 20~40 ml OELH
D ICAEH 200ml OEBEAVCTHRL, 0D
HBROPCHFEEIAOD H OO 6 YD R~ 7 5¢cm
O Lo Ay s ) [EkRE (355 mg FZE) % 100ml
DFETEK & ki AT, 40 klux YT CHIE % BAts
Lick oA, BERRERD 1 HETHARD #1501
ER D BT LR o T EERIAIEE (7.9 mI/Rp)
B ENTEN, ThT T A%Hh L A DEK20~
30 cm2D kDN ABGEE b = O HRX CEBTHET
D LN ot TeRSUIFEN T HAE R, WX
DTREI A2 —DFEERETTAF» 7HBD\
TTAREERL D LABCERYELT, #EY—
AL L7 b DTH B,
YA s FTHE Y 2 —, *™HEKK - )

(36) ORMEE* - IFERF* - AABR - XKRB*
- BATH L 24 L+ ORGSR O A
B—8HICLB37/aT7ITIRF FORE
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Euglena gracilis var. bacillaris % S, REAT
THERT 5 L Ml Wa - TERGMABIL LA A
Rarics, = OB, MEEEELT LARENCEL
CEBOEREI B Z B, —7, REEETILOEH
BRbAEV, BEEEARYEBRERYS £V
BB LER T 5 LA Tl 4« 0ERAIBR O
HEMBEORIGHETL, 7r 75 2+ FRMCHE
TEAESD - Lo #E L (EH¥S 198140, 4l
BEELT, CoXEKELEVREEARYPLLE L
MR — B L A MRS B b BE LI,
HEBEYEHNTHLRDOEY THD, (VEBSHCEBT
LRl R bR 5 7 75 A5 FIZIZFRA ETERE
HEENIL . (ST THEBEIHICE L T2RMIRRT 5
L7eT5AF FRCEED 7w 5 25 K71 1ZHEHR
Xh, BREREE 5731 F8Rbh5, &R
BEEL T rF A5 KFS, 1 bav iy 7 ELHEELR
EHLLBEREBE I,
CGHEEKX - ik, *FRK-E- 1

(B OFREHF-/IH Sh:HEBEICE K
Aulacoseira longispina D5EHRKEEICDOWT

WELX, FEEFFI YERWTHREI R TV 3
HUSTEDT D=z v sy g vEBRTAEEYE, -0
iz g ¥ h T\ % Aulacoseira longispina 3s X (¥ var.
tenuis @ type slide #XBHBIZE T2 - L M TE L,
= ORI HUSTEDT (1942) i X b AR fiF#l+
IO DBI% type locality & L TEILE»Tinbh
b DTHHM, ZD2 HFEBTREBA»H L F
DOHBITREIR TV,

T, 02T\ TI930H LIS & % 4 Jul4
OIRE IR RV XN D var. longispina
6 LU var. tenuis LREL 5 K OWT, &
FEAVCTEOMMBEEYBRE L. TOME £b
bOEEIBOAMT, RVCERBI %L OBHKIE
th4el2 (labiate process) % #i% (3 —10f) fx T
WAHZ Edbhot, 2D X5 IR, o Aule-
coseira 4V 7IILRAbRih-1bDTHB,

YE~NDOKBE B L% 1778 > SIMONSEN
(1979) %, ToORM1EDS Lk Ehic2 BHOBIR
Riw oL WS BECENT, Rk 1 —2@HOE
RE@x &> Thalassiosira L O ¥ UxEx, Au-
lacoseira % Thalassiosira BHZB LT\ 3, Ui
>T, KIPE A longispina B HhBBRERD
WD RHEEEL B ETED X 5 ikt bong,
Bb THBRR VI TH 5, CGE%K - %)

(38) ORME—5*. ¥k 38L**: Type materials [C
S5 4 )5 Surirella ovalis & S. ovata
i bUICHEBEO S HFARE

S. ovalis & S. ovata FHELIL DB THAHI
W, HELEOERDEGHIE2EY DRMASH D, 1
3% LANGE-BERTALOT (1979) © X 5 @ ijiFix[@—
SERE Tibb, S. ovata % S. angusta L L}
iz S. ovalis @ synonym 334D Thb, {lud,
BB OE I DORE X - THliZ BN TE 5 &
4% HUSTEDT (1930) LD RMETH B, —J, S.
pinnata % VANLANDINGHAM (1978) Hi¥ S. ovalis
OFEME LTV BH, HUSTEDT(1930) HiX S. ovata
OEMELTVE, 20X > kBREOBENRLAD
WERBHT B LD, HELIREEMHEMEIL
Tuv 5 EidofElio type materials #Bl%, FHik
L, RT, ThboRERFERICESWTHREX
hic@BHRCOWTEREBREERAA . TOHE, KO
kiima i, @ S. ovalis & S. ovata TBRTGITRILL
THRBROBMME L E 7K HETHLDTHY,
MNORERELTBONL LB 3, @ pinnata D
NG xS ONEHOBRMAMEE L S. ovata L [[{—T,
BB EN e oo hitv, - T,
S. ovata DEMLTHOMNLIVEBbhB, @ S.
angusta OFRYAMEIE L S. ovalis LiTHLET B2,
S.ovata & \33L583 % A%\, LANGE-BERTALOT
DX5k, ZOfi%x S. ovalis ® synonym ¢330
BEYTRIEWEBbh 5,

CHEER SR, **HEK - 8

(39) OFRAF* - BE B - ARG : TRy
4 3 Navicula frugalis OHES MR

WERIBE, ARIPMERS T2 oakx ATl
BwlTolo 7 A BITERLEFAF T CRRMIR,
rAREL, 7.5~11pm, £— F10p#m TH 5, JEiL
4~5pm, €— F4pumT, {ERDEHT7~8 x3.5~
4pm LD LRKBOBEGEN DD, HIr 1RO
R HH M+ 5, HUSTEDT (1957) DER Tiii
LT3z EhEL Shicv A, GERMAIN (1981)
T LA EEARL TV 5, BRI AR
B2 B D0, Sl DB U @Ry SRR 8
T, ALEIL TV, BEERITHSHR TR EIAL
THH, 10 pm BiC16~274 € — FIZ22AKTH B, 1€
KDEEHDH20 (HUSTEDT 1957), 20~24(GERMAIN
1981) X h»nfeh K&\ range Kito-TWwb, HA



DEGEINEORE L h BEEBEON D ER L O 2
b, Hlicb D TCHEADBEEOLONH S, HikGy
BET5E, TOWELD taxon XY LA
BRELENDDN, HELIMETH D dBEDOH
—ODELEEZBRELEbbRS,

CHLER, *HEAE Ly 2-)

(40) o#EE 1&* . /JMEEF* . SRAF* - FHE
£* . FRH M1 %E Nitzschia sinuata var. delo-
gnei [CDWT

LANGE-BERTALOT (1980) (% Nitz. denticula var.
delognei L #54 X h - GRUNOWD type slide # 3§
# L, Nitz. denticula X v Nitz. sinuata &8 L
2BRE L LT, ¥biT, Nitz. heidenii o> MEISTER
0 type material, Nitz. intersupta (REICH.)
HUSTEDT ¢ Hustedt collection % Z# L#-ff, <=
hbix, TXTHEIMEETSHDT, Nitz. sinuata
var. delognei @ synonyms & L fz,

HEOIEEBREAFhEOER 2 H/AELILT, %
# D Nitzschia heidenii (" U - T, VB D Nitz. den-
ticula var. delognei i HZ HNtz, MEDKE ZIAR
HRTH Do RO LiZ/hbk (1960) DRNIDOFA
WEIPLLVZ B,

LANGE-BERTALOT (% type slide 7gc& %L
fedd, Rifc? taxon XFA—DLDLELMGE LI
LLWIE%, BHELDT—&iclicl > THMT S,

CHELhR, **BRIETHAR)

(41) OHARE*-I# U™ PRET14 Y9
Cymbella lanceolata & C. aspera DEEICD
WwT

BiRE 4 1 v v D Cymbella lanceolata (AG.) AG.
& C. aspera (EHR.) H. PERAG. [T X<ty 1V
v THB, EDFELKEFILL striae Dffsh & raphe
OHETHEZEDBEDOHEIRDHED ThHb,

(1) Striae DKEsE, C. lanceolata T striae (L
DEDHDCIFECTIR A TEHRB @B AR 0 %
(?) &4 ohtcXdic, C. aspera TiEHE X b
DEEFHERTVD L CBHES R,

(2) Raphe DJ¢f&, Raphe DB THZE DM
D1 distal ends TH 5, C. lanceolata TiL KT
 CHEETHACH 2 AEE—-ELLV X5 Th
h, PATRICK and REIMER(1975) D3 % K
L D5 LARTHHTEE IR, C. aspera Tik
KL < TR LEAICE - TR X L AREAIc
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h2%, ZoOAEER—FLE .

BHEEICALOSXWACTS & L B, &
DRELX, FBRORERT, PORORESEZOT
KB L BHIC L DBBAEEL D 8 L T EC VAN
HEURCK (1880), HUSTEDT (1930), SCHMIDT (1931),
PATRICK and REIMER (1975), BOURRELLY (1981)
FoRKE HET 5,

CRRBBLZEKR, **HEK - £%)

(42) ORMER* WREL* - IEKT - fHEAK
R* - ALE—* - KBF* - REF¥=**: a1—4'L
F® Cell Cycle [T35(+5 3 b kY 7OXE) :
BB HBMBICONT

EebhbhXRAFEEE L7 7 FEFrRE2—
7 v oL ORTHRAKESE O BL 2 BT A
HEBHTEEL, Cell cycle hciFRAEAR T b
AV FYTHRMBRTAAT - s b R R LI,
ZLTHK: 2 v Py 7oHMEEECS - CIi—E
FPAVEY TRIOHAR LA LEINR, B
Kb a2y Y 7 oHBRCIMROFREED—RY
ETFrRELREBY ERT 5,

Gl =— 7 v flanB80EC X - TRRLGERIC
BGft L el (/] LRRO KRR LT - iRy #
45, BARAGHEY BRI P CTHERET X -
CTHEFEHEL, Cell cycle w3 s bav kY7
DO Ex By, 7V - X=y F v 7B X
DBEL, ToOHE, Cell cycle BL I Fav
FY 73AHIRESETH -1, ¥ MR T Mg
ERAERD &L X5 ELTV5, fMigho s + 2
YFYTORXLIBETHBZ LMot DX
P EREFELVGHRE RASH, EXI b2V FYT
DOHRICERAIEE LTV AAREELRBE IR S,

CHEKX - Y - ¥*FEK - K - 10

(43) OHMMILK : BEX I TORKRES LTS
BRI OBEAER

< 2 v 7 OEBIH b KB THIRIEE, *
IUKEBRCEWMARSEEL, HEONW, KT,
BB - T %, ChHEOABRERCSWT, %
DM EERET B,

AL HEAREFORTHRMLE: ~ 3 v 7
(Laminaria japonica) o WK (FE4AEK 1.5~19
cm) ¥\, FAE—ATAFe FEARAT YLD
ZHEMERT, =R vk, KEA L BRAEK
YRR FRL BB L, ZOMBKRD XS A
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R&Bi,

1. BSBoMMEEO R, HRESE b2
SREHBEYHRIBC S bl TRER > T 5,

2. WERCRELCEREBEC, BTHEPR
EoBEMHBEYIBEIhG, ¥, brIPY
FHREKE - T, WEYOFRMEDRG- 2 HAIHEKS,

3. FiREBECBEET A WML, ser T T A
FAGBIEL, TAC—EARRELT, HKEHEHWT
Bl s L COBENSERROR S,

(UN-Tr &= D)

(44) FIFEF=RK: TEANIHEBED13E Pteroc-
ladia lucida QEERZSVICHRBICOWVT

P. lucida i3 4 M EEHE h T v 5 (MOORE
1945), ZDOPHD “robust” OHEILIMLD 2 5 (%
DD 1 BFEIRE) LELL RIS, migoRrMliy
BEEHHE TR ABLBEL Y, MW CRARCE
BNV HETHETH= 74V, & & AN
“littoralis” & “indeterminate” Q& TiX, FET
BN EAT I O, HETER Tl BT 5 R
farBEIhic, ChBbOBEILKE (1970) T ih
¥4 %7 )& Pterocladia DHFNTETH 5,

J. AGARDH (1852) (¥ TURNER (1819) & Fucus
lucidus R. BR. TESWTH A7 vBaRr L .
HEOX L “robust” OEXRLIAHELIL—FTS
AL 2 KT E 5 Tigw, Lichi- CHiGEER Y
LAwT, P lucida DEMIT “robust” TIRFEXh
HRETH D, FEBEOMT, FHrBELLTHS
&, UaplaFREIEVC OB TS - L, BROR
ASETH D oR L TEH LV TRERET S
ik, FOLLKARBROBANMEL 1B, EROA A
7 HBOBAE L LTHRE 7)) MNREELL,
Bl L AR R T REMaY 3 5 SEREGRE,
AENIBBRE R, Bl 2 S
CTAIEA X274 P. tenuis, 5 v+ £+ 374 P. nana,
KEERPE P. bartlettii s LOEBRETH S P. capi-
llacea #ZTBNDIDOFREHDEL 85,

(B R FLEHE DF7ERT)

(45) OBipiEH" - EEEALL - HEEA-HW.
SANLELT: ARERSY S TESBOLE

iy v T 0RO LM MRET B EMA &
175, LL, AREYEATHRETHNC VT
BEDOLDTHRENH B, £0 LT,
EESZIVFY, =Vvae, YAaXvanm, v

Ao h=)F, ~V Y h=/FTD5RSBEONT,
KR (10, 15, 20°C) LK (500, 1,000 lux) ##
LB T 6D DEMTH2 » HERELTERY
MWte, ERRREEL TS5 HE 9 HITEL iy
At WER oS 15 CL20 CTEEN L L, 10
CTRRIMELE,M-7.X, 10CLISCTRED
BHROFNLSERLL, 20CTRY AT A=/
FORDPKDEATHEEN X L, (Lo TITFEEIC L
BRI ot IBEOHMBICORPATIEIRIR
bhithote, HFEGDEERORE L KIEXTh
by AHTH=/7FT5.29mm (15°C, 1,000 lux) &
0.73mm (10°C, 500 lux)TH - tc, BOH &K
CXBERERDOREXZBE, 1VFY), =V var,
TRy a v BEEFIR UL E OE Y 5 v BilgEicd:
FLTULBEM, KEAR- THERBCRIELVE
ftixich»tee & & AIBRCHHTELI AT H =
JFENY MY A= TR0 CTHEEN R E i,
CFJEK - K, **ICEKKEEIEE - 44y, ***2 7~
7K - )

(46) OREF E* - KBFHA* . REFEELEH
JEYIBAC MLYEO 1 FiiE

FERBE DT BEM M ARTEL 3 v b RER
75 SNPED B. procarpum SKUJA 1931 i3\ T
RIIh, ChETABREOHEEL LR TEL,
I EYRBE, OREIhcr» v EY IR 1 Y
IV IMARFOFEE L TRET S, SuloFErE
Tz v b 2 IORBRYKITRT,

Key to the taxa of the section Contorta
1. Carpogonium bearing branch curved, consis-
ting of 2-4 cells.

2. Gonimoblast 220-300 #m in diameter.

------------ B. tortuosum KUMANO
var. majus KUMANO

2. Gonimoblast 50-60 #m in diameter.

------------ B. tortuosum KUMANO
1. Carpogonium bearing brauch twisted, consis-
ting of 3-8 cells.

3. Gonimoblast 600-850 #m wide.

------------ B. capensis STARMACH

3. Gonimoblast 80-190 #m wide

------------ B. kushirense, sp. nov.
1. Carpogonium bearing branch Icoiled, consis-
ting of 6-13 cells.

4. Gonimoblast up to 300 gm wide.



------------ B. procarpum SKUJA
4. Gonimoblast smaller than 220 gm wide.
5. Monosporangia present.
------------ B. intortum JAO
5. Monosporangia absent.
6. Carposporangia 16-19 #m long.
------------ B. iriomotense KUMANO
6. Carposporangia 8-15 #m long.
7. Primary branchlet well-branched, its
cells fusiform or ovoidal.
---B. hirosei RATNA. et KUMANO
7. Primary branchlet sparsely branched,
its cells cylindrical.
---B. tiomanese KUMANO et RATNA.

CRIFAR B - A, ¥ JeK - B - 1D

(47) OBEAXSr - EEBEARS : LT VM1 >IT0E
(EHY - TE) O EEDHRRE

W OMDEEER T, RBAKO I FIELR % L
TR BEEDERETHEEIFET S L8HMBR T
W5,

WEOIIER= /1> 2 rE Lithophyllum yessoe-
nse FosL. 04 G ROEERBEE (WHIEH, &A,
#5A) OEEK~ v T OMEFRHREL THIEE
BT WEOMREYHE LT, =V v aex
HEEEHTII 2 Vv 7ORERPZELLBALLEED
BNZLxPLNR LI, TOHT 7 4 VHIFER
O'SEM BIZBiI X h bR REDI L AH, =7
1o aTr TR —~EARDODEX®{ - i ko
[& (epithallium-flake) 2§ L, ZOEMCELEL
Twb~ 2y 7ORBHECERA L Th L &b IB%
THIEPHBE LI, Thid=Y1 Y ar 220K
iy v o L ARCHEEROMRA LB L T ER
®T75 L X ) EBME AT D 0 TREKNA
HET DL EL D, o=V 1> a2 XfFElLE
EHAGRFREOBE TL CEE LTV 52, Dk
B D EEEOBRTFIAIE L TAEFTTHIFR
RERFKEELIL->TVBHDT, ThAYHEKTOEL
WEEBGOHFHO—RE e T 5 L HETE S,

dexk - K

(48) IREHT: BFEAKRP I FOB Pleurotaeni-
um rectum OFMRATLHED S T-EBBURICONT

Pleurotaenium rectum (31878%- DELPONTE T X
> TERHINABETHBH, 19045 WEST and WEST
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X b P. trabecula NAG. D—FH L L THbhi,
Zh ¥ KRIEGER (1937) % (X U % OB EEH
WEST {F 0 RMBIZHE - T & &, — J, Ruzicka

(1977) %, HAMIMNEAS basal inflation DI
HdHZL&, FOLEWKUh R EHEERLXT
H L LT P. rectum DELP. % P. minutum(RALFS)
DELP. i DfE L LTk, LA L, FORIE
HERNIE LTS LT L\

I THEEZ, FREBRANATHLKA P. minu-
tum, P. rectum, P. trabecula DIHEROSEHRER Y
b L, AR, CEE L~ TR, SEM %
MoeTofMaREORTF A HEBEL, UTomRE%:
B, 1), E&RDiEE, P, rectum o basal inflation
BRI Z &0 H Y, P minutum OF D4y
DEEFIZEERILTL %, 2). P. minutum, P. rectum
DEGAFEEY b b, HETLIAHRUCELHL 5.
pyrenoids (%l Eie —FiciE &, Zh bORBUL, P.
trabecula % 85T, ABROMETIIRbhizy, 3).
SEM Bl X %5 &, P. minutum, P. rectum Ofa
RIECH BRI () DT, P. trabecula DIFE &
LN RIS,

LA ED&ERME P. rectum DELP. (3, RuUzICKA
DRED L kv fP. trabecula NAG. DEFLT 5 X
h i LA P. minutum (RALFS) DELP. {Z3E&E D%
BlFE L TROIRETHD ELBHI S,

(R&K - B - H4)

(49) OTFHER - EH K : BF Closterium ehr-
enbergii OTEBMICKITBIESEIBEBE

FEMABADOISE L b Closterium ehrenbergii MEN-
EGHINI & [IE Xh 2EMEOEHIEOM T, AR
¥ fo A RBRREE 7 £ o A TIRE R X > TF
EF LR AP F 7oz DR Sh TV 58
BOR - EMBFEIRDOR LD, HARXIADLKC
TERBA~KOEHE 5 2. B2 OLEHOMEIAEY
PR T - T B, HBMEHFEERRTE VT,
SEELEE DB A B 70 & HE A RTFREERHE O B FRIC
DVWTHE LD T, ShliziEaEREEEToVT
WE LIV

MERIRREENSE S T S CRREH (Bl A, B, C,
H D, E 10 Tk, BRCHVLTHEREN
LT HEATFERIT SR LRV oo, Rk
DARELETH H FEREAOKEI X » THEA TS
2B RHLEERT, Sl A AKX L ED A, B, C &
F A= VEDOHD 4 XEFHFEOKLERIC X > THELA
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BAETFORY L BFBEEOEFRS LOEFBEGEDOR
BB OOV THRE Licy, BEAKZE O REREED
HEFR60~100% 12, %< DBASO%HIEENLYE
VWO LT, BREIZZELO RIFME A0 EFRIL 0 ~50
%, %L DHHEIOBLUT EEERE . I-T, EiE
D 4 FEFEMITI, MRS F xR K O
SHBEEEREA R BTV B & E MR I,
(K - iSHHDH

(G0) OKXBET - AHFRE - REAK : ARAWL,
NEFEEDGZE Netrium digitus(;k> 3 FOR)
OHIRUERERBCE THHELTR

Netrium digitus (¥, %< OE@EH S UMRKER
BETHD, A@ETIR, ABFHLUROC/KFELHE
LR IcABOR /B & BEREM & DA FHIB S
THEME L,

JAARHEL : (D#ign kS LIEONELEE» D, B
BREM L b Type S (M), Type L (KE) o
2 type 2@EFshtc, QFAEROMALEETS
L, Wj type L HITRPLIBEMNE(LL 1A, clone
TOERIMENTH -1, (3) Type S, L offifkok
ok, var. digitus WRIE S hic, (@RIhR
{OheET5HEAOHBEE L, FHERMD Type
ST49%, Type L TO0%, EHEMTIE, 0~8%
& 8~28%THh 1o b DfE{KLX var. lamellosum
CRE I,

JABRSE - (DA, BEEEIE b, ARMILOBE
LR 2 type HEEXh, KR 3HEOL
% clone P§ T OERESWTLIZFFAEOBANE
bhtc, (QEFAEMD Type S Tix, var. digitus &
var. lamellosum DREHTHIERRT L O HERS
<BEIhi, —7F, BHERMD Type L Lirg
Mo Type S, L 1%, Kifi4 var. digitus CRE
iz, QRIfERRRBIC  Ch a3 5 EEGD HBHE
%, BAERO Type ST23%, Type L T16%, &
BEMTE2~8%L 0~12%Th -1,

ek, MlahRmicdovhidET5EED—TDL
Dix, ERAOHIELSHLMARDUMIDLDTH-
7o (UR&K, B, )

(51) OMABE* - JUL £** - WUES* : 51 &
Asterionella DR FE—FOHEEMOBLE—

RIKE Asterionella X, A. formosa OBA—4¥TE
CELDLRTV52, BERMOEMIALN TR,
1981E 3R, HIBL - A HHM 01287 THBERA L

MR R EHGT, A. formosa OEMER, BELE
WAL,

IS Ah ) b, A. formosa DR 2
£/, B/E (#m) 44.7+1.8-46.6x1.9 (ALER)
L 63.1+2.5—71.1%2.1 (B#M), »RHIh,
WIERE, R L B H P RIETLERPAD ORI,
BHEMOBREIL, Lo b FRKCHT T, HRack
Wil ThaiRbhtc, ERMOBE L REFRIE
X, REREOBAERCS » TRECHY TR, &
BB BRI H - 1o

HAEE (EAL/m) &, ks FTRET A%
ATt zh Fhis X %200 &£ 1100, BT 100 &
5,000 T, FHBTACH~NBER, BREEEHY
LT fe, Al formosa 1%, BE#L&MTT, #H
DBREDTEDS, BEHCEVG-AI~NOThMmbh T
WA, Wik BRCRHTES 2R 2 £, v
1 I VORI HIMHERTHD L HE I 1 B, A
formosa OIFHEEH > S UBHEMOMER, FHWE
b, KEBBOKEME, M, BMES £IEFD
WEARERES L VHERDBRE D,

CHREX - #4%, *HEKX - GBI

(52) OIITE - EEMMER: TT A - hZ ADH
EiE LT

AP, BRRBCRFTHT T4 « 2 ABED
HAHGE R BALAROKERX JIE L, HIBHY - HH
LGt & OFIED S, B O BLER O R R
MBORERXTIRICEXAMELIELDTHB, =
T, ChETORENLD, BRSO MEE
bz WTHET 5,

R, KEBOOHER JURE, HFRE.
BHEESOEZMET, FHERSINGEAN THEY
IS REL TV DHEFICRE Lico HEHETIIEND
H~N100m, E0.3mDFRES v 7 FEEIZX D,
KR, #, EELEOTEELEVR, T4 -
h oA DERBAK, £FBELERE L. NEE
oo T, £HEE s bafmEviEathy
B LT, BRERE A KEICER, BEL, Thicx
ST AERMABS LOEREER (ERE) L oB%R
D BAERRLE R I, B L,

HRLLT, 772 « S ABREOKENDOERM
Bt BEBEILONRBC X Y HEARLh S, f
ELT, HEBOHERITIE, 737 234 ERDK
B UEERT) 1 ~7mBENFEL, KBlLkS
», ABREZhLRFEET, EROMRELE, »



CARKIES ~12 mIZBEE S RBEL, KEMLDH,
Bob o, MERTE L HIERE T, NENTTL L
DRBETHTTH, i, REREBHEOKED X
S, HENERETIIT 5 2 OBETEDORD
BELROhD, Chb ¥ EREEDORIALRTY,
P REDEERPRERED L 51T, MBS K
W32 EE LKA TR, B 2 BSR4
ARV R Sh 35, HEct-T, Fhb
DT HIL ) OFENESRh S,

SH I, WAL ECHIET 5 RSP
BETOVCTHEBRZERL, KRWEOMTY
EDBFETH B,

(Z&EXK - K, *MRP 56-1-6-5)

(53) omEOMty* - EWMREHS* - )F H: 7
TAREORHE L TOLE

H# 2 7 7 A XKIBD HEA S TH MR O
EROCTIBHEKEYER T8 2005, LALT
FAWEHOEFORRBRILEIh T, ZOk®
7 7 A BHOFRCHEETCN LT R v AT

LhisVCBRREH 2, £ 2 Tl L IEOEREE,

SR, BEORENLELLBET Lt -
TLORBEEHEL L5 AR

Hi: BERVHERABRROT7 7 2 BT
500t D FHEX 2RI, KERE10 m R EiAR % &
DT 1 mHHHTI80E L 1981iED 7 IR 7 5 4 %4k
# L1, RSOV TIIERE @ERD FHoEN,
SN SED X LR LEET) LEAESY
MEL, BERARZFHHCOET ELLIR, BE
LEEOBBREYRDTHTE L, HF18IES HLE
BIRFLEERT AR THE L BT L THEFHL, B
BREREBTIXT 7 A CB#HE2R L TRROERYE
KL, BEARDOMNERE LR U, kXL E
Bz, BEOCHMAKLEER TR LIckichld, B
ARG B EMEL THE LT,

R BRRABE1980 A 4 B, 19814435 Bl
HEXxhic, HHOFSMETERTORE L L T3
IFELWERRL, REBCRTHEHRT 5 2 otk
DEREEDLTV5DT, ERMBEE At Lic, ik
el 4, BVHENECECLREEETE, 77
ADEBIBTETHD, HREBEOHBFKIERA
12cm KT y=ax® DX T/REN, 12cm S ETHE
B Lo D L3R 12cmpl Lo 5 4L
EOBRTELL AR &S R —F 5, L
2 L19814RIi3 198041 el LT 5 411 o BED L

99

HEXBCDOT, HERENE - ENRBEIN D,

7 7 2 OREDML, 1980 A KIEO ~ 2
mii, hiEH0~4AmiiETH- DH, 19815EK
e BIRERERANIER L, #iESek T 2 HE
(fEfk/at) RLtAD 4.2 [EkD B 5.7 @k~, hikn
3.0 fEfkA L11. SN EFEL <ML, AR
Ytk S BALHCEPD LR T v F A STICE
DU,

198047 B 198 14K IT 23 T DBEE D EE i ghid b B
RO EFRIE I oo o & EBEECBIEN B D KIE 2
~AmOYADZONENB ALY ELHAEHRIEL It
D, 2mLiKTHE MO LI E I E R B A%
LT, AL LTORENNEF - 1c HREM LD
SUERHLNICTEONSEOBETH B,
CHEAKBF - ** R AR, ***mMRP-56-1-6-6)

(54) OEAREP* - BRI - TEKM* - HhZ A
HEQEEHDOBIF—ED=, ZORH—

2 AR ARDKFHRRPES LRI, TH
MTHBET, il T 2 ~10 miz L LERBE%E (V-
b@ B8R ¥R T B, TOKRELBEERENI LA
T, HREOABRCEBELEEHIZRL V530 L
EzbhTVv3,

HEDILZ DO 2 A OIS & EREIBRE & 1L
THIEXAME LT, SRR THTHEEO KGN
5 mOHIC H HIIBE LR E L THEXED T
b, BET CRBLAIHREZOFEXLUTCEY
+5,

H oA BHEOERBREFIAL CAEREYFARDN
B (R |- iR - THE, BXRHEHERES,
46kE) AVWTHI L DhERYHE LI, T0D
R, FREERI2.8kEVE/M/FETHY, TOH
3R120. 94 kge/n2/ 4, 0. 053 kgN/m2 /4ETH » feo TD
HEEET, EHERL o0 RN OEAR LS
AXDB-»THESRES DT, &HOBEGIHOMICH
B DM TFEET B b SV REMITIL 51D
b, £ T OHEMOBEE LI DB DI, B
HERC 1 @O FHR 2 BEIHEL, BAOLBEGEE
BL, "pFEXAVCCE—BEAFCOVCTES O
R OBER EFEREY RN, TOHKE ERoH4s
BEORGED 52—k, LEGOEEMOTRE
IWHBINAGR D Z bbb ot XEH 1 NEER
OB (1m?) DO4@EEEANDIRD, ZOEGHORE
ERER A WE LR, B~ TRERERD
#910), B~P%CNETeD JI5) T EAHLN



100

il s % o
CKBER - 4%, *HBEK - FTHEY £ )

(55) OfAlE= - FEpEAL - EARE - £F F:
KRYAALTORFREXARBORELE(L

PHRETOBERFREIE,IOHECE (W3keg
m?) K& (0.5kg - m2LUTF), Fhickdsk
VAav7OEET4 A 9] EFTIXS0%LETH
h, HBHEEZ1H2»H10H % TX50% U LETH 5,
¥, AV A av I HERNTOFREORFEL4 An
578k 13kg - m2 LT,

—7%, SUERECH Y ABOXARBONE LT
ot, BEBRTHRELLBELAVT, SE0BE
Q2R) X 1E#EZz0EE, LoOfOMEIXH 1cm?
DERERAV. ERFOMBERIEIESZExHDY
RSB FT O KIS R THI50 ¢z « 571 e m? 12—

12T2~3 HERLAHE, MEBCHELL, XK X
OEIR £ D P TE S EE R BB TTT\ > YSI #: Model
53% AV, TR A v IIAT v v T ERAVIS,
AKii%x 3 ~29°CDI0M N % 0~1175 pzes7 » m2
DB HER T oo TOMHE, FEONABIE
P26 5 AETEL, LEWRRAL 9 Ak
BAREECE b o, BIEAREXI2ATIRS.3
~17.5CCE\MERR L 212 pees™lem 2 T4 ~8mg
C.g-dw'-h!, 5 frix10~20C THE < 212p:s7!
«m2 Cfy2mg-C.g-dwt-ht, 7HKIV8H
1Ti320C~28C THETE K 212+ st » m2 T0. 4~
0.9 mgC.g-dw'-h"!, 9 H10A118 3L TOREE
TEL212¢: +ste m 27 0.2mgC - g-dw1-h1[)
FTThoteo FREZBENE LAHEHEML, X4
OGS RIS L3 5 ER A B - o,

E R

(1)-C2) : WirE GEX « ISMBD
(3)-(4) 188 & GRLHX
(5)-(6) : BEFHME GRHEEAKH)
(7)-(8) : Bk &M ek - d&EvD
(9)-(10) : EEEEKRE X - KE)
AD-Q2) : HFEIE X - &4
(22)-(23) :xl & GEK - JGHED
@o-25) : IiEEE (X - #8 - £9)
(26)-(27) : B (R¥EK - £9)
(28)-(29) : B ffalF GHEEK - £4)
BO-3D) : KEFEXR (BEIK - @AY v 4 -)
(32)-(33) : SEIBIEM (LK - EEEH)

PN

(34)-(35) : EMFULR (SEK - KE)
(36)-(37) = PREF (WK - H - &%)
(38)-(39) : #il # (BIRK - &F)
(40)-(41) : bk BL GREEK - %)
(42)-(43) : KFpRY (UBFEER
(49-(45) : HHBIE CeX - B - fEis)
(46)-(a7) : BEARY CLK - K
(48)-(49) : fREF % (AR - B - 4:4)
(50)-(51) : miFEEY; GRIBK - B - £4)
(62)-(53) : Rl (R EHBREDD
(60)-(55) : HHHEM AKX - KE - ##)




101

QL B ERA
£ 1 305 KB FHERMEAKLERI—1—1
BUKFRL LM — 35 LOH TR %
424 - 0298—53—4533 g

i
T RE Wk

AHWHEL > 5 —

RFAMYTY

#l —miuss
"
—\% _
85 5 115
Kaom
T it
/%
A
o i
T NI Ko-k-4- N
FNIR = 4
=
£z
o
L / \
— ]
EHERE Y #— [QREFEEY F—

ok &

1 EREIERTE (205 105, B2 &R, L [HREREDR] T
F70t P = A& —BFRRR) fTeilE, [HMAShR] TTFE (404D, LE&H
FEAEIT 4 >FR0 TRELMH] TTE,

2. EBEWIMERTE (%6 1D, gk < PHMREPR] TORE, THREX
chit | TTE (405, DABHEEE 4 OFiio TR¥ELMH] TTH,






Synthetic Sea Water for Research Use

JAMARIN"

Characteristics

1. Formulated according to the analytical re-
sults of ocean water.

2 High uniformity of the original mixture.
Hence possible to use partially.

3. Completely soluble.

4. Amply proved to be a good medium for
marine life researches. (see the list below)

Kinds of JAMARIN
1. JAMARIN U(unsterilizable)

Readily soluble. Concentration up to triple
strength of sea water can be prepared.

Per cent of gastrulation in the sea urchin,
Anthocz'dan's crassispina ....................... 980/0

2. JAMARIN S(sterilizable)

Can be autoclaved.
Per cent of gastrulation in the sea urchin,
Anthocidaris crassisping:--==+-+-=+=+=+++++: 96.3%

3. Modified JAMARINs

Ca-free JAMARIN, Ca, Mg-free JAMARIN,
Sulfate-free JAMARIN etc., in compliance with
the requests of customers.

JAMARIN Laboratory

Applied fields of JAMARIN

Bacteria:

Separation and culture of marine bacteria.
Isolation of antibiotics from marine bacteria.
Algae:

Reassembly of dissociated components in
Bryopsis. Isolation of enzymes in carbohyd-
rate metabolism in Platymonas sp.

Nitrate and Nitrite metabolism in the red alga,
Porphyra yezoensts.

Invertebrates:

Meiotic division in starfish oocytes. Branchial
regeneration in Polychetes. Strobilation of
Aurelia aurita.

Phototactic responses of a flatworm, Convoluta
sp.

Price: 1pkg. (makes 20/ of sea water) U.S.
$10.00
Price list in your currency, including shipping
charge, will be sent on your request. Inquiries
invited.

11-5, Shigino-Nishi 2 chome,
Johto-Ku, Osaka, 536 Japan.
Phone 06-961-6007

FMHT B ALEK

¥ £
. mEICNRTY XA,
L3R, EARIREBET S,
. EMERTE %,
L NREAETRTOEBDEWIZHEZ 5,

- W N =

i T -4 200 14 16008 (¥131)

Syl

BwEoEH

_‘mm%ﬁﬁo
F—=bI2V—74 L TTES,

1. Jamarin U
2. Jamarin S
3. Ca-free Jamarin
4. Ca,Mg-free Jamarin
5. Sulfate-free Jamarin

Sl RN —

T536 ABRIREMBEFFE2-11-5 TEER 06-961-6007
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