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Ahnfeltiopsis (Gigartinales, Rhodophyta) in the western Pacific!)

Michio Masuda

Department of Botany, Faculty of Science, Hokkaido University, Sapporo 060, Japan

Masuda, M. 1993. Abhnfeltiopsis (Gigartinales, Rhodophyta) in the western Pacific. Jpn. J. Phycol. 41:

1-6.

Seven species of Gymnogongrus and two species of Ahnfeltia with internal cystocarps provided with
specialized pores (carpostomes) from the western Pacific are transferred to Ahnfeltiopsis Silva et DeCew
(Gigartinales, Rhodophyta). Tetrasporophytes of these species when known are crustose and form inter-

calary catenate series of tetrasporangia.
western Pacific is given.

Key Index Words:  Ahnfeltia—Ahnfeltiopsis— Gigartinales—Gymnogongrus

tion— Phyllophoraceae— Rhodophyta—western Pacific.

The red algal family Phyllophoraceae
(Gigartinales) is characterized by multiaxial
thalli with a compact and pseudoparenchyma-
tous medulla, rod-shaped spermatia, a
procarp consisting of a three-celled carpogoni-
al branch provided with a sterile branchlet
and a large supporting cell serving as an aux-
iliary cell, inward or outward development
of gonimoblasts, unbranched chains of
tetrasporangia, and iota- or iota-kappa car-
rageenans in gametophytes, lambda-carragee-
nans in sporophytes (Guiry et al. 1984). As
recently as 1989, the Phyllophoraceae was as-
signed nine genera: Ahnfeltia Fries, Besa Setch-
ell, Ceratocolax Rosenvinge, Gymnogongrus Mar-
tius, Ozophora J. Agardh, Petroglossum Hollen-
berg, Phyllophora Greville, Schottera Guiry et
Hollenberg, and Stenogramma Harvey. In
that year, Ahnfeltia was transferred to a new
family, Ahnfeltiaceae, in a new order, Ahnfel-
tiales, characterized by unique compound ex-
ternal carposporophytes (Maggs and Pueschel
1989). Even more recently, two genera have
been added to the Phyllophoraceae, Erythroder-
mis Batters (Guiry and Garbary 1990, Maggs
1990) and Ahnfeltiopsis Silva et DeCew (1992).

) This report was supported in part by a Grant-in-Aid
for Scientific Research (International Research Pro-
gram—TField Research, No. 04041015) from the Ministry
of Education, Science and Culture, Japan.

A synoptical key to all known species of Ahnfeltiopsis from the

tural combi

Abhnfeltiopsis was proposed by Silva and De-
Cew (in Silva 1979), but was not validly pub-
lished until very recently (Silva and DeCew
1992). Meanwhile, the name has been used
by various authors (McCandless et al. 1982,
Masuda 1982, 1983, Maggs et al. 1989, Ander-
son and Bolton 1990, Maggs 1990, Lewis et
al. 1991). The genus is characterized by in-
ternal cystocarps provided with specialized
pores (carpostomes) and a heteromorphic-
type of life history in which upright unisexual
gametophytes alternate with a crustose
tetrasporophyte. In contrast, Gymnogongrus
has a tetrasporoblastic-type of life history in
which gonimoblasts grow outwardly through
the cortex of the thallus, giving rise to an ex-
ternal nemathecial structure over the surface
of the bisexual gametophyte (Doubt 1935,
Schotter 1968). Silva and DeCew (1992)
transferred fourteen species previously as-
signed to Ahnfeltia or Gymnogongrus to Ahnfel-
tiopsis. Of these species, Ahnfeltiopsis concinna
(J. Agardh) Silva et DeCew (= A#hnfeltia concin-
na J. Agardh), 4. densa (J. Agardh) Silva et
DeCew (=G. densus J. Agardh), A. okamurae
Silva et DeCew (=Ahnfeltia furcellata
Okamura), and 4. pygmaea (J. Agardh) Silva
et DeCew (=G. pygmaeus J. Agardh) are
known from the western Pacific (Masuda,
Zhang and Xia in preparation). The majori-
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ty of the western Pacific species, however,
have not been transferred to the new genus.
The following nine species are transferred to
Ahnfeltiopsis herein. Abbreviations for her-
baria follow Holmgren et al. (1990).

Ahnfeltiopsis catenata (Yendo) comb. nov.

Basionym: Gymnogongrus catenatus Yendo
1920: 4 [lectotype locality: Ijika, Mie Prefec-
ture, central Japan; lectotype specimen in TI
(Masuda 1987, fig. 14)].

Japanese name: Hosobano-hira-saimi

Morphological features of gametophytes
were described by Masuda (1987). Cys-
tocarps are central in the medulla. Carpo-
spore germlings of this species grew into
crustose plants, but no reproduction was
found about one year after germination.

Ahnfeltiopsis chnoosporoides (Tanaka et
Pham) comb. nov.
Basionym:  Gymnogongrus  chnoosporoides

Tanaka et Pham 1962: 26, figs. 3, 4 [type lo-
cality: Con, Nha Trang, central Vietnam,;
holotype specimen in SAP (052162)].

Spermatangial and cystocarpic specimens
of Ahnfeltiopsis chnoosporoides collected at the
type locality on 5 March 1992 were exam-
ined. Spermatangia are anticlinally elon-
gated. Cystocarps are internal, hemispheri-
cal, protruding, and provided with multiple
carpostomes. Tetrasporophytes are crustose
(Masuda, Huynh and Nguyen unpublished
observations).

Ahnfeltiopsis divaricata (Holmes) comb.
nov.

Basionym: Gymnogongrus divaricatus Holmes
1896: 255, pl. 8: figs. 3a, 3b [type locality:
Shimoda, Shizuoka Prefecture, central
Japan; holotype specimen in BM (Masuda
1987, fig. 10A)].

Japanese name: Oomata-okitsunori

Morphological features of gametophytes
were reported by Masuda (1987). Cys-
tocarps are central in the medulla and provid-
ed with multiple carpostomes. Tetrasporo-
phytes are crustose (Masuda unpublished).

Ahnfeltiopsis flabelliformis (Harvey) comb.
nov.

Basionym: Gymnogongrus flabelliformis Har-
vey 1857: 332 [type locality: Shimoda, Shizuo-
ka Prefecture, central Japan; lectotype speci-
men in TCD (Masuda 1987, fig. 1A)].

Synonym: Gymnogongrus japonicus Suringar
1867: 259.

Japanese name: Okitsunori

Morphological features of gametophytes
were described by several investigators
(Okamura 1921, 1936, Tokida and Masaki
1959, Mikami 1965, Masuda 1987). Cys-
tocarps are central in the medulla and provid-
ed with multiple carpostomes. Field-collect-
ed and cultured crustose tetrasporophytes
were reported by Masuda et al. (1979) and
Masuda (1981).

Ahnfeltiopsis gracilis (Yamada) comb. nov.

Basionym: Besa gracilis Yamada 1931: 73,
fig. 3 [type locality: Enoshima, Kanagawa
Prefecture, central Japan; holotype specimen
in SAP (9798)].

Synonym: Ahnfeltia gracilis (Yamada) Yama-
da et Mikami in Mikami 1965: 198, pl. 4 (1),
text-figs. 11, 12.

Japanese name: Besa

This species has internal cystocarps which
are central in the medulla (Mikami 1965).
Because the holotype specimen shows only
young stages of cystocarp development, carpo-
stomes are not evident. Tetrasporophytes
are unknown.

Ahnfeltiopsis paradoxa (Suringar) comb.
nov.

Basionym: Gymnogongrus paradoxus Suringar
1874: 13, pls. 8, 9 [type locality: One of Izu
Seven Islands, central Japan; holotype speci-
men in L (942. 69. 48) (Masuda 1987, fig.
5)].

Synonym: Gymnogongrus furcellatus (C.
Agardh) J. Agardh var. japonicus Holmes
1896: 256, pl. 11: fig. 2. Ahnfeltia paradoxa
(Suringar) Okamura 1933: 13. pls. 309, 310
(11-16).

Japanese name: Harigane

This species has internal cystocarps which
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Figs. 1-3.

Ahnfeltiopsis quinhonensis (Pham) Masuda.

1. Spermatangial specimen collected at Qui Nhon,

Vietnam, in May 1992 and deposited in SAP (058000) (scale bar=1 cm). 2. Longitudinal section of upper portion
of thallus, showing an anticlinally elongated, superficial spermatangial layer (scale bar=10 zzm). 3. Longitudinal
section of lower portion of thallus, showing internal structure (scale bar=>50 ym).

are central in the medulla and provided with
multiple carpostomes (Masuda 1987). It has

crustose tetrasporophytes (Masuda and
Shimizu unpublished observations).
Ahnfeltiopsis quinhonesis (Pham) comb.
nov.

Basionym: Gymnogongrus quinhonensis Pham
1969: 201, fig. 2. 133 [type locality: Qui
Nhon, central Vietnam; holotype specimen
unknown].

This species has unisexual upright gameto-
phytes as do other species of the genus. Only
male gametophytes collected at the type locali-
ty in May 1992 (SAP 058000) were available
for study (Figs. 1-3). Pham (1969) reported
female gametophytes with cystocarps similar
in nature to those of 4. serenei.

Ahnfeltiopstis serenei (Dawson) comb. nov.
Basionym: Gymnogongrus serenei Dawson
1954: 5, pl. 3: fig. 6 [type locality: Hon Tre,
Nha Trang, central Vietnam; holotype speci-
men in US].
Re-examination of an isotype specimen

(Fig. 4) in BISH (499793) revealed that it has
protruding hemispherical internal cystocarps
provided with multiple carpostomes (Figs. 5,
6). Tetrasporophytes are unknown.

Ahnfeltiopsis yamadae (Segawa) comb. nov.

Basionym: Chondrus yamadae Segawa 1941:
262, pl. 57, text-fig. 9 [type locality: Shiraha-
ma, Shimoda, Shizuoka Prefecture, central
Japan; holotype specimen in the herbarium,
Faculty of Agriculture, Kyushu University,
Fukuoka.].

Synonym: Ahnfeltia yamadae (Segawa) Mika-
mi 1965: 201, pl. 1, text-fig. 13.

Japanese name: Hane-saimi

The holotype specimen was not indicated
in the original publication, but it was designat-
ed as “type” by Segawa in the above-men-
tioned herbarium. The specimen collected at
Shirahama by Segawa on 31 July 1937 is
shown in his Plate 57, although Mikami
(1965: 203) erroneously cited Susaki as type
locality. Elongate, large, internal cystocarps
were found in a specimen collected at Shiraha-
ma on 6 October 1936 by S. Segawa and
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Figs. 4-6. Ahnfeltiopsis serenei (Dawson) Masuda. 4. Isotype specimen collected at Nha Trang, Vietnam, on
6 February 1953 and deposited in BISH (499793). 5, 6. Transverse section of the upper portion of the isotype
specimen: 5, showing a protruding hemispherical cystocarp (scale bar=200 p#m); 6, showing a carpostome (scale

bar=>50 ptm).

deposited in the above-mentioned herbari-
um. These cystocarps are central in the me-
dulla and provided with multiple carposto-
mes. Tetrasporophytes are unknown.

Other species of Gymnogongrus and Ahnfel-
tia

Pham (1969) reported  Gymnogongrus
griffithsiae (Turner) Martius from Vietnam.
However, the occurrence of this species in the
western Pacific is uncertain, as his description
lacks information on reproductive features.
Two species of the genuine Ahnfeltia, A. plicata
(Hudson) Fries and A. fastigiata (Postels et
Ruprecht) Makienko, have been reported
from the western Pacific (Maggs et al. 1989).

Key to the western Pacific species of
Ahnfeltiopsis

Thirteen species are present along the coast
of the western Pacific, including the South
China Sea, the East China Sea, the Yellow
Sea, the Sea of Japan, and the Sea of
Okhotsk.

1. Upright thalli terete to subterete through-

out; hyphalike filaments absent in the

medulla ....................................... 2

1. Upright thalli compressed at least at the

middle portion; hyphalike filaments

present or absent in the medulla -+ 3

2. Thalli small, less than 1cm tall, cys-
tocarps central in the medulla
................................. A graﬁ‘l’ll-‘f
2. Thalli large, 3-11 cm tall, cystocarps
hemispherical, protruding
.............................. A Coﬂfinna
3. Upper portions of thalli terete to sub-
LErELE «rrvrrrrerrrrcrtniiiiiiii i, 4_
3. Upper portions of thalli compressed--- 5
4. Thalli small and narrow (to 3 cm tall
and 700 #m wide); proliferations com-
mon, secund, pinnate, or fasciculate;
hyphalike filaments absent in the
medulla ........................... A dgﬂfa
4. Thalli large and broad (more than
5cm tall and 1.2 mm wide); prolifera-
tions rare; hyphalike filaments abun-

dant in the medulla------- A. okamurae
5. Cystocarps hemispherical, protruding
......................................... 6
5. Cystocarps central in the medulla -+ 8
6. Axes divided up to three times
................................. A Sefeﬂei

6. Axes divided more than four times

7. Axes 700-800 pum thick -+ A. quinhonensis
7. Axes 300-600 pm thick:--A. chnoosporoides
8. Axes conspicuously channeled in living
and fixed material; hyphalike filaments
abundant in the medulla -+ 4. yamadae

8. Axes not channeled; hyphalike fila-



Ahnfeltiopsis 5

ments absent in the medulla-------+- 9
9. Axes less than 1 mm wide-+-++-+---- 10
9. Axes more than 1 mm wide «-+-++-+--+- 11

10. Thalli large, 6-14 cm tall; cortex of
axes thick, with 10-18 layers
................................. A catenata
10. Thalli small, up to 4 cm tall; cortex of
axes thin, with 5-9 layers:--4. pygmaea
11. Thalli large, 20-80 cm tall; axes sparsely
branched at long intervals, with many,
large, simple to flabellate prolifer-
ations ................................. A pamdoxa
11. Thalli less than 15 cm tall; axes profusely
branched at short intervals, with or without

Sma].l proliferations ........................... 12
12. Thalli pale red; axes 2.0-2.5 mm wide
except at forks:----coeeeeees A. divaricata

12. Thalli dark red to purplish red; axes
less than 2mm wide except at
forks ........................ A ﬂabelli ormi:
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The occurrence of Laurencia saitoi Perestenko (L. obtusa auct. japon.)

(Ceramiales, Rhodophyta) in Japan
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An alga widely distributed in Japanese waters and passing under the name Laurencia obtusa (Hudson)
Lamouroux in Japan is distinguished from the genuine L. obtusa (type locality: the British Isles) by the
absence of prostrate stolon-like branches and by the presence of projecting superficial cells and one or two
corps en cerise within each superficial and trichoblast cell. It should be referred to L. saitoi Perestenko which
was described from Peter the Great Bay, Russia (the Sea of Japan). A basal discoid holdfast, from which
many upright axes are produced, and crowded branches due to the production of numerous adventitious
branchlets are distinctive features of fully mature plants of L. saitoi, although the size of holdfasts, the
number of upright axes and the number of adventitious branchlets vary in relation to the environmental con-

dition and/or growth stage.

Key Index Words: Corps
Rhodomelaceae— Rhodophyta—taxonomy.

At present 23 species of Laurencia
(Rhodomelaceae, Rhodophyta) are known in
Japanese waters (Yoshida et al. 1990, Masuda
et al. 1992). As pointed out in an earlier
paper (Masuda ef al. 1992), there are several
species for which further investigations are
necessary. Laurencia  obtusa  (Hudson)
Lamouroux is one such species.

The occurrence of Laurencia obtusa in
Japanese waters was first reported by
Okamura (1902) who later gave a more
detailed description with some illustrations
(Okamura 1922, p. 175, pl. 193). However,
Yamada (1931) described this alga as a new
species, Laurencia okamurae Y amada, on the ba-
sis of the presence of lenticular thickenings in
the walls of the medullary cells. Although
Inagaki (1933) reported L. obtusa from Hok-
kaido, Yamada (in Okamura 1936) ques-
tioned its occurrence in Japanese waters.
Saito (1967, p. 5, pls. 1-2, text-figs. 1-5) gave
a full description of L. obtusa with many illus-
trations. However, this description of the
Japanese entity differs from that of the
genuine L. obtusa in British Isles, the type lo-

en cerise—Laurencia—Laurencia

saitoi—Laurencia obtusa—

cality, in the presence of prostrate stolon-like
attachment branches in the latter (Turner
1808, Harvey 1848, Saito 1982). The pur-
pose of the present study is to elucidate taxo-
nomic features of Laurencia obtusa sensu Saito
more clearly in order to establish its specific
status.

Materials and Methods

The following specimens were used for mor-
phological studies.
Kanagawa Pref.: Enoshima, 19 July 1990,
leg. M. Masuda. Chiba Pref.: Mera, Tateya-
ma, 10 April 1990, leg. M. Masuda, 20 July
1990, leg. M. Masuda, 2 April 1992, leg. M.
Masuda; Wada, 11 April 1990, leg. M. Masu-
da; Emi, Kamogawa, 20 July 1990, leg. M.
Masuda. Ehime Pref.: Uojima, 8 May 1990,
leg. M. Masuda. Nagasaki Pref.: Sai-
kaibashi, 19 April 1991, leg. S. Kawaguchi;
Matsuura, 17 May 1992, leg. Y. Arai.
Yamaguchi Pref.: Heki, 3 May 1992, leg. M.
Masuda. Shimane Pref.: Orii, Hamada, 2
May 1992, leg. M. Masuda. Ishikawa Pref.:
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Togi, 4 June 1992, leg. S. Arai; Monzen, 4
June 1992, leg. S. Arai. Hokkaido:
Okushiri, 23 June 1992, leg. T. Abe, 11 Au-
gust 1992, leg. T. Abe, 9 September 1992,
leg. T. Abe; Kawashira, Kamoenai, 27 Au-
gust 1992, leg. M. Masuda and T. Abe.
These field-collected plants were fixed and
preserved in 109% formalin in sea-water. Liv-
ing plants of several collections (Wada, Mera,
Heki, Orii, Okushiri and Kamoenai) were
transported to laboratory and used for exami-
nations of corps en cerise.  Voucher specimens
are deposited in the Herbarium, Department
of Botany, Faculty of Science, Hokkaido
University, Sapporo (SAP 058013-058027,
058050-058053).

Sections were made by hand using a razor
blade and pith stick, mounted in water on
microscope slides. Several sections were
stained with 0.5% (w/v) cotton blue in a lactic
acid/phenol/glycerol/water (1:1:1:1) solu-
tion.

Additionally, herbarium specimens deposit-
ed in SAP and the Herbarium of University
Museum, University of Tokyo (TT) were re-
examined and used in assessing the geographi-
cal distribution of the alga under study. Her-
barium specimens collected recently were also
used and deposited in SAP. Collection data
of all these specimens are as follows. The

specimen numbers refer to SAP.

Kochi Pref.: Ashizuri-misaki, 28 April 1956,
leg. N. Tazawa (058028); Kami-kawaguchi,
Ookata, 24 April 1956, leg. N. Tazawa
(058029); Nada, Ookata, 26 April 1956, leg.
N. Tazawa (058030); Saga, 27 April 1956,
leg. N. Tazawa (058031). Shizuoka Pref.:
Omaezaki, 7 April 1990, leg. M. Masuda
(058032), 5 August 1990, leg. M. Masuda
(058033). Kanagawa Pref.: Shichirigahama,
21 April 1955, leg. Y. Tsuji (058034). Chiba
Pref.: Banda, Tateyama, 10 May 1990, leg.
H. Ohba (058035); Mera, Tateyama, 15
April 1956, leg. N. Tazawa (058036);
Tomisaki, Tateyama, 10 May 1955, leg. Y.
Tsuji (058037); Chikura, 12 May 1992, leg.
Y. Tsuji (058038); Futomi, Kamogawa, 9
May 1955, leg. Y. Tsuji (058039); Oohara,
12 April 1956, leg. N. Tazawa (058040).
Ibaraki Pref.: Ooarai, 5 August 1956, leg. Y.
Tsuji (058041). Miyagi Pref.: Enoshima, 31
July 1974, leg. T. Yoshida (031251). Ehime
Pref.: Higashi-sotoumi, 7 March 1923, 29
April 1923, leg. Ogata (herb. Okamura in
SAP); Oshima, Imabari, 9 May 1990, leg.
M. Masuda (058042); Yugejima, 11 May
1990, leg. M. Masuda (058043). Kumamoto
Pref.: Tomioka, Amakusa, 11 May 1940, leg.
T. Tanaka (058044); Misumi, 4 May 1958,
leg. M. Ichiki (058045). Niigata Pref.:

Figs. 1, 2.
duced: 1, specimen collected from a sheltered habitat at Heki, Yamaguchi Prefecture, on 3 May 1992; 2, specimen

collected from a fully wave-exposed habitat at Orii, Hamada, Shimane Prefecture, on 2 May 1992.

bar=5 mm in Fig. 1 also applies to Fig. 2.

Laurencia saitoi Perestenko. Single basal discoid holdfasts from which many upright axes are pro-

Scale
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Kashiwazaki, 15 May 1991, leg. A. Arai
(058046); Moroo, Ryotsu, 9 June 1992, leg.
S. Arai (058047). Aomori Pref.: Sai, 27 June
1987, leg. T. Kitayama (052736); Oma, 22

3
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August 1917, leg. L. Rosenbaum (TI);
Shiriya, 30 August 1917, leg. L. Rosenbaum
(TI). Hokkaido: Hakodate, 19 August 1917,
collector unknown (TI); Moheji, 16 August
1962, leg. Y. Saito (035185), 27 August 1963,
leg. Y. Saito (053499); Okushiri, July 1934,
leg. K. Inagaki (048139); Chatsu, Tomari, 26
July 1985, leg. K. Kobayashi, (058048);
Kawashira, Kamoenai, 10 August 1985, leg.
K. Kobayashi, (058049); Kurosaki, Teuri, 29
July 1984, leg. M. Marui (044108); Rebun-
to, 24 August 1934, leg. K. Inagaki (022802).

Observations

Habaitat

In Japan Laurencia obtusa sensu Saito grows
on rocks in the upper to mid-intertidal zones
at sheltered to fully wave-exposed places.
Plants are found at the higher tidal zone than
the growing zone of the other sympatric spe-
cies of Laurencia, viz, L. okamurae Yamada, L.
intermedia Yamada and L. cartilaginea Yama-
da. This zone is exposed to desiccation at
Laurencia obtusa sensu Saito also
grows in shallow to deep tidal pools or in chan-
nels where it is not exposed to desiccation.

low tide.

Plants can be found from spring to summer
(to autumn in northern areas) as far as can be
determined from our collections.

Gross morphology

Upright thalli are purplish brown to dark
purplish red in color and softly fleshy, and
grow in tufts of about 20-250 thalli including
microscopic thalli attached to the substratum
by a discoid holdfast (Figs. 1, 2), approximate-
ly 3-10 mm in diameter. Thus, a single in-
dividual is composed of many upright thalli
arising from a primary basal disc. Accessory
attaching branches are absent. Number of

Figs. 3-5. Herbarium specimens of Laurencia
saitoi: 3, collected from a sheltered habitat at
Monzen, Ishikawa Prefecture, on 4 June 1992 (SAP
058027); 4, collected from a fully wave-exposed
habitat at Emi, Kamogawa, Chiba Prefecture, on 20
July 1990 (SAP 058017); 5, collected from a fully
wave-exposed habitat at Mera, Tateyama, Chiba
Prefecture, on 2 April 1992 (SAP 058015). Scale
bar=2 cm in Fig. 5 also applies to Figs. 3 and 4.
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upright thalli varies according to the localities
examined. Individuals growing in sheltered
places where they are not exposed to desicca-
tion have smaller discs (<5 mm in diameter)
from which less abundant thalli (<30) are
formed as in the case of Heki population (Fig.
1). However, individuals growing in fully
wave-exposed places where they are emersed
at low tide produce larger discs of 6-10 mm in
diameter from which numerous upright thalli
(100-250) are formed as in the case of Emi,
Mera and Orii (Fig. 2) populations. Individ-
uals with intermediate morphologies between
these extremes are also found at other locali-
ties.

Fertile thalli are 2-13 cm in length. Each
upright thallus has a percurrent main axis
(Figs. 3-5) which is terete to subterete
throughout. Main axes are 0.6-1.9 mm in di-
ameter at the proximal portion, 1.0-2.5 mm
in diameter at the lower third to fourth por-

6

P .

Figs. 6, 7.

Laurencia saitoi.

tion, becoming gradually more slender up-
ward, and reach 0.5-0.8 mm in diameter near
the apices.
branches develop from the main axis in various

Many ascending first-order

ways, from alternate to subverticillate, at ir-
regular intervals at angles of 30-70° for plants
growing in sheltered places and at 20-40° for
those growing in wave-exposed places.
These first-order branches with indeterminate
growth are slightly to conspicuously more slen-
der than the main axis and those of the middle
to lower portions on the axis are 0.5-0.9 mm
in diameter at the proximal portion and 1.0-
1.5 mm in diameter at the thickest, proximal
third portion. First-order branches bear
progressively shorter and more slender
branches (up to fourth-order), at angles of
20-90° for plants growing in sheltered places
(Fig. 6) and at 10-40° for those growing in
wave-exposed places (Fig. 7). The ultimate
vegetative branchlets are various in length

7

Upper portions of the first-order branches, showing the branching angles: 6,

specimen collected from a sheltered habitat at Heki on 3 May 1992; 7, specimen collected from a fully wave-ex-

posed habitat at Orii on 2 May 1992.

Scale bar=2 mm in Fig. 7 also applies to Fig. 6.
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Figs. 8-13.
specimen from Heki; 9, specimen from Mera. Arrows indicate cells with two corps en cerise within single superficial
cells. 10, 11. Longitudinal sections of the uppermost portions of branches, showing slightly projecting superficial
cells and corps en cerise: 10, Heki specimen; 11, Mera specimen. 12, 13. Longitudinal sections of the upper portions
of branches in Mera specimens. Arrows in Fig. 12 show two corps en cerise within a cell. Scale bar=25 #m in Fig.
9 also applies to Fig. 8; scale bar=>50 ¢#m in Fig. 11 also applies to Figs. 10, 12 and 13.

and 0.2-0.4 mm in diameter. Many adven-
titious branches develop between these ordinary
branches at more variable angles than those
ordinary branches, and are short, 1-7 mm
long and produce reproductive structures
when mature.

Development of ordinary and adventitious

Laurencia saitoi. 8, 9. Surface views of branch apices, showing corps en cerise and chloroplasts: 8,

branches also varies with habitat. Plants
growing in sheltered places form many, regu-
larly developed, long first-order branches and
less frequent adventitious branches (Fig. 3),
whereas those growing in fully wave-exposed
places produce a few long branches (Fig. 4),
or short branches (Fig. 5) and numerous ad-
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Figs. 14, 15.

specimen (double arrows showing two corps en cerise).

ventitious branches.

Vegetative structures

Superficial cells and trichoblast cells in-
clude usually single or sometimes double corps
en cerise (Figs. 8-15). These corps en cerise are
6-12 #m in diameter in superficial cells near
apices of branches and 4-10 #m in trichoblast
cells. The superficial cells of lower main axes
of younger thalli are regularly arranged in
many longitudinal rows in surface view, elon-
gated longitudinally, 60-125 #m long by 45-
75 pm wide, while those of older thalli
become more irregular in arrangement due to
further development of cortical cells which are
15-40 #m long by 10-20 #m wide and are in-
termixed with larger cells. The superficial
cells gradually become shorter and narrower
upward. They are nearly round to elongated
laterally in the apical portions of main axes
and branches of any order, 9-18 #m long by
20-30 #m wide in surface view. Surface cells
in transverse section are 60-90 #m thick at the
lower main axes, 24-40 pm thick at the the ap-

Laurencia saitoi. Trichoblasts, showing corps en cerise (arrows): 14, Orii specimen; 15, Mera
Scale bar=>50 #m in Fig. 15 also applies to Fig. 14.

ical portions of main axes and branches of any
order. These superficial cells do not form a
palisade layer. Secondary longitudinal pit-
connections are formed between adjacent su-
perficial cells. These superficial cells pro-
trude slightly at the apices of younger

Fig. 16.
of a branch, showing chloroplasts in inner cortical
cells. Scale bar=50 pm.

Laurencia saitoi. Transverse section
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Sea of Okhotsk
1

[ )

Hokkaido

Pacific Ocean

Fig. 17.

branchlets (Figs. 10, 11). The superficial cells
contain small, discoid chloroplasts (Figs. 8, 9),
but the chloroplasts of inner cortical cells are
reticulate (Fig. 16). No lenticular thicken-
ings are present in the walls of the medullary
cells.

Reproductive structures

Reproductive  structures have been
described in detail by Saito (1967) and have
been confirmed during the present study.
Some supplementary data are given here.

Geographical distribution of Laurencia saitoi in Japan.

Tetrasporangia are formed in acropetal suc-
cession on the first- to fourth-order ordinary
branches and adventitious branches. In
younger reproductive plants tetrasporangia
are formed on the first- to second-order bran-
ches, but the tetrasporangium formation ex-
tends further third- to fourth-order branches
with age. The tetrasporangial portions are
variable in length and in diameter according
to the season and 0.2-4.5 mm long and 0.3-
0.5mm wide. Mature tetrasporangia are
120-160 gm long and 110-130 ym wide.
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Cystocarps are ovoid and formed on the
first- to fourth-order ordinary branches and
adventitious branches. Well-developed cys-
tocarps are 700-1050 ypm long and 600-
860 ym wide.

Spermatangia are formed in the apical
depressions of the first- to fourth-order
branches and adventitious branches. These
spermatangial conceptacular branchlets are
thick at their terminal portions and 400-1240
pm wide.

Geographical distribution

Laurencia obtusa sensu Saito is widely dis-
tributed along the coasts of the Pacific and the
Sea of Japan, and on the coast of Seto Inland
Sea (Fig. 17). These coasts are influenced by
the warm waters of the Kuroshio, the Tsushi-
ma and the Tsugaru Currents.

Discussion

Three basic types of attachment are known
in species of Laurencia: 1) a single primary dis-
coid holdfast only; 2) a single primary discoid
holdfast and stolon-like prostrate branches
from which secondary holdfasts are formed;
and 3) a single primary discoid holdfast and
secondary holdfasts formed on a prostrate
axis and/or descending branches (Cribb
1958). Many species have the second type of
attachment and the species with the first or
third type of attachment are relatively less fre-
quent (Cribb 1958, Dawson 1963, Saito and
Womersley 1974, McDermid 1988b). Lauren-
cta obtusa sensu Saito is characterized by a sin-
gle attachment, the primary discoid holdfast
from which numerous upright thalli devel-
op. It can be distinguished from many of
the other species of Laurencia with stolon-like
prostrate branches including genuine L. obtu-
sa in the British Isles (Turner 1808, Harvey
1848, Saito 1982). This feature was
confirmed by examination of specimens from
Ile Verte, Roscoff, France, on 30 June 1973
by T. Yoshida (SAP 030919, 030920).

The occurrence of secondary longitudinal
pit-connections between adjacent superficial
cells and the parallel arrangement of

tetrasporangia, which have been used as diag-
nostic features of subgenus Laurencia by Saito
(1967), are not completely correlated (Cribb,
1983, McDermid 1989, Wynne and Ballan-
tine 1991, Masuda unpublished observa-
tions), and it is questionable whether or not
these characters are significant at the sub-
generic level. However, Saito’s discovery of
these two characters has much contributed to
the distinction of species of this troublesome
genus and they can be used separately for the
discrimination of species. Laurencia obtusa
sensu Saito has both features by which the
alga is distinguished from many species with a
single discoid holdfast and without secondary
longitudinal pit-connections and the parallel-
type tetrasporangial - arrangement (Saito
1967. p. 73).

Fully mature plants of Laurencia obtusa sensu
Saito are characterized by the bushy habit
with crowded branches according to the
production of numerous adventitious branch-
lets. Plants growing in fully wave-exposed
places where they are also exposed to desicca-
tion at low tide produce numerous, short, de-
terminate adventitious branchlets which com-
pletely obscure the main axis (Figs. 4, 5).
Some such plants (Fig. 5) are similar in gross
morphology to L. snyderiae Dawson which is
known from southern California to Baja
California (Dawson 1944, 1963). Laurencia
snyderiae, however, has prostrate stolons
(Dawson 1944, 1963).

Single individuals of Laurencia obtusa sensu
Saito produce numerous upright thalli (ap-
proximately up to 250). Such large numbers
of upright thalli from a single discoid holdfast
are not known in any other species of Lauren-
cia. For the present study we counted all up-
rights from single discs using a dissecting
microscope. Laurencia crustiformans McDer-
mid may have a large number of uprights
developing from an expanded basal discoid
holdfast (McDermid 1989); however, the
arrangement of tetrasporangia of this
Hawaiian alga is of the right-angle type
(McDermid 1989).

The presence or absence of projecting cells
at branch apices is considered to be a useful
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specific feature of Laurencia (Yamada 1931,
Saito 1969, Cribb 1983, McDermid 1988b,
Zhang and Xia 1988). According to these
authors, several species such as L. mariannen-
sis Yamada, L. pinnata Yamada, L. galtsoff
Howe, L. majuscula (Harvey) Lucas, L.
carolinensis Saito, and L. doty: Saito have con-
spicuously projecting superficial cells by
which they can be distinguished from related
species. Superficial cells near the apices of
younger branches in Laurencia obtusa sensu
Saito are slightly projected above the thallus
surface, which is not the case in the genuine
L. obtusa (Saito 1982). This feature was also
confirmed by our observations of the speci-
mens from Roscoff, France mentioned above.

Corps en cerise are primarily reported in
members of the subgenus Laurencia (Feld-
mann and Feldmann 1950, 1958, Bodard
1968, Yoshida and Yoshida 1974, Notoya et
al. 1976, Young et al. 1980, Saito 1982,
McDermid 1988a, 1988b, Gil-Rodriguez and
Haroun 1992). Many species including
genuine L. obtusa have only one such body per
cell. Laurencia obtusa sensu Saito has one or
two corps en cerise, and L. microcladia Kitzing
(Feldmann and Feldmann 1958, as L. densa)
and L. majuscula (Gil-Rodriguez and Haroun
1992, Masuda and Kamura unpublished ob-
servations) have two or three. Although Gil-
Rodriguez and Haroun (1992) reported that
L. obtusa from the Canaries possesses 1-3 corps
en cerise, their species seems to be heterogene-
ous because of its two different basal systems:
stoloniferous branches and a discoid hold-
fast. Laurencia obtusa from Europe always has
a single corps en cerise (Feldmann and Feld-
mann 1950, 1958, Bodard 1968, Saito
1982). Living specimens of L. obtusa sensu
Saito collected along the coast of the Pacific,
at Wada and Tateyama, Chiba Prefecture,
and along the coast of the Sea of Japan, at
Heki, Yamaguchi Prefecture, at Hamada,
Shimane Prefecture, and at Okushiri and
Kamoenai, Hokkaido, always have one or
two corps en cerise. The presence or absence of
corps en cerise, or their number per superficial
cell is useful to distinguish several species simi-
lar in gross morphology quickly, although the

taxonomic usefulness is limited to living
material (McDermid, 1988a). These cell or-
ganelles are said to be the site of synthesis
and/or storage of the halogenated secondary
metabolites of Laurencia (Young et al. 1980).
Laurencia obtusa sensu Saito produces specific
sesqui-, di- and triterpenoids (Suzuki ¢t al.
1987, 1989, Takeda et al. 1990a, 1990b,
1990c), which have not been reported from
European L. obtusa (Erickson 1983).

A basal discoid holdfast, from which many
upright axes are produced, and crowded
branches due to the production of numerous
adventitious branchlets are distinctive features
of L. obtusa sensu Saito. Additionally, this spe-
cies can be distinguished from European L. 0b-
tusa by the absence of prostrate stolon-like
branches, the presence of projecting superfi-
cial cells and one or two corps en cerise within
each superficial and trichoblast cell. The
combinations of these features and other criti-
cal features of Laurencia such as terete thalli,
the occurrence of secondary longitudinal pit-
connections between adjacent superficial
cells, the parallel-type tetrasporangial arrange-
ment, and the absence of lenticular thicken-
ings distinguish L. obtusa sensu Saito from the
vast majority of the known species of the ge-
nus. Only a few species require further dis-
cussion.

A Pacific tropical to subtropical species,
Laurencia tropica Yamada, which has an ex-
panded discoid holdfast, differs from L. obtusa
sensu Saito in that it has very solidly car-
tilaginous thalli and corps en cerise are absent
(Masuda and Kamura unpublished observa-
tions on specimens collected at Okinawa Is-
lands).

Laurencia saitoi Perestenko (1980, p. 192,
fig. 251) described from tetrasporangial speci-
mens collected in Peter the Great Bay, Russia
seems to be more similar to L. obtusa sensu
Saito, although her description lacks details of
some characters now considered to be neces-
sary for comparison of species of this genus.
Laurencia saitoi, which has a single discoid
holdfast, possesses secondary pit-connections,
but the tetrasporangial arrangement was not
described. Perestenko (1980) considers L.
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saitoi to be most allied to L. obtusa sensu Saito
(1967) and distinguishes L. sastoi from L. obtu-
sa sensu Saito by: the smaller dimension of thal-
li (2-6 cm tall); fewer orders of branches (up
to third); and branches issuing at right angles
to the parent axis. The last feature is clearly
shown in an illustration (Perestenko 1980, fig.
251). Plants of Laurencia obtusa sensu Saito
growing in calm places have such branches
(Fig. 6), whereas plants growing in wave-ex-
posed places have branches with acute angles
to the parent axis. Perestenko (1980) did not
mention the number of upright axes from sin-
gle discoid holdfasts, the presence of adventiti-
ous branches, projecting superficial cells, and
the presence or absence of corps en cerise. As
her material was collected in early August,
her observations may have been based on
younger reproductive plants with smaller thal-
li and fewer orders of branches and without
adventitious branches.

Seasonal variation in the morphology of
Laurencia obtusa sensu Saito growing along the
west coast of Hokkaido can be summarized as
follows. Plants have less abundant adventiti-
ous branches during June and July and later
produce more adventitious branches. As
reproductive stages advance, branches of a
further fourth order become apparent. It is
likely that L. saito: shows the similar seasonal
variation in Peter the Great Bay. On the ba-
sis of this consideration and relative ge-
ographical proximity of these two algae in the
Sea of Japan, it is reasonably concluded that
they are conspecific.

Of the species of Laurencia found in
Japanese waters, L. saitoi is most adapted to
higher tidal zone and is thus exposed to more
desiccation. This species must therefore
have a higher tolerance to desiccation than
the other species. Crowded branches and
crowded upright axes may have adaptive ad-
vantage to the higher tidal zones, because
these features are probably effective in the
retention of water during low tide.

Development of the first-order branches in
Laurencia saitoi may also be affected by environ-
mental conditions.  Plants growing in
sheltered places such as tidal pools or bays

form many, regularly developed, long
branches, whereas those growing in fully wave-
exposed places form short branches, or a few
long branches. Dawson (1963, p. 458) report-
ed the wide range of gross morphological vari-
ation under different habitats from quiet-
water bays to surfy shores for L. pacifica Kylin
distributed along the Pacific coast of the Unit-
ed States and Mexico. This species assumes
a more diffuse habit in quiet-water habitats,
but it has percurrent axes on wave-exposed
shores. Furthermore, Masuda et al. (1992)
described a similar situation in L. nipponica
Yamada.

The occurrence of Laurencia obtusa sensu
stricto in the western Pacific (Collins 1919,
Howe 1924, Inagaki, 1933, Cribb 1958, Saito
1969, Tseng 1983, Zhang and Xia 1988) is
questionable. Inagaki’s (1933) voucher speci-
mens deposited in SAP (014156, 048137,
048138) are not L. obtusa, but represent three
different species, viz, L. venusta Yamada
(014156), L. intricata Lamouroux (048137)
and L. nipponica Yamada (048138). Cribb
(1958) reported L. obtusa from southeastern
Queensland, Australia; however, he states
that “one to several erect axes [arising] from a
discoid holdfast without accessory
stoloniferous attaching branches”, indicating
a misidentification. Further studies of the sta-
tus of Laurencia obtusa in the western Pacific
are clearly needed.

Acknowledgements

We are grateful to Professor Tadao Yoshi-
da, Hokkaido University, and Professor
Michael D. Guiry, National University of
Ireland, for their criticism of the
manuscript. We also thank Dr. Hideo
Ohba, Tokyo University of Fisheries, Dr.
Shigeo Kawaguchi, Kyushu University, and
Mr. Shogo Arai, Marine Algae Research
Co., for providing specimens.

References

Bodard, M. 1968. L’infrastructure des “corps en cerise”
des Laurencia (Rhodomelacées, Ceramiales). C. R.
Acad. Sci. Paris, Sér. D 266: 2393-2396.



Laurencia saitor 17

Collins, F. S. 1919. Chinese marine algae. Rhodora 21:
203-207.

Cribb, A. B. 1958. Records of marine algae from south-
eastern Queensland—III. Laurencia Lamx. Univ.
Queensland Pap. Dep. Bot. 3: 159-191.

Cribb, A. B. 1983. Marine algae of the southern Great
Barrier Reef. Part I Rhodophyta. Australian Coral
Reef Society, Handbook No. 2.

Dawson, E. Y. 1944. Notes on Pacific coast marine al-
gae, I. Bull. So. Calif. Acad. Sci. 43: 95-101.
Dawson, E. Y. 1963. Marine red algae of Pacific Mexi-
co. VIII. Ceramiales: Dasyaceae, Rhodomelaceae.

Nova Hedwigia 6: 401-481.

Erickson, K. L. 1983. Constituents of Laurencia. p. 131~
257. In P.J. Scheur [ed.] Marine natural products,
vol. 5. Academic Press, New York.

Feldmann, J. and Feldmann, G. 1950. Les “corps en
cerise” du Laurencia obtusa (Huds.) Lamour. C. R.
Acad. Sci. Paris, 231: 1335-1337.

Feldmann, J. and Feldmann, G. 1958. Recherches sur
quelques floridées parasites. Rev. gén. Bot. 65: 49—
127.

Gil-Rodriguez, M. C. and Haroun, R. 1992. Laurencia
viridis sp. nov. (Ceramiales, Rhodomelaceae) from
the Macaronesian Archipelagos. Botanica Marina
35: 227-237.

Harvey, W. H. 1848. Phycologia britannica... Pls. 145-
216. Reeve and Benham, London.

Howe, M. A. 1924. Chinese marine algae. Bull. Torrey
Bot. Club 51: 133-144.

Inagaki, K. 1933. Marine red algae of Oshoro Bay and
its vicinity. Sci. Pap. in Japanese Inst. Alg. Res.,
Fac. Sci., Hokkaido Imp. Univ. 2: 1-77 (in
Japanese).

Masuda, M., Abe, T. and Saito, Y. 1992. The con-
specificity of Laurencia yendoi Yamada and L. nipponi-
ca Yamada (Ceramiales, Rhodophyta). Jpn. ]J.
Phycol. 40: 125-133.

McDermid, K.J. 1988a. Section V. Laurencia
(Rhodophyta, Rhodomelaceae). Introduction. p.
221-229. InI.A. Abbott [ed.] Taxonomy of Econom-
ic Seaweeds with references to some Pacific and Car-
ibbean species, Vol. II. California Sea Grant Col-
lege Program, La Jolla.

McDermid, K. J. 1988b. Laurencia from Hawaiian Is-
lands: key, annotated list, and distribution of the spe-
cies. p. 231-247. In 1. A. Abbott [ed.] Taxonomy of
Economic Seaweeds with references to some Pacific
and Caribbean species, Vol. II. California Sea
Grant College Program, La Jolla.

McDermid, K. J. 1989. Laurencia crustiformans sp. nov.
(Ceramiales, Rhodophyta) from the Hawaiian Is-
lands. Phycologia 28: 352-359.

Notoya, M., Suda, M. and Saito, Y. 1978. Spore germi-
nation and life history of Laurencia pinnata Yamada.
Bull. Fac. Fish. Hokkaido Univ. 29: 1-6 (in
Japanese).

Okamura, K. 1902. Nippon Sorui Meii. Keigyosha,

Tokyo (in Japanese).

Okamura, K. 1922. Icones of Japanese Algae. Pub-
lished by the author, Tokyo 4 (9).

Okamura, K. 1936. Nippon Kaiso Shi. Uchida Rokaku-
ho, Tokyo (in Japanese).

Perestenko, L. P. 1980. Algae of Peter the Great Bay.
Nauka, Leningrad (in Russian).

Saito, Y. 1967. Studies on Japanese species of Laurencia,
with special reference to their comparative morpholo-
gy. Mem. Fac. Fish., Hokkaido Univ. 15: 1-81.

Saito, Y. 1969. The algal genus Laurencia from the
Hawaiian Islands, the Philippine Islands and adja-
cent areas. Pac. Sci. 23: 148-160.

Saito, Y. 1982. Morphology and infrageneric position of
three British species of Laurencia (Ceramiales,
Rhodophyta). Phycologia 21: 299~306.

Suzuki, T., Takeda, S., Suzuki, M., Kurosawa, E.,
Kato, A. and Imanaka, Y. 1987. Cytotoxic squa-
lene-derived polyethers from the marine red alga
Laurencia obtusa (Hudson) Lamouroux. Chem. Lett.
1987: 361-364.

Suzuki, T., Takeda, S., Hayama, N., Tanaka, I. and
Komiyama, K. 1989. The structure of brominated
diterpene from the marine red alga Laurencia obtusa
(Hudson) Lamouroux. Chem. Lett. 1989: 969-970.

Takeda, S., Iimura, Y., Tanaka, K., Kurosawa, E. and
Suzuki, T. 1990a. A new naturally occurring ra-
cemic compound from the marine red alga Laurencia
obtusa (Hudson) Lamouroux. Chem. Lett. 1990:
155-156.

Takeda, S., Kurosawa, E., Komiyama, K. and Suzuki,
T. 1990b. The structures of cytotoxic diterpenes
containing bromine from the marine red alga Lauren-
cia obtusa (Hudson) Lamouroux. Bull. Chem. Soc.
Jpn. 63: 3066-3072.

Takeda, S., Matsumoto, T., Komiyama, K., Kurosawa,
E. and Suzuki, T. 1990c. A new cytotoxic diter-
pene from the marine red alga Laurencia obtusa (Hud-
son) Lamouroux. Chem. Lett. 1990: 277-280.

Turner, D. 1808. Fuci... vol. 1. J. M’Creery, London.

Wynne, M.J. and Ballantine, D.L. 1991. Laurencia
iridescens sp. nov. (Rhodomelaceae, Ceramiales)
from the Caribbean Sea. Phycologia 30: 394-401.

Yamada, Y. 1931. Notes on Laurencia, with special refer-
ence to the Japanese species. Univ. Calif. Publ. Bot.
16: 185-310.

Young, D. N., Howard, B. M. and Fenical, W. 1980.
Subcellular localization of brominated secondary
metabolites in the red alga Laurencia snyderiae. J.
Phycol. 16: 182-185.

Yoshida, T. and Yoshida, M. 1974. “Corps en cerise”
found in Laurencia nipponica Yamada. Bull. Jap. Soc.
Phycol. 22: 156-159 (in Japanese).

Yoshida, T., Nakajima, Y. and Nakata, Y. 1990.
Check-list of marine algae of Japan (revised in
1990). Jpn. J. Phycol. 38: 269-320 (in Japanese).

Zhang, J. F. and Xia, B. M. 1988. Laurencia from Chi-
na: key, list and distribution of the species. p. 249~



18 Masuda, M. and Abe, T.

252. In 1. A. Abbott [ed.] Taxonomy of Economic

bean species, Vol. II. California Sea Grant College
Seaweeds with references to some Pacific and Carib-

Program, La Jolla.

BmEX - FIERIE LRI FL Y/ VE20T

BARRWIA 2% L, Laurencia obtusa (Hudson) Lamouroux & M T EIALE~F vV v (7o=Y 2H) 13,
BEBEE RS L, FUROERTREMNRE TS RO 7 5 vAMEOEH 1 Frk2BTHB &
T, AFY) AHEYHREBLREMETIHOFTMEIRRD, ~F VY VRIBEARBOY 3 — P AL KFBLLER
&1z L. saitoi Perestenko & A—ETH %, AMORMEGIE—OBRRGESIHLEHOEUGLYEL, £0
BEVECR L RERSBET D, BRAESORE, Thich)) BEXBBEROTEREI, £FHORE
LEBEMC L2ERVIADLND, (060 FLIRHILXILI05FE S TH JLiEAXFBRETHEYFERE)



Jpn. J. Phycol. (Sérui) 41: 19-28, March 10, 1993

Oxygen enhancement of photosynthetic 1#CO; fixation in a

freshwater diatom Nitzschia ruttner:
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Suzuki, K. and Tkawa, T. 1993. Oxygen enhancement of photosynthetic *CO, fixation in a freshwater
diatom Nitzschia rutineri. Jpn. J. Phycol. 41: 19-28.

Oxygen enhanced the rate of photosynthetic *CO, fixation in a freshwater diatom Nitzschia rutineri
Hust. The rate under 21% O, (79% N,) was 20 to 35% higher than that under 0% O, (100% N,), and
even under 10094 O,, the rate was almost the same or rather higher than that under 0% O,. The response
to oxygen similar to that in total photosynthesis rate was observed only in *C-incorporation into $-1,3-
glucans during photosynthesis. The photosynthetic response to oxygen concentrations was not affected by
the CO, concentration during photosynthesis in the presence and absence of 0.1 mM acetazolamide (AZA),
a carbonic anhydrase inhibitor, although AZA decreased the photosynthetic affinity for CO,, increasing
K/ for CO, from about 2 to 9 #M under 219 O,. Very high carbonic anhydrase activity, which was most-
ly extracytoplasmic, was observed only when the cells were adapted to air. '*C-incorporation into glycolate
during photosynthetic #CO, fixation was negligible under 219% O, and quite low even under 100% O, in
spite of the Cs-plant type '*C-labelling pattern of photosynthetic products. The oxygen enhancement of
CO, fixation in this diatom does not seem to be related to “CO, concentrating mechanism” but to photosyn-

thetic electron flow such as the Mehler reaction.

Key Index Words:
photorespiration—photosynthesis.

Photosynthetic CO, fixation in terrestrial
C; plants is inhibited competitively by oxygen
when CO, concentration is rate-limiting; by
30 to 50% even under atmospheric conditions
(21% O,, 0.035% CO,). Such oxygen inhibi-
tion is caused mainly by photorespiration
derived from the oxygenase activity of RuBP
carboxylase/oxygenase (Rubisco).

In algae, different types of oxygen effects on
photosynthesis have been reported. Unicellu-
lar algae such as Chlamydomonas reinhardtii
show almost no oxygen inhibition of photosyn-
thesis when grown under limiting-CO, condi-
tions (Lloyd et al. 1977, Spalding et al. 1983a,
b, Suzuki and Spalding 1989a, b). In air-
grown cells of Chlorella pyrenoidosa, oxygen inhi-

! Present address and address for correspondence;
Plant Eco-Physiology Laboratory, Tohoku National
Agricultural Experiment Station, Shimo-Kuriyagawa,
Morioka, Iwate, 020-01 Japan.

2 Abbreviations: AZA, acetazolamide;
ribulose-1,5-bisphosphate.

RuBP,

carbonic anhydrase—CO, concentrating mechanism—Nitzschia—oxygen effect—

bition was observed but was not sensitive to
CO; (Shelp and Canvin 1980, 1981). The
lack of CO,-sensitive O, inhibition in these al-
gae has been explained by the operation of a
CO; concentrating mechanism in air-adapted
cells (Badger et al. 1980) which eliminates pho-
torespiration by raising the CO,/O, ratio at
the site of Rubisco and traps any released pho-
torespiratory CO, very efficiently (Suzuki and
Spalding 1989b).

It has been reported in the cyanobacterium
Anacystis nidulans that oxygen enhanced the
rate of photosynthetic '*CO, fixation
(Miyachi and Okabe 1976). The enhance-
ment was observed only under COy-limiting
conditions and was highest under 10% Os,.
They proposed that oxygen is necessary for
providing the CO, supply to the site of Rubis-
co in this alga, but no evidence has been
presented for an oxygen requirement for the
COj-concentrating mechanism in any algal
species.
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Oxygen enhancement of photosynthetic
1#CQ, fixation has been also observed in a
cryptomonad, Chroomonas sp. (Suzuki and Ika-
wa 1984a, b, 1985). The oxygen enhance-
ment, however, was not affected by CO, con-
centration in this alga but was related to the
oxygen requirement of the photosystems un-
der light-saturating conditions to overcome
over-reduction.  The excessive electrons
produced in Chroomonas cells during photosyn-
thesis under light-saturating conditions seems
to be removed from photosystem I by the
Mehler reaction to keep adequate levels of
ATP and NADPH for CO; fixation (Suzuki
and Ikawa 1984a, b, 1985). The oxygen en-
hancement was saturated under 2% O,, and
under higher oxygen concentrations photosyn-
thesis in Chroomonas sp. showed a COy-insensi-
tive inhibition (Suzuki and Ikawa 1984a,
1985) similar to that reported in C. pyrenoido-
sa.

In this paper, we report an oxygen enhance-
ment of photosynthetic *CO, fixation in a
freshwater diatom Nitzschia ruttneri, which ap-
pears to have a different cause from that in
Anacystis nidulans or Chroomonas sp.

Material and Methods

The freshwater diatom Nitzschia ruttneri
Hust. (NT-1A) is a gift from Dr. Isao Inouye,
Institute of Biological Sciences, University of
Tsukuba, Tsukuba, Ibaraki, Japan. The
cells were grown axenically in 1-liter
Sakaguchi flasks containing 500 m/ of a liquid
medium modified from the FWT medium
(Darley and Volcani 1971), which has the
following composition: Ca(NO;),-4H,0,
0.15g; K,HPO,, 0.05g; MgSO,, 0.025g;
Na,SiO,-9H,0, 0.5 g; Darley and Volcani’s
trace elements, 1 m/; Bacto-tryptone, 0.5 g;
glycylglycine, 0.5g; in 1 liter of distilled
water, pH 7.6. The cells were illuminated
with cool-white fluorescent tubes at an intensi-
ty of about 12-15 W-m™2 at the culture flask
level, using 12-h light 12-h dark cycle, and
bubbled continuously with filtered air without
supplementary CO,, at 18°C.

Cells in the late log phase of growth (6-7

days old) were harvested by centrifugation at
200 X g for 5 min and resuspended in 20 mM
HEPES-KOH buffer, pH 7.6 (containing the
inorganic components of the growth medi-
um).

Photosynthetic *CO, fixation experiment
and the analysis of products were performed
as described previously (Suzuki and Ikawa
1984a, 1985). One ml of cell suspension
(about 10 ¢g Chl) was placed in spitz-type test
tube (16X 150 mm) at 20°C. COy-free gas
mixtures with known ratios of O,/N, were
bubbled at 120 m/-min~! through the algal
suspension during the experiments. After
10 min-illumination with a halogen lamp at
200 W-m™!, photosynthetic CO, fixation was
started by injecting NaH*CQO; and stopped
5 min later by adding boiling ethanol to a con-
centration of 80% (v/v). For time-course ex-
periments, 6ml/ of algal suspension was
placed in a test tube. After injecting
NaHCO;, 1-m!/ aliquots of algal suspension
were removed at intervals and put into a test
tube containing 4m/ of boiling ethanol.
Analysis of *COy-fixation products was per-
formed using two-dimensional paper chro-
matography and the subsequent radioau-
tography (Suzuki and Ikawa 1984a, 1985).

Carbonic anhydrase assays were performed
by monitoring the pH change at 2°C in
25 mM barbital-buffered solution (Spalding
and Ogren 1982). Enzyme units were calcu-
lated from the equation: U=t,/t,—1, where t,,
and t, represent the time (sec) measured for
the pH change (8.0 to 7.5) with buffer alone
(t») and with sample (t;) (Suzuki and Spalding
1989b).

Chlorophyll was determined after extrac-
tion into 80% (v/v) ethanol (Suzuki and Ika-
wa 1984a).

Results

Oxygen effect on the rate of photosynthesis

Figure 1 shows the relative rate of photosyn-
thetic 1*CO, fixation in a diatom Nitzschia rut-
tneri under different concentrations of oxy-
gen. The photosynthesis rate was highest
under 21% O, and was higher by 20 to 35%
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than that under 09§ O,. The rate under
100% O, was 10 to 30% lower than that un-
der 21% O,, and was almost the same or
slightly higher than that under 09 O, in most
of the experiments. This phenomenon, the
oxygen enhancement of photosynthesis, ap-
pears similar to that reported in Anacystis nidu-
lans, where the photosynthetic maximum was
at around 10% O, (Miyachi and Okabe
1976). The oxygen enhancement in 4. nidu-
lans was observed only under COy-limiting
conditions. In N. ruttneri, however, the oxy-
gen enhancement was observed at all NaHCO;
concentrations tested and the response of pho-
tosynthesis to oxygen was not affected by
NaHCO3; concentration at least within the
range from 0.08 to 1.7mM (pH 7.6) (Fig.
2). This CO, insensitivity in the oxygen
effect is very similar to that in Chroomonas. sp.,
although photosynthesis was highest under

2% Og in Chroomonas (Suzuki and Ikawa
1984a). The K, of photosynthetic *CO,
fixation for NaHCOj; was lower than 50 4M
(about 2 uM CO, at pH 7.6) under 0% O,,
21% O, and 100% O, in N. ruttneri (Fig. 2),
which is very close to that of Chroomonas sp.
(Suzuki'and Ikawa 1984a) or that of Chlamydo-
monas reinhardtii (Suzuki and Spalding 1989b).

4C-labelling pattern during photosynthetic 1#CO,
Jfixation

Figure 3 shows the percentage *C-incorpo-
ration into individual products in the 80%
ethanol soluble fraction during photosynthe-
tic 1#CO, fixation under 21% O, at 0.66 mM
NaHCO; (33 uM CO, at pH7.6). About
859% was incorporated into 3-phosphoglycer-
ate, and more than 90% was in phosphate es-
ters, after 12 sec of 1*CO, fixation. The per-
centage incorporation into 3-phosphoglycer-
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Fig. 2. Effect of oxygen on photosynthetic *CO, fixation at various NaHCOj; concentrations. A, 0% O,;
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ate decreased with increasing time. No such
negative curve was observed for *C-incorpo-
ration into other products, and no more than
6% of 1*C in the soluble fraction was found in
C, acids, aspartate and malate, after 12 sec.
These results suggest that 3-phosphoglycerate
is the initial stable product of photosynthetic
CO, fixation and that the photosynthetic path-
way in this diatom is very similar to that of Cs
plants. However, "*C-incorporation into the
products involved in photorespiration, such
as glycolate, glycine and serine, was very low
during 10-min photosynthesis under 21% O,.

Total !*C incorporated into acid-stable
products increased almost linearly for 10 min
after NaH!*COj addition, but a large portion
(about 749% ) of the *C fixed was found in the
80% ethanol-insoluble fraction after 10 min;
whereas only about 30% was found after
1 min (data not shown). Preliminary studies
using fB-1,3-glucanase showed that most of
14C in the insoluble fraction seems to be incor-
porated into f-1,3-glucans, at least during
5 min of *CO, fixation (data not shown).

Effect of oxygen on #C distribution among the
products

Table 1 shows the effect of oxygen on C-
distribution among individual products dur-
ing photosynthetic *CO, fixation. Percent
14C-incorporation into glycolate, glycine and
serine, which are photorespiratory products
in green plants, was very low, and that in gly-
cine and serine did not increase with increas-
ing oxygen, although that in glycolate was in-
creased slightly. Percentage in glycine and
serine, on the other hand, decreased with in-
creasing oxygen. The major part of 4C in
glycine and serine seems not to come from
photorespiration. Instead, percentages of
14C in glutamate and aspartate were increased
with increasing oxygen.

Percentage of *C in 3-phosphoglycerate
decreased with increasing oxygen, while the
other phosphate esters showed no significant
change. Relative *C-incorporation into the
809% ethanol-insoluble fraction, mostly 5-1,3-
glucans (so-called crysolaminalin), was max-
imal under 21% O, where the photosynthetic
rate was highest. However, percentage in
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Fig. 3. Percentage distribution of 1*C in individual products of 80% ethanol-soluble fraction versus time of
photosynthetic *CO, fixation under 21% O, at 0.7 mM NaHCOs. Glucans, 8-1,3-glucans; P-esters, phosphate

esters other than PGA; PGA, 3-phosphoglycerate.

the soluble glucans was highest under 0% O,
and decreased with increasing oxygen.

The relatively high *C-incorporation into
3-phosphoglycerate and soluble glucans un-
der 0% O, suggests that the cause of oxygen

enhancement is related to energy supply.
However, an accumulation of *C-triose phos-
phate under anaerobic condition (Suzuki and
Ikawa 1985) was not observed.
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Table 1.

Effect of oxygen on distribution of *C among the products after 5-min of photosynthetic *CO, fixa-

tion in Nitzschia ruttneri at 0.7 mM NaHCOs, pH 7.6 and 20°C. Chl content in the cell suspension was 12 pg-mi~!.

O, concentration in bubbling gas

product 0% 21% 100%
amount® % amount? % amount? %
(origin) 0.2 0.0 0.2 0.0 0.1 0.0
phosphate esters 79.0 20.7 99.9 15.6 77.4 13.5
3-PGA® 65.3 17.1 81.3 12.7 56.7 9.9
others . 13.8 3.6 18.6 2.9 20.6 3.6
aspartate 12.3 3.2 24.3 3.8 37.2 6.5
glutamate 6.9 1.8 16.6 2.6 49.3 8.6
Gly+Ser® 4.0 1.0 5.1 0.8 4.8 0.8
citrate 0.4 0.1 0.3 0.0 1.1 0.2
malate 1.5 0.4 4.5 0.7 4.6 0.8
glycolate 0.0 0.0 1.3 0.2 8.0 1.4
glutamine 0.0 0.0 0.6 0.1 2.3 0.4
alanine 2.9 0.8 3.8 0.6 5.7 1.0
lipids 42.8 11.2 54.4 8.5 74.5 13.0
s.glucans? 34.8 9.1 48.0 7.5 26.4 4.6
insoluble® 175.6 46.0 369.4 57.7 272.2 47.5
others 21.4 5.6 11.8 1.8 9.7 1.7
total 381.7 (100) 640.2f (100) 573.3 (100)

a2 dpm-ng Chl™!; ® 3-phosphoglycerate; ° glycine and serine; ¢ 8-1,3-glucans in 80% ethanol-soluble fraction; ¢ 80%

ethanol-insoluble fraction; f62.9 #mol-mg Chl~!-h~!.

Carbonic anhydrase

When the cells were grown under air, very
high carbonic anhydrase activity was ob-
served in the intact cell suspension and the
sonicate (Table 2). The activity from the in-
tact cells was at least 83% of that from the
sonicate, suggesting carbonic anhydrase in N.

Table 2.
in parenthesis is the standard error (n=3).

ruttneri is mostly extracytoplasmic as reported
in Chlamydomonas reinhardtii (Kimpel et al.
1983). The activity was inhibited 90% by
0.1 mM AZA (Table 2) and the K; value was
about 5 nM (data not shown). About 75% of
the activity was lost by adaptation to 3% CO,
for 24 h and mostly lost after 6-day growth

Carbonic anhydrase activity in the different enzyme preparations from Nitzschia ruttneri. Number

Cell type Preparation

Carbonic anhydrase activity
(units*/mg Chl in 3.5 m/)

Air-grown cells® intact cells
medium

sonicate

sonicate+0.1 mM AZA

24-h 3% CO,-adapted cells® sonicate
3% CO,-grown cellsd sonicate

386.0 (£4.7)
oe
465.1 (£7.8)
33.4 (£2.4)
60.0 (£4.0)
3.0 (£1.1)

® ty/t,— 1, where t, and t, represent the time (sec) measured for the pH change (8.3-7.3) with 25 mM barbital buffer

alone (t,) and with sample (t,) at 2°C.
b grown with aeration by air (ca. 0.04% CO,).

¢ aerated with air supplemented with 3% CO, for 24 h prior to use after grown under air.
4 grown for 6 days with aeration by air supplemented with 3% CO, after grown under air.

¢ not detected.
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Fig. 4. Effect of 0.1 mM acetazolamide on photosynthetic *CO, fixation under 21% O, at various
NaHCO; concentrations. O, control; ®, +0.1 mM acetazolamide. Chl content was 7.4 ggm/~!.

under 3% CO; (Table 2).

Effect of AZA on photosynthetic 1#CO, fixation

The rate of photosynthetic *CO, fixation
in N. ruttneri was inhibited only slightly by the
addition of 0.1mM AZA at 1.8mM
NaHCO; (Fig. 4). The inhibition by AZA,
however, increased with decreasing NaHCO;
concentration, causing a high K, value of
photosynthesis for NaHCOs3; about 150 #M,
compared to 50 uM without AZA. This sug-
gests that an extracytoplasmic carbonic anhy-
drase plays an important role in an inorganic
carbon utilizing mechanism in this diatom as
proposed in some unicellular algae (Imamura
et al. 1983, Tsuzuki 1983, Marcus ef al. 1984,
Moroney and Tolbert 1985, Moroney et al.
1985, Aizawa and Miyachi 1984, Siiltemeyer
et al. 1989). However, the addition of
0.1 mM AZA did not affect the photosynthe-
tic response to oxygen under either 0.095 or
0.75 mM NaHCO:; (Fig. 5).

Discussion

Oxygen enhancement of photosynthesis

It was proposed that the oxygen enhance-
ment of photosynthesis in the cyanobacterium
Anacystis nidulans was related to an oxygen re-
quirement for a CO, concentrating mechan-
ism, based on the fact that the oxygen enhan-
cement was observed only under CO,-limit-
ing conditions without significant effect on
14C-distribution among the  products
(Miyachi and Okabe 1976). So far in algae,
however, there is no evidence for an oxygen
requirement for CO, concentrating mechan-
isms.

We also observed an oxygen enhancement
of photosynthetic *CO, fixation in a
freshwater diatom Nitzschia ruttneri, with the
enhancement being greatest under 21% O,
(Fig. 1). This diatom has characteristics
which strongly suggest the operation of a
CO,-concentrating mechanism when adapted
to air, such as a very high affinity of photosyn-
thesis for CO, in air-grown cells (Fig. 2),
sensitivity to AZA (Fig. 4), and a high ex-
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tracytoplasmic activity of carbonic anhydrase
observed only in air-grown or air-adapted
cells (Table 2). The mechanism seems to be
similar to that proposed in unicellular
freshwater green algae such as C. reinhardti
(Badger et al. 1980, Suzuki and Spalding
1989b, Suzuki et al. 1990), rather than that
proposed in the marine diatom Phaeodactylum
tricornutum in which extracytoplasmic car-
bonic anhydrase was not detected and AZA
did not affect the photosynthetic affinity for
CO; (Patel and Merrett 1986, Dixon and Mer-
rett 1988). Thus, it seems unlikely that the
mechanism proposed in P. tricornutum occurs
generally in the diatoms, but it is still not
clear if the differences between the two dia-
toms come from the difference in their
habitats, freshwater or marine, or not.

It seems unlikely that oxygen stimulates the
inorganic carbon utilizing mechanism in
Nitzschia rutineri as proposed in A. nidulans
(Miyachi and Okabe 1976), because the oxy-
gen effect in N. ruttneri was not sensitive to CO,
concentration (Fig. 2) even in the presence of

AZA (Fig. 5). The cause of the oxygen en-
hancement in N. ruttneri may be rather similar
to that in Chroomonas sp, although the enhance-
ment in N. ruttneri appears to require higher
O, concentration.

In Chroomonas, when exposed to light-
saturating conditions, photosynthetic CO,
fixation under 0% O, was inhibited by ATP
deficiency which was derived from an over-
reduction of photosynthetic electron transport
via the inhibition of both cyclic and pseu-
docyclic photophosphorylation (Suzuki and
Ikawa 1984b, 1985). The accumulation of
14C-dihydroxyacetone phosphate observed
during photosynthetic *CO, fixation in Chroo-
monas under 0% Oy (Suzuki and Ikawa
1985) can be explained as an indirect conse-
quence of the ATP deficiency. The high lev-
el of inorganic phosphate caused by ATP
deficiency should activate the phosphate trans-
locator across the chloroplast envelope,
which, in Chroomonas cells, might cause an ex-
cessive efflux of dihydroxyacetone phosphate
to cytozol where the accumulation should oc-
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cur. Thus, while the accumulation of di-
hydroxyacetone phosphate was not observed
in N. ruttner: (Table 1), it is possible to explain
the oxygen enhancement of photosynthesis in
N. ruttner: by a limitation in the ATP supply,
partly because !*C-incorporation into $-1,3-
glucans, which is supposed to require a sig-
nificant level of ATP supply, was affected by
oxygen almost in the same manner as total
1#CO, fixation rate while the percentage incor-
poration of #C into PGA was the highest un-
der N, (Table 1). Our preliminary work also
suggested an overreduction of photosynthetic
electron flow under 0% O,, in which the oxy-
gen enhancement in N. ruttneri disappeared
in the presence of DCMU (data not shown).
Further studies are necessary to confirm the
cause of the oxygen enhancement of photosyn-
thesis in N. ruttner:.

Photorespiration and oxygen inhibition of photosyn-
thesis

During 5 min of photosynthesis under 21%
O,, almost no glycolate formation was ob-
served in air-grown cells of N. ruttneri (Table
1), as reported in some other algae such as
Chroomonas sp. (Suzuki and Ikawa 1985)
and Chlamydomonas reinhardtii (Suzuki et al.
1990). In Chlamydomonas grown under 5%
CO,, when a CO, concentrating mechanism
was not operational, not less than 6% of 1#C
fixed was incorporated into glycolate (Suzuki
et al. 1990). It is unlikely that the quite low
level of **C-incorporation into glycolate is due
to a high turn-over rate of glycolate
metabolism, because the activity of glycolate
dehydrogenase in the crude extract from this
diatom was only about 5 #mol DCPIP reduc-
tion-mg Chl~!-h~! at 8 mM glycolate, and
the K,, value for glycolate was much lower
than those in green algae (data not shown;
ref. Paul and Volcani 1974, Suzuki ef al.
1991). Thus, while photosynthesis in N. ruz-
tneri is inhibited by increasing oxygen concen-
tration from 21 to 100% (Fig. 1), it does not
seem to be caused by photorespiration but by
a reaction such as the Mehlar reaction as sug-
gested in Chroomonas sp. (Suzuki and Ikawa
1984a, 1985). Glycolate synthesis seems to

be strongly suppressed in this diatom even un-
der extremely high O, concentrations, proba-
bly by a CO, concentrating mechanism as
proposed in Chlamydomonas in which the sup-
pression of photorespiration is due to the
raised CO,/O, ratio at the site of RuBP car-
boxylase/oxygenase (Badger e al. 1980).
However, as the accumulation of inorganic
carbon in the cells has not been demonstrated
in the diatoms, and as AZA did not sig-
nificantly stimulate photorespiration in N. rut-
tneri, it seems likely that some component(s)
other than carbonic anhydrase plays a more
important role in suppressing photorespira-
tion in the diatoms.
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The morphology and life history of Japanese Petalonia zosterifolia were studied based on materials col-
lected from sixteen localities. Erect thalli collected in the field were flat, linear, basically solid or with small
cavities, attaining 20(-30) cm in length and 0.5-8 mm in width. Plurilocular sporangia were closely
packed without paraphyses. In culture, swarmers from plurilocular sporangia developed into filamentous
prostrate thalli (microthalli) that formed unilocular sporangia. The prostrate thalli never developed into
distinctly crustose thalli. Erect thalli (macrothalli) issued directly from the prostrate thalli, and developed
best in temperature less than 10°C and short day conditions, and formed plurilocular sporangia. In some
isolates, unilocular sporangia also formed on the erect thalli bearing plurilocular sporangia. Swarmers
from plurilocular and unilocular sporangia developed in the same manner as the original plurispores,
representing a direct type of life history. Sexual reproduction was not observed.

Field plants collected at Oshoro, Hokkaido, which were morphologically referable to Compsonema saxicolum
(Kuckuck) Kuckuck, developed in culture into erect thalli identical with Petalonia zosterifolia. Therefore,

Compsonema saxicolum is considered to be a sporophytic stage of P. zosterifolia.

Key Index Words: Compsonema saxicolum—Life history—Petalonia zosterifolia— Phaeophyceae—
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In the genus Petalonia Derbeés et Solier,
three species are generally recognized; P. fas-
cia (O.F. Miller) O. Kuntze, P. zosterifolia
(Reinke) O. Kuntze and P. filiformis (Batters)
O. Kuntze (Wynne 1969, Fletcher 1987).
Petalonia zosterifolia is distributed along the
North Atlantic coast (Newton 1931, Hamel
1931-39, Rosenvinge and Lund 1947) as well as
the North Pacific coast [Setchell and Gardner
(1925) as Ilea fascia f. zosterifolia Setchell et
Gardner].

The life history of Petalonia zosterifolia has
been studied in culture by several authors.
Dangeard (1962, 1963) reported a hetero-
morphic life history alternating between erect
thalli (macrothalli) forming plurilocular
sporangia and filamentous prostrate thalli
(microthalli) forming unilocular or plurilocu-
lar sporangia, based on the materials collect-
ed at Gironde, France. However, Wynne
(1969 pp. 51, 52) doubted the taxonomic

assignment of Dangeard’s material as P. zos-
terifolia, because a part of his culture bearing
ectocarpoid plurilocular sporangia on the
prostrate thalli contained more than one
plastid in each vegetative cell. On the other
hand, Dangeard (1963 pp. 25, 30, 42-44) also
reported sessile plurilocular sporangia based
on different isolates. The swarmers from
these sessile plurilocular sporangia did not
form erect thalli and unilocular sporangia.
On British materials, Fletcher (1974) report-
ed a direct type of life history in which erect
thalli issued directly from the filamentous
prostrate thalli. On materials from North
Carolina, Boone and Kapraun (1989) report-
ed the occurrence of erect thalli and filamen-
tous prostrate thalli with unilocular sporan-
gia.

Based on study of Japanese material,
Nakamura and Tatewaki (1975) reported a
heteromorphic and biphasic life history includ-
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Table 1. Localities and collection dates of
Japanese Petalonia zosterifolia used for morphological
observations, and no. of culture strains established
from them.

Locality Collection date Cslt':::;e
Oshoro 11 March 1987 2
Oshoro 7 November 1987 3,4
Oshoro 9 December 1987 5,6
Oshoro 21 January 1988 7,8
Oshoro 17 February 1988

Oshoro 18 March 1988

Oshoro 14 May 1988 9
Ofuyu 2 May 1988 14
Rausu 1 July 1988 17
Hanasaki 7 September 1987 13
Akkeshi 30 June 1988 15
Akkeshi 14 July 1988 16
Hiroo 12 February 1989 20
Samani 11 February 1989 19
Muroran 22 January 1989 18
Shikabe 4 March 1986 1
Kashiwazaki 27 March 1988 21
Shiiya 27 March 1989
Shirakami-Misaki 19 March 1987 12
Esashi 15 May 1988

Setana 18 March 1987 11
Shiraito-Misaki 18 March 1987 10
Iwanai 1 May 1988

ing sexual reproduction. However, their
material had unicellular paraphyses among
plurilocular sporangia. Such paraphyses are
uncommon in P. zosterifolia, so their findings
require reexamination. Therefore, the aim
of this study was to reexamine the morpholo-
gy and life history of Petalonia zosterifolia from

Japan.

Materials and Methods

Localities and collection dates of the materi-
als for morphological and culture studies are
shown in Table 1 and Fig. 1. For morpholog-
ical observations both living materials and
preserved materials in 5% formaldehyde-sea-
water were used. The following herbarium
specimens were also examined; Esashi, 3

April 1943 (SAP 042481); Esashi, 3 April
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Fig. 1. Collection sites of Japanese Petalonia
zosterifolia examined in the present paper.

1944 (SAP 025419); Setana, 28 March 1945
(SAP 025362); Sirakami-Misaki, 7 April
1947 (SAP 042483). We also examined her-
barium specimens of P. zosterifolia from which
the cultures of Nakamura and Tatewaki
(1975) were established, collected at Muroran
on 30 March 1967.

Cultures were started from the swarmers
released from plurilocular sporangia on erect
thalli. The swarmers were pipetted onto
cover glasses and cultured in glass vessels con-
taining 100 ml of PESI medium (Tatewaki
1966). Filamentous thalli morphologically
referable to Compsonema saxicolum (Kuckuck)
Kuckuck were collected at Oshoro on 23 Sep-
tember 1989. Unialgal culture of Compsonema
was started from fragments of the thalli.
Penicillin G potassium (48 U/ml) and GeO,
(0.005 mg/ml) were added at the beginning of
the culture of Compsonema in order to suppress
the growth of bacteria and diatoms.

The sets of culture conditions used were
5°C SD (short day; 8 : 16 h light : dark cycle),
5°C LD (long day; 16 : 8 h light : dark cycle),
10°C SD, 10°C LD, 15°C SD, 15°C LD,
20°C SD and 20°C LD, under fluorescent
lighting of approximately 30-50 z#mol
m~2%7!
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Results

Morphology and phenology
Petalonia zosterifolia

Erect thalli are gregarious, linear, flat-
tened, simple, twisted in narrower thalli, 10-
20 (up to 30) cm long, 2-5 (0.5-8) mm wide
and tapered towards the base (Fig. 2). The
thalli are 60-120 #m in thickness, composed
of cortical cells (1-3 cells thick) and colorless
medullary cells (Figs. 3, 4). Each cell of the
thallus contains a plastid with a prominent

Figs. 2-7.
lected on 21 January 1988 at Oshoro.

pyrenoid. Medullary cells are rounded or
oval and 22-54 X 8-24 ym in size in transverse
section (Figs. 3, 4) and 20-270 #m (or more)
in length in longitudinal section (Fig. 6).
The thalli are solid or sometimes partly hol-
low. Rhizoidal filaments in the medullary
layer and phaeophycean hairs are rare. The
basal holdfast is composed of rhizoidal fila-
ments (Fig. 7), and never forms an expanded
mat.

Plurilocular sporangia may form anywhere
on the surface of the thalli, sometimes in sori

Habit and anatomy of Petalonia zosterifolia collected in the field. Fig. 2. Habit of the plant col-

Fig. 3. Cross-section of the sterile thallus having small cavities in the

medulla. Fig. 4. Cross-section of mature thallus bearing plurilocular sporangia. Fig. 5. Cross-section of mature

thallus showing plurilocular sporangia with a cuticle (arrowheads).

Fig. 6. Longitudinal section of mature

thallus. Fig. 7. Rhizoidal filaments at the basal part of thallus (arrows).
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which are often longitudinally elongated.
Maturation of the thallus occurs basipetally.
Plurilocular sporangia are closely packed,
covered with a cuticle and 14-40 ym (6-12
loculi) in height (Fig. 5). Paraphyses were
not observed.

P. zosterifolia is epilithic or epizoic, growing
in the upper littoral zone of exposed areas.
Erect thalli appeared in November and disap-
peared in May at Oshoro. Erect thalli were
collected in winter and spring at other locali-
ties except for Akkeshi and Hanasaki where
they were also observed in summer. Some
fertile plants were found in all collections.

Compsonema saxicolum

Plants of Compsonema saxicolum collected in
the field (Fig. 21) consisted of branched pros-
trate filaments and simple, uniseriate upright
filaments, forming small tusts of less than
1mm in diameter and up to 240 gm in
height. Cells of upright filaments measure 6-
14 pm in length and 7-12 pm in width. Cells
of prostrate filaments measure 8-18 ym in
length and 6-17 gm in width; they often form
secondary longitudinal walls. Each cell con-
tains a plastid with a prominent pyrenoid
(Fig. 22). Unilocular sporangia form on pros-
trate filaments with pedicels or sometimes ter-
minally on upright filaments (Fig. 21). They
are ovoid, 30-50 #m in length and 15-25 y#m
in width. Plurilocular sporangia were not ob-
served.

Herbarium specimens of Nakamura and
Tatewaki (1975)

The “P. zosterifolia” specimens of Naka-
mura and Tatewaki (1975) included a female
plant (marked as no. 18) and a male plant
(no. 25). They were 3mm in width, and
6.5 cm (female) and 9 cm (male) in length,
hollow throughout the length in cross section,
having plurilocular sporangia with unicellular
paraphyses.

Culture results
Petalonia zosterifolia

Swarmers released from plurilocular
sporangia were teardrop-shaped, 7-8 ym X 4-

5p¢m in size, laterally biflagellated with a
longer anterior and a shorter posterior flagel-
lum (Fig. 8). They contained a plastid with a
pyrenoid and a stigma. Sexual reproduction
and fragrant odors of sexual pheromones
were not observed. The swarmers showed
negative phototaxis, and then settled on the
substratum. Settled swarmers germinated in
1-5 days without leaving an emptied “embryo-
spore” wall (Figs. 9, 10). The germlings de-
veloped into prostrate thalli of branched fila-
ments from which uniseriate upright fila-
ments arose. The cells of prostrate filaments
also formed secondary longitudinal walls and
then sometimes became knotted. The pros-
trate thalli grew larger in higher temperature
conditions. They remained filamentous
(Fig. 11), and never formed compact disks.

Within a month, erect filaments with a hair
grew from the prostrate thalli, developing
into polystichous erect thalli (Figs. 11, 12).
The erect thalli were flat and solid (Fig. 13)
and often became twisted. The erect thalli de-
veloped in all conditions examined, but they
were more abundant under short day condi-
tions and grew larger under lower tempera-
ture conditions. They attained 2mm in
width and 10 cm or longer under 5°C SD con-
ditions, but were only 0.2 mm in width and
lcm in length under 20°C LD conditions.
The erect thalli formed closely packed
plurilocular sporangia covered with a cuticle
(Fig. 14). The sporangial walls were visible
after swarmer release (Fig. 15).

Prostrate thalli formed unilocular sporan-
gia only in strains no. 1, 2, 3, 5, 6, 7 (collect-
ed from Shikabe and Oshoro) (Fig. 16).
They were formed under all culture condi-
tions except 5°C in strain no. 1 and no. 5, un-
der long day conditions of 10°C, 15°C and
20°C in strain no. 2, and under 20°C LD con-
dition in strain no. 3, 6 and 7. Unilocular
sporangia were ovoid or ellipsoid, 60-
70 pm X 30-40 #m in length and width, sessile
or pedicellate on prostrate filaments (Fig. 17).

Swarmers released from unilocular sporan-
gia measured 7-8 yum X 4-5 ym in size (Fig.
18). They developed to filamentous prostrate
thalli that formed erect thalli in the same man-
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Figs. 8-20. Petalonia zosterifolia in culture. Fig. 8. Swarmer released from plurilocular sporangium on erect
thallus. Figs. 9, 10. Germlings of swarmers from plurilocular sporangium. Figs. 11, 12. Prostrate thalli and erect
thalli (arrowheads) issued from them. Fig. 13. Cross-section of flat and solid erect thallus. Fig. 14. Cross-section
of plurilocular sporangia on erect thallus. Arrowheads show a cuticle. Fig. 15. Emptied plurilocular sporangia on
mature erect thallus in surface view. Fig. 16. Prostrate thalli bearing unilocular sporangia (arrows), uniseriate
upright filaments (arrowheads) and erect thallus (double arrowhead). Fig. 17. Unilocular sporangium on knot-
shaped filament of prostrate thallus. Fig. 18. Swarmer released from unilocular sporangium on prostrate thallus.
Fig. 19. Unilocular sporangia on erect thallus. Fig. 20. Cross-section of the erect thallus bearing unilocular
sporangia.
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Figs. 21-29.
Squashed field thalli.

Compsonema saxicolum collected in the field (Figs. 21, 22) and in culture (Figs. 23-29). Fig. 21.

Fig. 22. An upright filament of field thallus showing one plastid with a pyrenoid in each

cell. Fig. 23. Unilocular sporangia (arrows), uniseriate upright filaments (arrowheads) and erect thallus (double
arrowhead). Fig. 24. Squashed preparation of prostrate thallus showing pedicellate unilocular sporangia (arrows)
and upright filaments (arrowheads). Fig. 25. Swarmer released from unilocular sporangium on prostrate thallus.

Fig. 26. Erect thalli on prostrate thallus.
(arrowheads).
plurilocular sporangium on erect thallus.

ner as those from plurilocular sporangia.

Strains no. 1 and 2 often formed ovoid ses-
sile unilocular sporangia on the erect thalli
together with plurilocular sporangia under
15°C and 20°C (strain no. 1) and 20°C LD
(strain no. 2) conditions (Figs. 19, 20).
Swarmers released from those unilocular
sporangia developed in the same manner as
those from plurilocular sporangia.

Fig. 27. Cross-section of erect thallus with plurilocular sporangia
Fig. 28. Plurilocular sporangia in cross-section of erect thallus.

Fig. 29. Swarmer released from

Compsonema saxicolum

In culture, Compsonema saxicolum formed ses-
sile or pedicellate unilocular sporangia on the
prostrate filaments under 10°C LD, 15°C
and 20°C conditions (Figs. 23, 24). Swarm-
ers released from them (Fig. 25) developed
into prostrate thalli. The prostrate thalli
also formed erect thalli under all conditions
examined (Figs. 23, 26). The erect thalli
were flat (Fig. 27) or often twisted, similar to
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Petalonia zosterifolia in culture. They formed
densely packed plurilocular sporangia covered
with a cuticle (Figs. 27, 28). Swarmers
released from them (Fig. 29) developed into
prostrate thalli forming unilocular sporangia
and erect thalli.

Discussion

The morphology of our plants collected in
various localities agreed well with the original
description (Reinke 1889) and other previous
reports of Atlantic Petalonia zosterifolia (Rosen-
vinge and Lund 1947, Clayton 1981, Fletcher
1987). The occurrence of filamentous pros-
trate thalli in Japanese plants also agrees with
the previous culture results on the species
(Fletcher 1974). Petalonia zosterifolia is taxo-
nomically very close to Petalonia filiformis (Bat-
ters 1888, Kuckuck 1897). Newton (1931)
and Fletcher (1987) distinguished P. zosterifo-
lia from P. filiformis by the absence of fibrous
rhizoidal mats at the bases, and in having
broader thalli and different distributions,
although these characteristics are not very
clear. Therefore, considering that both of
the species have filamentous prostrate thalli
(Fletcher 1974, 1981), there remains a pos-
sibility that P. zosterifolia is conspecific with P.
Sliformis, or differs only at a lower taxonomic
rank (e.g. variety or forma). However, until
their taxonomic relations become more clear
in Atlantic materials, we tentatively classify
Japanese plants as P. zosterifolia.

In the present culture of P. zosterifolia pros-
trate thalli remained filamentous, and never
formed Ralfsia-like crusts resembling that of
Scytosiphon lomentaria (Lyngbye) Link and
Petalonia fascia (Wynne 1969, Nakamura and
Tatewaki 1975). Fletcher (1974) and Boone
and Kapraun (1989) also mentioned that Ral-
fsia-like crusts were not observed in culture of
P. zosterifolia. On the other hand, Dangeard
(1963) reported glomerulus, myrionematoid
and ralfsioid prostrate thalli. However, his
results can not be generalized since his cul-
tures contain contaminants of other brown
algal species as mentioned above.

The morphology of prostrate thalli (sporo-

phytes) are known to be more or less variable
in the Scytosiphonaceae. For example,
Scytosiphon  lomentaria and Petalonia fascia
occasionally form filamentous sporophytes in
culture, although they are normally crustose.
The quality of light or concentration of
iodine or phosphate in the culture media
are shown to affect on their morphology
(Lining and Dring 1973, Hsiao 1969,
Roberts and Ring 1972). However, in the
present species, the morphology of prostrate
thalli was uniformly filamentous in any condi-
tions examined, and we concluded that the
prostrate thalli of P. zosterifolia is basically
filamentous.

We believe that the filamentous prostrate
thalli of P. zosterifolia are identical with Com-
psonema saxicolum encountered in the field.
This hypothesis is supported by the present
culture results in which field plants of C. saxico-
lum formed P. zosterifolia-like erect thalli.

C. saxicolum has been studied by several
authors in culture. Fletcher (1987) reported
the occurrence of erect thalli resembling Petalo-
nia or Scytosiphon in the life history of C. saxico-
lum. He also mentioned that prostrate thalli
of Petalonia filiformis in culture appear to show
a marked similarity to C. saxicolum (Fletcher
1981). Loiseaux (1970) reported that Com-
psonema sporangiiferum Setchell and Gardner,
which is taxonomically very close to C. saxico-
lum, formed minute Scytosiphon-like erect thal-
li. Therefore, it is likely that C. saxicolum
generally represents a prostrate (sporophytic)
stage of P. zosterifolia.

Although there has been a report on the life
history of Japanese P. zosterifolia (Nakamura
and Tatewaki 1975), detailed observations on
their original material revealed that it was not
P. Zzosterifolia but probably a new taxon of
Scytosiphon, having hollow thalli and unicel-
lular paraphyses among plurilocular sporan-
gia. The occurrence of Ralfsia-like prostrate
thalli in their culture, which is different from
filamentous prostrate thalli in our results, also
supports this conclusion. Therefore, this
paper represents the first report on the life
history of Japanese P. zosterifolia.

P. zosterifolia also resembles Scytosiphon com-
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Prostrate thallus
Fig. 30. Diagram of the life history of

Japanese Petalonia zosterifolia in culture. P.S.:
plurilocular  sporangium, U.S.: unilocular
sporangium.

planatus (Rosenvinge) Doty in morphology.
Pedersen et al. (1987) doubted their distinc-
tiveness. However, the erect thalli of P.
zosterifolia are solid when young, while those
of S. complanatus are essentially hollow (Rosen-
vinge and Lund 1947). Furthermore, S. com-
planatus forms crustose prostrate thalli (Peder-
sen 1980) which contrasts with the filamen-
tous ones in P. zosterifolia. Therefore, in our
opinion, these two are distinct species.

Fig. 30 summarizes the asexual, direct type
of life history of Japanese Petalonia zosterifolia
shown in the present culture study. This life
history pattern in principle agrees with the
reports of Fletcher (1974) and Boone and
Kapraun (1989) on Atlantic materials.
However, in our culture, in addition to the
usual plurilocular sporangia, the erect thalli
bore unilocular sporangia under 15°C and
20°C conditions. This is the first report on
the occurrence of unilocular sporangia on the
erect thalli in the Scytosiphonales, although
they were not found in the field materials and
can be artifact of culture experiment.

The order Scytosiphonales is generally
known to form only plurilocular sporangia on
(gametophytic) erect thalli, and only unilocu-
lar sporangia on (sporophytic) prostrate thal-
li. However, Colpomenia peregrina (Sauv.)
Hamel forms additional plurilocular sporan-

gia on prostrate thalli in culture (Sauvageau
1927, Dangeard 1963, Blackler 1981). As
shown in the present study, erect thalli also
form unilocular sporangia under certain con-
ditions. These results suggest that the life
history patterns of the Scytosiphonales are
more complicated than so far believed.

Culture results of Japanese P. zosterifolia, in
which erect thalli appeared under all culture
conditions examined, does not explain why
erect thalli could not be found during summer
and autumn at Oshoro. However, the
growth of erect thalli and the swarmer release
from. plurilocular sporangia were less abun-
dant under 20°C culture conditions than
other conditions. Since P. zosterifolia grows
in the upper intertidal zone, higher air temper-
ature and strong solar irradiation during sum-
mer may cause serious damage to the growth
of P. zosterifolia. Therefore, the occurrence of
P. zosterifolia may be suppressed by these fac-
tors. This notion is supported by the fact
that the species showed longer growth periods
at Akkeshi and Hanasaki where the air and
water temperatures are much lower than at
Oshoro.
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It is well known that many species of the
brown algal genus Sargassum form seaweed
beds (underwater forests) which offer fishes
and invertebrates spawning grounds and/or
habitats. In Japan, floating fragments of
some Sargassum species are of ecological and
commercial interest as they are accompanied
by juveniles of several fishes (Uchida and
Shojima 1958). Such juveniles (particularly
of the yellow tail, Seriola quinqueradiata) are a
source of stock for mariculture. In many
Asiatic countries some species of Sargassum
have been used for food, for alginate extrac-
tion or for manure (Chapman 1970, Micha-
nek 1975, Lu and Tseng 1983).

In Vietnam, Sargassum is one of the biggest
natural seaweed resources and has been har-
vested and used for food (boiling with fish),
for medicine (making some iodine-based
drugs), for manufacturing alginates and for
manure (sweet potatoes, tobacco, onions and
others). In coastal provinces of southern to
central Vietnam, Khanh Hoa, Quang Nam,
Quang Ngai, Binh Dinh and others, dried
material of Sargassum is used for medical tea
and offered for sale together with dried Por-
phyra, agarophytes and carrageenophytes in
local markets. The prices per 1kg of these
dried seaweeds were as follows at the Nha
Trang Market, Khan Hoa Province, in early
March, 1992: 1) Sargassum species (Fig.

* This study was supported by a Grant-in-Aid for
Scientific Research (International Scientific Research
Program—Field Research, No. 04041015) from the
Ministry of Education, Science and Culture, Japan.

1)=US$ 0.5, 2) Porphyra sheets=US$ 5, 3)
Gracilaria eucheumoides Harvey=US$§ 4.5, 4)
G. tenuistipitata Chang et Xia=US$ 1.5, 5) G.
edulis (S. G. Gmelin) P. C. Silva (= Polycaver-
nosa fastigiata Zhang et Xia)=US$ 1, 6) Eu-
cheuma gelatinum (Esper) J. Agardh=US$ 3,
and 7) Gelidiella adnata Dawson=US$ 5.
Some 40 species of Sargassum have been
reported from southern to central Vietnamese
waters (Pham 1967, 1969). Sargassum tea has
been traditionally used in Vietnam as a
source of iodine. The iodine content in Sar-
gassum species is 0.05-0.16% of dry weight,
varying according to the growing season and
species. Although many species are harvest-
ed from March to May, at present the most
common species, Sargassum mcclurer Setchell
(Fig. 2) is chiefly used. Samples collected by
local gatherers are washed in fresh water,
dried, and packed for sale in the markets (Fig.
1). Preparation of the tea is as follows: dried

material is boiled with fresh water and
filtered. This tea has a yellowish brown
color. For drinking some sugar can be

added.

On the basis of materials collected at Nha
Trang, the morphological features of Sargas-
sum meclurei (Fig. 2) are as follows. Thalli are
yellowish brown in color, arising from a
depressed scutate holdfast, and attain 70 cm
or more. Stems are smooth in surface, 2.5-
5.0 mm long, terete, 2.5-4.0 mm in diameter,
bearing several primary branches. The pri-
mary branches are terete near the stem and
slightly compressed at their middle to distal
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Fig. 1.

Fig. 2.

Package of Sargassum sold in Nha Trang Market, Khanh Hoa Province in Vietnam. Scale=4 cm.
Herbarium specimen of Sargassum meclurei Setchell collected at Nha Trang on 5 March 1992 and deposited

in the Herbarium, Faculty of Agriculture, Kyoto University. Scale=5 cm.

portions, up to 3.0 mm wide and 2.5 mm
thick, having smooth surfaces. Secondary
branches are spirally arranged at intervals of
1.5-2.0 cm and are 5-14 cm long. Leaves of
primary and secondary branches on the prox-
imal portion of the thallus are obovate to ellip-
tic, asymmetrical to markedly unequal, with
cuneate bases, obtuse apices and denticulate
or entire margins. They are sometimes con-
duplicate (folded on themselves) at the apex.
Midribs are faintly discernible and vanish
Cryp-
tostomata are prominent and are scattered all

near the apex of the leaves (Fig. 3).

over the leaf surfaces. Leaves of primary and
secondary branches on the middle to distal
portions of the thallus are smaller and more
slender than the proximal leaves, rarely
forked, decidedly asymmetrical, with acute
apices and faintly discernible evanescent
midribs and usually with denticulate mar-
gins. The central portions of these upper
leaves are swollen into vesicles (Figs. 4, 5),
which are termed phyllocysts by Tseng and

Lu (1979). Each phyllocystic vesicle is com-

posed of a more or less flattened cyst (bladder)
embedded in a leaf. Phyllocystic vesicles on
the tertiary branches are crowned with long
apical prolongations, and without wings (Fig.
6).
Plants
borne on tertiary branches.

are dioecious. Receptacles are
Female recepta-
cles are simple or once to thrice branched
racemosely. Mature receptacles are com-
pressed to triquetrous (Fig. 6), 2-3 mm long,
0.5-1.0 mm wide, and sometimes toothed.
Male receptacles are terete and slightly warty;
spines are absent (Pham 1967).

The following four species of Sargassum sub-
genus Bactrophycus are grouped in the section
Phyllocystae Tseng (1985) on the basis of the
presence of characteristic phyllocysts (Tseng
et al. 1985): S. phyllocystum Tseng et Lu
(1979), the type species, S. emarginatum Tseng
et Lu (1978), S. herklotsii Setchell (1933) and
S. meclurer Setchell (1933). These species
have been reported from several localities
along the coast of the South China Sea, rang-
ing from Hong Kong to Vietnam (Lu and
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Figs. 3-6. Sargassum meclurei Setchell. 3-5: secondary branches on the proximal (3), middle (4) and distal
(5) portions of the thallus. FL, firstleaf. 6: phyllocystic vesicles and female receptacles on a tertiary branch, with

transverse sections. Each scale=1 cm.

Tseng 1983). Judging from the descriptions
and illustrations of the species of Sargassum sec-
tion Phyllocystae (Setchell 1933, Tseng and Lu
1978, 1979, Lu and Tseng 1983, Tseng ¢t al.
1985), some species are clearly closely related
and distinctions between them are unclear.
For example, Sargassum emarginatum has
occasionally conduplicate leaves (Tseng and Lu
1978) as does S. mcclurei in Vietnam, although
the latter leaves are conduplicate only at the
apex. Sargassum herklotsii, described from
only a single collection and growing with S.
mecluret in Hong Kong, has been distin-
guished from the latter species by subtle differ-

ences in leaves, vesicles and receptacles: 1)
elongated, fairly equal upper leaves, 2) elon-
gated, non-winged upper vesicles with long
apical prolongations, and 3) flat (rather than
triquetrous), dentate female receptacles
(Setchell 1933). These features, however,
can be also found in single individuals of Viet-
namese S. meclurei. Further critical studies of
these species are needed to clarify their status.

Most of the Sargassum tea sold in the Nha
Trang Market can be identified with Sargas-
sum mecluret on the basis of the present circum-
scription of this species, notably the presence
of toothed, triquetrous female receptacles.



42 Masuda, M., Ajisaka, T., Kawaguchi, S., Huynh, Q. N. and Nguyen, H. D.

Two other species of Sargassum may also be
included in individual packages (Fig. 1): S.
polycystum C. Agardh and S. crassifolium J.
Agardh, both of which belong to Sargassum
subgenus Sargassum.
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X BBEIL, 1 Y ~F ¥ Enpthrocladia subintegra =2\~
T LB 3 % #H%E (Hurtado-Ponce and
Umezaki 1985) DA TH 5, FH DI ARRRICES
Ly vy s ) EEOAEER YL MCT S HT
BRI OWTERREEYRAZATLDEA, N=31Fr
Stylonema alsidii (Zanardini) Drew % ffi = DR & & @
DT CHE#EL, EBRLXEHE LER, &R T ok
LIcEERII RARDEMAG L 3 L B WY R LI
DTUTRBET 5,

19904 3 A 23 Hic THER M IR A o @k EE
57 3 b T /A Sargassum thunbergii \ICFA LTI
<=3 FewiREL (Fig 1), 2 OEEH LI Shic
BT AT A, TR ET, BEBKCLS
T BB DR Lok, BEERE L,

BAEOAB RS IEFTRE, BE, XAMfoKEY
FRB o, BET 10, 15, 20, 24, 30°C O 5 B, R
£ 1 1000, 2000, 4000, 8000 lux @ 4 B¥f, AL
14L:10D & 10L:14D D 2 B % A & T3t
4044 F THEFE Lo, #5% 1212 Grund A Kb
(McLachlan 1973) % fi\s, 3 H H & & CEE38H & 25
L,

RIREEMRD B i S - BT E AR 9.7-12.1 pm
(F# 10.8 pm) OFRE T, KGEORREF AL 1 {E
o T (Fig. 2A), BEREFIZATA F 77 Af
F1%, 20°C, 4000 lux, 14L:10D T{X1-2 BT L

Wk E X0 2 fiflgic /B LT (Fig. 2B), TOHITHH
iR DR U CHIRROBENfEE e ), 4 BEIZIX9-10
M o FER LR LT (Fig. 2C) 6 B HITIX &0
HFRD b (Fig. 2D), 9 A BiCiXE £49 0.3 mm T
 8-14AKFF L, NNITEHHVBRATRALL S &S
LRI I - 72 (Fig. 2E), BXDEMEOFEE Y
B CHRAL Loy BT L& LTl S h
oo BT RAsRoMias bIEREE Eh, BokT
fLoMlACES ¥ TR Ehic, OB, BERTiX2
HOMBANEE L T A 1, VEORR TEN
TREL, BHEINCOEEL TR L2554 <
BEShicn, PROMIRTE, BELANLHHRL
T2EoRTFLis- THIEINAZBEIBREI L
(Fig. 2F),

R, VR, RMAZE 2 CHERT A5 LR,
15-30°C TR EMN R B RIcA, 10°C Tik 12 AR
DEFRTHLNHTHZ L HERREOR e o1,
FH4&MT (14L:10D) TiX 15°C & 20°C T, &H
4T (10L: 14 D) Ti% 20°C THICEVHELRS
R, WThoBE L ERE R EED - 1 (Fig. 3), B

Mature thalli of Stylonema alsidii

Fig. 1.
(Zanardini) Drew epiphytic on Sargassum thunbergii
collected at Banda, Chiba Prefecture, on March 23,
1990. Bar, 200 p#m.
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Fig. 2.

T ot R 0Tk 6 B BB bhien, 12
HARIZETOEETCRD LA, ¥, 15°C T
3 1-1.52 AN EFIOTMETH - 1oh’, ToH, B
thrp g Ml TE O MR N AT s n B s b,
2 Atk e tofiia RO N R D S
B D BEMIT 7t - T2, 20°C 36 X 0¥ 24°C T 258
[ E & ClRRRER & RO HEINOBAETH - 7223,
F DB EEEEN LTI LD, #9120 Akic
LSRR TR L Cefn Y Lt - e (Fig. 2G),
RO ST E A &HTCRBZ 5 2 L2
LI, 30°C Tk, HIMROEFIRES T,

(A=F) Stylonema alsidii (Zanardini) Drew cultured at 20°C and 4000 lux (14 L: 10 D).
monospore from a wild thallus. (B) Two-celled germling of one day old. (C) Four-day-old germling. (D) Six-
day-old germling with initial false branching. (E) Nine-day-old thallus similar to wild one. (F) Monospores form-
ed at the upper part of branch of seven-day-old thallus. (G) Irregularly branched thalli cultured for a month at
24°C and 4000 lux (10 L : 14 D). (H) Irregularly grown thallus cultured for twelve days at 30°C and 4000 lux
(14 L:10D). Scale bar; 20 #m in (A)-(D), (F), (H); 100 #m in (E), (G).

(A) A

S TR L TRAREEAR L e e p T L s
-7 (Fig. 2H)o & D X 5 72 %580k o #fk <,
LALRRES Tob oy e - o0 ahe i [N Sy = N 7 g
T— R Hifln 5+ E 2 IRYH U S e,

~N= 3V e OEETEARTETINREN S5,
Lo L, SO —HrEIN LD BENHH &
4 %1% T\ % (Tanaka 1952; Garbary ef al. 1980b)
N, AEHCHE SR L S, RO %FIEE
CEBLRAL AR R BREE T TR 2 o> J7 1) A LA
faoRFI P ERCET A Ltk bbDEEL LR
o LIctioC, RRDEFSRMIC X - TXEAREE



Life history of Stylonema alsidz 45
200f 30°C, 14L:10D 30°C, 10L:14D
N
— P eéég
o J —’{‘ —_ -—é
24°C, 14L:10D 24°C, 10L:14D
200} s
o -
N ¢::7’
N /\ N / kN
o _— Zig/dl Y=
600! 20°C, 14L:10D 20°C, 10L:14D
~
L
)
£
=] AN
& 400 ‘l ‘}
-—
-
[}
Q RN
v ¢
o 200} z}
+
: % /
5 N *
b \///i ¢ '
O Q a — \
ob—l.éé\ E ‘o
15°C, 14L:10D 15°C, lOL:14D
hY
400r
2oor ;?
Y
/44 7// ‘4ﬁé
\Y
3 6 9 12 3 6 12
Age(day>

Fig. 3.

Growth of monospore germlings of Stylonema alsidii (Zanardini) Drew under various temperature and

light conditions. Open squares, 1000 lux; solid squares, 2000 lux; solid circles, 4000 lux; open circles, 8000 lux.

Arrowheads indicate monospore liberation.

TTHEULH X/ k> 74+ Sylonema cornu-cervi 38{EL
DUREL I HATEEM RB I WD, ¥h, APRTE
e L7-RE & BEXEA LR RSN T Tl ER
FLS O LTRSS D ieh 5 1,

X 53

Garbary, D. J., Hansen, G.I. and Scagel, R. F. 1980a.

Vertical bars, standard deviation.

Revised classification of the Bangiophyceae
(Rhodophyta). Nova Hedwigia 33: 145-166.

Garbary, D. J., Hansen, G. I. and Scagel, R. F. 1980b.
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Hawkes, M. W. 1988. Evidence of sexual reproduction
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327-336.
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MEEEX  BAFRARKENSBONI I KU LR Eutreptiella D 3 BICDOWT

Sueo Kato:

On three species of Eutreptiella (Euglenophyceae) in the coastal waters

of the Kanto district, Japan.

Key Index Words:
tiella hirudoidea—marine euglenoid—red tide.

Eutreptiella—Eutreptiella eupharyngea—Eutreptiella gymnastica—Eutrep-

Sueo Kato, Laboratory of Natural Science, Kokugakuin University, Tokyo, 150 Japan

MBED I VU A Eutreptiella 3 daCunha i X 9
TIOAMDIVF T+ XA rBLLBLANE
marina % £ 4 7R & L CI913EICBHERIL I Rl (da
Cunha 1914), Z ® £, Schiller (1925) IZ £ » Gym-
nastica (= Eutreptiella) & L T 3%, X LT, Butcher
(1964), Throndsen (1969) ¥ X U' Walne et al. (1986) I
LD IDRSEAFEESh, BIETTOEZA
IEHHMBN T\ B, BHEATY Eutreptiella 11IEEE
H1972), RIUELOEE (FHE1984), KBRS (K&
1984), F »FTIE (FHEE1984), B (FHE1983,
1984) ¥ L UMY (JNEE1991) /e KB L, E
marina da Cunha (FIH1972) & E. gymnastica Thrond-
sen (A BE1983, 1984), E. eupharyngea Moestrup and
Norris (JN#E1991) D 3EAREZI LTV 5B,

FEZITAXOIRBEKIRC IR T 5 Eutreptiella DRERE
LT B, FTHEEMARE T 0OBYER
£, BORLEEROBEY T, TOBE, B
FFE I1EEEUIEYRAET S LAWK LDOTE
ZRHET B,

M EFE  FET199145 L 199241, BIRIBRD
BIETTSVv I vFy PBIVKBEOLROY v
BuWTiT o % (Fig. 1)o BRE LIBEBHIKTHR LT
Bbnrzh, €, PESECRELEREL, PES
B2 (Provasoli 1966) D A » 1= RBREAN CTRE L1,
2R EE 20°C, FREER 3000 lux, 12/FR85H - 128%
HIRS D BRRE RO RET TT » oo BEILEHFEMK
Sx AV TECHEEEOBE TT, TOBI/
< AR F —REHTEHEERDS B, BEFOBEER 1
AR I Y ABKBKROER, Vv /14 VORI
v ¥ vh— 3 v (Rosowski and Hoshaw 1970, fnEE
1991), AEGRE0.1IKPHEFRKBE, BE XML
T 1 % A F LA r—AKBERY FhEREVT,

RREER RN OEK» HHEE - BEL
1< Eutreptiella D29¥k1%, LT O 3BRET 3z Lot

T&t:, 2D 5%, E. hirudoidea Butcher (3 B AHE T
H5,

1) Eutreptiella hirudoidea Butcher, Fish. Invest.
Lond. Ser. IV. 5. pl. 1. f. 11. pl. 3. f. 5. 1961. (Figs. 2,
5-7)

Bk OEREH Y LTI Z ABERE
B T, K& 22-32 gm, 1B 7-11 pm, B O LR
1E5L, BRI 7o b emir Rl »
Tuwb, Bk LTWiWROEVESHIELL, M
ROBSLKE I VBT S, T, EWESHY

N\
; N~
j \ 84
. Tochigi
f ) 74
{ ot
\\ .ff
7.~ ‘/
~ g Ibaraki
. .
Saitama 1\
‘\ =~ ,.""'/\
\.\~\.fv~ ""'\i.
.. Tokyo )
T \.\y‘('\‘\

J A
Kanagawa Pacific
Ocean

Q 30

~— 6. km

Fig. 1. A map showing the localities where
three species of Eutreptiella were collected. Symbols
indicate the taxa. 1. Koshigoe. 2.Sajima. 3. Yoko-
hama. 4. Tama River. 5. Harumi. 6. Odo. 7.
Kuji. 8. Kawajiri. W: E. hirudoidea Butcher. *:
E. gymnastica Throndsen. A: E. eupharyngea
Moestrup and Norris.
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LBk LTV AMIRRD A b b, EREIFEH
T, fiadtcy 6-12, 2XDOTREROEED >
b, RETIGROMIBEORE T, EACKEHE
Reorhsr, —F, BFEEIFERLGEALRET,
MHCO, PNELFATOZ EHE, BUIRE T,
£ 5-6 um, MO IITHRICH 5, BHAOKE 21X
3—4 pm, BT/ E K TEADR, 45 ¢ = vRLIR
R IOMIaTILIE L A LR bRV, SAEDOEE
117 & VRIZE T 5, R EE R ioh - 1
B#EK : ME-115 (TEREZFE R ONFHE,
199245 A 6 H)

A TEM: 7e—F)Ii@AQ (L FY R),

DR AFIVA, AV z—, BA,
ME-115 BkD L, SHEOFBOEFH/ELBRAOKE
X2 F\ T Butcher (1961) DREHE & EF R > T
720 Butcher (3 ARED A I II BN e LW LT
WBEN, AEOEBL w1 AF -RBEHTHEEY
AVt EBE LIt {\Z &, Butcher 234 E D54
1L 78\~ & LTz Eutreptia pertyi Pringsheim 1 % S+ D 5
BH b B Z L (Dawson and Walne 1991) 7c £ b,

Butcher (348 Rk & Lz LM T 500 FTE R
bh s, Fiz, BAZ Butcher D TI3ZIE 5 pm T,
ME-115 BROBDOR A L H 1R KEV, L LighH
5, ME-115 5k0#Eiz, filaoeix &, RGO
Wk, WEORILHE) X/t & DA T Butcher DR
#BeE L —FK LD T E. hirudoidea & RE L1co

2) Eutreptiella gymnastica Throndsen, Nytt Mag.
Bot. 16: 181. f. 18, 24. 1969. (Figs. 3, 8-10)

Wrk R OETHEE) LT 7\ MR SHETY £ 72138
B¢, KX 15-28 ym, 18 6-11 pm, AT D EWRIL E
5L, BROERIBIR > T 5B, K LTI
MEOEEBNIE L, MEOEPKRE I M)
BT 5, i, BkL V5083 ERER Y
D115, ERMEZ, MDY 1ET, HLOBY)
hoaaip b, MERCEVEE LTk b, BNE
Wi e VEBTELhI YV A4 PR 1 ERE- T
5, ¥, ERGBIZTO—HHAER TI0@EFTE O A
RELBERODDORILDBZ EDHE, 2KOTER
DEED S b, RFFIBRO 1-1.5F0KRIT, #
fak T vRIZENTHEITIZOV, @5 RhIs i T2,

Figs. 2-4. Three species of Eutreptiella.
eupharyngea Moestrup and Norris.

2. E. hirudoidea Butcher.
Scale bars: 10 g#m.

3. E. gymnastica Throndsen. 4. E.
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o 08 & Sl L S

Figs. 5-7. Eutreptiella hirudoidea Butcher (strain ME-115). 5. A club-shaped cell. 6. A cell with elliptical
chloroplasts. 7. A cell with two flagella unequal in length. Scale bars: 10 #m.

Figs. 8-10. Eutreptiella gymnastica Throndsen (strain ME-57). 8. A fusiform cell. 9. A cell with a
chloroplast containing a pyrenoid (arrow) covered by a paramylon cap on each side. 10. A cell with two flagella
unequal in length. The longer flagellum (arrow) makes helix backwards close to the pellicle. Scale bars: 10 pzm.

Figs. 11-13.  Eutreptiella eupharyngea Moestrup and Norris (strain ME-64). 11. A fusiform cell with undulate
outlines. 12. A cell with band-shaped chloroplasts. 13. A cell stained with propionocarmine. Two pyrenoid
centres (arrows) are composed of many small pyrenoids. Scale bars: 10 #m.
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—7%, EEEIEREDIIEF 23 DR ET, FAHRDU,
NEL PO, BRIZIERY T, 85 pm, lROFR
W, PLRMWLOEHD, BADOKE XL 3 pm, ¥
BB NS TR, 5 ¢ » VRLIZSIED B\ T
RAM TP IV HNEDOEBIL T € v RITE T B,
FROESAFC 1 Bl 55,

RE#EHR 1 ME-54~57 (I O, 1991483 B10
H), ME-96~98 (M%) REEAEIEE, 199147
A258), ME-121~123 (HRBPRXEHHE,
19924 8 10A),

AATEM: AART 4 3ALF (VLY 2=),

DA T =—, B,

ME-54~57, ME-96~98, ME-121~123 D10¥ D &
DBIERHE R (T Throndsen (1969) D FELH L FHE (1984)
DEHE L IZIEF—FK L T\ #2, ME-54~57, ME-
121~123 Bk D & ME-96~98 BkO B TIIEFDER
NRAE b, ME-96~98 BROIERMEDIT 5 B
FRERCR DT WERAEA DR,

£E, RREBAOREE, SEIIFOE L URHEE
B 3 A TAEYIRETE LY, FhilstcERI
0 CH 19854 9 B B L/ MR e iR Z TR L T
Wie (BEA%E HEREH,ERE),

3) Eutreptiella eupharyngea Moestrup and Norris in
Walne et al., Phycologia 26: 110. f. 1-32. 1986. (Figs. 4,
11-13)

Erkb oML HER T, & & 30-52 um, 18 7-
11 pm, FORERHEIT > T35, HBEOBESILEL
HEVML ST, BMIBEEY L5, #HikL
TUisWHRREILEEHNE LS, filRoBeAE &
PELT B0, BEkFoMLS X Y ERESY Lix
Vo BEREIZY A VIRT, FO—IcELr /4 Fip
D, B, FONOERMGOE LV /A FRHDOE»
TEVIAF -2V i —%HRTB, VA4 F %
vE—32M8T, BORMBCEALRIEBETOH%,
LoL, Bl eEEY TR, EV /A F -2 va—
Zbh, EREHEEIIOTIE - MBS S &
bht, 2RDTREROEED > b, RFEFEIGHRED
1-1.5f%, BFER4REOMI2ORE T, izl
DORBREETHIT o Z LA %, BudiziERE T, &
5-8 pm, MRRDIZIEPFRFBOMEICH 5 = L 235\,
RADKE L3 pm, BRGNS TERR, <5
e VRIRRAB TRV, AROEMLT € Vv RIZ
BT 5, IERRBERR S 5 1,

BE#E - ME-62~64 (MR BRBAETESE,
19914E 4 H24H), ME-65~69 (W% R A THER

FE, 19914E5 A28H), ME-79~82 (KRB Bz
AZWE, 1991427 A5 H), ME-83~86 KRR A
ST REE, 1991467 A 5 H), ME-119~120 (3EI
HepRXEEYBIREA, 19924E 8 A 10H),

RATEM: 2V vy 743nF (Fv=e—17)
Dk Fv=—2, TAVH, BE
AELI8KRABIRIBED 5 AN OB LR TR D
VTR OBROBZERER b Walne o al. (1986) D JFEEHK
L —H LT\, SEOFEMED S D, e
3 L OERBEEC ST E bt y FROFE LY
BLTED, KL AEARBIEML TV,
¥ 7o, RSB CIX AR S X U Eutreptiella gymnastica
NEEEL - TE D, BKN S TVWEEE LT,
BKbhhie, AWELTHEHIC VB E R
FREEBEFREYFEREZOILEREHE I L O
KEH—BHER sty B LT B,

X [
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BREE : A—ZX MY T - 74— BRABEYEICAAEE N TS Grunow
DR 457 FHEER

Tetsuro Ajisaka:

Grunow collection of Sargassum deposited in the herbarium of

Naturhistorisches Museum Wien in Austria

Tetsuro Ajisaka, Faculty of Agriculture, Kyoto University, Kyoto, 606 Japan

FTORIIBERFEOEHEIE  (Yoshida 1987) 1T X »
TREIRTVWETH, A—R VT - v, —VDH
REEWLE (Naturhistorisches Museum Wien, W) (Fig.
Nk, BARBEOBES Y £ 7 SEELANRER
ATk, ThbOERY D LI LT Grunow (1915,
1916) it v F I SBDE, 75 7HEHRLE Lic,
LaL, BAREOZ Lz o ThHhEvHRAYS - T
VWERBAL, ThHLDOERCOWTUL, WHAEBEE
MIBEDOHEFERROBVHE LTEAE
(197D EEIRTWBZ L &, ¥k, TO—HTH5
Bactrophycus BB B2\~ T DSk D Yoshida (1987) D
/=t BBHBLEFTT, TOMOBEBIOVTIEEL
CARBRAEBERXERH D A,

EEIT19895F £ 19924E D 2 BT it » TREY L%
BRIL, HEYEMFIDFE TH 5 Passauer §+DF
Bl - T, ChooBER¥F LIANBLH
¥ LADT, ZhuwIZ Grunow DA &7t h LDk
v E Y SEERCOWCTHBM - LET,

BHHERITD Grunow HH L HOEXR T 5
Rechinger L+ DBAX 28|, Grunow HED FHK
(Apr. 18, 1884) & Hakansson IZ & 5 £ DBEALR (¥
1Y) D4 BEDOaC—DEZOFTREH D ET,
bk h¥3 L, Albert Grunow (¥, 1826%E118
SHE_VY) v TEEERAORBELTETAEL
Teo BEUBBTERYEET SR, V4 —vOBEK
30 km 2% % Berndorf & \» 5 BT &M THOLEE L
LT, 1851%F (25#%) 2H19014F (758%) * Cifjx %
Lic, zDEROEEOBHAREEGIBETL D
BT TOREY BRBEOWIE (Fer1 v vEE
FVET SEOSBEENRR) 33T F L, ik
Y OENEH T+ Ay, ELGHORELIED, L
Y, BB THEr AV VRERVET S
HirBRA b oL hE Lic, RATHHEER
X %% Schwabe (1843 I KB B SO RAK 2R A
Li) OB HESRT, ZOMHOEENERTHS

Frederike KA L dHH BTV ET, T, FEY
FHFL, XBLEET, BURTIHD Y, BECLFH
TT\We% 5T,

1885 D5IRKD & & WiT KERERIT O E%RILT,
A=RX, TUFH VYT, avgvh, HY740=
7, KINN, =Z2—AVF=T, YF=—, -7
Y FR S THLREL TV T4, AMHOEEE
Kii=a2—AVvF=7TEELLIDTT, ThET
TERBEOREZYHEMBCTE L ERTH
D, EECHEO L SICE LRI THY £ 7 SHY
BELLEFEZIVCEFRATLE, V4 — vOEYHE
CHBRENAHEDO+ v £ 7 SEEXIT, 3,1290% 55
Z5TT, 191443 A17TERSSECLEL e » TV ¥
2, RFHERC b b AERE L LTERDO K v
F£7SEOE 75 7 BHRENIcORBREIALE
DFEHTLI,

v &7 5 BOSEMBTRIT Agardh (1889) IZ X » T
BFEFOEENZER L, Grunow REFDHEDOHIEE:
BhEThEEL > T T, HIBEOHETHL DD
X, AV EVSEOThIZhoBE I IAOEEY
Floe oK ol £ TT, EREZAFOH LB
Iogds, iy 1y vBECOWTLEL DEEY
BERLLS5TT, V4 — vOEMECHTRIA T
BEXRYL, TOKEH/TED L EZORRFELRICE
BERehlich T, HoREHRIhIcE, 7571
R CERRBRDOAT LD T, BEDHEFEE
b EOFEBOERABET D Lhilehich
REETL, LAL, ZZ0EXRBIIZhLOERRL
BOBACSVCTOHOERS, ¥ - K - £HEBR
WEDAY 5 F (Fig. 2) BMEOHETEEZRATh T
72 b, 2SR L1 Agardh (1889) % Greville (1848)
IEDAY o FOBMENIK EABRIRTEY, Th
LRELALEALRAUCALES 2T TEELT
HHETOT, 2R EFEDO I sk v g7 5
DEBIETHEZ NI <, BROFHF T
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Fig. 1.
Fig. 2.

BEEbhEd, HioHHEC O ERABZEL
TWETL, EMEROMEREMC LB LD > T
¥t, RVETSHDIBEA LY EHDA VLT T
BRI R OB - mEEHISIC A L, T OBRE
BEENE LD BN RCICREgE SR H D %
Fo FFRIL DNA #7758 81 & - THROK 2 B
75 EBGETS, BERThFho@x KT s
TUREE AR OFHA O NCT H 2 EANEETHS
L&z, W - ARAC R A AR L OBRD
BAFHATe D, AEREC X AL ROIEAY S U5
DT FT, DO, Grunow DEFIC L - T
BORIMBIIBRETH D, KEEECKYET,

| &

BN Grunow DA L BRI A REES ey 4 —
v BB EWHED Passaver {§1 &, Grunow D7 A Y
v BIROER A FINT L B o o iR A O F L
g B sl LET,

Naturhistorisches Museum Wien, Austria.
Grunow’s sketch in the specimen of Sargassum siliqulosum J. Agardh.
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BRI BT 5 MAIE Y S D VBENEES, £
B EENERS L, FERER ESR, B
BRI TR DERONEYTH L
HBTERVERTH B, —HTRARERERFEOH
FIROARE LT, EREWFEESEREMBLE LI
REBAATORCILDREE-T, BEE TOMBEY
IAhT, RERTHL ) RTWH LVWEROSERE
FOSEFEHOEFR T, LT, 1983F b
hicE I BEREENRS (IAC) ¥ v AUV AT, R
EOHMBARRIETEROLEX L VRRIR LD
LW B eI, ThEZTT, K. Anagnostidis
(FV>¥v, 77FK¥) & J. Komérek (Fz2 A"
ART, WEWERRD) (3, 1985FH 5 1990F AT
T, [Modern approach to the classification system of
cyanophytes | % 5#8, 400HDH/HIL & LTHELL
(Anagnostidis and Komérek 1985, 1988, 1990; Komarek
and Anagnostidis 1986, 1989), Z DFRHIL TiL, Geitler
(1925, 1932, 1942) LRE X h B BRI EERCE
b3bDELT, BEROKLWHREREIES ETO
EELOEAWLE 2 R Eh, BUEOREEO
O OGERCOWT, BRFOMBMA X I LR
HHfThh T,

F -]

&L —#AYTS, Geitler (1925, 1932, 1942) I fRFE X
NBEHINEHE L, 214 7TEAOBREXTV,
BOBEEREL, 7EROBYRENCTHED L
Drouet » (Drouet and Daily 1956; Drouet 1968, 1973,
1978, 1981) D ecophene I EFTEE, Thic, EEY
FELLTCTCRCHERO -, EAMAER

(cyanobacteria) & L CH\, SEOEXBA & LT
FEH (clone) # A\ X 5 £\ 5 Stanier 5 (Stanier and
Cohen-Bazire 1977; Stanier et al. 1971, 1978) O &%
Wi HEHELY B L, ThEhoMBESYEF T
%5, £DET, BEROTEDFNIEHEL AV,
ROEROBECHE EDHBROCHE > T2,
- TRBEDOHRERL, JARRE (NBRE) OEET
i¥ Linné (1753) @ Species plantarum, RIREDEE T
% Gomont (1892) ¥ X " Bornet and Flahault (1886-
1888; Y B HMEI3FI L b, HFEAIL1886%F 1
A1H) TH%,

monothetic RANCRELV,, SEOEFBEMEEL LT
Wh, FRBORXTCL 2B HHH, K&
BTkl WM&, THEECTKY, REShL]
BE R0, FRIBL LTRATE 203 Hhi\ A,
ZOEFNIERVRELTR LTV 2B CERYHA
W, SREBOXGE O R VRAEE S AVT
WBENSER L LTRERL REOLZ A5,
AEDEIBNIL LD LEEL B,

ZOHETIR, BERCERR SN EOE Ytk % FHTE
L, ¥HLSOEBERIT I > Tk, EE
LORBLEADHRROT — 2 BB LTV 5,

1. YEOEFHERE LTAVSUTOE, 75
7 o
Bornet and Flahault (1886-1888), Gomont (1892),
Geitler (1925, 1932, 1942), Elenkin (1936-1949), Holler-
bach et al. (1953), Desikachary (1959), Starmach (1966),
Kondrateva (1968), Bourrelly (1970),

2. FHERS, HEHNOBECHETS, Kol
IR TRE I NI/,

3. ERMROBMMEEEYR > TV 58/
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4. A RBEOBOMEFN, LM, REER
FHERLEFRREC OWTHRYIEHE LT RS
EERRIFFE,

5. EBROAIEET 5 EH L.

EROLBEAEYRITMBCOWTL, BETOHHA
AT, WL OLDREECOWTIIH LS BARE
Re@iFi: (+8),

i) BED (2) 2% ilRSMIE VW EEL L,
2 ¥k 3 DETIThbhsd, ThULEDOE TThh
B0, HUFEISEL OB TEELLERTHS,
MBSO, BARGPHBTAGLIEL LV
k@R LBARAH B DT, BL Y EORROREN L
AL LT3,

i) BBF* (nanocytes) : 5 D EFERIFRA IR
CRETDHOTHILL, MEFSERNELITEEAL
FRFCAE L TRARSTER S h, SREAKRLEFRD
C_REELYIREE, ZOX 5 LTHEES
N7 IRMAE % BEIETF (nanocytes) &\ 5, BEIF DL
AWFRIRE X v EoRRoSBCAVbh3, BT
D5 LHCEEERY TS b DOEEHHEBT (plano-
cytes), BEEBN D 7e\ b DX REHEIIF + (monocytes)
ERFILT B, ELIOBHITEMHED 7 » 4 =
vy 7 ABDRIe LT SMlatED A+ = x <~ Hich HH
IhT\3,

iii ) #F4F* (exocytes): Chamaesiphonaceae T, [E
T MR () s\ T, O RN LTEE (B)
OE THlaD LM TRHZFCHH L TR Sh D,
FRRARHFCSHE LRSI S SEIC L
TR EhsMax\5,

iv) #$H{K (hormogonia) : + Y = — AXEhF fcizs
oSy bERET 5 5Mlan b i 5 /ME T, EEIME
k- S

v) AEYESHE (hormocytes) : HEHME & R TR
Ehop, B2\ XEEMI* (necridic cells) % /M 7E
LTRSS h, Bk L REOBEY o0 RN
75\,

vi) EREHESHME (hormocystes) : BROBIz @ h
T RBYOE S T, GBI EHMGE L IXFIL T,
BHROT 5 — P LRI LT3,

DT B LUOH L BRoFEYEER L, &8 (E
;) HoB%5I%ET2 (BD5Y, BRIESETHE
¥, EETOZHLA TV BB 220 5h T
%) FILL CORNPTREINLY, FTEShi
h Lickl EH, BoowTil, R LLERT %,

w42y, 27 AH Chroococcales Wettst. 1924
MR BB CTERT T, HENBTERKE B
ARRGBEHRT B, MY 2—24, REME 7
FR— bEOLDRVG BEREC S X B
MR EE L, Mk > THALETRRBTEH
B35,

(1) Microcystaceae Elenk. 1933

iR ¥ AR E MR, MR 1 TR E
EVCEER2 ER3ECTRES 5, MRXKOHH
FARABTICEOKR & I E THERT 5, Rl T%2H
BT %,
(i) Aphanothecoideae Kom. et Anagn. 1986

MR o3 MR, BMTAET TR ES
DEEY TR T 2 MR REIZIED v, SEULHERE
DRI EELE TR 5, Feilarems
%,
Anacystis Menegh. 1837*; Aphanothece Nag. 1849 nom.
cons. (syn.: Coccochloris Spreng. 1807); Cyanobacterium
Rippka et Cohen-Bazire 1983**; Cyanobium Rippka et
1983**;  Cyanodictyon Pasch. 1914;
Cyanogranis Hind. 1982; Cyanonephron Hickel 1985;
Cyanothece Kom. 1976; Gloeobacter Rippka et al. 1974**;
Gloeothece Nag. 1849; Lemmermanniella Geitl. 1942 (syn.:
Lemmermannia Elenk. 1933); Lithococcus Erceg. 1925;
Radiocystis Skuja 1948

Cohen-Bazire

(ii) Synechococcoideae Kom. et Anagn. 1986
MR, MEEE EHEY (FoRIY),
BWMTEET 52, WEMERETRRAKOB/KRE
%2 %o MRS BB OREETT I EE L T D
LB B, BITFEMB LigV,
Alternantia Schill. 1954*; Bacularia Borzi 1905 (syn.:
Bacillosiphon Copel. 1936); Catella Alvik  1934%;
Cyanocatena Hind. 1975; Dzensia Voronich. 1929; Johan-
nesbaptistia De Toni 1934 (syn.: Cyanothrix Gardn. 1927,
Heterohormogonium Copel. 1936); Mpyxobaktron Schmidle
1904; Rhabdoderma Schmidle et Lauterb. 1900; Rhab-
dogloea Schrod. 1917 (syn.: Dactylococcopsis Hansg. 1888
sine typo); Romeria Koczw. in Geitl. 1932 (syn.: Cam-
pylotropium Hortob. et Hilliard 1965 incl.); Synechococcus
Nag. 1849; Tetrarcus Skuja 1932*; Tubiella Hollerb. 1934;
Wolskyella Claus 1963*

“Dactylococcopsis Hansg. 1888” £\~ 5 B&i%, =D
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B D lectotype TH B D. rupestris NGB TH B 7=,
BAWAZENTEL G, ERZDODBREEA T
D5H, MENLTHERCS > THELYUR TS
D L. Rhabdogloea W=, B THEF TS b Ok Myx-
obaktron BB I N B,

(iii) Merismopedioideae (Elenk.) Kom. et Anagn. 1986
MARGEFERY, MBI Y, BElmch
BT50, RPELIRBORGEYHRL, BT
—FIDTRANCI & F I RECLS, HtkoWy
BOoBEr 5%, MRIBIECEEL2H, ¥
AEHGORECK L TEBAATRES 2, FcifaT
T %,
Aphanocapsa Nag. 1849; Chroostipes Pasch. 1914*; Coc-
copedia Troick. 1922; Coelosphaerium Nag. 1849; Gom-
phosphaeria Kiitz. 1836 (syn.: Woronichinia Elenk. 1933
incl., Snowella Elenk. 1933 incl.); Merismopedia Meyen
1839 (syn.: Agmenellum Bréb. 1839, Gonidium Ehrenb. in
Menegh. 1849, Pseudoholopedia [Ryppova] Elenk. 1933 in-
cl.); Microcrocis P. Richt. 1892 (syn.: Holopedia Lagerh.
1892); Synechocystis Sauv. 1892

Agmenellum & Merismopedia 3] U RE I hi-D
Tsynonym ThH5HH, HEIRRBEZERCHELI
BBENEL, BEOHI—BYTH S,

(iv) Microcystoideae Kom. et Anagn. 1986
MR, THRANCEA THERF G TERT 5,
MRESHIECCEEL SETE LD, BTy
BT 5.
Eucapsis Clem. et Shantz 1909; Gloeocapsa Kiitz. 1843;
Microcystis Kiitz. ex Lemm. 1907 nom. cons. (syn.:
Diplocystis Trevis. 1848, Anacystis Menegh. sensu Kiitz.
1894, Polycystis Kiitz. 1894, Clathrocystis Henfr. 1956,
Microhaloa Kiitz. sensu Rabenh. 1865)

Aphanocapsa & Microcystis 1%, FEBEAEMICTRAIE
SHROEEDE I L » TRIIIA T eh, FiE
EEVTL2E, BHECHSCTRIEHTHAENRS S
b TET,

(2) Chroococcaceae Nag. 1849

MY, I, ¥RV EETEY, BMRTE
BT5C LB TRERGEURT 2, KOSHFK
O & TERTSH C ity BEYSUHEIL,

Eon<HETHDY, EKEBTHD, MEIB
3FELRLhUEOE TR 5, BaTEHR LIcV,
Chroococcus Nag. 1849; Cyanokybus Schill. 1956; Cyanosar-
cina Kovac. 1986 provis.; Gloeocapsopsis Geitl. 1925;
Pseudocapsa Erceg. 1925

(3) Entophysalidaceae Geitl. 1925

MR DIITEY, BEREY, BEEEL
RO IRERRE R ARA L LESTRICEA TR
HobsBEYVR TS, WEEKE ) 3@
Lobh LT3, MRESHIKRACESETRES 5
By, FludReE LB TSR A il B
BRE TR 5, FICAB#IRFE2EET 5,

(i) Entophysalidoideae Kom. et Anagn. 1986

MR EDD T ERTY, RS ENY, B < KB (3)
D, FleoL o THRE B TRERORE LK
T 5, MROEOTIAHA, F dBIH THRER
DO ILS T EHEHL,
Chlorogloea Wille 1900; Cyanodermatium Geitl. 1933; En-
tophysalis Kiitz. 1843; Lithocapsa Erceg. 1925%; Paracapsa
Naum. 1924*; Placoma Schousboe 1876*; Pseudoncobyrsa
Geitl. 1925

(ii) Siphononematoideae (Geitl.) Kom. et Anagn. 1986
RREREDD L LR, i Ll < R B R
(#) 2#Ho, BEIISRBOFGEHRT 2, HiE
R, RO, Lok b LERERTHS,
HORETTBBRTEERT 5,

Siphononema Geitl. 1925

Siphononema (3. Geitler I X > C1 B X /eI L
7-#} Siphononemataceae IZE»h T\ tchs, TDAENE
BRUX Entophysalis & @) U T3H 5 D T Entophysalidaceae
D EF} Siphononematoideae & L THb N TV 5,

(4) Chamaesiphonaceae Borzi 1882

Ml A R LERCEETS, B, B
REH 2 iBEERORARE (—FIMR) 2R
T5, MRSFIERN T EA RS, Rih
(ftsh) wRBELE TR 55, ML TIR
E{DESHETREZ 5, fBhRETIREROMIAIT
DRRCIIR < LT, BhrLERETS GHETFI
L BE), HIKE,EL HB, MoEEcld%
B LRIV HERCIETER > T 5,
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Aspalatia Exceg. 1927*; Chamaecalyx Kom. et Anagn. 1986
(syn.: Dermocarpella sensu Waterbury et Stanier 1978);
Chamaesiphon  A. Br. et 1865 (syn.:
Sphaerogonium Rostaf. 1883, Godlewskia Jancz. 1884 pro
sectio, Hyellococcus Schmidle 1905, Chamaesiphonopsis F. E.
Fritsch 1929 incl.); Clastidium Kirchn. 1880; Cyanophanon
Geitl. 1955; Geitleribactron Kom. 1975; Rhodostichus Geitl.
et Pasch. 1931; Stichosiphon Geitl. 1931

Grunow

(5) Dermocarpellaceae Ginsb.-Ardré ex Christ. 1980
MIRERE E IR0 S, BiEYRLERCE
35, BECEBT A0 E 3 BGLHHN TS, M
RREGE1RSHYEVELSFOBRTY o< 5, #ila
FRIHBEEOEM OB I 5, HEE (38) 2E<,
SERBOZLDEH,
Cyanocystis Borzi 1882 (syn.: Dermocarpa Crouan sensu
auctt. post. sine typo, p.p.); Dermocarpella Lemm. 1907,
Stanieria Kom. et Anagn. 1986 (syn.: Dermocarpa sensu

Waterbury and Stanier 1978)

“Dermocarpa” &\~ 5 BAIZBEELTCWB Licg (4 7
BARCIHEREL W50 TEHTH 5,

PR, “Dermocarpa” CHEINT o OhOf
D 5%, DO RO EECEL, T
ORfaHEET, EMOMIas K4 L T RKRRC
DL, FPOBRME SAETF) 2R TI 0%
Chamaesiphonaceae (F[%H) & L, Mifae@drnoH4
% % DX, Dermocarpellaceae & LT\ 5,

BEFD “Dermocarpa” HPEENTWLED S S, Lk
HOMBTHUIERE B b D% “Dermocarpella” &35
WRELHBM, OBIMEEIIHYEVRET
T EEREBE LT\, TAT, LEoMLT LS
243 % 3 O & F B Chamaecalyx (Chamaesiphonaceae) &
LT3,

MR B R, EITTEEL, MlaedrSH
DI HZ4T B b DX Cyanocystis Borzi 1882 T, #
Ran@Eit 2R, MR Es 2815 kBT 505,
WD OSBRI R TH BB, Dermocarpella Lemm.
1907 TH 5, ¥, MEALRE T, BELRELT,
MREGHNE L TEHEBOBBTEHRTHLEVIH
B & F> b D % Stanieria Kom. et Anagn. 1986 & LT
W5,

(6) Xenococcaceae Erceg. 1932
MR, SAME 3T EY, ERTEETS

B (BR) NEMOBGEHRT 5, MiasZULERk
B, B4 TROHRETTHRMCES b, Fic (
WRIZEWT) BlaFAER IR D, BMTEFEHL,
<, MCHE BFesBThs,

Chroococcidiopsis Geitl. 1933; Chroococcidium Geitl. 1933
(syn.: Gloeocapsidium Geitl. 1935 nom. nudum); Chroococ-
copsis Geitl. 1925; Epilithia Erceg. 1932*; Myxosarcina
Printz 1921 (syn.: Endospora Gardn. 1927); Xenococcus
Thur. 1875 (syn.: Dermocarpa Crouan 1858 pro typo p.p.,

nomen ambiguum)

Chroococcidiopsis : BRME T oo\ BRI R 4 i~
HRCHHEL, THHERTFEYHRT 2, 4%, £<
DENRFBREIND LTFHRIND,

Myxosarcina : MARUIERTY, SROBM:D 7L\ BlFx
W33, SEHCHBULTROSBETITOAEZ
RRbIV, RICBBIRT 2R T 2,

“Myxosarcina” £ ST\ ieb DD S b, HWRFY
£ { B Lis W HE i Cyanosarcina (Chroococcaceae)
BIXETH%,

(7) Hydrococcaceae Kiitz. 1843

MRgIAR 2 s L, SOEBEY RO, BMTE
BT 5 L3R, THACE.S ¥ 1Bl THRAl
B oBHRCET, BEAKL, HRFEG
(nematoparenchymatous) % 7cid KR DO BHHE L
Bt5, MESHIEL LT—HADETREL 52,
BEC L > THER L SBELEL TR Y, &
IER O 3\ TRERC RV BRI IR D
HRFE2< %, HERIKER, BFELBTH 2,

(i) Pascherinematoideae (Geitl.) Kom. et Anagn. 1986
—FIEREL & s B IREE D b, ok

THEL, BiEYRT. MRS R RREOETTR

CERECET 5, HMHOMREAR L THRT L

%o BRTIECRVGHER» bR ShD,
ZOBERHZ DWW TOERIZZ L,

Pascherinema De Toni 1936 (syn.: Endonema Pasch. 1929)*

(ii) Solentioideae Kom. et Anagn. 1986
REGTRANCE « 2T 2 EGT, RhRr
BT %, MRLHARENTE VR TEY, &
BOBRRC LHFELRWZ L b b D, MARKIHE
AR, ElRKEE, SLOBEBRTHZ. FIC
HRTEHRT 5,
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Cyanostylon Geitl. 1928 (syn.: Hormothece Jao 1944 incl.,
Stilocapsa Ley 1947 incl.); Hormathonema Erceg. 1929;
Solentia Erceg. 1927

(iii) Podocapsoideae (Erceg.) Kom. et Anagn. 1986
R BEYFOMBOM CHE S h, SREED.
BARNETH D, KEMLBEFHIY T, Ml
DR ELITER CTH B, thdOMs R MiaR
ek LTEREKS, REREBCfcsBL, £
BERmCEVHoRBRT AR T 5. #laTaHy
THb, WIERTH,
Cyanosaccus Lukas et Golub. 1981; Ercegovicia De Toni
1936 (syn.: Brachynema Erceg. 1931)*; Podocapsa Erceg.
1931*

(iv) Hydrococcoideae Kom. et Anagn. 1986

MR R HAI F LR RHRIC MY, FERICEA
THRRFAMR E IR TABERG LT 2, &
LRI B TIIRC S, MRS Bk~ e iR
ARG 20, 3R Liciils (ROBA
REE) OREENCIFEELE TR 5. Frciiass
B sh, RICHEE (88 »oiishs, BuE
<,
Hpydrococcus Kitz. 1833 (syn.: Oncobyrsa Menegh. 1842
P.p., Askenasya Mob. 1887); Hyella Born. et Flah. 1888;
Myxohyella  Geitl. 1925; Nematoradaisia Geitl. 1925;
Onkonema Geitl.  1933; Schmidle 1901%;
Pleurocapsa Thur. ex Hauck 1885 (syn.: Scopulonema
Erceg. 1930); Radaisia Sauv. 1895; Radaisiella Geitl. 1935
(syn.: Geitleriella De Toni 1936)

Pilgeria

=2 VE®H Oscillatoriales Elenk. 1934

BRI b Y 2 — s %fED, MY a— A EBNY
FHoriluriciy, BEBEYECRVAFOZL
Yh5, HoaEirny, BEGRIB YL
MR-z LMD, REMRES7 53— il
Vo MBI ARREE LV EBSEVH, BEIX
> TR, ERETESHE, X TEESHET LY,
mBMRTF 2T 5,
2VvERORREOTBECHI W ERIhHBH
i1, MlSHE (HHE LR\ KROSHEE TIITOM
fADXEIETERTHHEG L, MIRSEIFEFE
{fibh, —2DHAUKRDbLLIE 5 BIRKROFEH
MEDBEENDD), PV a—an (Y a—arE3

DERERYRFOBEL, THThRWHEELLEDB, ¥
fo, ESGA R T ABRCEEMRENELIBELE
5 TIWBELH D), AR EOFOL Y 2 -4
D), MiafREED  Oth, &k L REESHE,

b Y= — s L ESEEOEEMEOFE, BEiRMER SR
(#V 7+ 7) O BOFE BREOUE M
NOBMEE (F7 =24 F, B|R), ¥ AROBE,
AR OEERN R, R (BRERORE
#) RUEFAIFIL (choromatic adaptation), gD A
&I, ARBLHMBEEST, BRATOVEBHER, 5
BT COWRHER, £Ths,

(1) Borziaceae Borzi 1914

MU aEY, L LB, St L
THWT S, BERR 11pm ¥ T, BEEiV,
FRRRRCEOLVHEROBER, HETL-T
ErIOEBM AR, BMTAET T, FIES
LOEEe#ECBeR T2, MlatE -Afes»E
BY, 2TO0HENYRD, KOS TOKE
SR EFTCERTS, ¥ AREF L, BT 7
2 PR (7). SRS EHE F I TBEHG
kb,
Borzia Cohn ex Gom. 1892; Komvophoron Anagn. et Kom.
1988; Sinaiella Gruia 1965*

“Pseudanabaena” DO T, B % 3B O
flR% oL DX, Komvophoron ICB I NI,

(2) Pseudanabaenaceae Anagn. et Kom. 1988

MY 2 - AXMEE, HOBEEIm T, 8
RGOS, BEYROBLHD, BORK
RV h, BEROLDOTROBRYESHELD
%5, EBERTHBE1 S50, EEERNL Loy,
BICAEFT L, FladiRe#Ev~, FROESR
¥R T 5, MRS THHENLR>, ROSHEE]
EEOKE I ETERTS, ¥ AREFAVHRF
D, BT 5 21 Vo, BENER
BHD, LRI ESG, FXTBEMGC LS, M
REBRCEFEEE v ~ L ORHMETIT 5,

(i) Pseudanabaenoideae Anagn. et Kom. 1988

PY - AEBERTRL, BRBEYRCR,
BcECHEEOBE RS, ¥, EETTHCBY
O BBEND B, BOB R EREILEHE
B, A ARG HRERBICTE %,
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Pseudanabaena Lauterb. 1915 (subgenera: Pseudanabaena,
Skujanema Anagn. et Kom. 1988, Ilyonema Anag. et
Kom. 1988); Romeria Koczw. in Geitl. 1932?

(ii) Limnotrichoideae Anagn. et Kom. 1988

b Y 2 — AR, BLBOE L. AT
TEEEEC L 5, ¥ ARULEFEE A, a0k
BRI RHETHZ L b D5,
Arthronema Kom. et Lukav. 1988; Jaaginema Anagn. et
Kom. 1988*; Limnothrix Meffert 1988; Palikiella Claus
1962*

Arthronema : + Y 2 — A% T AMROEIBRS
hTwt, KEIOMRUTTH 5, MELIERFRE
CHETH LD B, BRMRELTER Lo, M
RATHF 5 214 Vo,

Jaaginema © b Y 2 — 2 HAP S0, EEO.5-
3 pm, BERTERMAL LB L3S BHEREID
Lixicy, Bl GCLEENLLE VR -TEEF T %,
MRIHER Th D, FIRRMBEETR L\,

Limnothrix © + Y 2 — AX[REETLOhisyh iR
AL R, ER1-6 pum, T CHL bV, B
FWERICR VORISR R FD, MR E
TRy ARy D, %< OBEMkRIHC
FIaf Vo, BERELELT742vT =V
E742=Y b Y VORRYEZ BT LHTES,

(iiif) Leptolyngbyoideae Anagn. et Kom. 1988

bY 2 — ARRE), EREK4m ET, Lo
20 LB h ik RIEETRT 5, MR
RO, EEIEFEC LB, FARTE
Leibleinia (Gom.) L. Hoffm. 1985; Leptolyngbya Anagn. et
Kom. 1988; Planktolyngbya Anagn. et Kom. 1988 (syn.:
Lyngbya subg. Limneticae Forti 1907)

Leibleinia : RRBIBHT2, BEE 1.5-12 pm, fad 0
WM CEBECEE L, BRCHERIEE,» OER TH
BT5, BCTEE TS, M) 2 - 23 BcBrEDL,
EEME TR ST\ REEEFI AR CERCEEL,
T O, DERT B, MMOKE L Leptolyngbya LR
LTho,

Leptolyngbya : + Y 2 — A XERE 0.5-2(-3) pm, &4
Bl L, RESEscdTheEo, ERLALL
PRGN DD, B THERC bR, B L
AETE), FHCHERT CHYBT A b5, M
fa@asr i+, »Alae |y, iR

LFCF 7 24 Vo, 74 2 ) VOERRIEL
T5, HFETESTMRE LT TE A REBESH G B
RN BB X B, RRGIFERCES
5,

Planktolyngbya : FRREIT E o3 < inv LEIRIER
A, B TCEEAEY L, ER T Rbisy,
BER B, HGLosh LEROBYE,
BRI B R R,

(3) Schizotrichaceae Elenk. 1934
ARETPLHERY, HCHRDS TRIMUT
VB, 1L LZhEED MY 2 - a%HFD, BOEK
ECAGRRBY SR D BIE Lch 35, KRR
FRRBROBEEHRT 5, MBFREAHEL 2L
%o bV A —ARTE), WERY. MELETHHE
NaFdb, RO/BEETLTOAEILETERL,
AARERRCT, BEREGEE- (7). £ b
Y 2 — A DR LA U s EHEC L B,
Schizothrix Kiitz. ex Gom. 1892 (sect.: Schizothrix, Inactis
Kiitz. ex Gom. 1892)

(4) Phormidiaceae Anagn. et Kom. 1988

Y = —ARBEEsELE s MREESTE, B
EHERFLILVC IR0 H B, HIMrEXL
o) LT3, WmiibE, —oo#hic 1 XE
BFXhLED b Y a2 —ad&l, RISESMEYRT,
W O DBE OB T, MLBIEEo< 5, M
Rz EsmMbaList & THBTEET, ROSHEE TIRIE
LAETTOREICETEREL, FARYELVLL
o, #3534 FRPRAARH 54, kT
WRERI g IR B LTRBETH B, BF
HRRRE—ET, BENEINE- (7). AL
B, ¥R REEMG X B, MBI ETHEY
gL~ /NLAERTIT B,

(i) Phormidioideae Anagn. et Kom. 1988
SARRBITBEC L > THE RO iRy,
BERIBEE DIV HILbHD, F
WIRD Y 2—anbich, BETEFThER
ARG ERT S, FCHBERD < P RERD, b
V= — A XFEY, EREA TR, EREESE (X
ROWRS, #E, ¥E IuEEESHYRT)

%,
Phormidium Kitz. ex Gom. 1892 (subgenera: Geitlerinema

Anagn. et Kom. 1988, Gomontinema Anagn. et Kom.
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1988, Phormidium, Hansgirgia Anagn. et Kom. 1988);
Planktothrix Anagn. et Kom. 1988 (syn.: Oscillatoria sect.
Prolificae Gom. 1892); Porphyrosipon Kiitz. ex Gom. 1892;
Proterendothrix W. et G.S. West 1897%; Pseudophor-
midium (Forti) Anagn. et Kom. 1988; Symploca Kiitz. ex
Gom. 1892 (syn.: Cyanohydnum Copel 1936 incl.);
Trichodesmium Ehrenb. ex Gom. 1892 (syn.: Pelagothrix
Johs.-Schmidt 1901 incl., Haliarachne Lemm. 1899 incl.,
Skyjaella De Toni 1938, Xanthotrichum Wille 1893,
Heliotrichum Wille 1893); Tychonema Anagn. et Kom.
1988; Yonedaela Umez. 1962 (syn.: Sphaeronema Umez.
1961)

Oscillatoria, Phormidium, Lyngbya (3 AGHEHIC 38 D &

B Lo THEINTWRAGNRE L, ROy
ERTHLEIEHIRATEL, ChH0BRIIRE
RABHIBEL TV A Z LB ALELhTER
7, KERBE Mz bh, %< OB Leptolyngbya,
Planktolyngbya, Leibleinia, Jaaginema W8 I iz,
FY 2 — AT LESEES 2
2, RHRAREFER, BEREE T ChicLb 2i@ni
{ChAHELH5, BR1-12pm, EBHEETRT,
BOBRERECEV, M) 2 - A0FBECEIER IR
0 ESHIRBEHFCELAIND, BIZEL, +Y
- AREEL, BRTzov, flRTKkOSEI R
ZARICIIETTOKEIRERET S, AR
Vo BEEKIIED T, PV 2 — AERBTHEREIhS,
BABIKREEDB ISP IRERY OB CES
2, FRBBELTL-2Y EREALTERRDERND
Eich, T DRBITIL “Oscillatoria” W28 ¥ T\ fodsis
hOLEEIB IS,

Planktothrix : b Y 2 — AMIBMT, FoT0%D
A%, AERETENICTSTRBE AL ThITWEE
bH5, BEEI35-10pm, B\ @ mmicETHHE
H5B), BRCED > TRRPML e BBA LB Igw
BENDB, REHC» ) 7+ 7 vEonERMRD
MRaEEL RET 2B E82 5, BERBEB B
2, BERAF-IEET CRCHVGBEY oL 5, EF
Mz By, BRI X - ToEIh D, M
BRIVERI VRPN IVHIFELEAERALT, B
Z R, v ARYED,

Porphyrosiphon = + Y 2 — AIRE, IO, EE6-
20 um, BB BVBROBE R, HSGYEE
LR -7 b, BERICIc-keh, B TS
ERB, RRBIBOBCRET B, FRIISHK

Phormidium :

FBHELTLN S, K “Lyngbya” CFIB LT\ 1T
BEBOBEXHEOLOIZDERB IS,

Pseudophormidium : H BT ER >R THMORE L
Ritd,

Symploca : DB T HARREORTH S A
PEDRE &R D, RREDEEIL Phormidium & ]
UEH, #giefikReieh, BTEOXESEETT,

Trichodesmium : Planktothrix & Pl % 53, B R % 721
RS ARREEFD, FEEORGYNT 2R
TRILD, PV 2—23@BEAEE>TMMMAD,
EI BB YR, BER6-22m, MRIRILE
DELVWAMR, v RAlxRo, REMRYECL
DEXREEELF .

Tychonema : b V) 2 — AXE > TR LALES
v, Hih, HmcEHCBREL Y, EEEFEEYTES
—REEENE ¥ Ao B, R SmmiEL, EE
2-16 pm, BEFl LW HrBERC X > THVGHEKED
A Eo, o ER oy, ERTHEL biny,
BEEBSELRI LV OMENCRTHEEG 55, i
B EAELETRALET, ERLERINFLVAEE,
AT, BNEYRO, ERAREHCE-
BEREEOD, WAV T SEHFED, 74234 YV
MBI EDL V185, EFEITBESEGBC L D,

(ii) Microcoleoideae Hansg. 1892
PY 2 — ARFEROBG ORI ERE S b, EB
HERT, RREE LA CHRERY, RCEERK,
EE LB OBRE L~ » M ROBGEHRT
o HL b Y 2 — AREHE Lisy, EREEHET X
%o
BLBGOVBCL > T4 BIAEINDN, ED
CHELWRAZBETH D,
Hydrocoleum Kiitz. ex Gom. 1892 (syn.: Polychlamydum W.
et G.S. West 1897); 1927%;
Microcoleus Desm. ex Gom. 1892; Sirocoleum Kiitz. ex
Gom. 1892 (syn.: Dasygloea Thw. ex Gom. 1892)*

Lyngbyopsis Gardn.

(iii) Spirulinoideae Forti 1907

Y2 — ARECHRIB IR &L, BEROH
FRRR o, BBTEF TG, P ROE
RN T 5, EFEIEHETL D,
Arthrospira Stizenb. ex Gom. 1892; Spirulina Turp. ex
Gom. 1892

RO 2BRXVEDDRELTRIBR S22,
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HRREEC B 2 BEFERMEE v L D/ LOELFI D&\,
BE (#V7F7) OFE EHEOEBLERL,
2EHRD B,

(5) Oscillatoriaceae [S. F. Gray] Harv. ex Kirchn. 1898

MY - ARBETERT S, <y MRECIE
RefLaT5, BerRTis, BrRh, Bk
h BT, BB AR THE LR ERVBENRDH B,
HIE, RRTBn T2, ARET e LERD
PV a—akhind, BBIREELLONDS,
MR FER, FPROBALRES TITOKE SITE
RTHENCKRACH LSR5, BE Y AlY
RADPBAEDLOL DD, BEHHETTHLR T
Te\e AEFEE N Y 2 — ADH, F LB X B,

(i) Hormoscilloideae Anagn. et Kom. 1988

bY - ARBBTER TS, KEECHEY, 8
ARELAVH R ORE YR L, EBERRS
T W HENTRTHED D Bo LR LY 2 — LDS
B X DAL ST OWTA I L %,
Camptothrix W. et G. S. West 1897 *; Hormoscilla Anagn.
et Kom. 1988; Katagnymene Lemm. 1899

Hormoscilla : + V) 2 — A8 EHL-T, EX LR
¥XBEIATVS (140 gm ¥ C, 1-30483), b+
Y 2 — AIEEIEAIRRIC X » T S h B,

Katagnymene : t V) 2 — sIBMCETT5, EBhE
RECHE LB EEB LR L, EETHRCH
BHOBEY RS, B F R NRADRAGRIER
cERD, BR10-28pm, Y 3 — ARAREORH
CHliEhs,

(ii) Starrioideae L. Hoffm. 1985

FY - AIERTEET S, EBEERI N
BaR<, Y- sBEAAR TR, JEAFDL
IERPEERITH B, EFL LY 2 - 2058 L -
THUDREORRIZ X 5,
Crinalium Crow 1927%*; Cyanarcus Pasch. 1914*; Gomon-
tiella Teodor. 1901%; Starria Lang 1977

(iii) Oscillatorioideae Gom. 1892

FY I - ARBMTEE TS LIHT, KERR
Litn, WEEOMBD TRLHERILEET CORKE
2, WABERLS SOBE D, BIC L > TECRS
BrfoBaribs, BB ErT, MiniEl, M

R, ERTESHFC L,

Blennothrix Kiitz. ex Anagn. et Kom. 1988; Oscillatoria
Vauch. ex Gom. 1892; Lyngbya G. Ag. ex Gom. 1892

Blennothrix : 1 DDMOFRIEAD b ) = — A% H
D, bV 2 —ADERILS-30m, ¥ o T BB,
Oscillatoria : + U 2 — 23 % o3 <o tini s,
BRI 8 um, MEWMEY R IcL, HBNLAX ZOE
LI THBORGEVRT 5,

Lyngbya : + Y 2 — ADVE W #B% D 55 T Oscillatoria
LRI h, AREBIBEFIT>, BEEH 8 um, RITEET
BEROEBOFBEHH T 5 BIRELB LD,

(iv) Plectonematoideae (Elenk.) Anagn. et Kom. 1988
FY 2 - ARECBYRED, BRROREYRO, B
Bk e RSy, BRECIBROBELERT S,
EFEEREFT L D,
Plectonema Thur. ex Gom. 1892

Plectonema © + Y 2 — A TEFT2, ERE8-25um, ¥
RO, BEBOBREES, EBEERI e, AR
FIECTHEYRT 5, MR, EEk
V2 — ADREM TR IR S,

(6) Homoeotrichaceae Elenk. 1934

MY 2 —Ad#BERD, RRGEFS, EBEETR
B, ARGBIABMTETTHMEEL, BETS
bonE, BEC L HROELIES, AERREY, &
KRBRABCIS 2 L b 5%, MBI IT
DERETH, HARERL, BENERIHLHRT
VIRV, AT M Y 2 — AR CIE D I b B
£5,

(i) Ammatoideoideae (Elenk.) Anagn. et Kom. 1988
ARBIEERY, RccmBRY L%, Fic

R E5,

Ammatoidea W. et G. S. West 1897; Pseudoscytonema Elenk.

1949

FD2BiE LY 2 —ADWRRTRI D, Ammatoidea
DbV - ADEWMITEBRECHML DA,
Pseudoscytonema TILEWRMA KL 2 h BRI 2B
E3bs,

(ii) Homoeotrichoideae (Elenk.) Anagn. et Kom. 1988
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ARGIECHBRY, Bhifro 500
b, RO BbDETHD, LERLALBLTHE
HRREDO—HERCEET B,

Heteroletbleinia (Geitl.) Hoffm. 1985 (syn.: Lyngbya sect.
Heteroleibleinia  Geitl. 1932); Homoeothrix (Thur. ex
Born. et Flah.) Kirchn. 1898; Sokolovia Elenk. 1926*

Heteroleibleinia D + V) =2 — A OIEAIRQ T BRI,
Homoeothrix T3 7c b, BRK DB,

%< a2%®H Nostocales (Borzi 1914) Geitl. 1925
MY 2 — ARTEEBRY ¥ R RERRY, BoiF
20\, BAABRILESY, REMRE, &
Bl T7+x -t %fF5, MRSHEIFTCHY
2 — AOFHNCR L TEAE S 5, LR ECEH
FELRITBESHGC L5, #RTFI—BTOoRML
N T\ B (Coleodesmiumapsis),

1B EAEDE#IZI T = V= [ (Oscillatoriales)
EALTHB2, bV z2—anREMRETFX—t
EDENEFHORTRIL S, BUTOSEOHH L
LT, MY a—abpREORE BokoRE &
oM E, Mo, MRoMERS, REMR (3¢
3K “heterocyst” &\~ 3 BEEMF AT E A, Zhit
cyst TIX7L\ D T “heterocyte” & LT\ 5), 7F 5 —
b BT - A CEORNE, EBHOEE &F,
AR, EER EREILETOhS,

(1) Scytonemataceae Kiitz. 1843

MY 2 - AR WEBRY, BER, HECTLHTH
F— RS, KA LEDOE KHBIRE RO
BELBBONUE YRV BEL DD, REMR
BMERCHR SN %, ARGTER 24 1 -
e e < B, BREORFORE, T ORI
O ERT2HE L, — W bERTEHENDH B,
Kyrtuthrix Erceg. 1929; Scytonema Ag. ex Born. et Flah.
1886 (syn.: Diplocolon Nag. in Itzigs. 1857); Scytonematop-
sis E. Kisel. 1930 (syn.: Tildenia Kosinsk. 1926, Set-
chelliella De Toni 1936)

Kyrtuthrix ¥, €3k, Mastigocladaceae (Stigonema-
tales) IC 7 X TV 7oA}, Stigonematales DB T
DHASENALR T2 &, Fh, Sotonema R
Scytonematopsis & FAK, bV 2 —AhN—TEHHET
% ED b, Scytonemataceae IZB I B,

(2) Microchaetaceae Lemm. 1910

MY 2 - ARFEERRY, 8o, AR AN
HokmMlax o, BAETI D75 — b 2fE5,
BE IR FRMOE  CHBRx Fo, B
Bl LY 2 -2 0ERE 3N ERTERI L
Bo RREIZLOLDBETILEE, BIAEDOHBS
BafEs, BicX - Tkt Y 2 — apREMBOTS
THETL, REMRYESEVRO MY 2 — A2MES
BELTRET S, P RCEEMRYED,
D DRFANCREFT 558, BCEBEERBORRE
CRET 5,

(i) Tolypotrichoideae Kom. et Anagn. 1989
FREEET BRI A LT,

Coleodesmium Borzi 1879 (syn.: Desmonema Bern. et Thw.

ex Born. et Flah. 1886); Coleodesmiumopsis Dutt et al.

1982; Hassallia Berk. ex Born. et Flah. 1886; Petalonema

Berk. ex Kirchn. 1898 (syn.: Croatella Erceg. 1925);

Tolypothrix Kiitz. ex Born. et Flah. 1886

(ii) Microchaetoideae Kom. et Anagn. 1989
ARGBER BB B DI ROD, 3R

/AN

Camptylonemopsis Desik. 1948; Fortiea De Toni 1936 (syn.:

Leptobasis Elenk. 1915); Microchaete Thur. ex Born. et

Flah. 1886 nom. cons. (syn.: Fremyella De Toni 1936)

(3) Rivulariaceae Kiitz. 1843

MY 2 - AR WEERY, BERO, SRS TERC
ek Licfifgc s, Rk @i o, £
BAREFERCYR IR B0, BRCL > TERA
AR IND, 73— BRI > THEHRIH
LPE LR IR BELH D, BOBITERTH
ET5, W KOrDBTREEHEVIIBRILL > T
REMROTH,ORET 2, EFFIImCREM
FazxfR L, flims: HIENHRCERT S,
Calothrix Ag. ex Born. et Flah. 1886; Dichothrix Zanard.
ex Born. et Flah. 1886; Gardnerula De Toni 1936 (syn.:
Polythrix Zanard. ex Born. et Flah. 1886); Gloeotrichia J.
Ag. ex Born. et Flah. 1886 (syn. Portacus Kuntze 1891);
Isactis Thur. ex Born et Flah. 1886; Rivularia [Roth] Ag.
ex Born. et Flah. 1886; Sacconema Borzi 1882

(4) Nostocaceae Dumort. 1829

by 2 - AREERY, AROMRCKHLLh, ¥
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T e TRl b, BrEROMRCKLS, B
Bloszsicd, MRRXLTHBENYHO, BE
MREERRINERNCER EIh BN, BRX-T
BB INE T X — M 2EBBE, 7T+ 5 —
ML, REMAROIL 2RI HE L, Hhic
LIAMBHBRENBHBEL DD, BB, &
S TERD DNHRCERT B,
BRoSELREL LT, REMROAME, +Y=2—
A GRiRE) O, 73 F— FOMBERHLEV -
XM SAVCBRT EICE#OMIC, BEOME
a7 ¥ & — b OB, EFER, ¥AROEE:
EOBMYERT S, BT % — F ORERRCE
BLT2ER®®S,

(i) Anabaenoideae (Born. et Flah.) Kirchn. 1900

7% F - P AREMRCBEET 50, FRREOR
< BRL I D (paraheterocytic),
Anabaena Bory ex Born. et Flah. 1886 (syn.: Cyanospira
Florenz et al. 1985 incl.); Anabaenopsis (Wolosz.) V. Mill.
1923; Aphanizomenon Morr. ex Born. et Flah. 1886; Cylin-
drospermopsis Seenayya et Subba Raju 1972; Cylindrosper-
mum Kiitz. ex Born. et Flah. 1886 (syn.: Hormothamnion
Grun. ex Born. et Flah. 18867, Anabaenothrix Randh.
1936); Raphidiopsis Fritsch et Rich 1929; Richelia Johs.-
Schmidt 1901; Wollea Born. et Flah. 1886

Anabaena & Aph a4 TEYHETOR
D CRBBHCRPITE 55, FHUELESE
W ONFET S,

Anabaena @ + Y 2 — AXHEBRAY, NETHREM
fax b CGFECRCEETS), REMROT B
DERLBESR T % — P RFRT S, BEMTERT
B0, EREER»~y PROBEEYEHTS, B
EBBVIKFOEE (W, KE, K%) bEER
T2h, KPTREEEYT D, &1 7 Anabaena
oscillarioides Bory ex Born. et Flah., Anabaena {43 77 A
Rk Robo LRl b0 (B#EEEaEE),
MR L B b D LMDV DENEE
hilsh, SROMBLUNEL IR, 72O
FERAOF\ T L > TREKD Anabaena DD 5 b
Trichormus (Nostocoideae) B I hicb Db 3 (#
Ao

(ii) Nostocoideae (Borzi 1914) Kom. et Anagn. 1989
7 & & - FAREMRE, LRI L Z AL

L% (apoheterocytic),

Aulosira Kirch. ex Born. et Flah. 1886; Isocystis Borzi ex
Born. et Flah. 1886 (syn.: Pseudonostoc Elenk. 1949);
Nodularia Mert. ex Born. et Flah. 1886 nom. cons.;
Nostoc Vauch. ex Born. et Flah. 1886 (syn.: Nematonostoc
Nyl. 1873 ex Elenk. 1931, Amorphonostoc Elenk. 1931,
Sphaeronostoc Elenk. 1931, Stratonostoc Elenk. 1931);
Trichormus (Ralfs ex Born. et Flah.) Kom. et Anagn.
1989

Trichormus © b Y = — MXEFIMAEL LY, TR
RA¥, N4 s REMRYFS, REMR»CEBERC
LIABRLTFEX - P RN TS, EHAEET<y MR
OBGEFRT B, FRRRRE, H5 W iKpic
BT B, 214 78X Trichormus variabilis (Kiitz. ex
Born. et Flah.) Kom. et Anagn. (basionym: Anabaena
variabilis Kiitz. ex Born. et Flah.),

AFFx<H Stigonematales Geitler 1925

M RtECEECE CTOHL, BFOrY 2 -2
IEB T EDHVH, FOHCHD\VIBIL X > Tik
BHEDE L AL DBHTE W TRENCET R EROR
HALETHHHEL, SREOBBE B\ TSR
LB EDPIE I\, b Y 2 — AREDBRIES,
AT I - THRIBELES, Bicl > CXREMRY
6D, BLAEDBET 5 — b RELT\, AL,
B, TEHESG, BERESHE, 75—, #l
F, BEIT, FEETCLS,

AFTF=HTE, KO 4 2OORREDHHEEH B
SEERSBEREL Ih T3,

A. fROTHASMTH 5 X FHGE : Mlars
NS L CHRBY R T 500, ABRFMNILM
RAEAREELTWAELDTH S,

B. fllE+5 TFHAEE: + V= —s0FiEOMR
EENCETIRE CAZ L, AR Lo —or
ECEARARCERT 5, ZOHEIL 4 OOEH
N5,

C. BXRO VFRELSH : EHRMARI GBS R
FEARETHAL, 2500 flocitis, Zof
e NRRQe)IY Y RN Y (-

D. #YFRHE - 4T 2RI I N HCS
Bk U5, —EoERME S, 2E0HE
ESMMABREAETO M) = — AMALH Y FHE L
5, ZORBEZ LWL OnERNLLRE, Itk
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Z RLiL Geitler (1925) D ¥ V FH 58, Umezaki
(1958) D3 Y FRINFIZE Ly,

BUTOSED D DRHEE L THKREIDMIcRD
LOYERT S, Mans Mkt REMR, 7
F X — b, BB, G, EBEN - AN,
AR, AER, BEEOVRE WRENER, 4R
& WS,

(1) Chlorogloeopsaceae (Mitra) Mitra et Pandey 1966
MY - A, AR LB, BFlw
L&F], e/ vy ra 74K, @-&h e Lk
fE5z Lixleve XFRNKEFEL. REMRIN
REFLRERCHERIN D, EHETEHGL 7+
*—tri2 LB,
Chlorogloeopsis Mitra 1966**; Heterocpanococcus Kuffer.
1929*

—B—F8 TH 5 Chloroglocopsis fritschii 13, HRRH
BIREXROh - T, ¥ EloMBYES
Heterocyanococcus 13, Nostoc punctiforme @ 4 &8 D —
BTV EEZ BRI TV 5 (Geitler 1932, 1942),

(2) Capsosiraceae (Borzi) Geitl. 1925

FY 2 — AREFIRGLET, REFRAEELR
DORICHRBOBZIRD b higy, BFRERIC I
TRHREEBRCIcH L23H 5, Bk TS
ReREL, B _XokRorREcins, XF
B, TFE, VFRSRKYFS. EEMRIER SR
R ETINERCHR IR D, EEITEERT
3BT, 73—, B3,
Capsosira Kiitz. ex Born. et Flah. 1886; Desmosiphon Borzi
1907*; Hyphomorpha Borzi 1916*; Letestuinema Frémy
1930%; Nematoplaca Geitl. 1933; Stauromatonema Frémy
1930*

(3) Stigonemataceae (Hass.) Kirchn. 1898

FY 2 —ARBFILID T LA B, Sohdicn
hE@ LR L oMM BDdOIh D, XFH, TF
B, VFRSEYED, REMRIBR IS,
NMERCHERIN D, EFGEHE, TEHESE, E
g X 5,
Homoeoptyche Skuja 1944 (syn.: Thackerella Bharadw.
1963); Pulvinularia Borzi 1917; Stigonema Ag. ex Born. et
Flah. 1886 (syn.: Sirosiphon Kiitz. 1843)

(4) Fischerellaceae Anagn. et Kom. 1990

FY I —ARFEEKRECHET S, FECIWT
EEFICTIEERR, BRIk TRBETITIR E A EFR
W TFH, VFEIE*F2, REMRITRIh
ey, ERANMERCHRIN D, ERHIESE,
EREEE, TR+, TB#RTFCLS,
Doliocatella Geitl. 1933; Fischerella (Born. et Flah.) Gom.
1895 (syn.: Fischera S. H. Schwabe 1837, Sommierella Bor-
zi 1907); Fischerellopsis Fritsch 1932; Leptopogon Borzi
1906; Parthasarathiella Subba Raju 1962**; Westiellopsis
M. Janet 1941**

Fischerellaceae {1 b V) = — A #h & D DL
BB L, MEIBOBERTEVAHDZ L0,
Stigonemataceae 2> LB L TRIT O h B TH %,

(5) Borzinemataceae Geitl. 1942

MYz —ARFEEKEMET S, ElTELT
EETITEERR, B\ TRETIOMEY, Bk
5. TFROERF2, REMRINENCHEK
Sha, £FEERGE, BEREHE, 7FE- X
%o
Borzinema De Toni 1936 (syn.: Diplonema Borzi 1917);
Handeliella Skuja 1937; Schmidleinema De Toni 1936
(syn.: Camptylonema Schmidle 1900); Seguenzaca Borzi
1906; Spelacopogon Borzi 1905 (syn.: Pseudospelacopogon
Elenk. 1949 incl.)

(6) Loriellaceae Geitl. 1925

FY - AR THES, BB LABKY, @
LTz Lidis, TER, VFERSEY
£5, REMRITRIhRVD, ElRMENCE
REh5, £ ESE, FEEEHE, 7FF-
L%,
Albrightia Copel. 1936%; Brachytrichiopsis Jao 1944; Col-
teronema  Copel. 1936%;  Geitleria 1955%*;
Loeferenia Gom. 1896*; Loriella Borzi 1892; Mastigocoleop-
sis Geitl. 1925%; Matteia Borzi 1906*

Friedm.

Loefgrenia & Mastigocoleopsis VL 5% TR 72 5 BRD
PREEFES. bLIOBBIRERELRADLI DD,
W8 (X Loriellaceae ORI E LTHEI N B NET
% 6 5 o

(7) Nostochopsaceae Geitl. 1925
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PY 2 - A THT, IEFER R LB,
FEEROSEABD LRI, TFHR, VFE, &
Y FRGERIES, REMRINMEN» R
BB OERCTUR D, AR ESEEC L5,
Baradlaia Palik 1960*; Mastigocladopsis Iyeng. et Desik.
1946*; Mastigocoleus Lagerh. 1886; Nostochopsis Wood ex
Born. et Flah. 1886 (syn.: Myxoderma Schmidle 1901)

(8) Mastigocladaceae Geitl. 1925

bY - AL THE, FER LEERR, T
RSB D LR, TFE, VFE, YFH
PEHIED, REMBRIER IRV D, ERdiE
BB & h B, AT ERE, TEERE, FEEE
ik, 7Hx—t, GSHCBRRTICL S,
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16 : 15 (60) AR EE LI Uit =7 VEORE L ERBEMHIZOWT
O Anong Chirapart - KEFIEkX (B40KX - BEAEWEE L £ -)
16 : 30 (61) A ) AFEROARBHEER
HAFED - OXFIEX (BMX - BHEHYHEE v 5 —)
16 : 50~17:50 (B &) I : HRRRLS
BEEES - 3 9298 (A) 15:00~16:00 1 S 4 ParhoBE
FHRBEL:382908 (A) 16:00~17:00 1B 4EPLRE
ps 3 b3
% ff 8BME4FET, 3A30H (K) FRISESIANLLTVET, YADBMBFRAKRLEMTET,
— AR 1155 (145104, 28124, RHFE3 D) TF, BRI LTF v, #ETBL T,
ETROERCE>TTF IV, 274 F (FRERIZIEWE 4 SEER) 13, £BAODDR
74 FEMCHEEBA02MTE TR L, #EFRRTRISETATESEDR I TV,
BR#EE BREEL 38318 (K) FR1ELLFH 1300 TRV, BRY (FEREHIIS
540% ¢ B BR) O30 BFRIFICKEC-LET,
BH & BE2 37308 (K) FHR3001L 8T EHE (RE) TV, A&YAD

BIMEARIEFEEND D ETOT, KEZMFETRDTIBHLHET I,

FEhEE - T42¢ BARFEKTHF-20-1 REAFEEFTKEER

AFRBEEFLFITERSERETRS
EEE 0543 (34) 0411 PIfR 2234 ($kHE), FAX 0543 (34) 9764
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REELY (REAFEHFN) £AR

<ZBERD

JR EERBKRTE <2
T EARERETO DiEh 5155 (#91300M),

s

77 F

EM « xR$3

=
156
]
3%@
-ﬂ

8 58
(4F)
4 S

HARBRETS 2D hIXRAR

| ==

IAPE EiE1%
&

CZRE (9B hY), WK - EMERSEEETE (2047, 270M), #

2, K&EFH, KEE,

BRRERESS

RE, BER&L%
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B X ZEE® 2 E817TE X2 BFREEF

— R

1) OBNHEF - HIE- BHAE  ABHB: %
7K BE A8 M R B oD AR S &

HMBECBIAYa2I774 275V 7 b voEBRBS
HMNIa—X7vTEhTT-8 FEicrsdn, EOAH
EOWTOMRBRERIRERW, HERBAEXEH MO
MBI OOKOBERMMBLEMLE, ChoRBREL
BRERP LTI NV-—EVTLELIA SVYYILR
ELOLBRBIDTNV—Ticabhli, SEIGHEMAEL
RUEOBRBROAFHEZENBRCOWIHRE T 5, HHK
OTNV—7 (5%Kk) REM. BE®oOY 1 X0 FHEM
0.8-1.4 x 1.3-2.3un, KO/ NV—-7 (15%K) &
EOFEHEML.5-1.9unDWHEICH >k, MBERICI
Fhehlyoik,. Sba VY7, RRESFRS
hiz, BEREBEHENRR, BEIX»y 7THTL DB
ELV/4FkRdo, BRERB7ua7 140V ak
b, BHRFVY. WF4 V. RFTFHVFVRUTES
SFYUVFUTHEEMLALTH-=, HilREZ2
B, 52 bacetolysis-resistantPEMNE DS L f=
(subfamily Scotiellocystoideae) ., WA D KM
B BRI snoothTH - 7= h8, BRE IR THA i
FLERROBEROBEN D> =, (ELRBHRAM)

(2) OFEHEZ—ER* - AR - 05 | ik
Carteria B O —H 1 DHMEFHICONT

HESIE, RBEKEET OM L Y Carteria & FE &
NAREERSEEEL, AL Bbh s 3K,
I3k, ST THEINR TS Canteria DS b C.
rotunda \ZEEL L T 525, BRE%2ETAHTldo &Y
ERLD, MICEMLAENEELZWI L OHE
THHI LHHB LA (8570 HMEPERER) -
40, BETCOEFEROMEEITE D THE
T5, BESHEEINTVS3IH%O ) b—Hid, B
ZAREEERL, EFFORZT LI IR0 L
REMOKES LEBEEHLEL I L THEUEHIH
mEN, BHAEHEE, 75 ECFBEP BTN,
FDHRT Lo MO —F A HIRE 2 X T,
Rz DML HIRBE A L E 2 O BWEORIHE D
LEEDD IHICLTHREORMEL S L CRIA MBI
T5, MEHRESMEST L 2 ) BESHEkRE, BE
PR, BRLAEEETF L %5, 2~3 HE BE
FIERBEICLD, BETEIEL LD,

(x*BAR DO Y 2 BFFERT, **E LR

(3) #EKAFE: 743 Fo Spirogyra majuscula
Kutzing @ #5REIICH ) 2 REAES OPIE

Spirogyra majuscula O¥7RERZ, D OFKE
I S REEEEY, HEEOTECm» - THET
55, T DM OB OEREL L VR OB
e, MEREAVCTELEICESEL, Th SRS
B e & bremflicZ(LT 2 hEH;~fo

% D#ER, Spirogyra majuscula ICBWVWTIZ, R
HHoREHOERIR, —BEOERNBEL TV
LENEX SN, L, HEGOTEBHOMR(S
DEERDIE S &) &, B E BB OBHRER &R
(Dot fDidsE) TH5.

LT, REGENBICHRL TRIAIKAS L HL
WIBERE RS h i EEMBEL T, ZEQRK
R B,

(FIHER EYBTERT)

(4) WAL :NBTHED Carteria O—& (&%
HY) OBEEEEM

Carteria RO HAMOFIBLIVEED
MEEHBE, BRI EL /4 FEB-ERET
55, ABIIK 60 B2 ALY, zOoBHLERMRIAED
AT (Bttl 1983), SEHE T C. eugametos,
C. obtusa KBW H2HEMNSBEENhTWS (Bold
and Wynne 1985) o

SE, WENRIBHED Carteria D—BoORLE
CHBABERBRSAGET OO LR L, 280 %
BHRSTFREOES ERFOA-fca ., 7RO
BEOEI—EOE L/ 4 F2E->/51 C. inversa
EHBT Y, REOWENER S, HHEMIE e
sy -HUEBTHD, _BOIsS5 v TE 3
HEORSIANEBTIEREENE, CORBFRYE
ETHRYEYT, BRESWABERCHET 2. TOEE,
R THEBOEET LN B, REEATFRBEOLV ¥
SFYROBHEESWL, 20N CEBOKEESTF
ER B, BATRYEBICI 4, 8 /121 16 BoZE
NEEHNORFHMHGBPRBIcGThi T I ELET
DRELDEHEH B, (BZBREHER)
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(5) OfH&EHR - hHRE - HAZIH : BEAHT
F7ASEDLHFRICONWT

#ix k743 H (Chactophorales) X, ##% - Rk
DH/RBEO-HTHY ., —~RICHEELELREIFEL
Twbd, KFRTIET74 Y — - Viti Leve DATAE
WOLEISZOBICBT 2EEENE - BRL, &
BEYHHARE2Th oL, COBEKOBBRREL AT
7+ 35 B ® Pseudopleurococcus BICELT 2. C 0
Bofiz. RURTCHERoMBaM S 2 5088, M
HhoMEM M LDIEMBERHEDS. ThThoMiEc
BREEOEREN LEKHY ., ToRICIENEL )
4 RKEHED, LAL, 4E7 4T »oEHSAEEK
i, FEBEFEVHERoOMEY S, BIIBERRBC
EVWHEBRoMENSAY, A - EVEoMER
# 4=, PseudopleurococcusBNEIC LN TR ICKE
<, #h¥hodiicxBEROERENHY, 20
HiIC2--5@OEL )4 REFODHICROVTHRES
Bn3, £k, AT 74T BICRILCABROFEZ
FEORBREEY., £ T, ZOEAKEAZI 745 HD
FROBTHDLEILLND,

(BBK - H - H%)

(6) ‘EibfisE : BFEMER)IZHEEMCEET 5V
o B

IHNET—ELAEATREEINIIENLENLEE
bhd VA 7 BRYE RS XRFUKERZIGE
WERERTREL.. ZOVA I YERMNE I 2E
D3AH S 1EM, T » AEBITREL, BEL
7.

ZO VAT BHEMEEROa YY) — NEROA
BIZ1EFAEBFTLTED, L bHRLTVDR
5 Mo 6 HTd »1-. Blidingia marginataDg Ly T
IZHBHALCEFT L T, BRI HEET 0RR
KTIFEAERRET B LD o, ZhEODA
RAD KIZ—H TIREBITA D » THE B TITR
HWARELD, bHI—FHIFMBEITK D> T iRk
B2 BEERS 2 E0H - 1o, BEOKZE20pmd
540umETH Y, HEORX LFEOKIZLINS8XT
Hoto. 1HBROBEIIREE BTRSIZ8 0@EX

THEEL, BRIBOEHI1 0EIS3 0ETH -7,

D VA TY BHEMICL globuling (Kitz.) Kitz. & FE
Zh 7z (Vanden Hoek, C. 1963, 1978) .
(R#BK - & - 4)

(1) OWJHME" - HE B - kF B PR
Achnanthes javanica f. subconstricta D#FRERY /=
7 LD

AEORBETFED SO RICE 3 —EOF AT
ICBET BB DR RIS, BEC BARHEL (19921
THEED—ADKFIEE Ule, AIIEHAEREDRR DR
FHRER R UHABRFEROBBTEL AR /=T 4
(perizonium)iZ DWW T DO BB OHEREHRET 5,

PRI G E b B, PRTHh#N - 1o OF
BELTVS, ZRITHBRTII2-35 CKiEa 250) |
SRR TIE 2-45) (K% 35 DR S5, K4 D
B A R EICALE 95 volaBIDMIfIC & » THEI LT
W5, SEOABBIIPRTIIE ST I, BETIIREL
Frhihibio TEbH 3, EREROTRHIITRICKE Ll
B MEH B, holal s Rk volaRl Dtk & - TH
BINTWS, i, EREERICIIRE SR OB REICH
ROBENR SN, BHFI 3 MRORBEBORR D OK
h, BEFBEOREEHENR SN, RY /=Y LBEHD
#4# (longitudinal bands) oKD, ¥ARTFLAkLEA
CUHBEIZ - TV,

K - EA
*TRAERIK - A4 CTUERFEBEK - AWEE - AE)

(8) O/ 85A*. fBHKZ**: Thalassiosira
eccentrica (Kutz.) Cleve OHBEROM ML,

HEZE (fultoportula) FPLHEROBOD Tha-
lassiosiraceae BICHHOMET, COMICEENS
Thalassiosira, Planktoniella, Skeletonema, Cycle
tella, Stephanodiscus Z¢¥ DBicHOARAN 5.

AEZRRIBEZRBROWET, AV ITHHFE(st-
ruts) e kiEh sHE£ LD, XRELXEOMICIR. &
Bil(satellite pore) XIEh 35HH 54, Z DL
Iziz & (operculun) ARHEIDRRBABZHO>TWAE.
EROEPEOOSDIEHEICE-> T, £, Rick
2THRLZH>TWT, BEZFHOBHRL L THEDA
Twa, HEEREE, SEH 2ZAWTHET I L, 20
HED, AESHELIBRTILHTEIN, B
KEBATWAIAROMERIWEFL>TTHOEEFHX
hTwa, AREER, SRR, FEEELHICYD
HES - THBIUNICRELED L IDRZWDT
HEN, BWicd, TN &S 2WH4% Thalassiosira
eccentricalc oW THBZLMTEE, ZhTIZAR
CERBOKEZEMAFET 5HR 2 MENBL 60
. GCRRHERFRA, wBIAEEER)




Q) OHRWLE#- - IMEE- - BIHEATF: BREX
Pinnularia BEBICH I3 EREA&BZOIER

SBECHEOERABRERGKRAICY v 7RI
RIATAIEPHBIBOTHEINTVS, HES
i3 Pinnularia BOHBIC BV TEREE DN RN
HAEERTHS DAPL itk RBLBRLL, 208
R, ZROERUBOAHFRRNICAAF|RICL-TR
HBEIODNRY—UHFEETEI ENbd o, TE
bh, OXERKORAAMWIZY Y I RIEAHTEHD :
P. macilenta, P. microstauron, P. rupestris, P.
divergens var. divergens, Q¥R &K LE&KIIABT 3
@ : P. viridis, P. divergens var. bacillaris,
QERKADITY v FRIKAHL, dOFEBTEH
@ : P. sundaensis, P. maior var. transversa T
5, @, QDAMNNY — VRBEZETRAHB TR, -
7obDTH BA DNase MEIT L D DAPI & HEAT
BIEMSE, THON DNA THBIEMBEHES N,
AUTHIEGEBOFER, THRARBETCOERT
2%, 1937T# T Geitler Ik » THE XN/ P. no-
bilis OERKFIIH/BTIEHOME, £2IZZD
ERGEEBELLDOLEREDNE, (HEKX-EY)

(10) O%x% X#™, #L M™: BEXREEHRA /D
EFAEO 1EOEE LM

19895E 3 A K ERBRBZE TR LA BREOD OHIER
POHSERBELE, R LA, ZORITHMAMMBKYE
T, PPEEREAGKTHY, BE2XOHEHI MO
HEPSELTWE, ZThoD¥BEDS, ZOHRRZA IO
EFRABO—BLRAEIhE, QHiPr 5470 F AR
HEARFORAELLTLLIHAZZENZNZHD
PbheT, FOHEEBICELTE, BLALESIKRVLOD
PERTHB. T2 T, BOAFENMBEZRNTIHA
D—4EE LT, MlEBgEEHEELE,
BAFLSBOER L EXTHECZREL, EVIAFK
HEGEORBBICMAET S, S5HO—-HIFEL )4
KICBAT 22 EORBE, chETiRBIhTWER
LRBOShRV, COZ s, CORIFATHIL
HiFEhs, HEERE, 3SEFORINEEHOBEEIN
—TRERZHABN R AV OEF AT, ChETOHR
L—HT5, UL, BEEEET VY ) 7)Y ZBES
DOV OPOETHBIN2BRBAELEMLBEEZD
22k, FEVAF A IXTRAUERER S VTNV RFERE
T, ABOKKETCHShBHAERLDIATLERRS
Ztid, COBOENSREEZTTHOTH S,
("L - £W)
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(11) #EXkBBF- 88 ¥ - OsiI{TE - EHEMME : #EX
YU/ ) OFRMERBME L £ESE

AEEMTEWEE N TWBAY Y /)Y (Porphyra yezo-
ensis)ix. ZIRREL LTEBOIKEMCEFL. HiICK
Bt Y OAKRBICEA T 50K EL 25, FIRIE L RikE
TREBFTINHRESRE AR, HISRREIX ESHE X
KEHELLISFW, EI T, BHEATE ) )V REFBLORERRE
T. BEE. BCEMRICHT 2HUMSER 2O TR VWD
LEX . FIRCHTHERHME L LT O RNRRINY
BRESEYTTHRERTR- 12,

FRIIIBERI N7 ) =R REB LU 0RIKENSE
bh izl T L EREE AW, BRI B SR
SFRIIEITATVWBIENIhE TORENSHLNICE R
TWB A, KERORREICRIELAYEEhTVWRW L
MERED SEHL MR 5 12, RIZ, T ORNFRIIE 1%
EELD LY DEETARINBZOMEHEOMICTE D, %
RIE DR MBRES & U P D W TR RI S 2 HE
L. TOHR, BNERIEE IR BRIEH . ZEFIH
BMENBERETARIND I HNEANE Bof, B EhE
HBEFCESBOENBREIEMNEETAT W,
FARICHTHEME L L TORMFRINIE OBk .
AYE ) OEELOEBEBTE LK ERT S, Tiabb,
FATDIA 2 WHERBEOT TEE T 2F R SRR I &
2HBICHD | RAMRBRNME R IEL A LR WRIRE
. EOBWHENMEEBIT B 0BED RRICEAT 3., 2
NEAFE )V DAL REFLRIEL WA S,

(ZEX - EWEE)

(12) OHKEET - Bi/I117% - EEFIMNER : £HBA & R
23377 /Y BEEORMIREME

B AV VEOBEIC L 2RMRBOEMAEEICR
STHED . FNEMSHREBRICRETRENE HETE
AMIIRENRT WS, filzbid. ChETOWE,S. %
MNERBRORENMEXNTIERRBERATHH L %
oM LT &R, /. 7Y/ VEBOAYE /) (Por-
phyra yezoensis)i¥. £EHMNER B L EABRICHTS
fitEb AZ<EBR2Y, ZhREKICEE N TWSEEBE
WETHIEABRBNPEICKRELKELTNWE=DTH
BILEENIDE, AR TR. EABE 7Y/ VEBOE
EROAROT . TOEBFBMCBVWTHEELRBHER
ELTW3EEX, ThERABREHEOE»SHL M
L& B,

EE RN, EREL LTI YAV /Y (Porphyra
kinositae), #1455 72 /") (Porphyra tenuipeda-
lis)®Bvw, BAFEYL LTA =77 /Y (Porphyra dent-
ata). PorphyrahaitanensiskFwi=, ERERICL >
TELNEEREhORIKE. B L UREKDHENRTIY
BoEEHBLE, ZOHER. 4B RIKREDENZRIT
WMEDRIBIELAYRAULTHo . —H. BRETRENR
UL 1L N ERD B WiRFFE D Porphyra haitanen-
SISk AZF R/ VKRB EENDOCH L., HKAROIE
LAYBDBRWEREDISYAY )Y #AHAST7IIY
TREFC ORI, ThEDI eh b, ZAEOZIN
BTCEBT2BRIEERENEP T EFEDICHESN
BRINMBEE2 S EH. RGOV R VWEFICEETT 5
REABRIDEOBID2WEBEIOAE, X, 7
V))VBACEICRbNAB T L REFRIBLEWAS,

(ZEX - £HEE)
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(13) OF %k - ERHT— - "BRB* -8B H=
G EEEIC L BStichococcus bacillariso L ) A
RcRBET3EREDNAOKH

PR ARV Cavlerps, HikEHEPseudodichotonoshiph
MR TEREKOYL ) A FEECHEREDNAYE
ET 3T EHPIRE - HAFMBAELAVWTRES
hTw? (Miyanurs and Hori 1989, 1991) . 4 M,
o IciEEUlotricalespStichococcusdEL ) 1 KiC
LERKDNADBET 2L 2RBB/HEEIC LS T
Birdl, ARIEE2-4pn, K& 5-10p00 M5 E#
AELRBRVWARKEERT 5. L LHEEKEHBTE,
MRS TEMBRBTEET 5. SEEMRR
ReoStichococcus®MEA L, N FHVATAF LV -5° Wo-N7h
FE ERREBERTEAZEZTY, LRFEUA b, X
N—@iRcaEL, A ENE, BBRLAkRTZyF
¥, BSAZovxr Y, fiDNAHKMLE, R
NA&k-ERNFEEE7DFA VA-SRTFEQEL,
DNAOKRHETo . MIBAOKEE L8 5 ERKE
PIEFELEL, PRBECFSa4/ FOHERRIT S
V)4 EPHB. TOELV 4 FEBOHEBICEN T
PRAWICAHHL, EREDNADBESETEThE,

(RBEK - EDRER, *LHK - - @)

(14) osOmt*  BRAEB "+ RS- K"« #H A
Brrtte bk Wk rrrrx THBAYYE ARV EANRD
HaByo@BeNT s HANE

TYNRTVYI2OATIBHEEZHRBLAABREI VT
BRBENANTPHF 723XV e 0sNABREERFEL, @
BeLT2lflAIThBEWwWI ERSE, AT HF/aF
VENXBRETIVIYHMRPIV I IMBEYR DX
RREHO_RRBEDZLEBT B LR I-THAR
WOBRREBACEFTLTCOVS EH AR, 2Ty Y
¥/ ¥ )V e ADBRAI ) - L HYMERT, VT
Tz RNT7 vy =22HAVWTErE - 2RERIY
FRAEBERB 2T -, B A6BOEH OS> 58
B TRVHAREE®H AR D S h k., BMEER
hORBEBK 70T+ 737 - HMBEBs o=
75374 -REIVBBOTOET7 2/ -V ERELT
RBLAER, WIFhbBITAHAVHABREEE LR
Dohh, MELEOKR, ~ryr94+/73F)enR70
E7 2/ - NVEEBETIILREEoTHEHDOER
R LTREHEBFELTCWVWS LHEA &N L.
Cr®ode k8, “tH LSk E,

CTEEEE, UKk e B e by, e Bk &)

(15)  Ohgk BHth*, FEEE**, KEFRIC*** 3%

BSOS, B | RS ek
BHADKEREE

AFETHAMITERFOY > TRICERT A
BAT, 25 PNERICRBEERLRESE TS,
ZOHDBRIE—EOHADZEFN L ) BB BEIT
WA, BRLTWAETILAE RS2 o)
TWT, ERICAREEB L CRERICHET AL
BEDOTHBTH S, AFETIHCDHLE Zhh
bEEE L RBEEE L IZOWTHRA RO IREESH
REREREHZNEL. Aoh e BBEREH
AR S DRI EHROXMBET &
ICEELTVBZ &, AR RERE M
?bwéﬂmbmnﬁmﬁﬁbélt%%B#KL

FFUK - B M, YYERB A B . A, YYYEk .
B gL, FYRYOBRERA - Bl FRVRY BERRK . B
wELs 5 —)

(16) OBWFE— - BIERAF : # 48 =7 DK
BREDOLCH

BROSHMEKRESL 4,20 =7 (Ventricaria
ventricosa Olsen et West)iz, EARBRBLEBE%E b
b, BB - THCENIRBEEI. BBL U
BRUPEELAHBLTV S, REOKEISK-
T BRBREZE LB LB AL, FEERBIR
BBLUBREABOHEMHEERS C & {hKY
30 BEHBECOLBONZOBRBEKEDL L
AEBERRT B/, DAPIRE X L CRER LG
EEAVT, BEEOREBIELRIBOEBHEHERL
o 2RBLRIBHUOBESFHEL TV 36, DRI
HPROMEE B LTHE L., 20 HEBANTRES
HRIEALTHETLE. B4 OBHBUMIXS ¥ & o
EFL. ZHMNMEL-T220BBER—FHRT
FYFLRFEICHLPYONEOT. BARMEKR_
REDOEARB b >&h 3, BABRBOBREBRORHE
BEBPMECL->THRENS, BEROKSBIMHEE IR
2HBRATERCRACEADNE LS5 TH » 1, B
GoRHIBRERAKRE. BABRRORBEEE O
RKEBATHBARBS O, (HEKXK - &)



(17) OZBUE" + BEEM " : A4 0=7 O
KA BHEBED 70 k75 R MicRiZdCa?', ph,
BEOLE

F AR =7 (Ventricsrig ventricoss (].Agardh)
Olsen & J.West 1983) DR E X MIlaA it 5 &
BHORREERO/NR (Fo b TFRM) 2BBRT
5, TOMBEREZHEICK > TEILL 2o ®E ASP,
(pH8) , 25°CTCHERLAEE 4.0- 4.5m o 1ML
SHELBFO bS5 R FOBIIRIGHKDOCa? BEICH
FIL OoMTiz#910, 0. 750k TH#50, 7.50MT#200 i
1o, Ca?'l. 25mNDEFZET, pHT AT CTRELH
10, pH8 73 5 iF#965, pH9 £ 10i3#9250 IKii -1, &
B ZEZTCa?'1.508 TRIEX#KETAH, 5CTH
87, 15°CT#HI191 , 35CTH30 &7, 25CTH
HL-ABEINCHETRHAEETS L Z0REIRED
L7, 35CRIR THIMEZEITS & 1 BMTRY¥ML,
3EMLLE TR L, MRACHBEIhIRER
Ko bS5 R MR BEACa, i, BEOHKE%E
ZyEIS, MRAOKORELEA A NO=TD SO
FPSAMEREEYESELEEZ OGNS,

("REBIHEERR, "REZFK - HRAR)

(18) k& ®TF
OsARE

- g fRF - EH BWETF -

CHEE RO N ERA L AICYET 2
Bo7 s BRH

AYTRTHHCRBOERI PV RBLIUVEER
LRt BTI2bDEEIONS, —RiICHEYREE
ADRAPVRARMIGLTRPLRZ v 0 %285KT 3
B, ThERBHVWRETIALUMORIGE L THET
I/BREOTHRBYMEOS FHMNEFERT S
EBHmONhTWS,

ARRTIX, EREBLURBKEICS v OB T
I/BBEDISIRENTEDLERANK, A VDS
BRitshi7 /7 Bik, SBIBc vy 1 VB (GL
U), r-7I/B® (GAB) , 75=v, 7A¥
=Y, TANRSFUE, REERMOT I /81 9L
RKEED7 I /VBREUYEL 1BTE 720 CHDHOD
TI/BOS35T, FEHTNEEELTR, GHBRE
IKIRGLUMNELL, ChE®WS5EEICGABNHN
L, 20 RAFENTE %o THbL, BKER
RGLURSMAUMMLA, chictLT, ALA,
ASPRBOEEHERL .

GLULGABORMORBMERIR vy ¥ v EEERER
MERCL->-THMBIhEI—BBRIGTH 5, L
2T, ¥ XA PUREZOEBEORICIR, COBEN
BMRLUL-THD, DRCELT § / BANMESR
FOIBTR, COBENER/RI L ALROBEN
BETHIEVR B,

(LXK - #HEF - £
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(19) BWERE - OBB Hs- BHWHELxs. LAHER
- REF B BREBx: N7 +H Pleurochrysis
haptonemofera iz & 3C O.E%E

P.haptonemofera MDA & HKILIZ & BC0EER
ZPOSDPICT B9, CO.ME (360,2000,5000ppm) %
EXBREBERET o, COBREBII IR
KRR, COLOREEILLBIAERERESH
F2X10%cells/nlBETH 7. pHDZELi360ppnT
ERLU. 2000ppn & 5000ppn THARIETR L=,
Y AREEROBAMIZENENI5.4ug-C/nl(5000p
pm) , 3.4xg-C/nl (360ppn) TH o7,

pHEISIT (pH8.2) Izd51F BB AMEINE L, 360ppn
©4.3x10%, 2000ppnT 9.5X105,5000ppn 1.3 X 10°
cells/nl THo 7. HY - BRI & Hi25000pp
nCHRELY, ThE¥FH125.6ug-C/nl, 16.9x g/nl
LPHI DM S DR LR 1=,

DED&RI S, pHERBT I LIy, ERE
CO,DE R & > TP.haptonemoferad® ¥ &K & B K4k
PRESEICLHARTHE S L HAHBF LI,

(38FTRX - 22— TR (k) , sHHEEKE,
sl EEH (5) )

(20) OF¥ F*- BIJIITS+ . MHIHK*- ARK
We: THF7 AP AREXERBOXSRIES

HH(1985) I > TREI W E7F 7T HERMA
(Ulva sp.; WAF. TREMLE) & TREORFH
mix. ERMFENWZ LB EATWS, FEOZ D
5 BEEEAAL. ANHOMEL LT, £128iE
BABLBI B ABLICRILOBRL LT, ARE
BEROMRBRMEEDOATWVWS, ZOLSRYRED
EOOHBRRTRICIHR, TRUEBOEMEERICH
TIWERELAYAONRZY, EZT. FTHRETH.
TRUEBBIUFEBOXLAREHOHELRT. @
BOERDOBWRXAROTM»SMALES L RS 1=,
KBE220CEBITHXRER - KR ERD L 2 5,
WL & NARIEIRH300uE/ /s TRMAICE L.
NS ERE IR, RN/ A31.1~36.8102/cnf
/h, BFAERENI27.8~32.5u 102/cnf /hTH - 7=, MR HE
B AR ED HH0.91 4102 /cd/hCHEMDL.38
u102/col /hiCtb X, INEWHER Lz, /. 300u
E/m/sicBIARHER - BEHBERDEZLEI S, 15
CETOBERBTIXFEMD M. 20~35°Co HE IR
TRIABUHBOAMEWVAREEER L. XER
BEREEER. FREMTI0C. BEMT26~30CTH
- 12,
TREBOEVERKE, HEBCHER JSBETO
BWAEREHLBEWEREH#HIC LI bOLELILN
2o

(KBRS - M. =8 X - £HERF)



86

(21) O/iNEIRER « HBKIBSE « KRBT « @BEE :
V) xJE7DC, H NOBMB FEZIEE

B8 :xV /) 2 VE/BRTOC, H, NOSTHE

EBEBEOMAL. EERBICER L TR,
PR« ik 1992 2~128 I TR 2 B, BF
B = BRETE RIE TRE L - B ORIBE & 4588 (.
th, FIK=EXS) LMo, 8. Ak, SERK
WKDOWCCHN I -5 — (MARIERR) THR LT,
B BB, & C. Hy NidEgkoMER
AN L 7o b OO BB~ RETERRIC I T TR L.
KRIEFA~EERICNT TBUHIOL 7o, £HERKTO
NE (ISR SE I U TAEMIR BRI 134t
DEHLD1. 8~2.9 FLAE D, RHZRIED L TREE
DIEEH > Tco KBREFELELDOTRIBHOMEIZNT
MDA DOEELR L TH B E, ClIELAKETR
PEPBEEL TREBEBHR A, o 7eh, ETRIE
WR&< LEI-7. HIZABEPH%EL T2 TOM
TLE> 7o NFESEBTRENKE LB 7

EBTIIRBICIIMRIBROM@ L 0 TR - 7,
LEX - kB

(22) ONRBEFE-HR :®/JFHar7 ok
AR - RERE OFHIZE(L

LB EHBAEEEOEHEBMICEFT TR F A7

(Laninaria longissina) DHSHREEXBETALE
THEL, AR - REMEXAFIIOE > THEN:.
HER-BEREOSHNRZELPERIT 51,
BEBEIIBIINEAHEEXI00% &L LT & &0y
ETHEEBIINEHEELRRL, HEH—RE
i E e L. HERBEEEREMEEL TWCT
ETH 2. EESH (1~5C) DASHEEILEL
X BEEBH LD SR, ARHKEPREEEET
22ADFME T, 1°C, SCRBEIFIREREEREX
{HD40%, 60% 2 ETHDICH L, BEHKELES
2RHETHIADTETIII0%, 5% & ENEERLU .
¥, B8 (30C) TONSHEEDLEMIILIER
BHrdoh, 2AOEKRIIADEEIZH A, 0°CT
DETHEL» o).

OkEFF + 46K<6)

(23) OERF-— -B HM=: BERBFFTNZXE
(Bryopsis maxima) DERBEREOHKRICHTZF
RIS

BHOERBOBEFREOBRTH 2ERBBRG
OFRiZ. BELWESRIEET T &% INMERNEK
EERMAPIEAWEAURBERSIEARICL > THLEM IR
2TW3, FRIFE. ELORETRSHROBN2ER
EHEGELEECSNT 3. BREVEL/ AFOD
AhifTwLED, EL/AFMBERBETHIBED
H3. LrL, EREBREOHERICOVWTE. L
BREFHEBIOVWTOHLOTHD, BRHEOERERR
HKEZOWTRERAMOENBE W, EZT. BEF I NX
E(B. maxima) M HEMBLBHBL, FTOMHBMEZHENR
e ERGE YaWEEAORROLTHIER. 1%
Nonidet P40%fn X 103#E#H L 2, T D H#%50008. 10
SROLUTABERS 2BV AR, WWT. 380008, 40
ABOULTERGEREEI ZARELTR/E 0
Bk % DNase . BHEBIMERD XU2M NaClTR
BLELZS, BREHEEIEELE, €L TDNase
I 2M NaCliz & D Eh Ehs FRA0K, 40KDE 14KDD
EHEOBESER 6N E, Rk - EWEER)

(24) ©°% - EWSHEB:HEH Pleurochrysis
carterae OHIEE D DHB & S AATPase DM E

HHBARKEOHAECRINSAAERD /Pt
TIREBANY D LEEVB X2, 20O FEK2Ca%
WERPRER M MCa B E 4 AN T 2Bl F
ET2THEEI B W, EZTHESD—H Pleuro-
chrysis carterae OMKBMICHEBE L. Che g ¥
BT LERKT,

DEFDOIYIRT 27 %C0THEMRL . ERME
THZ LV BEEANEONE, )EESICIE
ITPase %t L NADPH-cyt.c reductase jEMEAE W =
EDS INIERPIREHROBEL LY EHED S
ENBWIehbror, DEES4 TEMBEY
BLNRERBLTCBY , BWALEBETIY VY
TRAFUB-VULBTRETZ L. MabiREExh
o )T DEMITITIE W NE-ATPase iFHNRD B .
WEHEENF Y VEET80IBAFE X h . 7 Ui CIx13%
FEXNE, 2O DATPase &4 O &@pHIET.51¢
WICHYD . HEEDPHY I Ak > TiEMRILE R
o 7 10-200NOEREE A F icd > T HiEMAL
Ehk, ChoDERPSCOBENIZHEBEICE A
SPaYRYTRRBOBABENEER VW M
REXhE,

RE. COBER2RwWTTa by Ry TGRS
AN LERFBEEIZOVWTRIFLT VWS,

(HEFEZK £



(25) OmE—if - k@B : AR Aryosar
TSR PORRBTIREMBICE I IRREROSLEEK
BERNEOHE

FgoRYUDOTORTSA M, BRBEREK L THRAMA
BICRET S, XO—FRAERRBHEE. REAROMABED
BRBHMBREEXRLTETHFALCKEL. TORRTORGBBO
AR TRETHAABLOMBNIET S, B, ARRMAR
DERBUHSAOFAICL > THREHABOBPICREE
3, FRRIE. REMBICETIBEREMEO L. XBR
NEMTOEBRRINOEWERVEDABMICKTTHLER
’—o

7abFSAME-FRAERBARG TIERL AR, K
HEAD R FE(324B5 M T20%, 60RMTI0%ICEL. REHA
[RIZIF100% KL FTTHo /2. WNERSABEANAPMSH
BOREEZHEET 4. APMAEORKREEREEET S,
COB. HBORESEZAPMBREOKROFEICEKEL
feo —FAERBHRG TERSNREEROMTOSHL
B RDEDICEELE 1. RO >AEMTORNS ¥
ABRKFATEBEICAH (FOFTS5R FOERKKI0%): 2.
BOMTES Y LARBETEBECHM(2.585MH); 3. RL
MTHS ¥ ARABTEREICHM(GEM); 4. RUOMTHHR
BO—BTETICRNUSMEBEICHH(1265M). 5. SHOMRR
TRUOMTHBROEE ICIHE L TRERERN L A(18EM); 6.
HRrRHT3LE, ROMTHREBOEECRETSLS
ICETRMLA.

(max - 8- &9)

(26) Ot xAE* - JIWGEE_** : o A D4
ERRICHONT

HTADOEEMIIELET, EFIET, Bk
., BB LUCFHFETTHD, BAFTAIE
AEEFOMEBII1IO0~128, chbita
MAEFEREIC, 1~ 3 BiCkRLic & 2585
BRTEE»ERINDS &, RBAFEEEIE
5343, MEBEIT2~5 AicEadrRiE
EHEWOTEL LTREFT Inrgd@ICion
BRI EES L CIERTTRIFT biE ek
Hd, MBIZ1IFEHEZTERTERE, 2F8EHS
THDTHRATINTIES I A THRERRIC
BET3, #BRINTH 25 1EBEETY
DTHRATINDT2EN T A THRERBICKE
T3, COEHCHTAITHEEFBET 5 X
1ETCHEERFBICKET 2N ERLNBLEF
HIADHMERENEEIL 9 A TL. 8m 8,
2T ANMEREHII2Z A5 8 ATHEK
BENRKIZ4 ATS.0m/ B, 3EHFITAD
WE&E%MZHﬁﬁzﬁvﬁﬁﬁﬁmﬁku
2~3A7T9.5mm/ " BTH»53,

(*dcd#gE P Rk ER - WES
CEHETBEM4-29-14)

(27) OB - k4 K& " : H#TRX (Kjel-
Imaniella crassifolia Miyabe) ODFESUHAMMORR

rooary7E (Kjellmaniella) (FEDZRNMLE
CHESHIKOM®N (LITHREMLEHRTS) SEREhb
Cea¥HMEeT s (E51902) . FTA (K. crassi-
folia) DRESUHAFIZIER 2-2. 3cn DHIZEDHOEE
R 2FOMNE LTERDO, RNTHBLTETHL
Bogeizy, EGOBEMRE EBFHTOLNB S,
R FEOTHRI N —RER LR CORERRK
DEBEDOETHERTNELDOTHB, TROLER
3-5cm T AHSEHREBICEFAFN L1 FOMN%EE
L, PHTEDI LOONTERAICTE LHBERENRLS
ThoDMEfETIRERLOLMBY, RNOEK
M ERATCOAERER (MMILE) O 27O
2ERT 3. BRESBEICHELUZDRBLEB SN
BAROBENREREL LTHOTIRA»>HEOE
KROMBHBEHRDMWICWHIL TET 2. COBbE
BROOBRFMK BT 2. BESERT HZ>0h$
ROBWVITHLAL, BHORFHREES S RABIC 22
D, PVWRHKRTE., ChBPHBRTHS. (°EE
HESHE 4-29-15, **JbiFEPRKER)

HeHt B : Polyopes clarionensis
Gardner ({I#¥, LA F /Y
) omBEEAFMR

(28)
Setchell et

AREIIERER%T, ERERCBMHEER
a7 rvEasikElkash, &R 2EM
fatomlka. SHKBICERSEBTORIE
AL, TOEAMRY, SHADELLEET
%, BRI SRS LR sl
Bl 1 @EL, XehicBigEds7 o€
2 7MRBEERT %5, FhE T oL M
BRBTDO I WD, RALLD S T RE
EU1EORAEH L, Fikthh - LB
Y 5. HUHEBFO S5 Bk A FEEk
MroHL, BUBBTFOIEE1E4ET S,

(SR K - 7 - BRitE)

87
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(29) ° BmEEE* - TEH  ERgEeY L
FavFURB2HHE

Y U F 3 F vIEBoodleopsis {2 A. & E. S.
Gepp(1911)ic L VE/ITEZh, ThE T TENEHS
hTW3, BICEESIZ, MEAREEEERSTHRE
L1z 20 E bICERDO X MO EIIC ThEX
(A DO &M S, Calderén-Saenz & Schnetter
(198)HEFHK, I s ETDAY TEREISREL
FoREAIC DU TEE#, L 7B, vaucherioidea IZ%E{HL
T5EEWELLGER - FHE, 1990, 20%, <
NoDOEREERKOTEEZ S SICHABE LR, C
NS 2FEIMIUAET, LHHB. vaucherioidead
By, WTFhbFEEEZ SO TRET 5,

IPBABREDE : 19874E5 4, hEBIRANSR R
BTHRELI, Y TEDEDEAIIE » WiRH
BT, EOOHWEICHEL, -LRBHEET S,
KA DEEIIB. vaucherioidea DEN X DL,
HFESSEDH A X b/h&, T DEROELIZIEB.
ryukyuensis #R®E Lo

BERKEEDE : 1985F3H, BEREAARNO<
vra—7TRE LU, THRICTE 3/MNIOEDTR
tickET S, —FEhR SN, MIADERIIB
vaucherioidea @ Zh & 0 K<, MBLAIIEEKICI=X,
VXIS T B0 T DEDH¥LICIIB. anamiensis %
AE L7, (xEEX -, »BREFEX)

(30) OGHE—®M-FEH: /05337 -+EDH
H2MHHR (1) 7A—NERERLS V7 LEER

255y A &#M (M) EHibberd & Norris(198
OPBHEVLULEHRT. BE2E2BEBHS>h3DAET
H %o mili. EREOY B Dperiplastidal compartm
ent(pc)iZnucleomorph(nm) B HF B Eh S bS5 —
S Mevolutionary chaemeral & UTEHEHEIhTW 3,

HREOMT - BRFIROWEL Y [ BIFHE
Z U k& Provasoli-Gillard 8ETS5> 5 b
IY—KOERURKAEREHCTAEROSH -
REFORAELED TV 3, SEEXREOZEKRIZOL
T ZOEFREBEEELFEL. HHELOMNER
HWELV2OTHET 3.

BEvZEOMEREICHE hRkEE 1 XBED
WEMBDSRIEFREEAE U 7 X — N EHH.
HHEMBREUBRIh RV, EL /1 FiZpehiE<L
BAU. ELV/AFEBEEEET 3. midEL /4 F
BBOBICHEST 3. ThORFORBEEROZN
SENRZE. KBEUFNEFRETZ20OMNZEYUTHY.
Lotharella globosa% 5 2. EHHEMEED TV S,

GREK « EPRER)

(31) Odbiik#d : 8% Y uH > S5 @ Sphacelaria M
EBREFHEOAFEAZODWT

JOAYSBOEARIEIBVWT BREKIEELRE
BelTHEDOTELR BUBROEFKE2E>T NV
— 7 ( section Furcigerae) TIIBHEFEMN L FEK T
30, "TRER) AERAERTEISHEERE L
e UPLAESOB BT I3RFRORELERDOE
BREWEERAT, 48 AEFEERRALC S 3.

EAHZIAFPoREMUKOEA IOV IHEERKOD
AERAEZEETCHELE WFhOKTHLED
BIREBOETAY M ESSHUTHERORLRS 2
BoOMBZEZEL, ZhZAFLOERE (akk, 6F)
DAYy VB> TORHREREAETRFKED
ERESRTHo2, ThEhokTcRdDSh T
PARRACH-TEY, BECBESEShRL -
o SBBRABUTO3I AT ShE, 1) 25
BTEATHH, BEOREE 30-750 nm (ki 300
pm Ak, BB TOum PLFIZRBZZEHSBN) (S.
shiiyaensis ) , 2 ) 2 XA TEEGXNT HEOEX
100-300 pm ( S. divaricata, S. yamadae), 3) 2 -
AXAKTEAETRIIEGERF BWEOEZ 200-700
pm (8. rigidula) , (REX - EUNER)

(32) MABSE : BEA VL FOHRERL HH

FEXBTHEDA 75 Myelophycus simplex
(Harvey) Papenfuss TH M LM+ L AEEL D L&
BEHLSHIL, 2ABOMETzDEYNKLEY
L ¥ hormosirene TH 5 I L ® R L k.,

THCRHTFHEIATOIRGLYUTFELTT 284
REroh, NERBEETS. ZOS>bHFRRF&,
BEUBERKOEBKTHY, EAVCRAEOH# KR
ZRETS. BFHEIPSHHETh - EBFRIBHERE
T, BEOEBFLRABEDCHFLALL RY, BH
DEBFLHEIILEARBI3. ¥ LABEERT
POHMBULEBERERDESHNLAEARSE, ALEYL Y
REBLBRATH-o0. $LBEEAOER AL EY
VYERAWEEYRECHUEBEBTOBIIERLRR
Lk, B4 FELRHMARALEOBBIFRAFL S0 b
AVEBTRLAUNBFHRIREL, BRFEEBR
T35, HARAEK TR IO MRV ELARELAO R
BPTCDNABDEBRHREMRBC2. UELORR
CABOEREOBR, RV HFEOREOH
UrsxBEAIYEIVBILERTHD I LERS.

(MFX -3 - 4£%)



(33) 48 R: X7 AREEHOBAIEEE

WRBEEX7 GEMA MEX2) DAERAXL %
MEDRRL 1980 ELIRED T &7, TORMEER
1219924493000t TH B, TNHFICBIT BB
BAXFT7EX7 ARG HETFRPEILY V2
RELAY7V— RS I TREENTEL (YA ]
9794, WIRIZ K > TRINEH K KELFHETHH-
L, AE. WERLLTEAEEERALES S,
RELMREBOTHET L, EX7RMLHE S
FORBTCHERT S L B2 ORLAMEMICBREL
BEIN . 1V {AtkoMRaSF S HEREX BRI LLTH
Kkl E L, ThEWPBATRERS %, 5
75 AaTHRERLLL IS, HEHSmORE
Lo, ZRL¥12L,12D 4 CHOEBZTHME
CCHERFEL L. VALEYRIRE L, It
LHONRBORERKL BiRRTEhFhERLL
EZAH  RARKEH3ISaNnEX7HIKICEREL:,
LirL. BEFrLRARCREL-ECHORSERIZ
BRICBIHABNTH 7. RILELOIZALA
(20) CHRTIEETHY) . BHNLEX7BED
REHED—OHHLLLEVWZBAETH-12, L
MELEDEX 7 DR ¥ S MEREEET2OR
HL, MBHEBEICHEDL I XA KRIBEIATH
TV, Stk ERAFXLETLTEAEADREBE
ERHMICHEL . TOLBNBEEE T2 EEIRER
FIBBEMTHLND . RIHLTWSFETHS,

(AR

BY) omazm® - mrxs™* - EEE* man
EHBELE7 V¥ X BOIBOKEENHE L SR
=R

ELEBROBREIBVWIZY¥XEOKRCHAL
Bbh3 1% (Caloglossa sp.) Z#HE - EHEL.
HEIZEHTB7VY¥X (C. leprieurii f.
continua) . Y Y NNF7¥¥X (C. leprieurii var.
hookeri) *tOEBHES JUXEEREFT > L. &
#FZ. DEEOHHEIF LI CTO S, 2) TR
BOPEHEEIrSZHEL S, NBHEOBEI» 5HR
BLURRORBEELS, EORARBVWTFVYFX
LRRBRD, YYNFYF I3, LI L. XEDH
B OEEEHIO0.1~0.8mns MWETYHH N7 V¥
X (0.4~1.2mm) LR 3, Th53HFDOHTRXE
EREfToREZ3. AULAEEMTR. EFFEOH
GETHORMFAEIEREIN., EERNSRFEREL
Lk, ER34GHM TR, AFEOEAMCLRER
FROEREHOhEb ok, LEORRIE. AEH
FRTHITHEL 7Y ¥ XBOBEASFHOBERFHOL
BEHERBRT S,

Cmgk - £, CEINEENE)

89

(35) OMEAR="-ME H: TE4vVIHR

B0ERE

B N.L.Vis, R.G. Sheath and K.H.Cole (1992)
BAF 4y Vv oHoBOREMBE L LXEOBEEXI
EInwT HEOBHOBETRML FF4¥VYIR
2@z, 2 4yVIEFFRE1IBIBADI EW
3. Buwilo2RMEFRLENM Cha»icfisl
ETHBEHER 35
g8 /21 FF1yvIoRed FF AV
EFxR3IBoOLMBELAEEX T VL—YT A4 F
EoBEREINWIT Thb2REo2wWT. pHEER
EERA MNRIMNBORES BRRFBEOXEE BN
oFE (BRY) YRR ERRH L E
EOKR REOASHMBRILLAXEZXREETNRDE
Bo Vis 5(1992) o RREBICrREXZWED
gRBL HMTOII>RFFTSAyVIEOD4IHE 2
BoO@d 5k H L Compsopogon chalybeus (= C.
corinaldij). C. coeruleuws (= C. oishii)

(" WEXERAE . - BF X%

(36) OBk SRk - EEE ALK : BT
TERHEY OO B E¥EMPFE (1DLithothamnion
Y RO — BB AR IC > T

JbE R EF T 5 EHIY v T 6B I & WETY
vIEI6RIBHE, tR2BOREOMBHRCEESH &
Kb & OEFREHS ML, ELBORESE HEEY
MR LBRTE LN, SHEKBREOREY » TE11
BoFohiclT, BELBCD > TOREFEWIL
Ba2iTuicv, 1 VERBTHEETENZEDS bR
2 H I 50LEKELithothannion pacificum
(Foslie) FoslieV7 v ¥ 4 4 v (RRBBEEEER
i) & Litholhamnion sp. b X 1 ¥ € (BRZASE
IRITIE), PEIKE fo W RHBKE L. japonicum Foslie
IPARA 0y (RBEREGRTREE - BIE), HEKE
L. glaciale Kiellman¥ ¥ =¥ 1 & & (KT RY
HMETE)THD, 205 BL. pacificunk L. japon—
icumtkBEICHE L Jcas, fiTH &EBEOL. lenoineae
Adey & DB 2 RS B, £/, L. glacialeld B
AHVETHY, Lilhothamnion sp. & EiCHEEI¥M
RBERL, ABHORANA2T ST B,

GhbECK - EfE - 7B, xkdbK - KEE - Kl
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(37) OB+ - =R - FRMB" A&
ZHE ) DBREERGOBRICHT 3 LEHR

CHE2RYE)YVOBEEREKD > LRAE, REAE
BLUOKBEOBRZICET IHEEPSITT HIY,
ERNEZELAFERBLOCRRBEREEHVTER
WY MILERERBESEENEL, B L,
wealcld7oo7 cba (chl. a) &, BEH
Tlk74+av7=v (P0) S8, ZLTHBETR
743axY Yy (PE) GENHERIVHESHICE
Mot BEEBIUVEAEOERBREZINI LT
iz, PC AME5T 3RAEBANFERL D DT ICE
BERAY 7 FLTED, SoICHBE T PE AE
54 3R CHELE 2 DOREBANS Shi, ¥
fo, BREHLIUCBBECRIENBTHALONS2DOD
B RKOBEELE (Asss S Arsn)ld, HEREBL
UCZDMOBEEREBICHEXTENM>Tto UEDOKER
o, EEEZEIC chl.a O, BEBIEEK PC
DEMBEERIES DDTH B LHNIN G, KL
HRZFEBREEREFICLZ _ESHRETIESE
SUYTVWEEBEE, PE 0BNERICMATI 42
EY VEEDHEMERIIESS bDOTH B LHERE O,
FEHLGEMOHAFOEEEHFLHL TV EN
AN, RAEESIUBER T 334m KR
BAE b ORNIRAHE ST ISE W T AR
xhi,

(* ®kKk-BE UCEHEK-L-EHD

(38) ¥EO @ : v /O0—THRIBICERT SR
EFRDOSBEFHAR

Ralk, A—X b3V F(19916F), /SN - AV T #
NVoPRSETIC70) FEE (19926 )0~ /u—7
BIcERT3EEORBERZBIR->TE:E (RE R
BIAAEG, AWR) . O CIREFOHEY U= HiEE
DA, BEERSICHET 2REERERETS. BT
EREOEBFOBL LDy /O—TiHEEZ DL,
@~ Zo—7aAloKoH, QB WIKKD
ERD DWIEmitF, @FHEIRIC Y 7 0—7HERD
BOIFAICHRZFED, REMBBITFEND. TD
3 5Qr QDB HITHBEEREIE B ONE.
HB U= 1B%ESSIX, Prorocentrum (07> b
JVINH) , Scrippsiella, Peridinium (RV)F 4=
Y IB) , Amphidinium, Gymnodinium, Gyrodinium,
(¥L/5F4 =AY LB) Stylodinium, Spinifero-
dinjun (BHRRSIERE) REBWHEEICDESS
LHHREROE. 2D5B, A TIOTDYFE
B oipEEhi= Gyrodiniun BHETHZLEZDS
hi=.

(FBX - 5E)

39) OWHEFFAR - HHEWH - SHE 28 : Pseud-
endoclonium basiliense var. brandii (&¥H T b
7475 H) OBREEICHITSSEHE

Pseudendoclonium basiliense var. brandiiid k3
Axb7+SHICERL. BRI ERTOIN, B
UBARERBEY, BEEFICRAXOEENH S,
Affix Vischer (1933) AR 4 ZADHkAKI > 2 - &
U, ZoOBEKEEITFHY AKREIC UTEX 337 2L T
REZHTWS, ULAML, Tupa (1974)H% UTEX 337iC
& Vischer@FEBO L i3 &< &S B0 EA R
HFEhTdBY, ASHEEL L (UTEX 1913) M A
HYT 2K THILL, ToBREEICETHICEEL
Iz, KBFRTIE Vischerd UTEX 337 % Fw, 15
C, 20C, 25CoO3HMBORBEETHEELZRME,
ZTORKR, BCTR=HAHOBMARRIE, 20T TR
REoEMRERENDIO=-XBShE, 2h5 2D
ND&HETCRrTuvadEHEY FERL B < BR2H
BERLE., ULAL, 25CTHERTLL, EREEY
DHENBERE N, &> T, UTEX 337 & Type st-
rain £ UTEHBTH Y, Tupa =& 2 FRBEE 3
HThdrLokBHIcELE, (KBX-E - WMD)

(40) wEmAE FHEHET - L FAL - MEERZ":
B4 K M M Dunalielladd A b L AME
—AHERABRROBE —

BB % M Dunaliellaid MM AR KRAT. HAKEBL S,
BEMETELSAHL TS, % f- DunaliellaldE A F L 2 C
i‘lLTR%E%slycerol%@ﬁé'@’Cﬁﬁib'Ché:&lt ¥
TIASHTW 3.

S BRbREAEPEXAML ZIEHL T belycerol B &
§f:ﬂ&l:$—)fw6:t&ﬂﬁbfhéd)'ﬂ%mlI~I/ZO
EE*HM3CRBBLTWVWREFT X SN D

- - TitDunaliellad R EMelycerolZ ML L TAMMK
ﬁll:ﬁ‘!’6%&%&1ycerol®l}]$%ﬂﬂﬂ&$b’sziiﬂ)ﬂﬂk
TIH-NMR (HIBEStWB &) CTHAAN K

ERBEMELTSREERSATVWIEHAB T L F ARV E
VALK VBB (A RKRTHERRE Y T Ly 2 AROR
BTHEET 3.

St av 7Ly 2 ARERT LA —D KBS TR
BEEAMS B, PYAFALTLEFALT VEZYLE(TH. Y
FPAEALTAFATYEZIAZITY KON, T EARYY
AYAFALTvEZYV LAY KB EYNIHEBEOB A T ¥
REEREAMB LULASBOW TERLULM. ZhEFNECGUTO
ERECTHE LR L ERMBC Zh#heglycerol R 8 i- W &
&%#&5&10\6:kb“ﬂ-NMRO)’/J?‘Ib'{'*‘]ﬂﬁLf;V)Tﬁ
&Y B
E TR R LR RA)

(HENBRB[EFRA. HEBEK



(41) OARN - Bl : RERELUHY 74
W=7 hBEEEhZEndolithic algaeic DWW T

Endolithic algae (EEFELMATND) FERE
HTEmORPICEFT 2T THS., AR, K
FRIEBOREEL O 6SRBVWDSEHRE LT, 7 2
VADS TS 32 NHIURK (Eastern Sierras) THEER
LEEREHWTERBCHFET IRED OS2
LMITBHZEEHMLE LTI Rk, BRELES
BEHY., K@, KEFO0~5mm, 1 5nmA Lo
MPOERFHIYHUERLE, TORR, BLAED
BRACRI VEE, BIUREENEETZZLHH
LMok, BROERDS L, Oscillatoria,
Nostoc, Tolypothrix, (T &%) . Klebsormidium,
Planktosphaeria, Chlorella , (&) REYDER
HHEBLE, FEAVIANZPOERD LI,
Tolypothrix, Chlorella, Klebsormidium, 73 & A
BULE, HREEREHR, SHEMbTLTHhE,
FEEARBLABOBMBRELELEL A, KA
MO EYSL OERENESHhEN, ARICHEBELED
DRI ANTRATLRELIE,

(MK - HF)

(42) Ok\Egsx - -+HFRE - HASZY : &
Pediastrum (7 > am£@) O%H#k

PediastrumBiGEE /ooy 7 LHICEL.
coenobium (B BEK) # WM T 5. KB TIE coeno-
bimR U h&#RT 22 OMBOBENERNE
LL, ZhETEHEL DEPEEAIEB/EI N TS,
KPR T, PediastrunfB D103 EHEOEKIC O
THEEZTO, BRCIIVEOERERAEL, 0
NPEENBEEERFLE. TOKEBE, ELV SRS
RYME, MENICEELLANSH S Z LAHBMIC
fo#, P. duplex var. asperum, P. duplex var.
gracillimum o 2 #iE. #IC coenobiun® HIEZEEA
EL L, BRICE STk P. boryanum& i & X Hi %
RubobBEBRIAE, BRICIERORLLIEMD
B E A LA, $%IC DaviskiiTid P. duplex
var. rugulosum, P. simplex, P. tetras ¥ T
coenobium A AEEEL T, HMMRKE, 5 IF MK
DEEKICR ZEMAERS AL, KRR K
EMSHENLLELZTIABLNATNWDEI LML, 2TAHD
i3, PediastrunBOH T, FMLBEERLTY
BIN-TeHBEEND, (LHK- M- MY
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(43) OFILEFHE - SHEL  : NSTESHHFER
KB 2BMoBbhr2OMELN. 202

BEDFRET. HQlk. HLUWN - HEREYE
BEATREMOBVWM ChETUEIREL 2 28
REHEBLTEWE, EBICEDE S BBbAFIE
2TWHDIrZ2HELMICT H-DIC. SHOBENES
HOMNERBREME (FEELSHEH) &, FER
ENBNE (REE>LER) 2REL A,

NEROBEHMBCR. ChETr@ARI. Koo
NIZERL L THT P REOEBT 57 F VR
DEFBbhTwri, ChETORBNBLIE~XS LER
DEMBEED. HROBBEEM B BRoTWE,

—hH. PEROEMBTIE. RO EFohTWaEHE
HMOBEVZRETIDHELIBILTWE, BF
BAE 8% - REZ2EMIOFRTHEEZSE L.
EDBRWHBL o TWE, ChiHULTED TS Y
P RKEOEEZEL LTChECHRICEDAT
BN HHEBOBMEEEL B2 TwnE, A &
B BB -RIALWOHBR2<AWSABZST
B, MR BZBVNERIATWE LIS KBbhE,

CHFEZL - £9, "PRAEBEER)

(44) Ol RI-#LE W : 18SrDNADIEEES
LB 73Y ) BORGREN

753Y 83, BLEMLED EHREEYHED
HEEYRTHDILEEIAONA TS, LHIL, ERE
EEOADSREBITEZTSICE, WO2PHER
BHbh, HOF7P70—FICLZ3HERIAEFLECH
%, KRARTR TS ) E4FIZDONWT18SrDNAD
BREMNEZREL, FhiCL>TRERITZT o7,

TSV )BOHRPLESIEFIRKBIE
(Pterosperma cristatum, Cymbomonas
tetramitiformis, Pyramimonas parkeae) B
& U'Mamiella bipyrenoidosa #» 5 £DNAZHIH
L, PCREIZL o T18STDNADMEZ T o =&, #
DEYPSEEY -V T 22T ok, BRERRD
5NJH, BRENEICI>TRHEBEZHEL, 7—
YA wTRICKDMERTo 2. 4EOHR TR
MamiellaWBRENCHIET 5 Z L BB IR I N iz,
¥k, BLEYPHRBOT—FEMIEBIZHES
IEFRARMBEIFEOERKMIZRFRINhE.

(REX - £9)
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(45) O& Xif*. /Mag KE BEx W #2
fE*+. BRl A BB L MIKEE Ossu IRNADE
REFUd HHEE Licis RIR RS2 FORE
Chlamydomonas parkeae @ %%

Chlamydomonas parkeae IXEttl (1967) H3ig#k L7z
OHEOHMRKRETH 5. BiL. Sasad (1992) X0 F
SEfh S HELT: C parkeacD BFEMRE CHRIZOWVWT
BELE. BRANOKR, JuaTrsba, bMAT
75V ) ZATEDLNTWZEE 2.4-divinylproto-
chlorophylide (DVP) RU7A VML 7Y /) HATALNh
Ty fesiphonaxanthin & siphoneinb #2215 Z L ASEH
bzt ofz. #-T. C parkeae RBEOENPHEXD
L. BESHOFTIED THRRbOLTFHRIND, LA
L. Sasad (1992) ix C. parkeae NEFEHSIMBIC L
Y. 2XOBWEHEBHHE Y EFIIZERTHY. VA
RORVEKRELZ b OZENLT TV ) BATIRR KR
IR T D LM L.

A W98 Tix Chlamydomonas parkeae L $i8If)F 2 <
7Y BAU 75 Y/ % Pyramimonas parkeae DIk L@
Ka® dssu IRNAD 2 RFZPCRIEIZ LY. HE LR
EFrLBHEL. EREAEI XY REMEERLE. £
DR, FEREDOIRNAD & FHE LT R TIXC. parkeae
i% P. parkeae IZ:EVWIBT1dR . e 4#=U Y BicH
W4 RFEBE DT D Chlamydomonas moewusii & ¥ TiE
Wi HDZ LRIk, —F. HREDORNARS
HELIR#HBIT C parkeae iz =7 ) BiolHYT
SRHEBOFTERICEVHRICHE LT L2TRRTS
HREEXTC,

CHRERZRER, EHIRBHERHN

(46) OMEME - BIKAT : Qi 4 <0=70
survival strategy -—-£F 0L » O R B EE

MBHIEBES ittt o= 7 OBEIZ. B0
SVWHeR. HFOFALOFBEORLNBRICL-T
0 % 5% ¢ 3 (wound healing)s, {SOMNKE Wi§
ARBO» oRBOLNCRABESERLE C LEREORE
§8 % ¥ 5% ¢ % (=protoplast formation)s COD &>
BHERBREEEH I L ->Te = 7R ERKET S
T EMEW, DT Iisurvival strategyd 2 A H
=X LERBEPELTELEEHNE LT, HBEREN
Fi - HREENTFE  BTRABREBRSEEAVTS
ARCERERS

REgogRrmlRARoRAE2A L TREESEHE <K
AT 34 DCa iKLB6DTHBILHBEREN
feh, REBEBHOTXTOHBRIBEOERIcL -
TRENBCEDBPO bR -7, BERFO» SO
BREOHBL->TETL A@BEZIL 5K
AL k- THEHIET 3. BOCHEBLARPERESL
BECE > TRERIE S NG OFD 0 RBEH D
T 3. TOHER. Ak (Ca ) OHMARBLHIILR
FBEBcLE o BERESIEE T, (HEK-4£EM

(47) CILEFIE - MWER c AEFEONT M EWPD)
B A RAMBRTEIRILEE

MEEZIvIAYRAEFERBZREINS T LDS
%5 T8 2T 5, ava) ADGRKRILLEXKERK
OF#x. 2HC05-+Ca%* - C0:+H20+CaCl0s %2 3
RKTREhB3EeEIBNRB, LU, XAEMKCOEE)
CRFILOEEALBLERRIZZ L,
AHETIE. BRPOKEAAVBRE. 2EBRE
BOE»SREMRUBIRILERE(6 klux,22°C) %
KD, TDO#E, Pleurochrysis carterae DIFA
. DABMOMBTEAAERRU GIRILEE.
ZFhEh 3400ng C, 170ng C/hr - 10%cellsT. # D
Hi320:1TH D . EEMMOMBTIL. 2400ng C, 70ng
C/hr - 10%cells T. ZDHE34:1 2D REREE
DEPARILEEEZEZE LS LEboTWwWE, XEKRE
. AF 47 LHIRBAZFICERLE. Q0WTho
HMEIZBWTHIEF(22°C) TiE. RIS & 5C02 DR
HOEDEEBREEV ML, PHIZTEBLE, ZTO
CEDAKILEEIR. ThZhoM#gicbw T, B
DEDOHIS% TH > 7o (3) KA ZARDDCHU(L u M)
BFETTIR. AEREBELIBAEXh, ARILEE
HEROLWEADI-3%TH-~,

> A% P. haptonemofera, Emilliania huxleyi.
Gephyrocapsa oceanica. I22OWTHREMBUBIK
LEEIZODWTRAERSFTH 5,

(HFE¥EKX - £

(48) ORMufItE - HEHE : MEGBRIC T34
o€ (K JAT7HH) DERENHRE

#143a% (Cladophora conchobheria Sakai) 3t % 7-
AN 4 (Lunella coronata coreensis Recluz) DEkic &t
LTWBIEPNHOENTVBY, RFA LN OEG IcEE
TEINENEE, BB 2EEORMIc L TIRER
RARHRShTOEL, KFRTI, H4/ ToeDkE
ZHSMT B0, BEELORESL L O/NEHSED
WICBWT, ZTOEEEY, FERE BEONEDER
BEOHEII VLT, 19IEIAH, 519924108  THE
fTo7

A TOEFEE LT A OROMIZ, ¥ FAYDOER
LB RH L DRIZDEELTWB O ERAXH, &
EIANADBRTRER L2 TICHA TueDHEENE
Hoh, RBART L OBICEILL Tiie R4 1 DRI
BEIHIMO T A ToeDRESLUCE I un itk
PRFIC O > TEEL, HEFES - IEETEE b
BAENEELEL TR ICBES M,

ULDERNS, N4 T0CRBRT1DOBOBIZEEL,
RREZTA DBRICEILEIETH S I EAF SN - 7,
BEHBONA ToeTREHBOOELIELELTE
ILEEMTOOATHE HD LRI N 3,

(HEKK - 8



(49) BBIREH : BAE<YVE (BEE+V V758
B)icowt

19924 6 A o A RHBT/MLBE CRE S h L
R, BREMA VY7 5HBD Zvgocarpicae HIKE
$5<%Y Y €7 (Sargassum carpophvllum J.
Agardh) ERIEEN, ZOREAKERL>WIHET
60

REOEYPIAHATH %, EHBEIH 1m, B 1-
2mm OAHERCTROPREFER IS, BIBROSEOFE
B e istET, BEX3.4cmET, HS5mm I TT, ¥
BELTAEFVRETH 5, MK 3MGAKT
MERZR, BEPEEZ2D2b0bH 005, EABKR
BHERGERC, £ORKE CRBEERENSZs6N
3, EX omm $CONEL T, HRRSh LYV, £MHEH
RRIEPKREBAET S (zvgocarpic)o

®YXE7(S. anaustifolium C. Agardh) ®
HAEBRLELI ML BLEL, HEERKRKT, TOHE
BEERD S HiEH TR WA, RELVEOEIKY
CECRAENh B, 7z, ELRME B4 T 5 HEHRIKR
ROLFERKE2SDS. tenerrinum DAREVER
PO ETCEHEBREBAMT WA A, LHEBEMRED 3V
BEBE MRS BT TR,

(HK* &)

(50) ORREM x o FHEN xx: BEAFEA V¥ 7
SHRE (BFEH) 02BROVWT

1991 £ 6 A 30 HREMTBHE/NMNIORCRES
LAV Y7580 B28MNF Vv FISEROD
ZvaocarpicacHIRBI2AFXHEOETH B &M
bhY, ZOBENFHRZ>VTIHET 5,

2} 7% €27 (Hiff) (Sargassum alaucescens
J. Agardh) DEHREEIH 30cm, &1 .5mmOH
BERTH2, BEOREIHSET, BEX3.5¢cmET, &
omm ¥ TTH 3, HVREAT, RT3 LBEIVL L
SKAKL S, SBRER 6nm ETORET, HETH
D, HREVARIRTH 5, HHRETH 5, HHERS
KIEES Smn SCORELERCEBICHXB LN B,
HAERBERES 4nn T TCOMBRCHE BV, i
ERPQMEBET 5,

¥y 7%€7 (HH) (S. incanum Grunow) OE
HIEEEH 40cm B 1 .Omm OAERTH B, EOERE
BROPEVWESHEC. EX5.0cmET, tH510.5mm
TC, #VRETH B, IMIER 6.5mm T TOREK
EVHEHEET, HERORE—RicKREVEY, HEER
KEKRTH 5, LBBKBEE amn TTOMERT, B
PRMERET B, T/, ZORNE ISHEAEHEENS
{Roh3,

(kA &, xx (¥) BEEPAE LY 5-)

93

(51) ORBET -REXH  -EHRXE: BRFA 7T
LT XAFDEFTERABICHTHC00, BRENLE

BURRCET T I2EARBFER T2 2T XHGE,
FEFHANTHILEABCEREREN _BILRETTY
EBFTEDZ 0WbhATWS, 2Z2T1%. 5%. 10%
DBEDCO, HA%BESRL T, EEIEW (pH 2.5) |
37°C. 30umol photons/m?/secDKXKBHFHTTIhEHD
EELZ2HEEEREL. £F L HRAREHICH T 500,
BEOEBIIODWTHAXNE, HHIR/4 F2 3T ACyan
idium caldarium RK-1& ANV 7 4 ') 7 Galdieria

sulphuraria M-8(=C. caldarium M-8) %R W\. £&F
HMBEBEOHE. XAREMIBEBBICLIBRER
BOBECEL>TRDEZ. ZOHER, 172334

RE-14k13C0, BMEMNS WL ENHFH LK EFTL. BF
mo#1.6 itz > ZHhiCHL, AT+ V)7
2C0, RMICLDEBTRREEENSZ M. BEBEVIE
YEOEERAOLL Y., % TREFMOHL.2 £
THotze Tl 10%C0; TTHELLHABOXRAK
E. BERAMTESUSEL fARICEXT. 172
TITATIRIL.2 & ALF+x Y 7Tl 1 fFICHEM
L. (FRFENK - ER®I)

(52) O¥HEE" - PHERB" : ERIIKR (BB
i) 1B B EEMERE O XS T IS & B AR

MEIARIZ, EEHSad/NANOEEH T, B
OH/NEETKENCART 5. AR $F,
(1992) THE LUK RD 2 0 HiSIc B 545
HEOHASRE*bLL T, BEBRBFO—FETHS
IR ERCTRITET- 125D TH 5,

% 1 ¥4 3 Achnanthes convergens, Cymbella
sinuata SO XY EFEMHBL, F2 ERSTE THk
X534 5HF. 3 XHKS T Gomphonema clevei’s
L&D, XB/OBENEXST 2HRFAMB SN,

FENEBRN T — 7LD R EIT - 1245
R, EENEAGFRPRCOIBT 2EREKLEZSA
T L#ins Navicula subtilissima, & F &% Synedra
ulng FTHHE S oI, LRBO KK TS 284
JIliE Achnanthes convergens, Cymbella microcephala
F MEENTHRE ZOERTH 2/MERINKRUCHBOS
NIl Navicula minima, Nitzschia palea HTHE—
Hons.

o, CHSOERICHOVTHE, 199D THE
Ll KR KEHEERE BRI %17 - 72,

C*ILBREE, “RBX - 8- WY
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(63) °iRFE® MEUS* LA T*
U ERVEAR SR Chlamydomonas DR LK\ D v T

EREEBE A, HE, BEREOBRLA
T2t D B HSHEAFT] i 7 pH2 DRERIE DM T H B

Z DR & O @B & B O U :AREE Chlamydomonas
acidophilla% 538 L LV F O EER % 1T o 720 H5HEIECCHE
HEH)EH N TIT 2w, BShiiEEkE s ookl
bTAEY = VR2EEEE RV THIE L 720 < DM
HWHE I NV H T L&A THEIML, TLCR
U'GCIZ & h 43l L - K IRE D FIEERER U Z DR
BHBDODH 21T 2720 SH DR, COBREIEH
THEELIRE W 2 MOBEEE & TLC L TDragendorff
HEC LV FARBRBTINI A VRELHEES L
SPEETH o 75 % 7:Phosphatidylcholine(PC) i3
ENsdorze T DRI ChlamydomonasiiPC% & A
P, RIS VREELRBICERTH LT ASawet al.
(1985)D#ER & —3 L 7=o £l L 72 BHEE DI IE A
B A% ) 0BV ED S, B 2 Pl E S
T2 14:10BEIEERDS C DES D ERRIEER D 50%2\ L %
HOTWLE0IH L, BREARS VTR
18:1,18:2,18:3? 3 MDA SIMPENBRV 2 DXL b DT
Hotze SHICPHOTHRE L 2BEMAKIC OV T H %

HEDTWD,
((BR)EERE *IAK - 21L)

(54) BREAB ABPHRTZLH)HEHETRELT
ORBEOBRLENTAR

RIS &> T, KEASBEENL, BPLHAYHERL.
HRREABHODELTHAELTWVD L, BERATLN
JEUTLKBENSBANOREBLOEVRAKEND
DTHok, HAEESKPILHBIDEL, REHAERIN
UTpHS5.2-5.4 K53, Lich> T, BN L, ZLA
YTOEBENKRRETESKHIIE. Trish, HEPES
GEDGood SREXMNTER, TrisBKKBEMLELEE
TRZLVAVHELEOT, FEMETERL ORI EHC
M PAVVEBEENZTHESDEETAEESHNW,
Good' SHEDBS L IBMTH SO TKOH », NaOHERM L
THHEBRDELBIFNELSEW, LTAN, TrisKLTH
Good' SEHEICLTH., £UHdVIRBRAKL> TREHLLKE
HEHBOTHD, ThEITEL, ROKRBL LD E, C
NSOEWEIF10nM(pHT. 0HE) T, HHMBHRMRER
FENRBESMK & o = (Jpn. J. Phycol. 40,215-227,1992)
REBECERCBLELEL. TOABRIBEK LB,
hELNL, PLHAVHEETSR, SARINSOKBR
Oplff, BT, EXHCHBLABOMEAOREHEL OV
TEXREOTEET S, BRI TKHMKARIE, HURD
FHRCNTIBHOERZICOVTHRELLN,

(RRAZBRIZBEDIEH)

(55) OMBWET - EIEETF - MABT - KiaWie - 70
H— . AR+ B ROEEO#ICHIAT % Anabaena
oW T

AR+ WIS SREEER. THEERTHSh
2 [l O TR O LTINS 3 2 EERT . £%5150mb
2255 A3 3 AN EOEBH SRV LD
PHEHTH 3. RAWLI986EL Y ZOMBHLHFET «
—LFEUT. BEBOWHE - LEHREERORTE &
HIcE) - WYWT IV b > ORMEM L BHRESCHT
HETFABRIT> TV 3. COHTBHANOBFOMTI V&
Anabaena 2BOREFEHHIC & 27— LR H19904E
19UELB|EHEABEEhiz. D Anabaena OTIL— A
B2 EREMTD > 87T 3 LA . BEORED
SYERERERMEIE U ERRICKLYN « PRAID
L URREEDS R T 185 - HIRESAORELANE
ZOEEIE . 1FEL HIT Anabaena MEELINITHEFEL f
EHEO—DIUHBREEROEL LY Y OFENZA S h
2o —H RERWBIFS Anabaena 2EDOANTOV A M7
% 2— b 02l EHBHNEUE . FHVOEFREOR L
RHERR B L VIFE—ETH o W HERRTIE
FRWERISUTAFOV R P BLU7 2 — QMBI
LU ZOEMIIBI L ZEREBIDO R,
GGAalA% - $H - BARSE)

(56) OHERKERT - BB : 2RM Y, x5
EACHIIEN)Y, $: 1) 3 L i: £

I RNFIPFREE AR, Y OBERESICHD YT
FTHOEE., &3 7 EFEEY 3 BICH > THulhacen
MBEB/B/ LT HURTH 2, HESIX199248AIC
BELELORMIY, HEE T LI BEBMAEKCO
WT#H L 3, Lake Cardera (#E#3050m) o HIEIC i3
Navicula cryptotenella, Oscillatoria sp. % f§ 58
LY HHENBEL T, Lake Hondera (#E$2850
m) OMEIC L Fragilaria spp., Tabellaria floccu-
losa & Spirogyra sp. XL T HHET, ZThL DM
NREEEFEELTWEZLERL, 25IC Diatoma
hiemale var. mesodon, Meridion circulare MDETE
BABRAELS, HHREKEERLTWS, Zo#H»D
94 B /0JINCiE Diatoma hiemale var. mesodon,
Ceratoneis arcus % ¥ & U, Hydrurus foetidus %
ryomENHON, W, BKoOBEKTHD L%
RLTW3, Genile)l[iZ5BEREL R LEFEHETIE
Cymbella minuta, Ceratoneis arcus % ¥& 3 5%
TZollb, i, HRKOKBEHETES,

CHIgEEX - £, *T#BEEEH)




(87)  OfEBiEs - KB - IREETF+ex - RS +sws -
King George Island (F3EE) OO+ F®dE (Fik2)

King George Island (ZFIRE-EMFTEER. BIRKI6 2B
T3, 1990 11A&D 1992 2% TICiEEL-220
KOFBFEXREFN, A BPBEMICREEhEEKII8 64T
H3. ThOREFEEFICEET A LRDL > TH S, arftE
1 8%, Prasiola crispa {43 32 Nostoc sp.{1H2%. &-1=
TiE3%. TofEEFOFER 4% Fk2 24 #8204 #6
X, BE3EK, FOfidfs A,

BENTEL LR RExhiBr shonRESh -6
BXRDL>THB.

Fragilaria capucina 25
Navicula mticopsis 14

Nitzschia homburgiensis 13
Nitzschia subacicularis 8
Gomphonema parvulum
Nitzschia frustulum
Pinnularia borealis
Fragilaria sp.
Fragilaria vaucheriae
Navicula murrayi
Nitzschia sp.

F O N N NS I S

( +EERI - SEARKE - v BEEATIIRSE - #oaefid
NaERR)

(58) HHXMN: BUBRUCLBAFEROIVA Y
doEnEBIZONT

IVA YIS EHOBRRESYTET &
BEHEGROBRUEEOBSEE L LTASATVNS
N, BE BHUBEMTHLAROSGERBLE. B
NEHROEAHE CEARBOEEE2T L 25,
BB ERTHEIEL, #hH IHoBEKMSSH
22, BEILBIZ7I7VIVR - EEOREERICS
WTRIEEESY Y TENEHEBETABUEN 1
~2HBIESTH, AEOAHIR NN
BEXBETTT>EEROERTIR, SHHBOH
ETCHEAMOH&EMNBHON, VToPBERORESR
ZHTWE, 1E2HBRORECRABOBEENE
<&bh, 1BFEMERTILEEEREIDZL
MTEE, 28, AOBKKICIKBEICRE T
DEGKNSBREN, BRLCXRFARFMEBEHELTY
2o &y CHETIKASGATVWERERABOHE
A, AFRMERE (EEBRLVET) —£2BO%
BRELABRTHILNTER, ZDED ABOK
LI A MIFEMTFHREROHEHBEZY VTR
KBRLTW oNEKRSHh, ZEFHEERERELTVS
WREELBIEThE, (BURAERRE)
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(59) OWEmBE#* - TH ®* . kESE* - +8
RE® - HHEH-ZZF (EEAEAVEEBENICAY
Y& OBl

BELto&EhTid, BROBEBENCFEFRELE-T
Wh, BN TORS - BHRERS, MTFLZHM%
BE~NELESE2H8ERALY, BRCHEYT 35
EBHLABIPRYREIELIZRTTHEH, o
ERBEzEB~FEHSETEFT LTV I3 HBROBEE,
EhPTHER L EEZShT VW, KRR TH,
TIARHVAREDAMEBROEEMGBOFESZ
BEEEF TAIERCBEES 3L, ThBEOR
EINIATIEREZSSIKPIRY FTHEOER I
BETICENEERS . BHEHATCALIERC
BEsnLT75 A GG60ER» SHEL RBIL, #
Rlco ¥ THATEBME LA £ 1B10cmD K
FAV— MRIEEADH 1 X0H P xHEBEE2EFELT
BE~NBHELLECS, EEODEERNI0SLTT
i, KFEy FELIcEILY 2 248 BAikicET 3
RWERI0KTH 7o COBEKRBPERDEH
BEOER - EEFNHROGHRFRELZLA 5,

(WK - B, TURK - HEF £

(60) OAnong Chirapart- K% EX:HFRBRICZE
LigbdiAg /VEORR E EXREHEILCONVWT

WEFAE-HENE FHBICAT / VENZEL.
BRERAGTHLONTVE , CNLDAT/VIZ . IYNVYTE
ICHRBIZBML TV A S EHESRSE TRV L.
RWEHKIZ3ncET 2. L LEHEEMEETIZED
L BaVIBEINTICWS AFHHIL . SAR
DBRETHN YLLITLEFTHHIBRIRLE
LBBHLATVWS,

THhBERRBOB / NBRRELC.CHXT/VED
EEFPBRBENLDT FOABABENHEL EX
BBl OWTHRHET -2,

ZDF T/ VL KiEI5~31°C . 1E523~35pt DK
BlcAabh KEARBETMNPZILEEIHICEE
LTwhk NARHICER L THEKXT 2 EEkIE255LLT
T 2L DEkIEH S Z B LS L T Bl EKEOL
P—HWBLTEFL T ERIIE,PLBIELL.
B L&A WH BEICbR > THkYALNL,
EBORET LIEPICHANBFERIIRD ShH.
HEZRIZAD LN T2 T ha EET R
El113~28CE TL7H BAEAEILI6~20CTTH -7,
EXBDO S NHE(1.525K)13400~7508/ca> TH > T .
BWFNBELXRLIOIZIECHETH ). GBI
BLETLA.

(SHA-BEEBEEEL )
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(61) HMEHAF Hth -OKF EX:+¥AH/YEERD
EBASH

BBIRICAEFTL YA/ VI, BRKEERE L
TEHENTWAY HEHICAEFLTWSELDIC . #
DEBRHBRSHASLNTWEW £ THEB bR E
B N A ) BECOWTRHERAEZTV. S
RHERICIDEFRICOWTERLL.

ryA /0 SMNBICELAEBELORWEEIRD
KES~ 0D & Z Az 10A THAE(KE 23.3C) LD
DkHFRBTEDLNE XS ICHh -7 .28 THEGK
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