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Jpn. J. Phycol. (Sérui) 42: 149-155, June 20, 1994

Notes on some Hawaiian Ceramiaceae (Rhodophyceae), including

two new species

Richard E. Norris

Botanical Research Institute of Texas, 509 Pecan St., Fort Worth, Texas, U.S.4. 76102-4060

Norris, R. 1994. Notes on some Hawaiian Ceramiaceac (Rhodophyceae), including two new species,

Jpn. J. Phycol. 42: 149-155.

Two new species of Ceramiales from the Hawaiian Islands have been recorded, Pleonosporium intricatum
sp. nov. and Wrangelia elegantissima sp. nov. Their distribution in Hawai’i and their possible relationships
with other species in each genus are discussed. A new combination, Ardreanema seriospora (Dawson) comb.
nov. is made, and 4. farifructa Norris et Abbott is placed in synonomy with that species.

Key Index Words: Ardreanema—Cer
nomy—Wrangelia.

Although the Hawaiian benthic algal flora
is quite well studied from various points of
view, there still are species that have not been
seen before appearing in collections. Also,
there are species in this flora that have been
known for many years under names that are
incorrect. Such species in the Ceramiaceae,
in particular, that I have discovered in the
past two years of my investigations on
Hawaiian Ceramiales require further descrip-
tion and taxonomic readjustments.

Materials and Methods

Herbarium specimens were dried either
from freshly collected or formalin preserved
material. Microscope slides were prepared
from formalin fixed specimens, stained with
aniline blue and mounted in a corn syrup
medium. Number citations of specimens
are preceded by letters that follow the code of
Holmgren ¢t al. (1981), except those preced-
ed by IA which are in the collection of Dr
Isabella Abbott at the University of Hawai’i
at Manoa. It is expected that these speci-
mens will eventually be housed in the Bishop
Museum in Honolulu.

— Ceramial

Plenosporium— Rhodophyceae—taxo-

Results and Discussion

Pleonosporum intricatum R. E. Norris sp. nov.

Thalli epiphytici in algis maioribus, usque
ad ca. 1cm alti, cum ramis hospitis saepe
intricati, interdum per rhizoidea adventitia
affixi. Cellulae maturae adaxilalesque ca.
150 X 250 ym, parietibus inclusis usque ad
40 pm crassi; omnis cellula unum ramulum
determinatum lateraleque ferens. Lateralia
determinata in axe spiratim ordinata et diver-
gentia ad angulum 60°C, pluribus ramis
mediis ad distales, cellulis leviter et distaliter
decrescentibus, apicibus ramorum adaxialiter
recurvatis.  Cellulae terminales omnium
ramorum maturorum late rotundatae, ramis
maturis aliquantum moniliformibus propter
parietem incrassatum. Tetrasporangia adax-
ialia in cellulis ramulorum verticillorum
prope extremitatem distalem ramulorum,
ovoidea usque ad spheroidea, usque 40 #m
diametro. Cystocarpia terminalia in ramulis
verticillorum, plerumque aliquot gonimolobis
evolventibus ad gradus encrementi dissim-
iles. Filamenta subtenta circum gonimolo-
bos curvata et involucrum laxum formantia.
Plantae masculae non inventae.

Thalli epiphytic on larger algae, up to
approximately 1 cm tall, often entangled with
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branches of host and may be attached in sever-
al places by adventitious rhizoids or curved
branches (Fig. 1); mature axial cells approxi-
mately 150 X 250 gm, including walls up to
approximately 40 #m thick, each cell bearing
a single determinate lateral branchlet (Fig. 3);
determinate laterals spirally arranged on axis
at angles diverging approximately 60°C, hav-
ing several mid to distal branches, cells slight-
ly decreasing in size distally and with adaxial-
ly recurved branch tips (Fig. 2); terminal cells
of all mature branches broadly rounded,
mature branches appearing somewhat moni-
liform because of additional wall thickening.
Tetrasporangia adaxial on whorl branchlet
cells near distal end of branchlets (Fig. 2),
ovoid to spheroid, up to 40 #m diameter.
Cytocarps terminal on branchlets of whorl
branchlets (Fig. 4), several gonimolobes at

Figs. 1-4.
bar=150 #m. Fig. 2. A single lateral branchlet bearing a mature and several immature tetrasporangia.
bar=25 #m. Fig. 3 Axis tip showing arrangement of young lateral branchlets.
minal cystocarp showing fusion cell bearing gonimolobes surrounded by involucral branchlets. Scale bar=25 pm.

Pleonosporium intricatum. Fig. 1.

Habit of thallus on host, Euptilocladia magruderi.

different stages usually
present; subtending filaments curving around

of development

gonimolobes forming a loose involucre. Male
plants not found.

Habitat: epiphytic on Euptilocladia magruder:
Abbott et Norris, low intertidal to subtidal.

Holotype: BISH 539220 (Female), and iso-
type BISH 582021 (Tetrasporangiate), R. E.
Norris 8621, 8622.

Hawaiian distribution: O’ahu Island, on
a free-floating host, Euptilocladia magrudert
Abbott et Norris, Lani Kai boatramp, Kailua
Beach, 26, January, 1992, collected with S.
fairres REN 8621, 8622.

Remarks: This new species is similar to P.
polymorphum Itono (1971) but differs in hav-
ing spirally arranged whorl branchlets instead
of alternate distichously arranged branchlets
in that species. Norris (1985) reviewed the

Scale
Scale
Scale bar=10 #m. Fig. 4. Ter-
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characters separating Plenosporium from relat-
ed genera, particularly Mesothamnion Be¢rges-
en, concluding that female reproduction is the
same in both genera and that production of
polysporangia rather than tetrasporangia is
not reliable in separation of these genera.

Etymology: iniricatus=entangled, describ-
ing the way the curved branchlet ends which
cause the epiphyte to become entangled with
its filamentous host.

Wrangelia elegantissima R. E. Norris sp. nov.
Plantae fruticosae, usque and 10 cm altae,
subtiliter ramosae ramis maioribus alternis
pinnatisque. Axis vetustiores et partes proxi-
males filamentis
rhizoidalibus adhaerentibus et proximaliter
crescentibus.
involventia ad nodos omnium ramorum.
Apices ramorum proximaliter
Ramuli 5 verticillorum ad omnem nodum,
plerumque 1-2 maiores quam alii, illi lon-
giores in latere adaxiali ramorum in nodis

ramorum  corticatae
Filaments transversa et laxe

curvati.

sequentibus dispositi. Ramuli breviores for-
tasse indeterminati sed illi longiores deter-
minati. Omnes ramuli verticillorum sub-
dichotome
Apices

acuminatas terminates quae fortasse deciduae

ramosi iterum atque iterum.

ramorum in cellulas 1-3 parvas
sunt et apices ramuli rotundatos relinquunt.
Tetrasporangia usque ad 75 ym diametro in
ramis principalibus, brevioribus, determina-
tis et lateralibus; in cellulis proximalibus
ramulerum verticillorum, laxe inclusa fila-
ments 1-4 plerumque ramosis et involucrali-
bus. Spermatangia in capitulis spheroideis
ca. 90 ym diametro, circumcincta filamentis
3-4 ramosis et involucralibus. Cystocarpia
in extremitatibus ramorum brevium latera-
lium. Gonimoblastus inter filamenta sterilia
Ramuli verticillorum

Car-

involucralia crescens.
continui involucrum laxum formantes.
posporangia ovoidea, ca. 40 X 75 ym.
Plants up to 10 cm tall, finely branched,
bushy (Fig. 5), living plants often with a
greenish tinge (foliage green to greyish green,

Fig. 5.

Holotype specimen of Wrangelia elegantissima (BISH 631355).

Natural size.



152 Norris, R. E.

Kornerup & Wanscher 1978) and iridescent;
dried specimens dark magenta to lilac (Kor-
nerup & Wanscher 1978). Axial cells up to
500 ypm wide, isodiametric to twice longer
than broad; with 5(6) determinate branchlets
(whorl branchlets) at each node, usually 2
large and 3 small, in opposite groups, some-
times 3 large and other times only one large
branchlet per node (Fig. 7). Large whorl
branchlets usually remaining determinate
whereas smaller ones often are potentially in-
determinate.  Plants monopodial, lateral
main branches alternate distichous (Figs. 5,
6), their apices curved in a proximal direc-
tion; laterals often potentially indeterminate
branches growing mostly on adaxial side giv-
ing secund pattern to branch (Fig. 6); lateral
branches also with distally directed (abaxial)
longer whorl branchlets giving unequal ap-
pearance to thickness of laterals on branch
(Figs. 5, 6). Whorl branchlets several times
subdichotomously branched, proximal cells
up to 40 ym diameter, distal end sometimes
terminating in 1-2 small cells, the terminal
one triangular and acutely pointed (Figs. 11-
13), approximately 35 X 15 gm; if 2 small dis-
tal cells, one shorter than the other; small
acutely pointed cells also occasionally borne
as laterals on other distal cells in these fila-
ments; small, acute terminal cells often
deciduous, longer cells with obtuse ends then
terminating whorl branchlets. Basal whorl
branchlet cells often hour-glass shaped, espe-
cially in larger branchlets; developing broad
basipetal filaments attached to axial cells on
main axes and larger branches, forming
rhizoidal cortication 1-3 (or more) cells thick
(Fig. 10); other secondarily formed filaments
from basal cell and most of shorter deter-
minate whorl branchlet growing transversely
around axial cells of lateral branches forming
a loose entangled mass of filaments (Fig. 10);
basipetal filaments adhering to axis not
present on most branches in distal parts of
plants, but loosely adhering transverse fila-
ments usually present on these branches.
Tetrasporangia mostly on lateral branches,
spheroidal, tetrahedrally divided, up to
75 pym diameter, on basal cells or other prox-

imal cells of whorl branchlets often on short,
abaxial branches (Fig. 14); loosely enclosed
by 1-4 involucral filaments, 1-3 cells long,
sometimes once branched, involucral cells
approximately 15 #m diameter. Male heads
spheroidal (Fig. 9), in similar positions to
tetrasporangia, approximately 90 gm di-
ameter, enclosed by 3-4 involucral filaments,
each usually branching once or twice. Sper-
matangial mother cells fusiform to acerose
(Fig. 8), approximately 25 ym long, produc-
ing ovoid spermatangia approximately
3.5 ym in diameter. Cytocarps terminating
short lateral branches approximately 5 cells
long, typical for Wrangelieae in having
gonimoblast among narrow sterile involucral
filaments, proximal cells in fertile branch
producing loose outer involucral filaments;
carposporangia terminal, ovoid, approxima-
tely 40X 75 um.

Holotype: Makapu’u Beach, O’ahu Is-
land, Hawaii. On basalt rocks in upper inter-
tidal pool, lggit C. Smith, N. Phillips, & L.
Walters, 2 May 1992 BISH 631355
(tetrasporangiate plant), and isotype BISH
631357 (male), R. E. Norris 8658 (Fig. 5).
(Isotypes in US, UC, BRIT, L).

Habitat: saxicolous or epiphytic, intertidal
pools.

Published Hawaiian records: Chamberlain
(1880), Tilden (1902), both as Wrangelia
penicillata (C. Agardh) C. Agardh (1828).

Hawaiian distribution; Kaua’i Is.: Lawai-
Kai IA 20691; O’ahu Is.: Malaekahana IA 4,
Hau’ula IA 1175, 1489, Coconut Is., Kaneo-
he TA 13050, Kaloko IA 1310, Halona IA
318, 591, 983, Waikiki IA 348, 928, 1087,
Ala Moana Park 16242, Ewa Beach IA 1001,
Ma’ili TA 1421, Kawela Bay IA 740;
Molo’kai Is.: IA 17666, *Ualapu’e IA 20657.

Remarks: There is a strong similarity
between. W. elegantissima and W. bicuspidata
Bgrgesen (1916), bi- or tricuspidate branch
tips being present in some of the Hawaiian
plants, especially when young, and both spe-
cies having loosely enveloping corticating
branchlets developing from whorl branchlets
at nodes. Although some plants of W.
bicuspicata from the Caribbean Sea, from
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Figs. 6-14.

Wrangelia elegantissima, showing habit and reproduction. Fig. 6. Axis with alternate distichous

lateral branches. Note cortication on axis and uequal length of branchlets on abaxial and adaxial sides of lateral
branches. Scale bar=325 #m. Fig. 7. Axis tip showing axial cell and arrangement of branches in early stage of

development.

Plant axis showing cortication at one node.
attached to the surface of the axial cells.

branch tips; Fig. 12. is a short branch tip.

Scale bar=20 #m. Fig. 8. Spermatangial mother cells, attached spermatia on three of them.
Scale bar=10 #m. Fig. 9. Male capitulum surrounded by involucral filaments.
Note heavily stippled corticating filaments grow basipetally and
Also note the loosely enveloping short, narrow-celled filaments that
grow a short distance in both acropetal and basipetal directions.
Fig. 11 scale bar=10 #m; Fig. 12 scale bar=13 zm; Fig. 13

Scale bar=10 #m. Fig. 10.

Scale bar=20 p#m. Figs. 11-13. Determinate

scale bar=20 #m. Fig. 14. Lateral branchlets bearing tetrasporangia surrounded by involucral cells at a node.

Scale bar=32 p#m.

where it was originally described, have une-
qually developed whorl branchlets within
nodes (personal observation), the tendency is
not as strong as in W. elegantissima and usually
does not result in flattened thalli as in the lat-
ter species. Also, W. bicuspidata has mostly
four pericentral cells (whorl branchlets)
whereas five or six are present in W. elegantissi-
ma, and the latter species has strong rhizoidal
cortication on older axes that is not present in
W. bicuspidata. Habitats of the two species
are also different, W. bucuspidata being
subtidal and W. elegantissima occurring interti-

dally.

Wrangelia elegantissima also resembles W.
tenuis Noda (1964) in having 2 pairs of une-
qual whorl branchlets per node and in the
production of transverse filaments forming a
partial loose cortex around some axes. The
larger size and different shape of the
Hawaiian plant, the heavy axial cortication
and secundate temporarily indeterminate
branches and much longer whorl branchlets
forming a much more villose plant in W.
elegantissima are other characters distinguish-
ing it from W. tenuis as well as W. bicuspidata.
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There is also a superficial resemblance of
W. elegantissima to W. plumosa Harvey (1844),
as interpreted by Gordon (1972), but
presence of involucral tetrasporangial fila-
ments in W. elegantissima is a major character,
among others, very different from this Aus-
tralian species. A Chinese species of Wrange-
lia, W. hainanensis Tseng (1942), resembles
W. elegantissima in having large, pinnately
branched thalli and cuspidate apical cells on
whorl branchlets, but other characters are
different, particularly the absence of the loose
cortication around nodes in W. hainanensis
which is characteristic of both W. elegantissima
and W. bicuspidata. Tseng (1942) noted that
specimens on which Weber-van Bosse (1921)
based her report of W. bicuspidata from the
Malay Archipelago probably belonged to W.
hainanensis.

Ardreanema Norris and Abbott (1992)

This genus contains a single species
Ardreanema farifructa, an anomalous Ceramium-
like alga that was found in Hawai’i. It was
recently noticed, however, that Dawson (1963)
had named this same taxon as a species of
Ceramium, C. seriosporum Dawson, a new species
he and his wife found in the Galapagos Is-
lands. Dawson noted that some characters
of his new species, particularly the uniseriate
arrangement of carposporangia, were excep-
tional for Ceramium and suggested that it would
possibly be separated into another genus.
Norris and Abbott’s new genus, Ardreanema,
independently confirmed his prognosis. In
light of the earlier description of this species,
however, the following new combination is
proposed, and, at the same time reducing 4.
farifructa Norris & Abbott into synonomy.

Ardreanema seriospora (Dawson) R. E. Norris
comb. nov.

Basionym: Ceramium seriosporum Dawson,
Pacific Naturalist 4(1): 13, Pl. 4, Figs. 1-6,
1963.

Synonym: Ardreanema farifructa R. E. Norris
& I. Abbott (1992).

Type locality: “Epiphytic on crustose coral-
lines with Antithamnion veleroae Taylor, inter-

tidal on the seaward side of Isla Cuamafio,
Academy Bay, Santa Cruz Island, Galapagos
Archipelago.” (Dawson 1963).

World distribution: Hawai’i and Maui Is-
lands in the Hawaiian Archipelago, Santa
Cruz Island in the Galapagos Archipelago.
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The effect of acetate on the expression of two carbonic anhydrase genes (CAHI and CAH?2) was studied
with a green alga Chlamydomonas reinhardtii. In photoautotrophically grown cells, CAH]I transcript appeared
1 hr after the transfer from 5 to 0.04% CO,, while CAH2 transcript was present in 5% CO, and thinned

out in air.

In mixotrophically grown cells with acetate, CAH1 transcript level was lowered drastically

under low CO, concentration, while CAH2 transcript was present both under low and high CO, con-

ditions.
photosynthesis and CO, concentration.

The effect of acetate on the gene expression of CAHI and CAH? is discussed in relation to

Key Index Words:  acetate—carbonic anhydrase—Chlamydomonas—gene expression—mixotrophy.

Carbonic anhydrase (CA; EC4.2.1.1) has
been investigated in several microalgae. It
has been shown that this enzyme plays an
important role for ensuring a high apparent
affinity for inorganic carbon in photosynthesis
under ordinary air (Aizawa and Miyachi
1986, Tsuzuki and Miyachi 1990). In
Chlamydomonas reinhardtii, a high level of CA
activity was found in the periplasmic area
(Kimpel et al. 1983) and it increased under
low CO,; conditions (Yang et al. 1985).
cDNA clones for the periplasmic CA were
isolated by using oligonucleotide probes raised
from amino acid sequence of the enzyme sub-
units (Fukuzawa et al. 1990). Nucleotide se-
quence analysis revealed that the cDNA
clones encoded both large and small subunits
of CA.

Genes which corresponded to the obtained
cDNA clones, CAHI and a structurally simi-
lar gene CAH2, were identified. Both were

tandemly clustered on the nuclear genome
approximately 2kb apart from each other
(Fujiwara et al. 1990, Fukuzawa et al. 1990).
CA which appears in low CO;, conditions
(CA1) is derived from CAHI. CA purified
from cells grown in 5% CO, condition (high-
CO; cells) (CA2) was encoded by CAH2, and
was not the remnants or slightly expressed
CA1 (Tachiki et al. 1992). Most of the atten-
tion has been paid to CAl so far, not only
because CA activity in the cells grown in ordi-
nary air (low-CO, cells) is much higher than
that in high-CO, cells, but also because CA1
enhances the supply of CO, to photosynthetic
organ from the suspending medium under
low CO; conditions. No physiological role of
CA2 has been postulated yet.

We report the effect of acetate on the
gene expression of CAHI and CAH?Z in this

paper.



158 Tachiki, A. ef al.

Materials and Methods

Cells and culture condition

Cells of Chlamydomonas reinhardtii Dangeard
C-9 mt~ (IAM Culture Collection, Institute
of Molecular and Cellular Biosciences,
University of Tokyo) were cultured photoau-
totrophically at 30°C in 3/10 HSM medium
(Sueoka et al. 1967) by aeration with 5% CO,-
enriched air. Mixotrophic cells were pre-
pared in the same medium with addition of
acetate (17mM) every 12hr in 5% CO,.
The light intensity for the culture was 18 W -
m~2.

In the induction experiments of CA, high-
CO; cells were resuspended in fresh culture
medium at the density of 1+0.2 ml packed
cell volume per liter and CO, concentration
in the bubbling gas was reduced from 5 to
0.04% (ordinary air).

RNA blot hybridization

Total RNA was isolated from the cells of C.
reinhardtii by using guanidium-isothiocyanate
and CsCl ultracentrifugation method (Mania-
tis et al. 1982). Ten pg each of total RNA
were electrophoresed in formaldehyde con-
taining 1% agarose gel (Maniatis et al. 1982)
and capillary blotted to nylon membrane
(Zeta-probe, BioRad). The membrane was
then probed by 32P-terminal labeled gene spe-
cific oligonucleotide probes, PrCAH1 and
PrCAH2. The nucleotide sequences of
PrCAH1 and PrCAH2 are 5’-GCC GTG
CCG ACG GTG GTA GCG TGA CTA
ACT ACT GGG AAG T-3’ and 5-CAG
TGC TCA CAT AGT AGT TTC GAA
TTC TGC CAA TCC TGT C-3’, respecti-
vely. RNA ladder (BRL) was used as size

markers.

Determination of photosynthesis and respiration
Photosynthetic oxygen evolution was deter-
mined with a Clark type oxygen electrode
(Rank Brothers, Bottisham, Cambridge,
U.K.) which was illuminated from one side at
55 W-m™2 by a projector lamp at 30°C. The
rate of in situ photosynthesis was measured
with the cells immediately after transfer from

the culture, and the capacity of photosynthe-
sis was determined in the presence of 5 or
10mM NaHCO;. The rate of respiration
was measured with the same oxygen electrode
in the dark.

Determination of pcv and CA activity

Packed cell volume (pcv) was determined
by centrifugation at 3,500 X g for 10 min at
4°C. Extracellular CA activity was meas-
ured by the time needed for a pH change from
8.3 to 7.3 after the addition of 2 ml of CO,
saturated water to 12 mM Veronal-H,SO,
buffer (pH 8.3) containing the algal cells in a
total volume of 5ml at 2°C (Yang et al.
1985). Enzyme activity unit was calculated
according to Unit=Ty/T-1 where T and T,
represent the time (second) needed for the pH
change with and without samples.

Results

CA activity in cells grown photoautotrophically and
mixotrophically with acetate

The extracellular CA activity in the high-
CO; cells grown photoautotrophically in-
creased upon exposure to low CO; concentra-
tion (Fig. 1). Under 5% CO,, CA activity in
mixotrophically grown cells was much smaller
than in photoautotrophically grown cells (com-
pare the values at time zero in Fig. 1), and
stayed similar at very low level even under
low CO, concentration. When acetate was
supplied to the photoautotrophically grown
cells simultaneously with lowering CO; con-
centration, CA activity increased for 4-6 hrs
as was observed without acetate and then
decreased to the same level as observed in mix-
otrophically grown cells (data not shown).
These results suggest that acetate suppresses
the induction of CA.

Accumulation of CA mRNAs in mixotrophically
grown cells

Expression of two CA genes, CAHI and
CAH2, was examined separately with both
photoautotrophically and mixotrophically
grown cells. When the photoautotrophically
grown cells were transferred from 5% CO, to
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Fig. 1.

Changes in the periplasmic CA activities induced by transferring the cells of Chlamydomonas reinhardtii

grown photoautotrophically (O) and mixotrophically (®) with acetate from 5% to 0.049 CO, concentration at time
zero. The horizontal line indicates the time (hr) after the transfer from 5% to 0.04% CO,.

ordinary air, the transcript of CAHI was ac-
cumulated 1 hr after the transfer and the level
reached the maximum after 2hrs. CAH2
mRNA which was expressed under 5% CO,
disappeared 1 hr after the transfer to low CO,
concentration (0.04%) (Fig. 2). On the
other hand, when mixotrophically grown
high-CO, cells were placed to ordinary air in
the presence of acetate, CAHI appeared 2 hrs
after the transfer to reach a maximum level af-
ter 4 hrs, and then decreased to less than a
half of the maximum after 6 hrs (Fig. 2).
Therefore, the appearance of CAHI under
low CO, conditions was delayed in mixo-
trophically grown cells compared with that
in photoautotrophically grown cells. The lev-
el of CAH1 in the mixotrophically grown cells
was much lower than that in the photo-
autotrophically grown cells (Fig. 2). CAH2
mRNA was expressed at almost the same
level before and after the CO, shift in the
mixotrophically grown cells.

Transcript stability of the CA genes, CAHI1 and
CAH2

To evaluate the stability of mRNA tran-
scripts from CAH1 and CAH2 under low CO,
conditions, the effect of actinomycin D, a
potent inhibitor of nuclear transcription, on
the accumulation of CAHI and CAH2 mRNA
was investigated. Actinomycin D was added
to the culture medium at the concentration
of 20 pg-ml~! 2 hrs after lowering the CO,
concentration from 5% to air. The level of
CAHI1 mRNA decreased to that less than a
half 1 hr after the addition of actinomycin D
and paled after 2 hrs (Fig. 3, lanes 1-4). The
additional bands of 4.3 kb observed in lanes 1
and 2 corresponds to the size of the precursor
mRNA of CAHI including introns (see
Fujiwara et al. 1990), which faded away with
time. The level of 2.0kb CAH2 mRNA
decreased to approximately 0.5 hr after addi-
tion of actinomycin D and was not detected af-
ter 2 hrs (Fig. 3, lanes 5-8).

These results indicate that half-lives of both
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Accumulation of CA mRNA induced when high-CO, cells of Chlamydomonas reinhardtii grown

photoautotrophically (A) and mixotrophically with acetate (B) were transferred to ordinary air. Follwoing elec-
trophoresis of 10 g total RNA in each lane in denaturing agarose gel, northern blot analysis was carried out using
gene-specific oligonucleotide probes, PrCAH1 (lanes 1 trhough 5) and PrCAH2 (lanes 6 through 10). The cells
were transferred to air time zero (lanes 1 and 6) and kept under low CO, conditions (air) for 1 (lanes 2 and 7), 2
(lanes 3 and 8), 4 (lanes 4 and 9), and 6 hrs (lanes 5 and 10).

CAHI and CAH2 mRNAs are about 30 min.
Therefore, the greater part of each blot shown
in Fig. 2 consists of the trascribed product dur-
ing the period after the prior sampling, but
not of the remnant of mRNA shown in the
prior sampling. We can also conclude that
CAH1I is transcribed continually under low
CO, conditions, and that the rate of CAHI
transcription is maximum at 1-2 hr after the
transfer from high to low CO, concentration

(Fig. 2).

Changes in capacity and rate of in situ photosynthe-
sis after lowering CO, concentration

To understand the physiological conditions
of the algal cells during CA induction,
changes in photosynthetic activity in the cells
kept in the growth medium (2 situ photosyn-
thesis) and the activity in the presence of satu-
rated concentration of NaHCOs (capacity of
photosynthesis) were determined. The capac-
ity of photosynthesis in photoautotrophic cells
was almost constant at 220-250 zzmol O, - (mg
chl)™'-h~! even when the CO; concentration
was lowered from 5 to 0.04% (Fig. 4A). The
rate of in situ photosynthesis, however, im-
mediately decreased to less than a half and
then recovered after a few hours. The pho-
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Fig. 3.

The effect of actinomycin D on in vivo CA mRNA accumulation in Chlamydomonas reinhardtii.

Nor-

thern blot analysis of total RNA from Chlamydomonas cells was carried out by using gene-apecific oligonucleotide

probes.

In each lane 10 pg of total RNA was electrophoresed in denaturing agarose gel, blotted to nylon mem-
branes and probes PrCAH1 (lanes 1 through 4) and PrCAH2 (lanes 5 through 8).

Photoautotrophically grown

cells in 5% CO, were kept in ordinary air for 2 hrs (lanes 1 and 5), then 20 pzg of actinomycin D per ml was
added. The cells were further kept under the same low CO, condition for 0.5 (lanes 2 and 6), 1 (lanes 3 and 7)

and 2 hrs (lanes 4 and 8).
for 1 day and 1 week, respectively.

tosynthetic capacity in mixotrophic cells was
about a half that of photoautotrophic cells
(Fig. 4B). The rate of in situ photosynthesis
was also lower than the photoautotrophic
cells. The photosynthetic capacity and the
rate of in situ photosynthesis in mixotrophi-
cally grown cells did not shown significant
change for 4 hrs after the CO, shift. The
growth rate of the cells was enhanced by the
addition of acetate (data not shown). There-
fore, these results indicate that the algal cells
did not depend so much on photosynthesis un-
der mixotrophic conditions as under photoau-
totrophic conditions.

Changes in the rate of dark respiration

Rates of dark respiration in photoau-
totrophically and mixotrophically grown cells
was both about 60 #mol Oy-(mg chl)~!-h™!
under 5% CO, (Fig. 5). The rate
photoautotrophically grown cells decreased
to 20 gmol Og-(mg chl)™!-h™! 2hrs after

lowering CO; concentration, whereas it was

in

Radioactive spots of CAHI and CAHZ2 transcripts were detected by autoradiography

not affected in mixotrophically grown cells.

Discussion

It was shown in this paper that the trascrip-
tion of CAHI in low CO, condition was sup-
pressed in mixotrophically grown cells with
acetate (Fig. 2). Coleman e al. (1991) report-
ed that the accumulation of CA mRNA in low
CO; condition was reduced by acetate. They
used 2.5 kb genomic CA clone which could
hybridize mRNAs of both CA genes. Since
the maximum level of CAHI mRNA was
much higher than that of CAH2 mRNA, the
above result is consistent with that of Cole-
We, further, found that the tran-
scription of CAH2 was enhanced in the mixo-
trophic conditions (Fig. 2).

Gene expression of CAHI and CAHZ is
strongly regulated by CO, concentration
(Fujiwara et al. 1990). Therefore, one might
assume that the regulation by acetate is

man et al.

caused by the increase in intracellular CO,
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Fig. 4. Changes in the capacity of photosynthesis (®) and in the rate of in situ photosynthesis (O) in
Chlamydomonas reinhardtii cells grown photoautotrophically (A) and mixotrophically (B) which were induced by
lowering CO, concentration from 5 to 0.04%. For mixotrophically grown cells acetate was freshly added at the

CO, shift. The horizontal line indicates the time (hr) after the transfer from 5% to 0.04% CO,.

concentration, since rate of dark respiration is
elevated and that of photosynthesis is lowered
by adding acetate under low CO, condit-
ions. There are, however, some antagonistic
results: (1) The level of transcript of CAH2
under the saturated CO, concentration (5%
CO,) was increased by acetate (compare lane
6 of (A) and (B) in Fig. 2). (2) CAHI mRNA
was fairly accumulated in autotrophically
grown cells 1 hr after the trasfer of CO, con-
centration from 5% to ordinary air, while the
rate of dark respiration in these cells
remained as high as that in mixotrophic
cells. These results indicate that CO,
respired in the dark would not be the major
factor for CAHI transcription. (3) The ex-
periments of CA induction have been carried
out under the continuous light where CO, is
incessantly fixed by photosynthesis. The
genes responsible for photosynthesis such
as rbc S (gene encoded for small subunit of
ribulose  1,5-bisphosphate  carboxylase)
(Goldschmidt-Clermont and Rahire 1986,
Steinbis and Zetsche 1986) and cab II (gene
encoded for light harvesting chlorophyll-bind-
ing protein) (Kindle 1987) were also suppres-
sed by acetate.

Both under photoautotrophic and mixo-

trophic conditions, the capacity of photosyn-
thesis was not affected by the transfer from or-
dinary air to high-CO, conditions (Fig. 4).
The rate of in situ photosynthesis, however,
decreased drastically and transcription of
CAHI1 was induced under this condition in
photoautotrophically grown cells. Since pho-
tosynthesis is suppressed by CO, shortage dur-
ing this period, following states can be consi-
dered as the factors which induce CAH1I tran-
scription: (1) a large amount of excited pho-
tosynthetic pigments; (2) a high redox state
of the reaction centers of PS I and II and of
components of electron transport; (3) much
amount of oxygen radicals; and (4) greater
carbon flow in photorespiratory pathway. In
mixotrophically grown cells the capacity of
photosynthesis was much smaller than in
photoautotrophically grown cells, and the
rate of in situ photosynthesis was not reduced
even when CQO, concentration was lowered
(Fig. 4). CO, would not be a limitation fac-
tor in mixotrophically grown cells even under
low CO; conditions.

Since CAH2 mRNA is accumulated under
the conditions which suppressed transcription
of CAHI in the mixotrophically grown cells,
CA activity is always present under any condi-
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Changes in the rates of dark respiration in cells of Chlamydomonas reinhardtii grown

photoautotrophically (O) and mixotrophically (®) which were induced by lowering CO, concentration from 5 to
0.04%. The horizontal line indicates the time (hr) after the transfer from 5% to 0.04% CO,.

tion, though its activity changes. So far CA
has been considered as playing a role which
facilitates CO, supply in photosynthesis
(Tsuzuki and Miyachi 1990), and is known to
have esterase activity (Bundy and Cote
1980). Gene products of CAHZ2 should play
some other role than photosynthesis, but it
remains as the subject for future investiga-
tion.
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Reproductive structures of Bostrychia simpliciuscula are described based on the field and cultured plants
in Japan, Singapore and Australia. The reproductive organs of male and female gametophytes and car-
posporophytes are described for the first time. This species is usually unisexual and has a Polysiphonia-type
life history pattern, however, a few bisexual plants developed from the tetraspore germlings of an isolate
from Singapore. The carpogonial branch is mainly composed of 4 cells, rarely 3 cells, and this feature is

common to many other Bostrychia species.

The number and dividing pattern of cortical cells in sper-

matangial stichidia are more variable and complicated than those of other Bostrychia species.

Key Index Words:
reproductive structure, Rhodomelaceae, Rhodophyceae

The genus Bostrychia is common to the man-
groves and salt marshes of estuarine systems
throughout the tropical and temperate
regions of the world. B. simpliciuscula Harvey
ex J. Agardh is known in Japan (Okamura
1907 as B. andoi, Tokida 1939, Kumano 1979
as B. tenuis f. simpliciuscula and B. hamana-
tokidai, Yoshizaki et al. 1983 as B. tenuis f.
simpliciuscula), Australia (King & Puttock
1989), Hong Kong and Macao (T'seng 1943),
Singapore (West 1991) and Fiji (South et al.
1994). This species is characteristically turf-
forming with the main axes 2-5 cm long, bear-
ing lateral branches with 1-2 orders of addi-
tional branching that is partially or complete-
ly monosiphonous, peripherohaptera arising
at branch nodes, with 4-6 pericentral cells
each forming two vertical tier cells. In
Japan, the species frequently grows associated
with stem of reeds Phragmites communis Trin.
or rocks in freshwater streams near estuaries
and appears in higher zone than Caloglossa
leprieurii f. continua (Okamura) Post and C.
ogasawaraensts Okamura (Yoshizaki et al.
1983). The species is also growing with
either the liverwort Lepidozia mamillaris

bisexual, Bostrychia simpliciuscula, Ceramiales, Polysiphonia-type life history,

Schiffner or the green alga Boodleopsis carolinen-
sis Trono in turf at Singapore (West 1991).

The polyol content (D-sorbitol and D-dul-
citol) of B. simpliciuscula laboratory cultured
samples from Singapore was analyzed by Kar-
sten et al. (1992) and is similar to that of most
other Bostrychia species in which these com-
pounds are required for osmoacclimation.
D- sorbitol content (range 114-194, mean 161
#mol g~! DW) was usually lower than D-dul-
citol content (range 130-286, mean 216
pmol g~ DW). The ecophysiology of one B.
simpliciuscula isolate (no. 2963) from Singa-
pore has been investigated by Karsten et al.
(1994).

Yoshizaki et al. (1986, 1993) examined the
phenology of B. simpliciuscula in the Kido
River (Chiba Pref., Japan) but found no fer-
tile gametophytes or tetrasporophytes. In
field collections by various authors only a few
tetrasporophytes bearing stichidia have been
observed (Kumano 1979, King and Puttock
1989), and fertile gametophytes have never
been recorded so far.

In this study, we could observe various
reproductive states of this species in field
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and/or cultured plants. These field and
laboratory investigations are not only consi-
dered appropriate to determine the overall life
history of this species but also contribute the
analysis of the taxonomic and phylogenetic
relationships with other Bostrychia species.

Materials and Methods

The collection locality and date of Bostrychia
simpliciuscula samples are listed in Table 1
with culture numbers for isolates established.

For Australian and Singapore isolates kept
by West, collection, transport and culture
procedures followed those of West and Calum-
pong (1988) except for the culture condition.
The isolates cultured were maintained in
Provasoli’s enriched seawater (2m! en-
richment// 30 ppt sea water, see Starr and Zei-
kus 1993) at 10-20 #mol photons m~2s~! cool
white fluorescent lighting, 12:12 LD, and
22-25°C. For some experiments to increase
growth and tetrasporangial stichidial forma-
tion the irradiance was increased to 50 gmol
photons m~2s~1,

The Japanese isolates kept by Kamiya and
Hara were put into 100 m/ plastic cups con-
taining 20-30 m/ Provasoli’s enriched sea-
water (20 m/ enrichment// 14 ppt sea water),
and the isolates were maintained at 0.5-
9 pmol photons m~2s~! cool white fluorescent
lighting, 14:10 LD, and 20-25°C. The
medium were changed every one or two
months. As needed in each culture for
preventing diatom and cyanobacterium
growth, 1mg/l germanium dioxide and
30 mg/l streptomycin were added to the
medium.

Both field and cultured specimens were
stained for observing under light microscope
by 0.04% cotton blue in seawater with 0.3%
1 N HCl, 10% formalin, 20% glycerol and
209% ethanol. Stained specimens were then
mounted in 80% Karo® syrup in distilled
water with 109 formalin.

For measuring the size of reproductive or-
gans, 5-20 cultured plants from different local-
ities were employed.

Results

Reproduction of field specimens. About fifty
field specimens collected from each locality
were surveyed for reproductive structures
(Table 1). The tetrasporophytes with
tetrasporangial stichidia were collected in
only five localities, Aki River (2 plants), Man-
dai (1 plant), Nagara R. (18 plants), Shiira
R. (12 plants) and Yorimo R. (3 plants),
whereas no fertile gametophytes were found
in field except one male gametophyte in Lim
Chu Kang (Table 1).

Tetraspore germination. Almost all of the
field plants used for culture experiments
initially lacked reproductive organs. One
month or more after the plants were inocu-
lated into vessels containing PES media, they
developed tetrasporangial stichidia. Freshly
released tetraspores were 39-46 ym diam.
(mean 42 #m, n=10). As is characteristic of
most Ceramiales, spore germination was
bipolar with the first germ tube establishing the
rhizoid filament and the second forming the
erect axial shoot which then elongated rapidly
forming a monosiphonous filament of 20 or
more cells (1-2 mm long) before becoming
polysiphonous (Fig. 1) and beginning the de-
velopment of the first lateral branches (Fig.
2). The monosiphonous filament remained
uniform in diameter (22-27 gm) throughout
development. The rhizoid pole development
was repressed until the main shoot became
polysiphonous and branched. Then the rhi-
zoid began to elongate as a monosiphonous
branch that was characteristically narrower
and lighter in color than the erect axis (Fig.
2). New erect shoots arose as small bud-like
initials from intercalary cells of the rhizoidal
filaments (Fig. 2).

The plant was dichotomously or subdichoto-
mously branched (Figs. 3, 4), consisting of ax-
ial cells and pericentral cells, 100-180 gm in
diameter near the base. At the apex, a dome-
shaped apical cell cut off disc-shaped axial
cells downward, and first pericentral cells
were divided from the 4th-16th axial cell (Fig.
5). [Each axial cell was surrounded by 4
pericentral cells near the apex and by 5
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Table 1. Collection locality and date, culture number and reproductive state of B. simpliciuscula in the field
and culture.
Collection locality Collection date tﬁi[: :;‘;‘Z;e C%gm *Rep‘-’:iz?fz: state
Abu R., Yamaguchi, Japan 23 Mar. 1992 v
Aki R., Ooita, Japan 19 Mar. 1992 ®
Aono R., Shizuoka, Japan 16 Apr. 1991 v
9 Sept. 1992 v
Beppu R., Kagoshima, Japan 21 Mar. 1992 v
Chunda Bay, Queensland, Australia 28 Sept. 1991 v 3211 v
Iroha R., Ooita, Japan 19 Mar. 1992 v 755 v
Isechi R., Mie, Japan 7 Mar. 1992 v
Isuzu R., Miyazaki, Japan 20 Mar. 1992 v 752 v
Kido R., Chiba, Japan 20 Aug. 1993 v
Kitakami R., Miyagi, Japan 6 Mar. 1991 v 435 v—@
Koya R., Yamaguchi, Japan 18 Mar. 1992 v
Kurino R., Yamaguchi, Japan 23 Mar. 1992 v
Lim Chu Kang, Singapore 16 June 1989 male 2964 male
Mandai, Singapore, 13 June 1989 ® 2963 ®—male, female, bisexual
Monzen R., Yamaguchi, Japan 18 Mar. 1992 v
Nagara R., Mie, Japan 7 Mar. 1992 ®
Same R., Fukushima, Japan 9 Mar. 1991 v 436 v—®—male, female
Shio R., Okinawa, Japan 7 Sept. 1993 v
Shiomi R., Miyazaki, Japan 31 May 1991 v
Shiira R., Okinawa, Japan 13 Sept. 1993 ®
Tama R., Kumamoto, Japan 21 Mar. 1992 v 758 v
Tsuri R., Fukuoka, Japan 23 Mar. 1992 v
Urauchi R., Okinawa, Japan 30 Mar. 1991 v 520 v
Usuki R., Ooita, Japan 20 Mar. 1992 v
Yorimo R., Ooita, Japan 19 Mar. 1992 ®
Yoshii R., Okayama, Japan 17 Mar. 1992 v
Yuta R., Kyoto, Japan 21 Aug. 1992 v 926 v

* “V” and @ indicate vegetative plants bearing no reproductive organs and tetrasporophytes bearing tetrasporangial

stichidia, respectively.

pericentral cells from the 10th-22nd segments
downward. Each proximal pericentral cell
divided directly from axial cells cut off a distal
pericentral cell toward the apex (Fig. 6). In
each segment, primary pit connections were
seen between the axial cells and the proximal
pericentral cells and also between the prox-
imal and distal pericentral cells (Fig. 6). The
intersegmental secondary pit connections were
always formed between the adjacent vertical
pericentral cells (Fig. 6) except for the seg-
ments near the apex. Occasionally the se-
cond inter-/intra-segmental pit connections
were seen between the adjacent vertical

pericentral cells. Lateral branches were par-
tially, sometimes completely monosiphonous,
and such monosiphonous branches reached
11-33 cells long (Fig. 4).

Peripherohaptera were slow to develop in
culture, and the plants often reached 1-2 cm
in length before peripherohaptera were
formed. In field plants, peripherohaptera
were less than 0.2 mm in length and often de-
veloped in tandem (Fig. 7), except for plants
in Shiira River, which sometimes had long
and sparse ones (max. 1 mm). Usually field
plants had more pericentral cells elongating to
form the peripherohapteral filaments than cul-
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Figs. 1-6. Bostrychia simpliciuscula in culture.
Fig. 1. Three days old tetraspore germlings of no. 2963 isolate. Scale bar=100 pm.
Fig. 2. A twenty-five days old tetraspore germling of no. 2963 isolate. An erect main polysiphonous shoot

(arrow) with first branches and basal system of branching rhizoids (arrowhead) are seen. Note a new erect shoot

(double arrowhead) arising from the rhizoidal filament. Scale bar=300 pzm.
Scale bar=3 mm.

Fig. 3. A whole thallus of no. 2964 isolate.
Fig. 4. A part of branch in no. 755 isolate, showing partial monosiphonous branch. Scale bar=100 ym.
Fig. 5. Apex of an indeterminate branch, showing first pericentral cells divided from the 6th axial cell
(arrow). Scale bar=20 zm.
A part of branch, showing that a proximal pericentral cell (ppc) divided from an axial cell (ax) cuts

Fig. 6.

off a distal pericentral cell (dpc) toward the apex (left side).
Scale bar=30 pm.

mental secondary pit connections (arrowhead).

tured plants (6-8 vs. 1-6) (Figs. 7, 8). The
length, number and formation (dense or
sparse) of peripherohaptera were variable un-
der culture conditions. The peripherohap-
tera generally arose at the axial node where a
lateral branch developed on the opposite side,
but occasionally a peripherohapteron arose at
an internodal site (Fig. 9). Once the fila-

Note primary pit connections (arrow) and interseg-

ments contacted with a substrate, a typical
multicellular disc developed. New rhizoidal
filaments also arose from the basal cells at the
cut end of an erect shoot (Fig. 10).
Tetrasporophytes. Tetrasporangial stichidia
were subapically produced on the upper parts
of shoots (Fig. 11). In culture isolates from
Japan, stichidia were 250-650 #m (mean
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430 #m, n=20) long and 120-250 #m (mean
176 pm, n=20) diam. with 4-7 tetrasporan-
gia along axial cells (Fig. 12), whereas field
tetrasporophytes had longer stichidia (150-
1300 #m, mean 610 gm, n=20) with 4-17
tetrasporangia along axial cells (Fig. 13). By
contrast, the young stichidia of the Singapore
culture isolate no. 2963 were mostly long
(900-1900 p#m, mean 1280 #m, n=10) and after
about three weeks growth they increased in
length considerably (3.0-3.5 mm, mean
3.16 mm, n=35). In the older stichidia,
sporangia in the lower parts had already dis-
charged the spores, and new stichidia were
progressively produced to their tips following
the growth of axes.

Each axial cell near the apex cut off 4 or 5
pericentral cells outside, and then they divid-
ed longitudinally and differentiated into a
tetrasporangial mother cell on the upper side
and a residual stalk cell (Figs. 14, 15).
Tetrasporangia dividing tetrahedrally were
35-55 pm (mean 46.3 ym, n=15) in diam.

Figs. 7-10. Peripherohaptera of B. simpliciuscula in field and culture.

Fig. 7. A peripherohapterum at the axial node in a field plant from Nagara R. Note the peripherohaptera
develops in tandem. Scale bar=100 pm.

Fig. 8. A peripherohapterum at the axial node in no. 752 isolate. Scale bar=200 ym.

Fig. 9. A peripherohapterum at the internodal site in no. 520 isolate.

Fig. 10. New rhizoidal filaments raised from the basal cells at the cut end of an erect shoot in no. 752
isolate. Scale bar=100 ptm.

Scale bar=100 pm.

A stalk cell developed three primary cover
cells toward the surface, and each primary
cover cell produced 1 or 2 cover cells upward
(Figs. 14, 15), rarely downward, too. These
cover cells sometimes divided laterally in cul-
tured plants (Fig. 14), but these lateral
divisions were rarely seen in field plants
(Fig. 15). The cover cells increased in number
much more on intercalary stichidia that had
already released tetraspores.

Male gametophytes. Male plants usually de-
veloped their reproductive structures after the
tetraspore germlings had become poly-
siphonous and branched. Some of them
formed terminal spermatangial stichidia 400-
500 #zm long directly from the mono-
siphonous axis of sporelings about 1.5-
2.0 mm long. When the main axis became
2.5-3.0 mm long, it was polysiphonous and
developed 2-4 secondary lateral branches
with spermatangial stichidia (Fig. 16).

The spermatangial stichidia of the well de-
veloped plants were 375-850 #m long (mean
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scula in culture and field.

Fig. 11. Tetrasporophytes with tetrasporan-
gial stichidia (arrow) in no. 2963 isolate. Scale
bar=3 mm.

Fig. 12. A tetrasporangial stichidium in no.
752 isolate. Scale bar=100 pm.

Fig. 13. A tetrasporangial stichidium in a
field plant from Nagara R. Scale bar=100 pm.

Fig. 14. Surface view of a tetrasporangial
stichidium in no. 752 isolate, showing a stalk cell
(small arrow), a primary cover cell (large arrow) and
secondary cover cells dividing upward (arrowhead)
and laterally (double arrowhead). Scale bar=
50 pm.

Figs. 11-15. Tetrasporophytes of B. simpliciu-

650 pm, n=14) and 60-85 #m in diam. (Fig.
17). One or two stichidia often developed on
each lateral and some became bifurcate. In
spermatangial stichidia an axial cell produced
four or five proximal pericentral cells per seg-
ment, and each proximal pericentral cell gave
rise to 1-3 distal pericentral cells linearly or
dichotomously (Fig. 18). Proximal and/or
distal pericentral cells formed 1-5 cortical
cells. Any superficial pericentral cells and
cortical cells in a fertile branch could function
as spermatangial mother cells, each cell
producing 1-4 spermatia (Fig. 18). As evi-
dent in all other Bostrychia and Stictosiphonia
species investigated in culture, spermatangia
often were released en masse simultaneously
from each stichidium.

Female  gametophytes. Procarps  were
produced from the 4th to 12th axial cell of
polysiphonous lateral branches. One to four
procarps were usually formed in series at the
ventral side or occasionally at the both sides.
Each procarp consisted of a 4-celled carpo-
gonial branch and a supporting cell (Fig.
19). Only one procarp with a 3-celled carpo-
gonial branch was found in a cultured plant
from Same River, Japan (Fig. 20). Tricho-
gynes derived from the carpogonia were
30-225 #m long and 5-7.5 #m diam. Cysto-
carps developed subspherically (Fig. 21),
being 140-480 #m long and 130-480 #m in
diam. (Fig. 22). Each cystocarp possessed
6-7 longitudinal pericarp filaments and an
ostiole (40-160 ym diam.). The inner cells of
gonimoblast were aligned straight toward the
surface, producing tear-drop shaped or lanceo-
late carposporangia, 40-70 #m long and 20-
35 #m in diam. Carpospores discharged
from ostioles germinated in the same way as
tetraspores.

Bisexual gametophytes. A few bisexual plants
developed among the tetrasporelings of isolate
no. 2963. These were similar in overall mor-

Fig. 15. Surface view of a tetrasporangial
stichidium in a field plant from Nagara R., showing
a stalk cell (small arrow), a primary cover cell (large
arrow) and secondary cover cells dividing upward
(arrowhead) and laterally (double arrowhead).
Scale bar=50 pm.
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phology to the unisexual plants. Stichidia
bearing procarps were adjacent to spermatan-
gial stichidia (Fig. 23). Carposporophytes
were formed and discharged carpospores
that germinated normally. One plant which
initially bore only male organs developed
procarps for two months and then reverted
back to a 100% male for the remaining two
years. No mixed-phase plants of any other
combinations with male or female reproduc-
tive organs and tetrasporangial stichidia were
found.

Relative size of gametophytes. In isolate no.
2963 from Singapore the female plants were
usually larger and longer than the males.
Thirty-two 3-months old tetrasporelings from
isolate no. 2963 showed the following size
differences: females (range 1.0-2.2 cm long,
mean 1.58 cm, n=18), males (range 1.3-
1.5 cm, mean 1.44 cm, n=>5), bisexual (range
1.2-1.9 cm, mean 1.57 cm, n=6), vegetative
(range 1.5-1.7cm, mean 1.6cm, n=3).
While this was a rather small sample set, it
reflected the usual pattern observed in other
cultured Bostrychia species in which males
were smaller overall than females (e.g. B.
tenella (Lamouroux) J. Agardh, West and
Calumpong 1988).

Discussion

In culture condition, Bostrychia simpliciuscu-
la was usually unisexual and showed the typi-
cal Polysiphonia-type life history pattern like

other Bostrychia species, but a few bisexual
plants with male and female reproductive or-
gans developed among the tetrasporelings of
the isolate no. 2963. These reproductive or-
gans had the ability to produce normal car-
posporophytes. West and Calumpong (1988)
reported bisexual and mixed-phase plants as
well as unisexual ones of B. tenella under cul-
ture condition. Kumano (1988) reported
that field-collected specimens of B. flagellifera
(=B. tenella ssp. flagellifera (Post) R. J. King
et Puttock) had both procarps and spermatan-
gial stichidia, and West (unpublished data)
also obseved bisexual plants in B. pinnata J.
Tanaka et Chihara. Though the occurrence
of such bisexual plants seems not to be un-
usual in this genus, it is not sure whether
these bisexual plants actually function in field
or not, because nobody has ever reported field
plants of Bostrychia bearing both cystocarps
and spermatangial stichidia.

Tetrasporangial formation of the present
species is fundamentally similar to those of
the other Bostrychia species, but there are some
differences among them in the formation of
tetrasporangial cover cells. Firstly, in B. tenel-
la, the primary cover cell gives rise to cover
cells both upward and downward (West and
Calumpong 1988, Tanaka 1989), but in B.
simpliciuscula most cover cells develop only
upward as seen in B. moritziana (Sonder ex
Kuetzing) J. Agardh (Kumano 1979) and B.
radicans (Montagne) Montagne (Kumano
1979, Tanaka 1991). This tendency is com-

Figs. 16-23.

Male, female and bisexual gametophytes and carposporophytes of B. simpliciuscula in culture.

Fig. 16. An upper part of a plant in no. 436 isolate, showing spermatangial stichidia (arrow) borne on

lateral branches.
Fig. 17.
bar=200 gm.

Scale bar=>500 ¢#m.

A spermatangial stichidium (arrow) in no. 2963 isolate, releasing many spermatia.

Scale

Fig. 18. Diagram of a part of spermatangial stichidium showing cell arrangement of a proximal pericentral
cell (ppc), a distal pericentral cell (dpc), cortical cells (cc) and spermatia (s). Scale bar=20 gm.

Fig. 19.

A procarp consisting of a supporting cell (arrow), four carpogonial branches (arrowhead) and

trichogyne (double arrowhead) in no. 436 isolate. Scale bar=20 g#m.

Fig. 20. Diagram of a part of female gametophyte showing cell arrangement of three procarps.

Note the

procarp at the bottom consisting of a supporting cell, 3-celled carpogonial branch and trichogyne. Scale
bar_ing.#;;‘. A female gametophyte bearing many cystocarps subterminally in no. 2963 isolate. Scale
bar—ng‘; ‘;2 A mature cystocarp borne on a lateral branch including many carpogonia in no. 436 isolate. Scale
bar_Fligf) g;n . A bisexual gametophyte in culture no. 2963 isolate. Procarps (arrowhead) on one branch and

spermatangial stichidia (arrow) on adjacent branches. Scale bar=>500 #m.



Reproduction of Bostrychia simpliciuscula 173

mon in both field and cultured plants, so it
may be useful as the additional characteristic
to elucidate the phylogenetic relationship of
this genus. Secondly, King and Puttock
(1989) observed cover cells which divided
laterally (they called as “partial cortication”)
in the field plants of B. simpliciuscula. We
sometimes found such cover cells in the cul-
ture plants but rarely in the field plants, so the
lateral division of cortical cells may be easily
influenced by environmental conditions.

In spermatangial stichidia of Bostrychia spe-
cies, the number and branching pattern of
pericentral cells and cortical cells of this spe-
cies are more variable than those of seven spe-
cies reported by King and Puttock (1991).
This species produces linearly or dichotomous-
ly 1-3 distal pericentral cells from a proximal
pericentral cell as seen in B. tenella reported by
Tanaka (1989), and each pericentral cell
forms 1-5 cortical cells. As reported by King
and Puttock (1991), the arrangement of corti-
cal cells in the spermatangial stichidia is too
variable to understand the taxonomic relation-
ships within this genus.

Though the 4-celled carposporangial bran-
ches are common in Bostrychia species as well
as all other members of Ceramiales, some
authors reported the 3-celled carpogonial
branches in several species of Bostrychia.
Tanaka (1989) showed only 3-celled carpo-
gonial branches in B. fenella, and Kumano
(1988) also recognized that the 3-celled car-
pogonial branch was more common than the
4-celled one in B. flagellifera (= B. tenella ssp.
flagellifera). Both 3- and 4-celled carpogonial
branches are also found in B. harveyi Mon-
tagne, B. pinnata, B. moritziana and B. tenella
ssp. tenella by King and Puttock (1989).
West and Calumpong (1988) reported that
B. tenella produced 2-, 3- and 4-celled carpo-
sporangial branches in culture condition
and that 3-celled ones were seen more fre-
quently than 2- or 4-celled ones. In the
present species, most carpogonial branches
are 4-celled and only one 3-celled carpogonial
branch was observed. As pointed out by
Tanaka (1991), 3-celled carpogonial branches
may not be unusual in Bostrychia species.

Since these results were taken from observa-
tions only on the field plants except for West
and Calumpong (1988) and the present study,
the further studies based on the cultured
plants will be necessary for getting the precise
cell numbers of carpogonial branches and for
elucidating the developmental sequence of car-
pogonial branches in each taxon.

In field plants, there were not remarkable
differences of the gross morphology among
Japanese, Australian and Singapore locali-
ties. Only Shiira River’s plants had long and
sparse peripherohaptera, though plants in
other localities had short and dense ones.
Such long and sparse peripherohaptera had
been reported in this species from Kagoshi-
ma, southern Japan (Tokida 1939). Under
cuture condition, however, the morphology of
peripherohaptera was quite variable, and
some isolates with short and dense periphero-
haptera formed long and sparse ones. There-
fore, this morphological feature may be in-
duced by a certain environmental condition.
In cultured plants, tetrasporangial stichidia of
Japanese isolates were shorter than those of
Singapore ones. This difference may be also
induced from the difference of culture condi-
tion because long stichidia were often found
in Japanese field plants.

Bostrychia simpliciuscula showed the Polysipho-
nia-type life history under laboratory culture,
but very few fertile gametophytes could be col-
lected in field. It is still uncertain whether
this species has a sexual life history in field or
is dispersed by vegetative growth and frag-
mentation in order to extend and maintain its
distribution. Considering that we could find
tetrasporophytes with stichidia from only 5 of
27 localities, this species may disperse mainly
by vegetative growth and fragmentation
rather than discharging tetraspores and carpo-
spores. Molecular taxonomic techniques,
such as isozyme analysis or RFLPs of gene
molecules, would be useful for resolving these
problems, because they can clarify whether
this species is genetically diverse or not.
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The present contribution is a list of blue-green algae belonging to the orders of Chroococcales and
Oscillatoriales recorded from Japan during the past 144 years from 1859 to 1993.

In the Chroococcales 7 families, 40 genera and 160 species are known. The following two species are
new combinations. Entophysalidaceae: Placoma adriatica (Hauck) comb. nov. (= Oncobyrsa adriatica Hauck
1885), P. micrococca (Hansg.) comb. nov. (= Oncobyrsa adriatica Hauk var. micrococca Hansg. 1893). A new
name for one species is given. Xenococcaceae: Xenococcus yonedae nom. nov.

In the Oscillatoriales the Borziaceae includes 3 genera and 6 species; the Homoeotrichaceae 2 genera
and 17 species; the Oscillatoriaceae 5 genera and 31 species; the Phormidiaceae 12 genera and 126 species;
the Pseudanabaenaceae 8 genera and 72 species; and the Schizotrichaceae one genus and 15 species.

In the Borziaceae one new combination is reported: Komuvophoron tenuis (Emoto & Hirose) comb. nov.
(= Oscillatoria constricta Szaf. var. tenuis Emoto & Hirose 1940).

In the Oscillatoriaceae one new combination is given: Lyngbya anomala (C. B. Rao) comb. nov. (= Phor-
midium anomalum C. B. Rao 1937).

In the Phormidiaceae 13 new combinations and 3 new names are given: Phormidium acuminatum (Gom.)
Anagn. & Kom. var. longe-attenuatum (Geitl. & Ruttn.) comb. nov. (= Oscillatoria acuminata Gom. f. longe-
attenuata Geitl. & Ruttn. 1935), P. chalybeun (Mert. ex. Gom.) Anagn. & Kom. var. depauperatum (Copel.)
comb. nov. (= Oscillatoria chalybea Mert. ex. Gom. var. depauperata Copel. 1936), P. chlorinum (Kiitz. ex
Gom.) comb. nov. (= Oscillatoria chlorina Kiitz. ex Gom. 1892), P. foreaui (Frémy) comb. nov. (= Oscil-
latoria foreaui Frémy 1942), P. konstantianum nom. nov., P. nemuroense (Yoneda) comb. nov. (= Lyngbya
nemuroensts Yoneda 1941), P. proteus (Skuja) comb. nov. (= Oscillatoria proteus Skuja 1949), P. puteale
(Mont. ex Gom.) Anagn. & Kom. var. minor (Geitl.) comb. nov. (= Lyngbya putealis Mont. ex Gom. var.
minor Geitl. 1933), P. spirulinoides (Yoneda) comb. nov. (= Oscillatoria spirulinoides Yoneda 1954), P.
subspiroides (Copel.) comb. nov. (= Lyngbya subspiroides Copel. 1936), P. thwaitesit nom. nov., P. yonedae
(Umez.) comb. nov. (= Oscillatoria yonedae Umez. 1961), P. yuichii nom. nov., Planktothrix iwanoffiana (Nyg.)
comb. nov. (= Trichodesmium Iwanoffianum Nyg. 1926), P. lacustris (Kleb.) comb. nov. (= Trichodesmium
lacustre Kleb. 1895), P. miyadii (Negoro) comb. nov. (= Oscillatoria Miyadii Negoro 1943).

Fifteen new combinations and one new name are given in the Pseudanabaenaceae: Geitlerinema
peronidum (Skuja) comb. nov. (= Oscillatoria peronides Skuja 1937), G. splendidum (Grev. ex Gom.) Anagn.
var. attenuatum (W. West) comb. nov. (= Oscillatoria splendida Grev. ex Gom. var. attenuata W. West 1896),
G. splendidum var. truncatum (Emoto & Hirose) comb. nov. (= Oscillatoria splendida var. truncatum Emoto &
Hirose 1940), G. uncinatum (Emoto & Hirose) comb. nov. (= Oscillatoria uncinata Emoto & Hirose 1940), G.
codii nom. nov., Leibleinia pellucida (Umez.) comb. nov. (= Lyngbya pellucida Umez. 1961), Leptolyngbya ceben-
nensis (Gom.) comb. nov. (= Phormidium cebennense Gom. 1899), L. desmidiacearum (Noda) comb. nov. (=
Plectonema desmidiacearum Noda 1971), L. notata Schmidle var. africana (Fritsch & Rich) comb. nov. (= Plec-
tonema notatum Schmidle var. africanum Fritsch & Rich 1925), L. purpurascens (Gom.) Anagn. & Kom. var.
elegans (Drouet) comb. nov. (= Phormidium purpurascens Gom. var. elegans Drouet 1934), L. subterranea
(Copel.) comb. nov. (= Phormidium subterraneum Copel. 1936), Planktolyngbya spirulinoides (Utermohl) comb.
nov. (= Lyngbya spirulinoides Utermohl 1925), Jaaginema geminata (Schwabe ex Gom.) Anagn. & Kom. var.
sulphurea (Strzesz.) comb. nov. (= Oscillatoria geminata Schwabe ex Gom. var. sulphurea Strzesz. 1913), Lim-
nothrix guttulata (van Goor) comb. nov. (= Oscillatoria guttulata van Goor 1918), L. pseudominima (Skuja)
comb. nov. (= Oscillatoria pseudominima Skuja 1955), L. quasiperforata (Skuja) comb. nov. (= Oscillatoria
quasiperforata Skuja 1949).

Key Index Words:  blue-green algae, Cyanophyta, Chroococcales, Oscillatoriales, list, Japan
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Harvey (1859) described four new marine
blue-green algae on the basis of specimens col-
lected by Charles Wright during the North
Pacific Exploring Expedition under Captain
Rodgers in 1853-1856. These are: Rivularia
opaca in the Ryukyu Islands (= Rivularia atra
Roth ex Born. & Flah. 1886), Lyngbya effusa
Harv. in the Ryukyu Islands (= Scytonema
polycystum Born. & Flah. 1887), L. atrovirens
Harv. in the Ryukyu Islands (= Lyngbya con-
Servoides C. Ag. ex Gom. 1892), and L. atro-
purpurea Harv. in the Bonin Islands (= Lyn-
gbya confervoides C. Ag. ex Gom. 1892). In
Harvey’s unpublished manuscript written in
1859 and discovered in the Farlow Herbar-
ium at Harvard University by Dawson in
1959, the following additional species are
listed: Rivularia nitida C. Ag. in the Ryukyu Is-
lands (= Rivularia nitida C. Ag. ex Born. &
Flah. 1886), Calothrix rigida Harv. in the Ryu-
kyu Islands (= Symploca hydnoides Kitz. ex
Gom. 1892), Lyngbya majuscula Harv. in the
Ryukyu Islands (= Lyngbya majuscula Harv.
ex Gom. 1892), Oscillatoria indeterminata (two
undetermined forms) in the Ryukyu Islands,
and Nostoc commune Vauch. in the Ryukyu
Islands (= Nostoc commune Vauch. ex Born.
& Flah. 1888).

Martens (1866) reported the occurrence
of two freshwater blue-green algal species,
Nostoc commune Vauch. (= Nostoc commune
Vauch. ex Born. & Flah. 1886) at Nagasaki
and Rivularia Lens Menegh. (= Gloeotrichia
pisum Thur. ex Born. & Flah. 1886) at
Yokohama from specimens collected by the
Prussian Expedition.

Suringar (1870) described two new species
from the specimens collected by Siebold,
Biger, Textor and Bishop in the vicinity
of Nagasaki, Kyusyu: Sirosiphon vermiculare
Suring. [= Stigonema vermiculare Forti 1907,
or = Stigonema ocellatum (Dillw.) Thur. by
Drouet 1981] and Hypheothrix anguina Suring.
[= Lyngbya (Hypheothrix) anguina Suring. ex
Hansgirg 1892, or = bacteria or fungi
according to Drouet 1981, p. 215]. In 1872
Suringar described Phylloderma sacrum Suring.
in his “Illustration des algues du Japon”
on the basis of dried specimens sent from

Japan. The species name was historically
changed to Nostoc phylloderma (“Phylloderma”™)
(Suring.) Ono (Ono 1904), and Aphanothece
sacra (“sacrum”) (Suring.) Okada (Okada
1953a). Compere (1970), however, identi-
fied it as Aphanothece stagnina (Spreng.) A. Br.
Dickie (1877) reported Nostoc paludosum Kiitz.
(= Nostoc paludosum Kiitz. ex Born. & Flah.
1886) from near Lake Hakone, collected by
H. N. Mosley of H. M. S. Challenger.

In 1894 Heydrich reported Oscillatoria sp.
(“Oscillaria” sp.) and Spirulina subsalsa Oerst.
(as Spirulina Thuretii Crouan) as occurring in
Keelung, Formosa. De Toni (1895) listed the
following marine species reported by foreign
phycologists to occur in Japan: Lyngbya con-
fervoides Ag. (syn.: Lyngbya atrovirens Harv.
1859; Lyngbya atropurpurea Harv. 1859), Calo-
thrix crustacea Thur. (syn.: Leibleinia australis
Kiitz. in herb. Grunow), Spirulina subsalsa
Oerst. (syn.: Spirulina Thuretii Crouan 1854 in
Heydrich 1894), Rivularia atra Roth (syn.:
Rivularia opaca Harv. 1859), and Scytonema
polycystum Born. & Flah. (syn.: Lyngbya effusa
Harv. 1859). Holmes (1895) studying speci-
mens submitted from the environs of Tokyo,
listed two marine species already known to
the British coast: Dermocarpa schousboei Born.
(“Schousboei”) (= Xenococcus schousboe: Thur.
1880) and Lyngbya confervoides C. Ag. (=
Lyngbya confervoides C. Ag. ex Gom. 1892).

Okamura (1902) listed 23 species reported
as occurring in Japan by the foreign phy-
cologists mentioned above. However, only
three species were certain to his kwowledge:
Clathrocystis aeruginosa (Harv.) Henfr. (=
Microcystis  aeruginosa Kiutz. 1846), Nostoc
Phylloderma (Suring.) Ono (syn.: Phylloderma
Sacrum Suring. 1872) [= Aphanothece sacra
(Suring.) Okada 1953a], and Anrabaena Azollae
Strasb. [= Trichormus azollae (Strasb.) Kom.
& Anagn. 1989]. The same list was followed
by Matsumura (1904), who added four spe-
cies: Cylindrospermum stagnale (Kiitz.) Born. &
Flah., Microcoleus vaginatus (Vauch.) Gom.,
Nostoc paludosum Kitz. (in Dickie 1877, p.
272), and Stigonema ocellatum (Dillw.) Thur.
(in Born. & Flah. 1886, p. 69). Hattori
(1908) discovered Oscillatoria sp. and Anabaena
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flos-aquae Bréb. in Lake Suwa.

Katsuyama (1887) was the first to record
the existence of blue-green algae such as
Chroococcus sp. (as Cosmarium-like alga) and
Oscillatoria sp. (“Oscillaria”) from Jozankei
Hot Spring in Hokkaido. Hori (1890) found
Oscillatoria sp. (“Oscillaria”) in Tamatsukuri
Hot Spring, Tottori Prefecture. Since then,
much attention has been focused on thermal
blue-green algae in Japan. Molisch’s paper
(1926), recording numerous eurythermal
blue-green algae such as Synechococcus spp.,
Jaaginema geminata (as Oscillatoria geminata),
Leptolyngbya fragilis (as Phormidium fragile),
L. laminosa (as Phormidium laminosum), Mas-
tigocladus laminosus, Phormidium formosum (as
Oscillatoria  formosa), Symploca thermalis, etc.
from 25 thermal areas, marked an epoch in
thermal blue-green algal studies in Japan.
This paper gave a great impetus to studies of
thermal blue-green algae and contributed to
the sudden progress of the field in Japan. Of
course, freshwater and terrestrial species such
as Aphanothee sacra (“sacrum”) (Suring.) Okada
1953a [syn.: Nostoc Phylloderma (Suring.) Ono
1904] whosee basionym, Phylloderma Sacrum,
was described by Suringer (1872) on the basis
of dried specimens sent from Japan, and
Nostoc commune and N. verrucosum which have
been popularly used for food from ancient
times in Japan were recorded also. Although
many fragmental papers dealing with fresh-
water, terrestrial and thermal species had
been reported, active taxonomic studies in
Japan began in 1936 with Negoro’s “Plank-
toncyanophyceen in japanischen Seen und
Teichen” (I, 1936; II-III, 1937a), in 1937
with Hirose’s “Some cyanophycean algae
from Hokkaido” (I-III, 1937; IV-V, 1938),
and in 1937 with Yoneda’s “Cyanophyceae of
Japan” (I, 1937; II, 1938a; III, 1938b; IV,
1939a; V, 1940a; VI, 1941a; VII, 1942a).
About eight hundred mineral springs, both
hot and cold, are known to exist in Japan
(Yoneda 1952a). These afforded a good op-
portunity for studies on thermal organisms in-
cluding blue-green algae. Emoto and Hirose
(1940a-c, 1941, 1942a-f, 1943a-b, 1949,
1952a-c), Emoto and Yoneda (1940a-b,

1941a-b, 1942), Yoneda (1940a-b, 1941a-c,
1942a-g, 1952a-b) and Mifune et al. (1966)
worked activity on the blue-green algae in
thermal springs from Hokkaido to Kyushu un-
der the main title “Studies on thermal flora of
Japan” (I-XXXIII). These results, exclud-
ing Mifune et al. (1966), were reviewed by
Yoneda (1952a), enumerating 51 genera and
290 species in accordance with Geitler’s
classification system (1932). Works on fresh-
water and terrestrial species were started by
Okada (1936) and Negoro (1937a-b), fol-
lowed by many phycologists (Akiyama,
Hirano, Hirose, Hiramatsu, Nakano, M.
Watanabe, Yamagishi, Yoneda, and others;
see references), while others worked on the
planktonic blue-green algae from a limno-
logical view of point. The freshwater, plank-
tonic, terrestrial and thermal species studied
by these phycologists were summarized in
the class Cyanophyceae by Hirose and Hirano
in Hirose, H. and Yamagishi, T. (eds.),
“Illustrations of the Japanese fresh-water
algae” in 1977.

Okamura (1915) reported the existence of a
marine species, Brachytrichia Quoy: (C. Ag.)
Born. & Flah. [= Brachytrichia quojii (C. Ag.)
Born. & Flah. 1886]. In 1916 he listed eleven
marine species excluding the species reported
by the foreign phycologists mentioned above:
Oncobyrsa adriatica Hauck? [ = Placoma adriatica
(Hauck) comb. nov.], Dermocarpa prasina
(Reinsch) Thur. & Born. [= Cyanocystis pra-
sina Reinsch) Kom. & Anagn. 1986], D.
Farlowii Borg. [= Cyanocystis protea (Setch. &
Gardn.) Kom. & Anagn. 1986. syn. Dermocar-
pa protea Setch. & Gardn., syn. Dermocarpa
farlowit (non Borg) Yendo in Tokida 1938],
Trichodesmium erythracum Ehr. (= Trichodesma-
um erythraeum Ehr. ex Gom. 1892), T. Thie-
bautii Gom. (= Trichodesmium thiebautii Gom.
1892), Richelia intracellularis J. Schmid, Calo-
thrix crustacea Thur. (= Calothrix crustacea
Schousb. & Thur. ex Born. & Flah. 1886),
C. scopulorum Ag. [= Calothrix scopulorum
(Web. & Mohr.) C. Ag. ex Born. & Flah.
1886], C. aeruginea Thur. [= Calothrix aer-
uginea (Kiitz.) Thur. ex Born. & Flah. 1886],
and Brachytrichia Quoyi (Ag.) Born. & Flah.
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(= Brachytrichia quojit (Ag.) Born. & Flah.).

Following this, reports of marine species
were fragmental (Tokida 1930, 1938; Yama-
da and Tanaka 1944; Kobayasi and Watari
1934; Inagaki 1950). Akatsuka (1951) enu-
merated 5 families, 30 genera, and 139 spe-
cies in his “Key and illustrations of plankton
blue-green algae” of which 21 genera with 94
species are freshwater and 9 genera with 19
species marine. In 1950 Umezaki began to
study the marine blue-green algae of Japan
and in 1961 he reported a summary of the re-
sults from 1950 to 1958. The report enumer-
ated 7 families, 32 genera and 86 species,
although the order Chroococcales followed
Drouet and Daily’s classification (1956).

Species quoted from Akatsuka’s (1951),
Higashi and Okada’s (1927), Hirose’s (1965),
Kokubo’s (1932, 1955), Okada’s (1953b),
Okamura’s (1922, 1930), Yamada’s (1935),
and Yoneda’s (1966) papers, which are text-
books or keys to blue-green algal genera, and
species for student training are listed in the
present paper.

Japanese phycologists accepted Geitler’s
classification of Cyanophyceae in 1932 (In:
Rabenhorst, Kryptogamen-Flora, Bd. 14,
Leipzig) until 1953 when Yoneda (Yoneda
1953a) arranged his species from Oze, central
Japan in five orders of Fritsch’s system (The
structures and reproduction of the algae, vol.
2, 1945, Cambridge). Hirose and Hirano
used this system in the class Cyanophyceae
(In: Hirose, H. and Yamagishi, T. (eds.), Il-
lustrations of the Japanese fresh-water algae,
1977, Tokyo). Yamagishi and Akiyama (Pho-
tomicrographs of the fresh-water algae, vol. 1
(1984)-vol. 10 (1989) used Bourrelly’s system
of Cyanophyceae (Les algues d’ eau douce,
tom. III, Paris, 1970). Umezaki (1961) di-
vided the class Cyanophyceae into two orders,
the Chroococcales (Wettstein 1924) and the
Oscillatoriales (Copeland 1936) (syn.: Hor-
mogonales Geitl. 1942). A system dividing
the class into two orders (or two groups) as
Coccogneae and Hormogoneae was pro-
posed by Thuret (1875) and followed by
Kirchner (1898), Forti (1907) and Drouet
(1981). Diverse classifications dividing the

class into orders, for example, into three or-
ders (Geitler 1932, Frémy 1934, Papenfuss
1955), into four orders (Geitler 1942), or into
five orders (Fritsch 1945, Desikachary 1959)
have been proposed. There has been no clear
system that can offer decisive agreement
among students of blue-green algae. The
new classification system of cyanophytes
proposed by Komirek and Anagonostidis
(1986) on the Chroococcales, Anagnostidis
and Komarek (1988) on the Oscillatoriales,
Komaérek and Anagnostidis (1989) on the
Nostocales, and Anagonostidis and Koméarek
(1990) on the Stigonematales was prepared in
accordance with modern knowledge for the
taxonomy of the Cyanophyceae.

In this paper, 160 species of Chroococcales
and 267 species of Oscillatoriales which have
been reported as occur so far from Japan are
enumerated in accordance with the classifica-
tion system of Anagnostidis and Komarek
mentioned above.

Cyanophyceae Sachs 1874

I. Chroococcales Wettstein 1924
1. Microcystaceae Elenk. 1933
(1) Aphanothecoideae Kom. & Anagn. 1986

Aphanothece Nag. 1849

A. bullosa (Kiitz.) Rabenh. 1865
Ref.: Yoneda 1938b, c, 1952a; Okada
1939b; Emoto and Yoneda 1942
A. castagnei (Kiitz.) Rabenh. 1865
Ref.: Yoneda 1938b, c, 1952a, 1953a;
Emoto and Hirose 1943a, b; Hirano
1956b, 1960, 1962; Yamagishi 1967
A. elabens (Bréb.) Elenk. 1938
Syn.: Microcystis elabens Bréb. in Kiitz. 1845
Ref.: Akatsuka 1951
A. longior Naumann 1921
Ref.: Hirano 1962; Hirose and Hirano
1977
A. microscopica Nag. 1849
Ref.: Hirose 1937; Emoto and Hirose
1940c; Fukushima 1952; Yoneda 1952a,
1953a; Negoro 1957, 1973; Mizuno
1964; Mori 1971; M. Watanabe and
Niiyama 1990



Enumeration of the Cyanophyta of Japan 1. 179

A. microspora (Menegh.) Rabenh. 1863
Ref.: Yoneda 1937; Hirose 1937; Hirano
1962; Yamagishi 1967, 1972; Mori 1971
A. naegelii Wartm. in Rabenh. 1861
Ref.: Yoneda 1937; Akiyama 1965b;
Hiramatsu 1973
A. nidulans P. Richt. in Wittr. & Nordst.
1884
Ref.: Hirose 1937, 1950; Hada 1939; Yone-
da 1939a, d, 1952a, 1953a, 1954a, b;
Emoto and Hirose 1940b; Akatsuka
1951; Negoro 1954, 1968, 1971; Yama-
guti 1960; Imazu and Hirose 1961; Hira-
no 1962; Ochiai 1962b; Mizuno 1964;
Akiyama 1965a, b; Mori 1971; Hirose
and Hirano 1977
A. pallida (Kiitz.) Rabenh. 1863
Ref.: Yoneda 1953a; Hirano 1960, 1962;
Hiramatsu 1973; Hirose and Hirano
1977
A. sacra (Suring.) Okada 1953a (“sacrum”)
Basion.: Phylloderma sacrum Suring. 1872
Ref.: Suringar 1872; Okamura 1902, 1930,
1936; Yendo 1911; Higashi 1924, 1933a;
Yamada 1933, 1935; Kobayasi and
Watari 1934; Okada 1939b, 1953a, b;
Ueda et al. 1963; Hirose 1965; Yoneda
1966; A. Watanabe 1970; Compere 1970
(as Aphanothece stagnina); Hirose and
Hirano 1977; Yasuhara and Arasaki 1979
Syn.: Nostoc phylloderma (Suring.) Ono in
Matsumura 1904
Ref.: Okamura 1902; Ono 1904
A. saxicola Nag. 1849
Ref.: Yoneda 1942¢, d, 1952a; Hirano
1962; Mizuno 1964; Yamagishi 1972;
Hiramatsu 1973; Hirose and Hirano
1977
A. stagnina (Spreng.) A. Br. in Rabenh. 1863
Ref.: Yoneda 1937; Okada 1939b; Fuku-
shima 1952; Yamaguti 1956; Kobayasi
et al. 1962; Ochiai 1962b; Akiyama
1965a; Negoro 1973; Hirose and Hirano

1977; Kuriyagawa 1981; Yamagishi
1985
Syn.: Aphanothece prasina A. Braun in

Rabenh. 1863
Ref.: Negoro 1873

Cyanothece Kom. 1976

C. aeruginosa (Nag.) Kom. 1976
Basion.: Synechococcus aeruginosus Nag. 1849
Ref.: Yoneda 1937, 1943, 1952a, 1953c;
Okada 1939b; Emoto and Yoneda
1941a, 1942; Yamagishi 1967, 1972,
1985; Negoro 1973; Hirose and Hirano
1977
C. cedrorum (Sauv.) Kom. 1976
Basion.: Synechococcus Cedrorum Sauv. 1892
Ref.: Yoneda 1943, 1952a; Hirose and
Hirano 1977
C. eximia (Copel.) Kom. 1976
Basion.: Synechococcus eximius Copel. 1936
Ref.: Yoneda 1941a, b, 1942g, 1943,
1952a; Emoto and Yoneda 1941b, 1942;
Akiyama 1965a; Hirose and Hirano
1977
C. major (Schrot.) Kom. 1976
Basion.: Synechococcus major Schrot. 1883
Ref.: Hiramatsu 1973
Syn.: Synechococcus major f. crassior Lagerh.
1886
Ref.: Yoneda 1953a; Hirano 1959a, 1962;
Hirose and Hirano 1977
C. minervae (Copel.) Kom. 1976
Basion.: Synechococcus minervae Copel. 1936
Ref.: Yoneda 1943, 1952a; Hirose and
Hirano 1977
Syn.: Synechococcus minervae var. maior
Copel. 1936
Ref.: Emoto and Yoneda 1941a; Yoneda
1941a, 1943, 1952a; Hirose and Hirano
1977

Cyanodictyon Pasch. 1914

C. reticulatum (Lemm.) Geitl. 1925
Basion.: Polycystis  (Clathrocystis) reticulata
Lemm. 1898
Syn.: Coelosphaerium reticulatum Lemm. 1907
Ref.: Akatsuka 1951; Yamagishi et al. 1982

Gloeothece Nag. 1849

G. confluens (Kitz.) Nag. 1849
Ref.: Yoneda 1952a; Hirose and Hirano
1977; Mifune and Hirose 1983b
G. fuscolutea Niag. 1849
Ref.: Kobayasi 1958; Kobayasi et al. 1962;
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Hiramatsu 1973
G. linearis Nag. 1849
Ref.: Fukushima 1952, 1954; Yoneda
1953a; Hirano 1962; Ochiai 1962b;
Mizuno 1964; Yamagishi 1967; Hirose
and Hirano 1977
G. lunata W. & G. S. West 1894
Ref.: Akiyama 1965a
G. palea (Kitz.) Nag. 1849
Ref.: Yoneda 1952a; Hirose and Hirano
1977
G. rupestris (Lyngb.) Born. in Wittr. & Norst.
1880
G. rupestris var. rupestris
Ref.: Yoneda 1939a, 1952a, 1953¢; Emoto
and Hirose 1942a, 1943b, 1952a; Fuku-
shima 1952, 1954; Akiyama 1965a; T.
Watanabe 1957; Mori 1971; Negoro
1973; Hirose and Hirano 1977
G. rupestris var. tepidariorum (A. Braun)
Hansg. 1892
Ref.: Yoneda 1937, 1952a
G. samoensis Wille in Rechin. 1914
Ref.: Fukushima 1952, 1954; Hiramatsu
1973; Hirose and Hirano 1977

Lemmermanniella Geitl. 1942

Syn.: Lemmermannia Elenk. 1933, nec Lem-
mermannia Chodat 1900, nec Crucigenia
Morren 1830; nec Lemmermanniella Skvor-
tzov 1967, nec Skvortzoviella Bourr. 1970

L. pallida (Lemm.) Geitl. 1942

Basion.: Coelosphaerium  pallidum Lemm.
1898

Syn.: Lemmermannia pallida (Lemm.) Elenk.
1933

Ref.: Akatsuka 1951; Mizuno 1964

(2) Synechococcoideae Kom. & Anagn. 1986

Johannesbaptistia J. De Toni 1934

Syn.: Cyanothrix Gardn. 1927, Heterohormogo-
nium Copel. 1936
J. pellucida (Dick.) Taylor & Drouet in
Drouet 1938
Ref.: Umezaki 1961

Rhabdoderma Schmidle & Lauterb. 1900
R. gorskii Wolosz. 1917

R. gorskii var. gorskii
Ref.: Akatsuka 1951; Akiyama 1965a
R. gorskii var. spirale Lundb. 1931
Ref.: Akatsuka 1951
R. lineare Schmidle & Lauterb. 1900
R. lineare var. lineare
Ref.: Yoneda 1954b; Hirano 1959a; Hirose
and Hirano 1977
R. lineare var. compositum (G. M. Smith)
stat. nov.
Basion.: Gloeothece linearis Nag. var. compo-
sita G. M. Smith, Bull. Wisconsin Geol.
& Nat. Hist. Surv. 57: 46, 1920
Syn.: Rhabdoderma lineare Schmidle & Lau-
terb. f. compositum Hollerb. in Elenkin,
Monogr. Algar. Cyanophyc., Pars Spec.
1: 44, 1938
Ref.: Akatsuka 1951
R. lineare var. minor Emoto & Hirose 1940a
Ref.: Emoto and Hirose 1940a

Rhabdogloea Schrod. 1917

Syn.: Dactylococcopsis
Hansg. 1888
R. clathrata (W. & G. S. West) Kom. 1983
Basion.: Aphanothece clathrata W. & G. S.
West 1906
Ref.: Akatsuka 1951; Negoro 1971; Hirose
and Hirano 1977; Yamagishi et al. 1982;
Wakabayashi and Ichise 1982
R. ellipsoidea Schrod. 1917
Syn.: Dactylococcopsis smithii R. & F. Chodat
1925
Ref.: Yoneda 1954b; Yamagishi 1967
Syn.: Rhabdogloea smithii (R. & F. Chodat)
Kom. 1983

sensu auct. non

Synechococcus Nag. 1848

§. arcuatus Copel. 1936
Ref.: Emoto and Hirose 1940b; Yoneda
1943, 1952a
S. caldarius Yon. Okada 1939
Ref.: Yon. Okada 1939
S. elongatus (Nag) Nag. 1849
S. elongatus f. elongatus
Ref.: Yoneda 1938b, c, 1939c, 1940b,
1942c, g, 1943, 1952a, 1953a; Emoto
and Yoneda 1941b, 1942; Emoto and
Hirose 1942a, b, c, d , f; T. Watanabe
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1957; Fukushima 1963; Akiyama 1965a;
Hirose 1966
S. elongatus f. thermalis Geitl. in Geitl. &
Ruttn. 1935
Syn.: Synechococcus elongatus (Nég.) Nag.
var. amphigranulatus Copel, 1936
Ref.: Yoneda 1938b, ¢, 1939b, c, 1940b,
1941b, c, 1942b, c, d, 1952b, 1954a,
1962a; Emoto and Yoneda 1940b,
1941a, b, 1942; Emoto and Hirose
1940a, c, 1942f; Akiyama 1965a
Syn.: Synechococcus amphigranulatus (Copel.)
Yoneda 1943
Ref.: Yoneda 1943
Syn.: Synechococcus elongatus (N4g.) Néag. f.
indefinitus Emoto & Hirose 1942b
Ref.: Emoto and Hirose 1942b
Syn.: Synechococcus elongatus (Nag.) Nag.
var. vestitus Copel. 1936
Ref.:Yoneda 1939b, c, 1940b, 1942c, 1943,
1952a; Emoto and Yoneda 1940b; Emo-
to and Hirose 1940a, b, c, 1942a, e, f,
1943b, 1949
S. koidzumii Yoneda 1943 (“Koidzumii”)
Ref.: Yoneda 1943
S. lividus Copel. 1936
S. lividus var. Lividus
Ref. Yoneda 1938b, c, 1941b, 1942b, d,
1943, 1952a; Ikoma and Doi 1955; Emoto
and Hirose 1949, 1952a, b; Emoto and
Yoneda 1941b; Akiyama 1965a
Syn.: Synechococcus lividus Copel. var. curva-
tus Copel. 1936
Ref.: Yoneda 1938c, 1942b, 1943; Emoto
and Hirose 1942c, f
S. lLvidus var. non-granulatus Emoto &
Hirose 1940b
Ref.: Emoto and Hirose 1940b
§. minutissimus Negoro 1944
Ref.: Negoro 1944
S. praelongus Emoto & Yoneda 1940b
Ref.: Emoto and Yoneda 1940b
S. sublividus Emoto & Yoneda 1940b
Ref.: Emoto and Yoneda 1940b
S§. vescus Copel. 1936
S. vescus var. vescus
Ref.: Yoneda 1952a
S. vescus var. non-granulatus Emoto & Hiro-
se 1940b

Ref.: Emoto and Hirose 1940b
S. viridissimus Copel. 1936
Ref.: Yoneda 1943, 1952a; Emoto and
Hirose 1941, 1942¢c, d, f, 1952a, b; Hiro-
se 1966
S. vulcanus Copel. 1936
§. vulcanus var. vulcanus
Ref.: Emoto and Hirose 1940c; Yoneda
1943, 1952a
S. vulcanus var. bacillarioides Copel. 1936
Ref.: Yoneda 1942b, 1943, 1952a

(3) Merismopedioideae (Elenk.) Kom. &
Anagn. 1986

Aphanocapsa Nag. 1849

A. biformis A. Br. in Rabenh. 1876
Ref.: Yoneda 1942a, 1953a; Hirano 1953,
1956b, 1959b, 1960, 1962; Mori 1971;
Hiramatsu 1973; Hirose and Hirano
1977
A. concharum Hansg. 1890
Ref.: Umezaki 1955¢
A. delicatissima W. & G. S. West 1912
Ref.: Akatsuka 1951
A. elachista W. & G. S. West 1894
Ref.: Ueno 1934; Hirose 1937; Yoneda
1938a, 1953a, b, 1954b; Hirano 1956b,
1959a, b, 1960, 1962; Mizuno 1964;
Akiyama 1965a; Yamagishi 1972;
Negoro 1973; Hirose and Hirano 1977;
Wakabayashi and Ichise 1982
Syn.: Aphanocapsa elachista W. & G. S. West
var. conferta W. & G. S. West 1912
Ref.: Negoro 1954, 1956, 1968, 1971;
Mizuno 1964; Isoda 1966; T. Watanabe
1968c; Hirose and Hirano 1977;
Wakabayashi and  Ichise = 1982;
Yamagishi 1985
Syn.: Aphanocapsa elachista W. & G. S. West
var. planctonica G. M. Smith 1920
Ref.: Hirose 1937; Yoneda 1937, 1953a;
Akatsuka 1951; Hada 1958; Hirose and
Hirano 1977
A. endophytica G. M. Smith 1920
Ref.: Akatsuka 1951
A. fonticola Hansg. 1890
Ref.: Yoneda 1953a
A. fuscolutea Hansg. 1892
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Ref.: Yoneda 1952a, 1954a
A. greviller (Berk.) Rabenh. 1865
Ref.: Akatsuka 1951
A. koordersii Strom 1923
Ref.: Yoneda 1937; Akatsuka 1951; Fuku-
shima 1960b; Hirano 1962; Hirose and
Hirano 1977
A. litoralis Hansg. 1892
Ref.: Umezaki 1952b, 1953b, 1956c; Noda
1987
Syn.: Aphanocapsa litoralis Hansg. var. macro-
cocca Hansg. 1892
Ref.: Umezaki 1952a, b, 1955¢
A. montana Cramer in Wartm. & Schenk
1862
Ref.: Yamagishi 1972
A. nivalis Lagerh. 1894
Ref.: Fukushima 1954
A. pulchra (Kiitz.) Rabenh. 1865
Ref.: Yoneda 1940a, 1953a; Akatsuka
1951; Hirano 1956b, 1962; Mizuno
1964; Isoda 1966; Hirose and Hirano
1977
A. thermalis (Kiitz.) Briigg. 1863
Ref.: Yoneda 1938b, c, 1942b, c, d, 1952a,
b; Emoto and Hirose 1940b; Emoto and
Yoneda 1941a; Fukushima 1963; Hirose
and Hirano 1977

Coelosphaerium Nag. 1849

C. dubium Grun. in Rabenh. 1865
Ref.: Yoneda 1938a, 1952a, 1953a; Aka-
tsuka 1951; Mizuno 1964; Hirose and
Hirano 1977
C. kuetzingianum Nag. in Kitz. 1849
Ref.: Ueno 1933, 1934; Miyauchi 1935;
Hirose 1937, 1950; Yoneda, 1937,
1952a, 1953a, b; Emoto and Yoneda
1941b; Kokubo 1944; Akatsuka 1951;
Hirano 1960, 1962; Hada 1960; Yama-
guti 1960; Iwai 1963; Mizuno 1964; Aki-
yama 1965a, 1977; Isoda 1966; Negoro
1973; Kurasawa and Okino 1975; Hirose
and Hirano 1977; Wakabayashi and
Ichise 1982
Syn.: Coelosphaerium aerugineum Lemm.
1898
Ref.: Akatsuka 1951; Negoro 1973

Coelomoron Buell 1938

C. pusillum (van Goor) Kom. 1989
Basion.: Coelosphaerium pusillum van Goor
1924
Ref.: Negoro and Aoki 1991
Syn.: Gomphospaheria pusilla (van Goor)
Kom. 1958
Ref.: Umezaki 1987
C. subarcticum Kom. & Kom.-Legner. 1992
Ref.: Koméirek and Komérkova-Legnero-
vé 1992

Gomphosphaeria Kitz. 1836

G. aponina Kitz. 1836
Ref.: Akatsuka 1951; Yoneda 1953a;
Umezaki 1961; Hirose and Hirano 1977,
Wakabayashi and Ichise 1982; Yama-
gishi 1985
G. multiplex (Nyg.) Kom. 1989
Basion.: Gomphosphaeria aponina Kiitz. var.
multiplex Nyg. 1926
Ref.: Okada 1939a

Snowella Elenk. 1938

S. lacustris (Chodat) Kom. & Hind. 1988
Basion.: Gomphosphaeria lacustris Chodat
1898
Ref.: Akatsuka 1951; Fukushima 1960b;
Hirose and Hirano 1977; Yamagishi
1989
S. rosea (Snow) Elenk. 1938
Syn.: Coelosphaerium roseum Snow 1903
Ref.: Akatsuka 1951

Woronichinia Elenk. 1933

W. elorantae Kom. & Kom.-Legner. 1992
Ref.:Komarek and Komarkova-Legnerova
1992
W. naegeliana (Unger) Elenk. 1933
Basion.: Coelosphaerium naegelianum Unger
1854
Ref.: Ueno 1936; Yoneda 1937, 1952a,
1953b; Hirose 1937, 1950; Hada 1938a;
Kokubo 1944; Negoro 1937a; Akatsuka
1951; Hirano 1960; Fukushima 1960a;
Mizuno 1964; Hada and Kojiro 1966;
Hirose and Hirano 1977; Yamagishi et
al. 1982; Yamagishi 1985; Komaérek and
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Komirkova-Legnerova 1992
W. tenera (Skuja) Kom. & Hind. 1988
Basion.: Gomphosphaeria tenera Skuja 1964
Ref.: Yamagishi et al. 1982

Merismopedia Meyen 1839

Syn.: Merismopoedia Kiitz. 1843, Agmenel-
lum Bréb. 1839, Gonidium Ehrenb. ex
Menegh. 1849, Pseudoholopedia (Ryppo-
va) Elenk. 1938

M. convoluta Bréb. 1849

Ref.: Yoneda 1938b, c, 1952a; Yamagishi
1984

Syn.: Pseudoholopedia convoluta (Bréb.) Elenk.
1938

Ref.: Hirose and Hirano 1977; Akiyama
1977

M. elegans A. Br. in Kiitz. 1849
M. elegans var. elegans

Ref.: Yoneda 1937, 1953a; Akatsuka 1951;
Fukushima 1952, 1954; Umezaki 1953b;
Yamaguti 1956, 1960; Negoro 1967,
1968, 1971, 1973; T. Watanabe 1968c;
Hiramatsu 1973; Kurasawa and Okino
1975; Hirose and Hirano 1977; Waka-
bayashi and Ichise 1982

M. elegans var. major G. M. Smith 1920

Ref.: Akatsuka 1951; T. Watanabe 1968c

M. glauca (Ehrenb.) Kiitz. 1845

Ref.: Yoneda 1937, 1952a, 1953a, 1954b;
Negoro 1937b, 1973; Hirose 1937; Oka-
da 1939b; Akatsuka 1951; Fukushima
1954; Kobayasi 1958; Hirano 1959a,
1960, 1962; Ochiai 1960, 1962b; Kobaya-
si et al. 1962; Akiyama 1965a, 1977; Iso-
da 1966; Yamagishi 1967, 1984; Imada
1970; Nakano 1970; Hirose and Hirano
1977; Imazu 1979; M. Watanabe and
Niiyama 1990

M. punctata Meyen 1839

Ref.: Yoneda 1937, 1939d, 1953a, b; Hada
1939; Fukushima 1950, 1952, 1954; Aka-
tsuka 1951; Kobayasi 1958; Yamaguti
1960; Kobayasi et al. 1962; Hirano
1962; Iwai 1963; Mori 1963; Akiyama
1965a, 1977; Yamagishi 1967; Horikawa
et al. 1969; Imada 1970; Negoro 1973;
Negoro and Aoki 1991

M. warmingiana Lagerh. ex Forti 1907

Syn.: Merismopedia minima Beck 1897

Ref.: Yamagishi 1987

Syn.: Merismopedia tenuissima Lemm. 1898

Ref.: Yoneda 1938a; Akatsuka 1951; T.
Watanabe 1956, 1968a; Hirano 1962;
Iwai 1963; Isoda 1966; Yamagishi 1967,
1984; Negoro 1968, 1971, 1973; Hirose
and Hirano 1977; Wakabayashi and
Ichise 1982; Negoro and Aoki 1991

Synechocystis Sauv. 1892

Syn.: Synechococcus subg. Synechocystis (Sauv.)
Elenk. 1923
S. aquatilis Sauv. 1892
S. aquatilis f. aquatilis
Ref.: Yoneda 1938b, c, 1940b, 1943,
1952a; Emoto and Yoneda 1940b; E-
moto and Hirose 1941, 1942a; Negoro
1944, 1962; Hiramatsu 1967; Hirose and
Hirano 1977; Mifune and Hirose 1982
S. aquatilis f. salina (Wisl.) Kom. 1976
Basion.: Synechocystis salina Wisl. 1924
Syn.: Synechocystis aquatilis Sauv. var. minor
Geitl. in Geitl. & Ruttn. 1935
Ref.: Yon. Okada 1939; Negoro 1944,
1962; Yoneda 1952a; Mifune et al. 1959,
1966; Hirose 1966; Hirose and Hirano
1977
S. crassa Woron. 1929
Ref.: Emoto and Hirose 1942a, 1952a;
Yoneda 1952a; Hirose and Hirano 1977
S. minuscula Woron. 1926
Ref.: Yoneda 1941c, 1952a; Emoto and
Hirose 1942c; Negoro 1944, 1962; Hiro-
se and Hirano 1977
S. pevalekii Erceg. 1925
Ref.: Emoto and Hirose 1943a; Yoneda
1952a
Syn.: Synechocystis pevalekii Erceg. f. thermalis
Emoto & Hirose in Hirose and Hirano
1977
Ref.: Hirose and Hirano 1977
§. primigenia Gardn. 1927
Ref.: Emoto and Hirose 1943b; Hirose and
Hirano 1977
§. sallensis Skuja 1929
Ref.: Yamagishi 1967, 1985
S. thermalis Copel. 1936
Ref.: Emoto and Yoneda 1940b; Yoneda



184 Umezaki, I. and Watanabe, M.

1941a, 1952a; Emoto and Hirose 1942c,
f, 1952a

(4) Microcytoideae Kom. & Anagn. 1986

Eucapsis Clem. & Shantz 1909

E. alpina Clem. & Shantz 1909
Ref.: Akatsuka 1951; Yoneda 1953a,
1954b; Hirano 1962; Yamagishi 1967,
1985; Hirose and Hirano 1977; M. Wata-
nabe and Niiyama 1990
E. terrestris Akiyama 1965b
Ref.: Akiyama 1965b

Gloeocapsa Kiitz. 1843

G. aeruginosa Kiitz. 1843
Ref.: Imazu 1981
G. atrata Kiitz. 1843
Ref.: Yoneda 1938a, 1953c; Hirose and
Hirano 1977
G. compacta Kiitz. 1846
Syn.: Gloeocapsa rupicola Kiitz. 1846
Ref.: Yoneda 1951
G. conglomerata Kiitz. 1846
Ref.: Fukushima 1952, 1954; Hirose and
Hirano 1977
G. decorticans (A. Br.) P. Richt. ex Wille
1925
Ref.: Yoneda 1953a; Hiramatsu 1973;
Hirose and Hirano 1977
G. dermochroa Nag. in Kiitz. 1849
Ref.: Yoneda 1938b, c, 1939c, 1942c, d, e,
1952a, 1953¢c; Emoto and Yoneda 1941a,
1942; Emoto and Hirose 1952a; Nakano
1970; Mori 1971; Yamagishi 1972;
Hiramatsu 1973; Negoro 1973; Hirose
and Hirano 1977
G. montana Kiitz. 1843
Syn.: Gloeocapsa caldariorum Rabenh. 1865
Ref.: Kobayasi and Watari 1934
G. punctata Nag. 1849
Ref.: Emoto and Hirose 1942f
Syn.: Gloeocapsa gelatinosa Kiitz. 1843
Ref.: Yoneda 1938b, c, 1942b, c, 1952a,
1962a; Emoto and Hirose 1942f
G. rupestris Kiitz. 1846
Ref.: Emoto and Hirose 1943b; Yoneda
1951
G. sanguinea (C. Ag.) Kutz. 1843

Ref.: Yamagishi 1967

Syn.: Gloeocapsa alpina Nag. emend. Brand
1900

Ref.: Yoneda 1939a, 1953¢c; Negoro 1973

Syn.: Gloeocapsa magma (Bréb.) Kitz. 1846

Ref.: Yoneda 1953c; Hirose and Hirano
1977

G. thermalis Kiitz. 1843
Ref.: Yoneda 1938b

Microcystis Kiitz. ex Lemm. 1907

Syn.: Diplocystis Trevis. 1848, Anacystis
Menegh. sensu Kiitz. 1849, Polycystis
Kiitz. 1849, Clathrocystis Henfr. 1856,
Microhaloa Kiitz. sensu Rabenh. 1865

M. aeruginosa (Kiitz.) Kitz. 1846

Basion.: Micraloa aeruginosa Kiitz. 1833

Ref.: Yamada 1935; Hirose 1937, 1950;
Yoneda 1937, 1966; Okada 1939b,
1953b; Kokubo 1944; Kokubo and Kawa-
mura 1949; Akatsuka 1951; Hirano
1953, 1956b; Yamaguti 1956, 1960; T.
Watanabe 1956; Imazu and Hirose
1961; Akiyama 1965a, 1977; Negoro
1967, 1968, 1971, 1973, 1991a; Hada
1967; Murayama and Saisho 1967; Hiro-
se and Hirano 1977; Imazu 1979, 1987;
M. Watanbe and Chihara 1980; Yama-
gishi et al. 1982; M. Watanabe 1984; Y.
Watanabe et al. 1986; Komarek 1991;
M. F. Watanabe et al. 1991

Syn.: Clathrocystis aeruginosa (Kiitz.) Henfr.
1856

Ref.: Okamura 1902; Matsumura 1904;
Miyauchi 1935

Syn.: Microcystis  pseudofilamentosa Crow
1923

Ref.: Akatsuka 1951

M. flos-aquae (Wittr.) Kirchn. 1898

Basion.: Polycystis flos-aquae Wittr. in Wittr.
& Nordst. 1879

Ref.: Yoneda 1937, 1952a, 1953a; Hirose
1937; Okada 1939b; Akatsuka 1951;
Fukushima 1951, 1960b; Hada 1960;
Hirano 1962; Hirose and Hirano 1977;
Komarek 1991

Syn.: Microcystis aeruginosa (Kiitz.) Kitz. f.
Slos-aquae (Wittr.) Elenk 1938

Ref.: M. Watanabe and Chihara 1980;



Enumeration of the Cyanophyta of Japan 1. 185

M. Watanabe 1984; Y. Watanabe et al.
1986
M. holsatica Lemm. 1903
Ref.: Akatsuka 1951; Yoneda 1952a,
1953a; Hirose and Hirano 1977; Yama-
gishi et al. 1982
M. ichthyoblabe Kiitz. 1843
Ref.: Fukushima 1948; Akatsuka 1951;
Komiérek 1991
M. incerta Lemm. 1907
Ref.: Mizuno 1964; Akiyama 1977; M.
Watanabe 1984
Syn.: Coelosphaerium natanas Lemm. 1900
Ref.: Akatsuka 1951
Syn.: Microcystis pulverea (Wood) Migula in
Lemm. 1907
Ref.: Yoneda 1937, 1952a, 1953a; Aka-
tsuka 1951; Fukushima 1960a; Hirano
1962; Hirose and Hirano 1977
Syn.: Microcystis pulverea (Wood) Migula
var. incerta (Lemm.) Crow 1923
Ref.: Yoneda 1937; Hirano 1962; Hirose
and Hirano 1977
Syn.: Microcystis stagnalis Lemm. 1903
Ref.: Hirano 1960
Syn.: Microcystis  stagnalis Lemm. var.
pulchra Lemm. 1910
Ref.: Hirose 1937
M. marginata (Menegh.) Kiitz. sensu Kiitz.
1846
Ref.: Yoneda 1937, 1952a, 1953a; Hirose
1937; Okada 1939b; Akatsuka 1951;
Hirose and Hirano 1977
M. novacekii (Kom.) Compere 1974
Basion.: Diplocystis novacekii Kom. 1958
Ref.: Komarek 1991
M. parasitica Kitz. 1843
Ref.: Yoneda 1937, 1953a; Hirose and
Hirano 1977; Negoro and Aoki 1991
M. protea Copel. 1936
Ref.: Yoneda 1952a
M. thermalis Yoneda 1938b
Non Microcystis thermalis Nash 1938
Ref.: Yoneda 1938b, 1952a
M. viridis (A. Br.) Lemm. 1903 emend.
Kondr. 1975
Basion.: Polycystis viridis A. Br. in Rabenh.
1862
Syn.: Diplocystis viridis (A. Br. in Rabenh.)

Kom. 1958

Ref.: M. Watanabe and Chihara 1980;
Yamagishi et al. 1982; M. Watanabe
1984; M. F. Watanabe et al. 1986; Y.
Watanabe et al. 1986; Komarek 1991

M. wesenbergii (Kom.) Kom. in Kondr. 1968

Syn.: Diplocystis wesenbergii Kom. 1958

Ref.: Okada 1939b (as M. robusta (Clark)
Nyg.); M. Watanabe and Chihara 1980;
Yamagishi et al. 1982; Umezaki 1983,
1984, 1987; M. Watanabe 1984; Y.
Watanabe et al. 1986; Komarek 1991;
Negoro 1991a

2. Chroococcaceae Nag 1849

Chroococcus Nag. 1849

C. cohaerens Nag. 1855
Ref.: Yoneda 1939a
C. dispersus (Keissl.) Lemm. 1904
C. dispersus var. dispersus
Ref.: Akatsuka 1951; Yoneda 1953a,
1954b; Yamaguti 1956, 1960; Hirano
1959b, 1962; Ochiai 1960; Iwai 1963;
Negoro 1967, 1968, 1971; Hada 1967
C. dispersus var. minor G. M. Smith 1920
Ref.: Emoto and Hirose 1942b; Yoneda
1952a; Ochiai 1962b; Hirose and Hirano
1977
C. endophyticus Copel. 1936
Ref.: Emoto and Hirose 1941; Yoneda
1952a
C. giganteus W. West 1892
Ref.: Akatsuka 1951; Yamagishi 1967
C. helveticus Nag. 1849
Ref.: Emoto and Yoneda 1940a; Yoneda
1941a, 1952a, 1953a
C. indicus Zell. 1873
Ref.: Fukushima 1963
C. limneticus Lemm. (1898) ex Kom. 1958
Ref.: Hirose 1937; Yoneda 1938a, 1939d,
1953a; Okada 1939b; Akatsuka 1951;
Yamaguti 1956; Hirano 1960, 1962;
Iwai 1963; Hada 1967; Hirose and Hira-
no 1977; Imazu 1981
Syn.: Chroococcus limneticus Lemm. var. dis-
tans G. M. Smith 1916
Ref.: Akatsuka 1951; Yoneda 1954b;
Yamaguti 1956; Hirano 1960
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Syn.: Chroococcus limneticus Lemm. var. ele-
gans G. M. Smith 1918
Ref.: Yoneda 1937; Akatsuka 1951
Syn.: Chroococcus limneticus Lemm. var. pur-
purea (Snow) Tiffn. & Ahlstr. 1931
Ref.: Akatsuka 1951
C. membraninus (Menegh.) Nag. 1849
Ref.: Yoneda 1938¢c, 1941c, 1952a
C. minimus (Keissl.) Lemm. 1904
Ref.: Emoto and Hirose 1942c, f, 1943a, b;
Yoneda 1952a, 1953a
C. minutus (Kitz.) Nag. 1843
Ref.: Yoneda 1937, 1938c, 1940b, 1941b,
c, 1942b, ¢, d, 1952a, b, 1953a, b,
1954b; Okada 1939b; Emoto and Yone-
da 1941a, b, 1942; Emoto and Hirose
1942c¢, e, 1943b; Fukushima 1952, 1954,
1970b; Hirano 1956b, 1960, 1962; Hada
1958; Ochiai 1960, 1962a, b; Iwai 1963;
T. Watanabe 1968a, c; Akiyama 1965a;
Yamagishi 1967, 1972; Mori 1971; Hira-
matsu 1973; M. Watanabe and Niiyama
1990
Syn.: Chroococcus pallidus (Nag.) Nag. 1849
Ref.: Yoneda 1941a; Hirano 1962
Syn.: Chroococcus minutus (Kiitz.) Nag. var.
carneus (Chodat) Lemm. 1904
Ref.: Akatsuka 1951
Syn.: Chroococcus minutus (Kiitz.) Nag. var.
thermalis Copel. 1936
Ref.: Yoneda 1938c, 1941b; 1952a, 1954a;
Emoto and Yoneda 1940b, 1942; Emoto
and Hirose 1940a, b, ¢, 1942a, b, e
C. turgidus (Kitz.) Nag. 1849
C. turgidus var. turgidus
Ref.: Molisch 1926; Yoneda 1937, 1938b,
c, 1939b, c, d, 1940b, 1942c, 1952a,
1953a, c, 1954b, 1966; Hirose 1937,
1957; Emoto and Yoneda 1941b; Negoro
1937b, 1938, 1973; Hada 1938b, 1958,
1960, 1967; Emoto and Hirose 1940a, b,
¢, 1942c, e, 1943b; Akatsuka 1951; Ichi-
mura and Onuki 1951; Fukushima 1952,
1954, 1960a; Kobayasi 1958; Kobayasi
et al. 1962; Hirano 1959a, 1960, 1962;
Umezaki 1961; Imazu and Hirose 1961;
Ochiai 1962b; Akiyama 1965a; Yama-
gishi 1967, 1985; T. Watanabe 1968a;
Imazu 1979, 1986; Mori 1971; Hirose

and Hirano 1977; Horiguchi et al. 1990
turgidus var. thermalis (Menegh.)
Rabenh. ex Hansg. 1892
Ref.: Yoneda 1938c, 1939b, 1942b, 1952a;
Emoto and Hirose 1942d, e, 1943b

C. vartus A. Br. in Rabenh. 1876

Ref.: Emoto and Hirose 1942c, d; Yoneda
1952a

Cyanosarcina Kovacik 1988

C. burmensis (Skuja) Kovacik 1988

Basion.: Myxosarcina burmensis Skuja 1949
Ref.: Hiramatsu et al. 1987

C. chroococcoides (Geitl.) Kovacik 1988

Basion.: Mpyxosarcina chroococcoides Geitl.
1927

Ref.: Emoto and Hirose 1940c; Yoneda
1941a, b, c, 1942¢, d, 1952a, 1953a;
Hirose and Hirano 1977

C. gelatinosa (Emoto & Yoneda) Kovacik

1988

Basion.: Mpyxosarcina gelatinosa Emoto &
Yoneda 1941b

Ref.: Emoto and Yoneda 1941b; Yoneda
1952a

C. spectabilis (Geitl.) Kovacik 1988

Basion.: Myxosarcina spectabilis Geitl. 1933
Ref.: Emoto and Hirose 1942a, f, 1943b

Gloeocapsopsis Geitl. 1925

G. dvorakii (Novac.) Kom. & Anagn. 1986

Basion.: Gloeocapsa dvorakii Novéac. 1929
Ref.: Komérek 1993

G. magma (Bréb.) Kom. & Anagn. 1986

Basion.; Protococcus magma Bréb. in Bréb. &
Godey 1836

Syn.: Gloeocapsa magma (Bréb.) Kiitz. 1846

Ref.: Yoneda 1953c; Hirose and Hirano
1977

3. Entophysalidaceae Geitl. 1925

Chlorogloea Wille 1900

C. microcystoides Geitl. 1925

Ref.: Yoneda 1941a, 1952a; Emoto and
Yoneda 1942; Fukushima 1963
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Placoma Schousb. & Thur.
in Born. & Thur. 1876

P. adriatica (Hauck) comb. nov.

Basion.: Oncobyrsa adriatica Hauck, Meeres-
alg. Deutsch. u. Osterr., p- 515, 1885
Ref.: Okamura 1915, 1930, 1934a, 1936;

Kobayasi and Watari 1934; Yamada
1935; Inagaki 1950; Umezaki 1952a,
1955¢, 1961; Ueda et al. 1963 (as Hydro-

coccus adriatica)

Colonies and cells with special tegments of
Oncobyrsa adriatica Hauck 1888 are similar
features as Placoma.

P. micrococca (Hansg.) comb. nov.

Basion.: Oncobyrsa adriatica Hauck var.
micrococca Hansg., Stizenberger, K. Bohm.
Ges. wiss., Math.-Nat. Cl., 1892: 228,
1893

Ref.: Umezaki 1953a

Colonies and cells with surrounding tegu-
ments of Oncobyrusa adriatica Hauck var.
micrococca Hansg. 1893 resemble close-
ly those of Oncobyrusa adriatica.

4. Chamaesiphonaceae Borzi 1882

Chamaecalyx Kom. & Anagn. 1986

C. clavatus (Setch. & Gardn) Kom. & Anagn.
1986
Basion.: Chamaesiphon clavatus Setch. &
Gardn. 1930
Syn.: Dermocarpa clavata (Setch. & Gardn.)
Geitl. 1932
Ref.: Umezaki 1953a, 1955¢
C. leibleiniae (Reinsch) Kom. & Anagn. 1986
Basion.: Dermocarpa Leibleiniae (Reinsch)
Born. in Born. & Thur. 1880
Ref.: Umezaki 1950
Syn.: Dermocarpa Leibleiniae (Reinsch) Born.
var. pelagica Wille in Hansen 1904
Ref.: Akatsuka 1951

Chamaesiphon A. Br. & Grun. 1865

C. confervicola A. Br. in Rabenh. 1865
C. confervicola var. confervicola
Ref.: Akatsuka 1951; Yoneda 1953a; Ne-
goro 1973; Hirose and Hirano 1977; M.
Watanabe et al. 1984; Ioriya et al. 1984;

M. Watanabe 1989
Syn.: Chamaesiphon curvatus Nordst. 1878
Ref.: Yoneda 1938a; Akatsuka 1951; Aki-
yama 1965a; Yamagishi 1967; Horikawa
et al. 1969; Hirose and Hirano 1977,
Bando and Nakano 1983
Syn.: Chamaesiphon incrustans Grun. var.
elongatus Starm. 1929
Ref.: Hirose 1937
C. confervicola var. elongatus (Nordst.) Kann
1972
Basion.: Chamaesiphon curavtus Nordst. f.
elongatus Nordst. 1878
Ref.: M. Watanabe and Niiyama 1990
C. incrustans Grun. in Rabenh. 1865
Ref.: Yoneda 1938b, c, 1949, 1952a; Emo-
to and Hirose 1942e, 1952b; Akiyama
1965a; Negoro 1973; Hirose and Hirano
1977; Bando and Nakano 1983
Syn.: Chamaesiphon cylindricus Boye-Peters.
1923
Ref.: Emoto and Hirose 1949; Hirose and
Hirano 1977
C. minutus (Rostaf.) Lemm. 1910
Ref.: Emoto and Hirose 1940a, b; Yone-
da 1941a, 1952a; Emoto and Yoneda
1941a, b; Akiyama 1965a; M. Watanabe
1989; Ioriya et al. 1984
Syn.: Chamaesiphon minutus (Rostaf.) Lemm.
var. cladophorae Hirose 1937
Ref.: Hirose 1937
C. polonicus (Rostaf.) Hansg. 1887
Ref.: Yamaguti 1956; T. Watanabe 1968c;
Hirose and Hirano 1977
C. rostafinskii Hansg. 1887 (“Rostafinskii”)
Ref.: Akiyama 1965a; Hirose and Hirano
1977

Clastidium Kirchn. 1880

C. setigerum Kirchn. 1880
Ref.: M. Watanabe et al. 1984

Cyanophanon Geitl. 1955

C. mirabile Geitl. 1955
Ref.: M. Watanabe et al. 1984; Ioriya et
al. 1984; M. Watanabe 1988

Stichosiphon Geitl. 1932
§. sansibaricus (Hieron.) Dr. & Daily 1952
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Syn.: Stichosiphon regularis Geitl. 1932
Ref.: Yoneda 1938b, c, 1952a

5. Dermocarpellaceae Ginsb.-Ardré ex Christ.
1980

Cyanocystis Borzi 1882

Syn.: Dermocarpa Crouan 1858 sensu auct.
post. sine typo, p. p.
C. aquae-dulcis (Reinsch) Kann 1978
Basion.: Sphaerosiphon aquae-dulcis Reinsch
1874
Syn.: Dermocarpa aquae-dulcis (Reinsch)
Geitl. 1925
Ref.: Negoro 1973
C. prasina (Reinsch) Kom. & Anagn. 1986
Basion.: Sphaerosiphon prasinus Reinsch 1874
Syn.: Dermocarpa prasina (Reinsch) Born. in
Born. & Thur. 1880
Ref.: Okamura 1916; Umezaki 1954
C. protea (Setch. & Gardn.) Kom. & Anagn.
1986 '
Basion.: Dermocarpa protea Setch. & Gardn.
in Gardn. 1918
Ref.: Yamada and Tanaka 1944; Umezaki
1953b, 1955a, 1956¢
Syn.: Dermocarpa farlowii (non Borg.)
Yendo in Tokida 1938
Ref.: Okamura 1916; Tokida 1930, 1938
C. sphaeroidea (Setch. & Gardn.) Kom. &
Anagn. 1986
Basion.: Dermocarpa sphaeroidea Setch. &
Gardn. in Gardn. 1918
Ref.: Umezaki 1955a

Dermocarpella Lemm. 1907

D. hemisphaerica Lemm. 1907
Ref.: Umezaki 1953a, b, 1955¢
D. gilkeyae (Setch. & Gardn.) Kom. &
Anagn. 1986
Basion.: Xenococcus Gilkeyae Setch. & Gardn.
in Gardn. 1918
Ref.: Umezaki 1952a, b

Stanieria Kom. & Anagn. 1986
S. sphaerica (Setch. & Gardn.) Anagn. & Pan-
taz. 1991

Basion.: Dermocarpa sphaerica Setch. &
Gardn. in Gardn. 1918

Syn.: Cyanocystis sphaerica (Setch. & Gardn.)
Kom. & Anagn. 1986
Ref.: Umezaki 1953b, 1955a, c

6. Xenococcaceae Erceg. 1932

Chroococcidiopsis Geitl. 1933

C. thermalis Geitl. 1933
Ref.: Yoneda 1941c, 1952a, 1954a; Negoro
1973; Hirose and Hirano 1977
Syn.: Chroococcidiopsis thermalis Geitl. var.
nipponica Negoro 1943a
Ref.: Negoro 1943a
C. kashaii Friedm. 1961
Ref.: Hirose 1972

Chroococcopsis Geitl. 1925

C. gigantea Geitl. 1925
Ref.: T. Watanabe 1957

Xenococcus Thur. in Born. & Thur. 1875

X. chaetomorphae Setch. & Gardn. in Gardn.

1918 (“Chaetomorphae”)

Ref.: Umezaki 1953a

X. cladophorae Stech. & Gardn. in Gardn.

1918 (“Cladophorae”)

Ref.: Hirose 1937, 1957; Umezaki 1956¢;
Takata and Hirose 1971; Kajimura
1975; Hirose and Hirano 1977

X. kerneri Hansg. 1887

Ref.: Yoneda 1942a, b, ¢, 1952a, 1962a;

Emoto and Hirose 1942b
X. pyriformis Setch. & Gardn. in Gardn.

1918

Syn.: Dermocarpa pyriformis (Setch. & Gardn.)
Kaas 1985

Ref.: Umezaki 1950, 1953b, 1955¢, 1956¢

X. schousboei Thur. in Born. & Thur. 1880

(“Schousboei”™)

X. schousboei f. schousboei

Ref.: Umezaki 1950, 1953a, 1955¢; Yone-
da 1952a; Emoto and Hirose 1942c,
1952b; Hirose and Hirano 1977; Mifune
and Hirose 1983b

Syn.: Dermocarpa Shousboei Born. in Batters
1889

Ref.: Holmes 1895; Matsumura 1904

X. shousboei f. thermalis Emoto and Hirose
1942b
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Ref.: Emoto and Hirose 1942b
X. wille Gardn. 1927

Ref.: Emoto and Yoneda 1940a; Yoneda
1941a, 1952a; Akiyama 1965a; Hirose
and Hirano 1977

X. yonedae nom. nov.

Syn.: Xenococcus violaceus Yoneda, Acta Phy-
totax. Geobot. 11: 67, 1942, non Xeno-
coccus violaceus Anand., J. Bot. 1937
(Suppl.): 38, 1937

Ref.: Yoneda 1942a

The following species of the genus Xenococ-

cus are uncertain to which genus they belong,
because reproductive cells have not been
found.

Xenococcus acervatus Setch. & Gardn. in

Gardn. 1918

Ref.: Emoto and Hirose 1952a; Umezaki
1952a, b; Hagihara et al. 1970; Yoneda
1952a

X. acervatus var. dispersus Emoto & Hirose
1940a

Ref.: Emoto and Hirose 1940a

X. alpinus Emoto & Yoneda 1942

Ref.: Emoto and Yoneda 1942

X. chroococcoides Fritsch 1929
Ref.: Yoneda 1950
X. mintma var. starmachii Geitl. 1932

Ref.: Emoto and Yoneda 1941b, 1942;
Emoto and Hirose 1940a, 1942c, d,
1949; Yoneda 1952a; Akiyama 1965a

X. minimus Geitl. 1922

Ref.: Emoto and Yoneda 1941a; Yoneda

1941a, 1942g, 1952a, 1953a

7. Hydrococcaceae Kiitz 1843

Hydrococcus Kiitz. 1833

Syn.: Oncobyrsa Menegh. 1842, Askenasya

Mob. 1887
H. rivularis Kitz. 1833

Syn.: Oncobyrsa rivularis (Kiitz.) Menegh.
1943

Ref.: Yoneda 1938b, c, 1949, 1952a; Emo-
to and Yoneda 1940a; Hirose and Hira-
no 1977

Hpyella Born. & Flah. 1888
H. balanii Lehmann 1903

Ref.: Umezaki 1952a
H. caespitosa Born. & Flah. 1888
Ref.: Umezaki 1954, 1955¢, 1956c¢; Kurogi
and M. M. Watanabe 1973
H. fontana Huber & Jadin 1892
Ref.: Nakano 1970; Negoro 1973

Mpyxohyella Geitl. 1925

M. socialis (Setch. & Gardn.) Geitl. 1925
Basion.: Hyella socialis Setch. & Gardn. in
Gardn. 1918
Ref.: Umezaki 1952a, b, 1955a, c

Pleurocapsa Thur. ex Hauck 1885

P. concharum Hansg. 1890
Ref.: Emoto and Hirose 1941, 1952b
P. fluviatilis Lagerh. 1888
Ref.: Emoto and Hirose 1940a, b, 1942c,
e, 1943a, b; Emoto and Yoneda 1940b;
Yoneda 1941a, 1942¢, 1952a, 1954a;
Hirose and Hirano 1977
P. fuliginosa Hauck 1885
Ref.: Umezaki 1953a, 1955¢, 1956¢
P. minor Hansg. 1890
Ref.: Yoneda 1941a, 1942c, 1952a, 1953a;
Emoto and Yoneda 1941a, b, 1942; Iko-
ma and Doi 1955; Akiyama 1965a; Ne-
goro 1973; Mifune and Hirose 1983a
P. minuta Geitl. 1932
Ref.: Umezaki 1952a, 1955¢

Nomina excludenda

The following species are excluded from the
blue-green algae.

Aphanocapsa rivularis (Carm.) Rabenh. 1865
(Hada 1960) = Palmogloea protuberans (Sm. &
Sow.) Kiitz. 1843 (Drouet and Daily 1956, p.
138). Aphanothece clathrata W. & G. S. West
(Hirose and Hirano 1977; Negoro 1968) =
bacteria (Drouet and Daily 1956, p. 143).
Chroococcidium  Geitler (Arch. f. Hydro-
biol., Suppl. XII, 4: 624, 1933. Type: C.
gelatinosum Geitl., ibid. 1933, Emoto and
Hirose 1942d; Yoneda 1952a; Hirose and
Hirano 1977) = palmelloid flagellata (Drouet
and Daily 1956, p. 146). Dactylococcopsis fas-
cicularis Lemm. 1898 (Hirose 1937; Mizuno
1964; Hirose and Hirano 1977) = Ankistrodes-
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mus falcatus (Corda) Ralfs 1848 (Drouet and
Daily 1956, p. 149) or to Ankistrodesmus tortus
Kom. & Comas 1982 (syn.: Dactylococcopsis fas-
ciculatus Lemm. 1898; = Ankistrodesmus spira-
lis (Turn.) Lemm. 1908) (Komarek and
Comas 1982). Pelodictyon Lauterbornii Geitl.
in Pascher 1925 (Hada 1960) = bacteria
(Drouet and Daily 1956, p. 143). Tetrapedia
Reinschiana Archer 1872 (Fukushima 1960b,
1963) = Tetraedron sp. (Drouet and Daily
1956, p. 166) or = Tetraedron minimum var.
tetralobulatum (Reinsch) Claus (Claus 1963).

II. Oscillatoriales Elenk. 1934
1. Borziaceae Borzi 1914

Borzia Cohn ex Gom. 1892

B. endophytica (W. & G. S. West) Anagn. &
Kom. 1988
Basion.: Aphanothece nidulans var. endophytica
W. & G. S. West 1912
Ref.: Emoto and Hirose 1941; Yoneda
1953b; Hirose and Hirano 1977
B. trilocularis Cohn ex Gom. 1892
Ref.: Hirose and Hirano 1977

Komuophoron Anagn. & Kom. 1988

K. constrictum (Szaf.) Anagn. & Kom. 1988
Basion.: Oscillatoria constricta Szaf. 1911
Syn.: Anabaena constricta (Szaf.) Geitl. 1925
Ref.: Yoneda 1953a
Syn.: Anabaena geitler: J. De Toni 1934
Ref.: Yoneda 1942c, d, 1952a

K. tenuis (Emoto & Hirose ) comb. nov.
Basion.: Oscillatoria constricta Szaf. var.

tenuzs Emoto & Hirose, Bot. & Zool.
(Tokyo) 8: 1883, 1940
Ref.: Emoto and Hirose 1940c
Komuvophoron tenuis differs from K. constrictum
in having conical apical cells and little
slender trichomes.
K. jovis (Copel.) Anagn. & Kom. 1988
Basion.: Oscillatoria Jovis Copel. 1936
Ref.: Yoneda 1942b, 1952a, 1954a; Hirose
and Hirano 1977

Syn.: Oscillatoria jovis Copel. var acuta
Emoto & Yoneda 1940

Ref.: Emoto and Yoneda 1940a

Yonedaella Umezaki 1962

Syn.: Sphaeronema Umezaki 1961, non
Sphaeronema  (“Sphaeronaema”)  Fries
1823

Y. lithophila (Erceg.) Umezaki 1962
Basion.: Isocystis lithophilum Erceg. 1932
(“lithophila™)
Syn.: Sphaeronema lithophila (Erceg.) Ume-
zaki 1961
Ref.: Umezaki 1961, 1962

2. Homoeotrichaceae Elenk. 1934

(1) Homoeotrichoideae (Elenk.) Anagn. &
Kom. 1988

Heteroleibleinia (Geitl.) Hoffm. 1985

Basion.: Lyngbya Gom. Sect. Heteroleibleinia
Geitl. 1932
H. affixa (Yoneda) Anagn. & Kom. 1988
Basion.: Lyngbya affixa Yoneda 1938b
Ref.: Yoneda 1938b
H. distincta (Nordst. ex Schmidle) Anagn. &
Kom. 1988
Basion.: Lyngbya Martensiana Menegh. var.
distincta Nordst. ex Schmidle 1897
Syn.: Lyngbya distincta Schmidle 1897
Ref.: Hirose and Hirano 1977
H. erecta (Schwabe) Anagn. & Kom. 1988
Basion.: Lyngbya erecta Schwabe 1943, non
Lyngbya erecta Setch. & Gardn. 1930
Ref.: Mifune et al. 1966
H. infixa (Frémy) Anagn. & Kom. 1988
Basion. Lyngbya infixa Frémy 1932
Ref.: Umezaki 1955a, 1961; Noda 1974,
1987
H. kuetzingii (Schmidle) Compére 1985
Basion.: Lyngbya kuetzingii Schmidle 1897
Ref.: Yoneda 1938b, c, 1939c, 1952a,
1953a; Umezaki 1951, 1952a; Hirose
and Hirano 1977; Ioriya et al. 1984
H. penicillata (Gom.) Anagn. & Kom. 1988
Basion.: Schizothrix penicillata Gom. 1892
Ref.: Yoneda 1938b, ¢, 1939c, 1941b,
1952a; Akiyama 1961, 1965a, b; Hirano
1962; Mifune et al. 1966; Hiramatsu
1967; Negoro 1973; Hirose and Hirano
1977
H. pithophorae (Yoneda) Anagn. & Kom.
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1988
Basion.: Lyngbya Pithophorae Yoneda 1938b
Ref.: Yoneda 1938b, 1952a
H. pusilla (Hansg.) Compére 1985
Basion.: Lyngbya pusilla (Rabenh.) Hansg.
ex Hansg. 1892
Ref.: Hirano 1962; Hirose and Hirano
1977
H. rigidula (Kiitz. ex Hansg.) Hoffm. 1985
Basion: Lyngbya rigidula Kitz. ex Hansg.
1892
Ref.: M. Watanabe and Niiyama 1990

Homoethrix (Thur. ex Born. & Flah.)
Kirchn. 1898

Syn.: Amphithrix Kiitz. ex Born. & Flah.
1886, Tapinothrix Sauv. 1892
H. balearica (Born. & Flah.) Lemm. 1907
(1910)
Basion.: Calothrix balearica Born. & Flah.
1886
Ref.: Fukushima 1949, 1951
H. bornetti (Sauv.) Mabille 1954
Basion.: Tapinothrix Bornetti Sauv. 1892
Ref.: Fukushima 1951, 1960a
H. endophytica (Lemm.) Lemm. 1907 (1910)
Basion.: Calothrix endophytica Lemm. 1896
Ref.: Kobayasi 1958; Kobayasi et al. 1962
H. hansgirgii (Schmidle) Lemm. 1907 (1910)
Basion.: Calothrix Hansgirgii Schmidle 1900
Ref.: Horikawa et al. 1969; Hirose and
Hirano 1977
H. janthina (Born. & Flah.) Starm. 1959
Basion.: Amphithrix janthina Born. & Flah.
1886
Ref.: T. Watanabe 1968c; Fukushima
1970a, b, 1971; Ioriya et al. 1984; M.
Watanabe et al. 1984
H. juliana (Menegh.) Kirchn. 1900
Basion.: Calothrix juliana (Menegh.) Born.
& Flah. 1886
Ref.: Horikawa et al. 1969; Hirose and
Hirano 1977
H. thermalis Emoto & Hirose 1940
Ref.: Emoto and Hirose 1940c; Hirose and
Hirano 1977
H. varians Geitl. 1927
Syn.: Homoeothrix simplex Woron. 1932,
Homoeothrix simplex Woron. var. elegans

Woron. 1932, Homoeothrix simplex (Wo-
ron.) Elenk. 1949

Ref.: Yoneda 1942a; Bando and Nakano
1983

3. Oscillatoriaceae (S. F. Gray) Harv. ex
Kirchn. 1898
(1) Hormoscilloideae Anagn. & Kom. 1988

Katagnymene Lemm. 1899

K. pelagica Lemm. 1899
Ref.: Akatsuka 1951; Motoda and Maru-
mo 1963
Syn.: Katagnymene pelagica Lemm. var. ma-
Jor Wille in Hensen 1904
Ref.: Akatsuka 1951; Marumo 1966
K. spiralis Lemm. 1899
Ref.: Akatsuka 1951; Motoda and Maru-
mo 1963; Marumo 1966
Syn.: Katagnymene spiralis Lemm. var. capi-
tata Wille in Hensen 1904
Ref.: Akatsuka 1951

(2) Oscillatorioideae Gom. 1892

Blennothrix Kitz. ex Anagn. & Kom. 1988

B. cantharidosma (Mont. ex Gom.) Anagn. &
Kom. 1988
Basion.: Hydrocoleum cantharidosmum (Mont.)
Gom. 1892
Ref.: Umezaki 1955a, 1961; Hiramatsu
1967; Funahashi 1967; Noda 1974, 1987
B. lyngbyacea (Kiitz. ex Gom.) Anagn. &
Kom. 1988
Basion.: Hydrocoleum Iyngbyaceum Kitz. ex
Gom. 1892
Ref.: Umezaki 1955a, 1961; Hiramatsu
1967; Noda 1974, 1987

Oscillatoria Vauch. ex Gom. 1892
0. anguina (Bory) Gom. 1892

0. anguina var. anguina
Ref.: Yoneda 1938b, c, 1939b, 1942b,
1952a, b, 1962a; Emoto and Yoneda
1941a, b, 1942; Hirose and Hirano 1977
0. anguina var. tenella Yoneda 1941c
Ref.: Yoneda 1941c, 1942a, b, 1952a; Hiro-
se and Hirano 1977

0. bonnemaisonit Crouan ex Gom. 1892
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(“Bonnemaisonii”)
Ref.: Akatsuka 1951; Umezaki 1961; Maru-
mo 1966
0. curviceps Ag. ex Gom. 1892
Ref.: Emoto and Hirose 1942¢; Yoneda
1952a; Ikoma and Doi 1955; Hiramatsu
1967; Hirose and Hirano 1977; Imazu
1979; Mifune and Hirose 1982, 1983b
Syn.: Oscillatoria curviceps Ag. var. minor
Emoto & Hirose 1940a
Ref.: Emoto and Hirose 1940a, 1943a, b,
1952a; Yoneda 1942b, 1952a; Ikoma
and Doi 1955; Hirose and Hirano 1977;
Mifune and Hirose 1983a
0. fracta Carls 1913
Ref.: Hirano 1962
0. kawamurae Negoro 1943b (“Kawamurae™)
Ref.: Hirose et al. 1960; Akiyama 1965a;
Yoneda 1966; Hirose and Hirano 1977,
Negoro 1973, 1991a
0. limosa (Dillw.) Ag. ex Gom. 1892
Ref.: Ueda and Okada 1934; Miyauchi
1935; Hada 1937; Yoneda 1937, 1938c,
1942¢, d, 1952a, 1966; Hirose 1938,
1950; Emoto and Yoneda 1940a; Emoto
and Hirose 1940c; Hirano 1956b, 1960,
1962, 1963; Kobayasi 1958; Hada 1960;
Kobayasi et al. 1962; Akiyama 1965a;
Mifune et al. 1966; Hiramatsu 1967,
1973; T. Watanabe 1968a, c; Nakano
1970; Negoro 1973; Hirose and Hirano
1977; Imazu 1979, 1987; M. Watanabe
and Niiyama 1990
0. margaritifera (Kiitz.) Gom. 1892
Syn.: Arthrospira breviarticulata Setch. &
Gardn. in Gardn. 1918, Spirulina breviar-
ticulata (Setch. & Gardn.) Geitl. 1932
Ref.: Akatsuka 1951; Umezaki 1961
0. princeps Vauch. ex Gom. 1892
Ref.: Molisch 1926; Kobayasi and Watari
1934; Hirose 1938; Yoneda 1938b, c,
1942b, 1952a, 1954a, 1966; Emoto and
Yoneda 1940a; Emoto and Hirose
1940b, 1941, 1942b, d, 1952c; Yamaguti
1955; Kobayasi 1958; Kobayasi et al.
1962; Hiramatsu 1967; Horikawa et al.
1969; Nakano 1970; Negoro 1973; Hiro-
se and Hirano 1977; Mifune and Hirose
1982; Yamagishi 1985

Syn.: Oscillatoria princeps Vauch. var. minor
Emoto & Yoneda 1941a

Ref.: Emoto and Yoneda 1941a; Ikoma
and Doi 1955; Hiramatsu 1967; Hirose
and Hirano 1977; Mifune and Hirose
1982, 1983a, b

Syn.: Oscillatoria princeps Vauch. var. tenella
Copel. 1936

Ref.: Yoneda 1939b, c, 1940b, 1941b,
1942a, b, ¢, 1952a; Emoto and Yoneda
1940a, b; Emoto and Hirose 1942¢; Hiro-
se and Hirano 1977

0. proboscidea Gom. 1892
0. proboscidea var. proboscidea

Ref.: Molisch 1926; Yoneda 1941a, b,
1952a; Negoro 1973; Hirose and Hirano
1977

0. proboscidea var. westii Forti 1907

Ref.: Yoneda 1952a

0. sancta Kiitz. ex Gom. 1892

Ref.: Molisch 1926; Yoneda 1938b, c,
1952a; Emoto and Hirose 1940b, 1942e;
Fukushima 1952; Negoro 1973; Hirose
and Hirano 1977

0. subbrevis Schmidle 1901
O. subbrevis var. subbrevis

Ref.: Yoneda 1940a, 1942c, g, 1952a; Hira-
matsu 1967; Nakano 1970; Hirose and
Hirano 1977; Ioriya et al. 1984

0. subbrevis var. major (G.S. West) stat.
nov.

Basion.: Oscillatoria subbrevis Schmidle f.
major G. S. West, J. Linn. Soc. Bot. 38:
178, 1907

Ref.: M. Watanabe and Niiyama 1990

0. subspiroides Yoneda 1942b

Ref.: Yoneda 1942b, 1952a; Hirose and

Hirano 1977

Lyngbya Ag. ex Gom. 1892

L. aestuarii (Mert.) Lyngb. ex Gom. 1892
Ref.: Molisch 1926; Yoneda 1938c, 1942a,

b, 1952a, 1953a; Emoto and Yoneda
1942; Emoto and Hirose 1952c; Fuji-
yama and Kabuto 1956; Umezaki 1955a,
1961; Ochiai 1926b; Hiramatsu 1967;
Negoro 1973; Hirose and Hirano 1977;
Noda 1987

L. anomala (C. B. Rao) comb. nov.
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Basion.: Phormidium anomalum C. B. Rao,
Proc. Indian Acad. Sci. 6(6): 371, 1937
(“anomala”)

Ref.: M. Watanabe and Niiyama 1990 (as
Lyngbya anomale C. B. Rao)

Phormidium anomalum C. B. Rao belongs to
Lyngbya in having discoid cells and dis-
tinct sheaths.

L. birgei G. M. Smith 1916 (“Birge:”)

Ref.: Hirose 1938; Akatsuka 1951; T.
Watanabe 1968c; Hirose and Hirano
1977; Imazu 1981

L. confervoides C. Ag. ex Gopm. 1892

Ref.: De Toni 1895; Okamura 1902, 1916;
Matsumura 1904; Tanaka 1956; Hirose
1957, 1958; Dawson 1959 (Harvey’s
manuscript); Umezaki 1961; Imazu and
Hirose 1961; Hiramatsu 1967; Hagihara
et al. 1970; Takata and Hirose 1971; No-
da 1974, 1987; Hirose and Hirano 1977

Syn.: Lyngbya atropurpurea Harv. 1859

Ref.: Harvey 1859; Dawson 1959 (Har-
vey’s manuscript)

Syn.: Lyngbya atrovirens Harv. 1859

Ref.: Harvey 1859

L. hieronymusii Lemm. 1905 (“Hieronymusii”)
L. hieronymusii var. hieronymusii
Ref.: Yoneda 1937; Akatsuka 1951; Hira-
no 1956b; Nakano 1970
L. hieronymusii var. crassi-vaginata Ghose
1927
Ref.: Akiyama 1965b
L. major Menegh. ex Gom. 1892

Ref.: Yoneda 1938b, c, 1943a, 1952a; Emo-
to and Hirose 1942e, 1943a, 1952a; T.
Watanabe 1957; Negoro 1973; Hirose
and Hirano 1977; Imazu 1979

L. majuscula (Dillw.) Harv. ex Gom. 1892

Ref.: Yoneda 1938a, 1949, 1952a; Emoto
and Yoneda 1940a, 1941a; Emoto and
Hirose 1943b, 1952¢; Tanaka 1956; Daw-
son 1959 (Harvey’s manuscript); Ume-
zaki 1951 (as Lyngbya majuscula var. spon-
giphila Weber v. Bosse), 1961; Hira-
matsu 1967; Hagihara et al. 1970; Taka-
ta and Hirose 1971; Noda 1974, 1987;
Hirose and Hirano 1977; Mifune and
Hirose 1982

L. nigra Ag. ex Gom. 1892

Ref.: Yoneda 1938c, 1941c, 1942b, 1952a;
Emoto and Yoneda 1940b, 1941b; Hiro-
se and Hirano 1977
L. semiplena (C. Ag.) J. Ag. ex Gom. 1892
Ref.: Yoneda 1940a, 1942c, 1952a;
Umezaki 1951, 1955a, 1961; Hiramatsu
1967; Hagihara et al. 1970; Takata and
Hirose 1971; Noda 1974, 1987; Hirose
and Hirano 1977
L. subconfervoides Borge 1918
Ref.: Emoto and Hirose 1940b; Yoneda
1952a; Hirose and Hirano 1977; M.
Watanabe and Niiyama 1990
L. thermalis Kiitz. ex Gom. 1892
Syn.: Lyngbya thermalis f. Kuetzingii Rabenh.
ex Forti 1907
Ref.: Mifune et al. 1959; Akiyama 1965a

(3) Plectonematoideae (Elenk.) Anagn. &
Kom. 1988

Plectonema Thur. ex Gom. 1892

P. tomasinianum (Kiitz.) Gom. 1892 (“To-
masinianum”)

Ref.: Hiramatsu 1967; Negoro 1973

4. Phormidiaceae Anagn. & Kom. 1988
(1) Phormidioideae Anagn. & Kom. 1988

Phormidium Kiitz. ex Gom. 1892
Subg. Gomontinema Anagn. & Kom. 1988

P. acuminatum (Gom.) Anagn. & Kom. 1988

Basion.: Oscillatoria acuminata Gom. 1892

P. acuminatum var. acuminatum

Ref.: Yoneda 1939a, c, 1940b, 194ic,
1942b, c, 1954a; Emoto and Yoneda
1940b; Emoto and Hirose 1943a, b; Iko-
ma and Doi 1955; Hirose and Hirano
1977

P. acuminatum var. longe-attenuatum (Geitl.

& Ruttn.) comb. nov.

Basion.: Oscillatoria acuminata Gom. f. longe-
attenuata Geitl. & Ruttn, Arch. f. Hy-
drobiol., Suppl. 14: 462, 1935

Ref.: Emoto and Hirose 1942e¢; Yoneda
1952a; Hirose and Hirano 1977

P. acuminatisstimum Emoto & Hirose 1942f

Ref.: Emoto and Hirose 1942f, 1943b;

Yoneda 1952a; Hirose and Hirano 1977
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P. amoenum Kutz. 1843
Syn.: Oscillatoria amoena Gom. 1892
Ref.: Yoneda 1938a, 1942¢; Emoto and
Yoneda 1940a; Hiramatsu 1967; T.
Watanabe 1968c; Nakano 1970; Yama-
gishi 1972; Hirose and Hirano 1977
P. animale (Ag. ex Gom.) Anagn. & Kom.
1988
Basion.: Oscillatoria animalis Ag. ex Gom.
1892
Ref.: Molisch 1926; Yoneda 1937, 1938c,
1939b, 1940b, 1941c, 1942b, c, d, 1962a,
1966; Ueda 1939; Emoto and Yoneda
1940a, b, 1941a, 1942; Fukushima 1950,
1952, 1954, 1963; Mizuno 1964; Aki-
yama 1965b; Hirose and Hirano 1977
P. beggiatoiforme (Gom.) Anagn. & Kom.
1988
Basion.:
1892
Ref.: Hirose and Hirano 1977
P. beppuense Yoneda 1938b (“beppuensis”)
Ref.: Yoneda 1938b, c, 1952a; Ikoma and
Doi 1955; Hirose and Hirano 1977
P. breve (Kiitz. ex Gom.) Anagn. & Kom.
1988
Basion.: Oscillatoria brevis Kiitz. ex Gom.
1892
Ref.: Yoneda 1937, 1938c, 1939b, c,
1942c, d, 1962a; Ueda 1939; Emoto and
Yoneda 1940a, b, 1941b; Emoto and
Hirose 1941, 1942e, 1943a; Akatsuka
1951; Hirano 1962; Akiyama 1961; Hira-
matsu 1967; Hirose and Hirano 1977
P. chalybeum (Mert. ex Gom.) Anagn. &
Kom. 1988
Basion.: Oscillatoria chalybea Mert. ex Gom.
1892
P. chalybeum var. chalybeum
Ref.: Yoneda 1940a, b, 1941c, 1952a;
Umezaki 1961; Ochiai 1962b; Mizuno
1964; T. Watanabe 1968c; Negoro 1973;
Hirose and Hirano 1977; Noda 1987
P. chalybeum var. anguina Gom. 1892
Ref.: Umezaki 1952b, 1955a
P. chalybeum var. depauperatum (Copel.)
comb. nov.
Basion.: Oscillatoria chalybea Mert. var. de-
pauperata Copel., Ann. New York Acad.

Oscillatoria  beggiatoiformis Gom.

Sci. 36: 157, 1936
Ref.: Emoto and Hirose 1943a, 1949; Yone-
da 1952a; Hirose and Hirano 1977
P. chlorinum (Kiitz. ex Gom.) comb. nov.
Basion.: Oscillatoria chlorina Kiitz. ex Gom.,
Ann. Sci. Nat. VII. Bot. 16: 223, 1892
Ref.: Negoro 1973; Hirose and Hirano
1977
P. cortianum (Menegh. ex Gom.) Anagn. &
Kom. 1988
Basion.: Oscillatoria Cortiana Menegh. ex
Gom. 1892
Ref.: Yoneda 1938b, c, 1939c, 1940b,
1941c, 1942b, c, 1952a, 1954a; Emoto
and Hirose 1940c, 1942b, c, d, e, 1952c;
Emoto and Yoneda 1941a, b; Fukushima
1950; Ikoma and Doi 1955; Hirose and
Hirano 1977; Mifune and Hirose 1983a
P. corallinae (Kiitz. ex Gom.) Anagn. &
Kom. 1988
Basion.: Oscillatoria Corallinae (Kiitz.) Gom.
1892
Syn.: Spirulina attenuata Umez. 1952b
Ref.: Umezaki 1952b, 1961
P. feldmannii Frémy in Feldmann 1937
(“Feldmanni™)
Ref.: Umezaki 1961
P. foreaui (Frémy) comb. nov.
Basion.: Oscillatoria foreaui Frémy, Blumea,
Suppl. 2: 23, 1942
Ref.: Hiramatsu 1967
The charasteristics of Oscillatoria foreaui
Frémy agree well with the diagnosis of
subg. Gomontinema.
P. formosum (Bory ex Gom.) Anagn. & Kom.
1988
Basion.: Oscillatoria formosa Bory ex Gom.
1892
Ref.: Molisch 1926; Yoneda 1938b, c,
1939b, c, d, 1941c, 1942b, c, d, e, f,
1952a, b, 1953a, 1954a; Okada 1939b;
Ueda 1939; Emoto and Yoneda 1940a,
1941a, b, 1942; Emoto and Hirose 1941,
1942f, 1949; Fukushima 1948, 1952,
1954, 1960b; Kobayasi 1958; Imazu and
Hirose 1961; Kobayasi et al. 1962; Hira-
no 1962; Ochiai 1962b; Mizuno 1964;
Akiyama 1965a; T. Watanabe 1968c;
Hiramatsu 1967, 1973; Negoro 1973;
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Hirose and Hirano 1977; Imazu 1979;
Umezaki 1987
P. grunowianum (Gom.) Anagn. & Kom.

1988

Basion.: Oscillatoria Grunowiana Gom. 1892

Syn.: Oscillatoria grunowiana Gom. var.
mator Emoto & Yoneda, 1941a

Ref.: Emoto and Yoneda 1941a; Yoneda
1942a, 1952a; Hirose and Hirano 1977

P. hamelii (Frémy) Anagn. & Kom. 1988

Basion.: Oscillatoria Hamelii Frémy 1930

Ref.: T. Watanabe 1968c; Hirose and Hira-
no 1977

P. ibusukiense (Emoto & Yoneda) Anagn. &

Kom. 1988

Basion.: Oscillatoria ibusukiensis Emoto &
Yoneda 1940b

Ref.: Emoto and Yoneda 1940b; Yoneda
1941a, 1942b, 19552a; Hirose and Hira-
no 1977

P. irriguum (Kiitz. ex Gom.) Anagn. & Kom.

1988

Basion.: Oscillatoria irrigua Kiitz. ex Gom.
1892

Ref.: Yoneda 1939a, 1952a; Hirano 1956b,
1962, 1963; Hirose and Hirano 1977

P. konstantinosum nom. nov.

Syn.: Oscillatoria tenuis Ag. ex Gom., Ann.
Sci. Nat. VII. Bot. 16: 220, 1892, Phor-
midium tenue (Ag. ex Gom.) Anagn. &
Kom., Arch. Hydrobiol., Suppl. 80, 1-4
(Algol. Stud. 50-53): 406, 1988, nec Phor-
midium tenue (Menegh.) Gom., Ann. Sci.
Nat. VII. Bot. 16: 169, 1892, nec Phor-
midium tenue Rabenh. ex Forti, Syll.
Algar. 5: 227, 1907

Ref.: Hada 1938b; Yoneda 1938b, c,
1939b, d, 1941a, b, c, 1942d, 1954a,
1966; Yon. Okada 1939; Emoto and
Hirose 1940c, 1942b, 1952c; Emoto and
Yoneda 1941a, b; Fukushima 1952,
1954, 1960b; Kobayasi 1958; Hirano
1959a, 1962; Imazu and Hirose 1961;
Kobayasi et al. 1962; Iwai 1963; Ochiai
1962a; Mizuno 1964; Akiyama 1965a;
Hiramatsu 1967; Negoro 1968, 1971,
1973, 1991a; T. Watanabe 1968a, c;
Yamagishi 1972; Kurasawa and Okino
1975; Hirose and Hirano 1977; Imazu

1979, 1981, 1987; Yamagishi et al. 1982;
Mifune and Hirose 1982, 1983a; Waka-
bayashi and Ichise 1982
Syn.: Oscillatoria tenuis Ag. var. asiatica
Wille 1922
Ref.: Yoneda 1940a; Hirose and Hirano
1977
Syn.: Oscillatoria natans Kutz. ex Gom.
1892, Oscillatoria tenuis Ag. var. natans
(Kiitz.) Gom. 1892
Ref.: Molisch 1926; Yoneda 1953a; T.
Watanabe 1968a
Syn.: Oscillatoria tenuis Ag. var. tergestina
(Kiitz.) Rabenh. ex Gom. 1892, Phormidi-
um tergestinum (Kitz.) Anagn. & Kom.
1988
Ref.: Molisch 1926; Emoto and Hirose
1940b, 1942a, 1949, 1952c; Emoto and
Yoneda 1940b; Yoneda 1941a, 1942b, c;
Ikoma and Doi 1955; Mifune et al.
1966; T. Watanabe 1968c; Hirose and
Hirano 1977; Mifune and Hirose 1983b
P. laetevirens (Crouan ex Gom.) Anagn. &
Kom. 1988
Basion.: Oscillatoria laetevirens Crouan ex
Gom. 1892
Ref.: Umezaki 1961
P. lapideum Geitl. var. amorphum Emoto &
Hirose 1941
Ref.: Emoto and Hirose 1941; Yoneda
1952a; Hirose and Hirano 1977
P. molle (Kiitz.) Gom. 1892
Ref.: Yoneda 1942a, b, 1952a; Hirano
1962; Hiramatsu 1967; Hirose and Hira-
no 1977
P. nigro-viridis (Thw. ex. Gom.) Anagn. &
Kom. 1988
Basion.: Oscillatoria nigro-viridis Thw. ex
Gom. 1892
Ref.: Yoneda 1940a; Emoto and Yoneda
1940b; Akatsuka 1951; Umezaki 1961;
Hiramatsu 1967; Takata and Hirose
1971; Noda 1974, 1987; Hirose and Hira-
no 1977
P. nigrum (Vauch. ex Gom.) Anagn. & Kom.
1988
Basion.: Oscillatoria nigra Vauch. ex Gom.
1892
Ref.: Hirose 1938; Hirose and Hirano
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1977
P. okenii (Ag. ex Gom.) Anagn. & Kom.

1988

Basion.: Oscillatoria okenii Ag. ex Gom.
1892

Ref.: Molisch 1926; Yoneda 1938b, c,
1939c, 1940b, 1941c, 1942¢c, 1952a; Emo-
to and Hirose 1942d, e; Emoto and Yone-
da 1940b, 1941b; Hirose and Hirano
1977

P. ornatum (Kiitz. ex Gom.) Anagn. & Kom.

1988

Basion.: Oscillatoria ornata Kiitz. ex Gom.
1892

Ref.: Yoneda 1942b, 1952a; Hirose and
Hirano 1977; Yamagishi et al. 1982

P. penicillatum Gom. 1893

Ref.: Umezaki 1955a, 1961

P. proteus (Skuja) comb. nov.

Basion.: Oscillatoria proteus Skuja, N. Acta
R. Soc. Sci. Upsal., ser. 4, 14(5): 48,
1949

Ref.: Akiyama 1965b

The characteristics of Oscillatoria proteus
Skuja agree well with the diagnosis of
subg. Gomntinema.

P. pseudopriestleyi Anagn. & Kom. 1988

Syn.: Oscillatoria Priestleyi W. & G. S. West
1911

Ref.: Yoneda 1942c, 1952a; Hirose and
Hirano 1977

P. rupicolum (Hansg. ex Gom.) Anagn. &

Kom. 1988

Basion.: Oscillatoria rupicola Hansg. ex
Gom. 1892

Ref.: M. Watanabe and Niiyama 1990

P. sakashitae (Yoneda) Anagn. & Kom. 1988

Basion.: Oscillatoria  Sakashitae Yoneda
1938b

Ref.: Yoneda 1938b, 1952a; Hirose and
Hirano 1977

P. simplicissimum (Gom.) Anagn. & Kom.

1988 :

Basion.: Oscillatoria simplicissima Gom. 1892

Ref.: Yoneda 1942¢, 1952a; T. Watanabe
1956; Kobayasi 1958; Kobayasi et al.
1962; Yamagishi 1967, 1972; Hirose and
Hirano 1977

P. spirulinoides (Yoneda) comb. nov.

Basion.: Oscillatoria spirulinoides Yoneda,
Bull. Jap. Soc. Phycol. 2: 9, 1954, non
Oscillatoria spirulinoides Woron. 1932

Ref.: Yoneda 1954a

Oscillatoria spirulinoides Yoneda is nearer
to Phormidium subg. Gomontinema than
Tychonema Anagn. & Kom.

P. subtruncatum Woron. 1930
Ref.: Ioriya et al. 1984
P. tambii (Woron.) Anagn. & Kom. 1988

Basion.: Oscillatoria Tambii Woron. 1926

Ref.: Emoto and Hirose 1942b; Yoneda
1952a; Hirose and Hirano 1977

P. tanganyikae (G. S. West) Anagn. & Kom.

Basion.: Oscillatoria tanganyikae G. S. West
1907

Ref.: Akatsuka 1951

P. terebriformes (Ag. ex Gom.) Anagn. &

Kom. 1988

Basion.: Oscillatoria terebriformis Ag. ex
Gom. 1892

Ref.: Molisch 1926; Yoneda 1937, 1938c,
1939b, 1940b, 1941b, 1952a; Emoto and
Yoneda 1941b; Emoto and Hirose 1942e,
1943a, 1952a; Imazu and Hirose 1961;
Akiyama 1965a; Hirose and Hirano
1977

P. thwaitesii nom. nov.

Syn.: Oscillatoria  subuliformis Thw. ex
Gom., Ann. Sci. Nat. VII, Bot. 16: 226,
1892, Phormidium subuliforme (Thw. ex
Gom.) Anagn. & Kom., Arch. Hydro-
biol., Suppl. 80(1-4) (Algol. Stud. 50-
53): 406, 1988, non Phormidium subuli-
forme Gom., Ann. Sci. Nat. VII, Bot. 16:
169, 1892

Ref.: Yoneda 1940a, 1942c, 1952a; Emoto
and Yoneda 1941b; Emoto and Hirose
1952c; Hirose and Hirano 1977

P. tortuosum (Gardn.) Anagn. & Kom. 1988

Basion.: Oscillatoria tortuosa Gardn. 1927

Ref.: Yoneda 1940a, 1952a; Hirose and
Hirano 1977

P. wille: (Gardn.) Anag. & Kom. 1988
Basion.: Oscillatoria Wille: Gardn. 1927
Ref.: Akiyama 1965b

P. yonedae (Umezaki) comb. nov.

Basion.: Oscillatoria yonedae Umezaki, Mem.
Coll. Agr., Kyoto Univ. 83: 72, 1961
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Ref.: Umezaki 1961
P. yuhuense (Yoneda) Anagn. & Kom. 1988
Basion.: Oscillatoria yuhuensis Yoneda 1938b
Ref.: Yoneda 1938b, 1952a; Hirose and
Hirano 1977

Subg. Hansgirgia Anagn. & Kom. 1988

P. aerugineo-caeruleum (Gom.) Anagn. &
Kom. 1988
Basion.: Lyngbya aerugineo-caerulea Gom.
1892
Ref.: Yoneda 1942a, b, 1949, 1950, 1952a,
1953a; Emoto and Yoneda 1942; Emoto
and Hirose 1942d, 1943a, 1952b; Aki-
yama 1965a; T. Watanabe 1968c; Hiro-
se and Hirano 1977
P. allorgei (Frémy) Anagn. & Kom. 1988
Basion.: Lyngbya Allorge: Frémy 1929
Ref.: Emoto and Hirose 1952a; Hirose and
Hirano 1977; Ioriya et al. 1984
P. calcicola Gardn. 1927
Ref.: Hiramatsu 1967
P. diguetii (Gom.) Anagn. & Kom. 1988
Basion.: Lyngbya Diguetii Gom. in Hariot
1895
Ref.: Yamagishi et al. 1982
P. nemuroense (Yoneda) comb. nov.
Basion.: Lyngbya nemuroensis Yoneda. Acta
Phytotax. Geobot. 10: 167, 1941
Ref.: Yoneda 1941b
P. puteale (Mont. ex Gom.) Anagn. & Kom.
1988
Basion.: Lyngbya putealis Mont. ex Gom.
1892 (“putalis”)
P. puteale var. puteale
Ref.: Yoneda 1938b, c, 1942c, d, 1952a;
Fukushima 1950; Akiyama 1965a; Hira-
matsu 1973; Hirose and Hirano 1977
P. puteale var. minor (Geitl.) comb. nov.
Basion. Lyngbya putealis Mont. var. minor
Geitl., Arch. Hydrobiol., suppl. 12: 633,
1933, non Lyngbya putealis var. minor
Thomas & Gonzalves, Hydrobiol. 26:
53, 1965
Syn.: Lyngbya putealis Mont. var. Geitleri J.
De Toni, Archivio Bot. 15(3-4): 290,
1939
Ref.: Yoneda 1942a, g, 1952a; Hirose and
Hirano 1977

P. schmidlei Anagn. & Kom. 1988
Syn.: Lyngbya Usterii Schmidle 1904, Phor-
midium Usterii Schmidle 1904
Ref.: Hiramatsu 1967
P. subspiroides (Copel.) comb. nov.
Basion.: Lyngbya subspiroides Copel., Ann.
New York Acad. Sci. 36: 193, 1936
Ref.: Yoneda 1939c, 1940a, b, 1952a; Emo-
to and Yoneda 1940a, b, 1941a; Hirose
and Hirano 1977
P. yuichii nom. nov.
Syn.: Lyngbya subcapitata Yoneda, Acta
Phytotax. Geobot. 9: 47, 1940
Ref.: Yoneda 1940a; Hirose and Hirano
1977

Subg. Phormidium

P. ambiguum Gom. 1892
P. ambiguum var. ambiguum
Ref.: Yoneda 1937; Emoto and Hirose
1941, 1952c; Hiramatsu 1967; T. Wata-
nabe 1968c; Hirose and Hirano 1977;
Mifune and Hirose 1983a, b; M. Wata-
nabe et al. 1984; Ioriya et al. 1984
P. ambiguum var. majus Lemm.
(“major”)
Ref.: Emoto and Hirose 1942¢; Hirose and
Hirano 1977; Mifune and Hirose 1983b
Syn.: Lyngbya bourrellyana f. major (Lemm.)
Compére, Bull. Jard. Bot. Nat. Belg. 44:
17, 1974
P. autumnale (Ag.) Gom. 1892
Ref.: Molisch 1926; Hirose 1938; Yoneda
1939a, 1941c, 1952a; Emoto and Yoneda
1942; Emoto and Hirose 1949, 1952c;
Hiramatsu 1967, 1973; Hirose and Hira-
no 1977; Mifune and Hirose 1983b; M.
Watanabe et al. 1984; Ioriya et al. 1984
Syn.: Phormidium calidum Gom. 1892
Ref.: Emoto and Hirose 1943b; Hirose and
Hirano 1977
Syn.: Phormidium favosum (Bory) Gom. 1892
Ref.: Yoneda 1942a, 1952a, 1966; Emoto
and Hirose 1942e, 1949; Fukushima
1951; Hiramatsu 1967; T. Watanabe
1968c; Horikawa et al. 1969; Negoro
1973; Hirose and Hirano 1977; Bando
and Nakano 1983
Syn.: Phormidium Setchellianum Gom. 1892

1910
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Ref.: Hirose 1938; Hirose and Hirano
1977
Syn.: Phormidium uncinatum Gom. 1892
Ref.: Molisch 1926; Yoneda 1938a, 1942b,
1952a, 1966; Emoto and Yoneda 1941b;
Akiyama 1965b: Hirose 1966; T. Wata-
nabe 1968c; Hiramatsu 1967; Hirose
and Hirano 1977
P. corium (Ag.) Kiitz. ex Gom. 1892
Ref.: Molisch 1926; Yoneda 1938b, c,
1939d, 1940b, 1941c, 1942b, c, €, 1952a,
b, 1954a, 1962a; Emoto and Yoneda
1940a, b, 1941b; Emoto and Hirose
1940a, b, 1942d, e, 1943a, b, 1949,
1952a; Ikoma and Doi 1955; Umezaki
1955a; Kobayasi 1958; Kobayasi et al.,
1962; Hirano 1962; Akiyama 1965a; Iso-
da 1966; Hiramatsu 1967; T. Watanabe
1968c; Hirose and Hirano 1977; Mifune
and Hirose 1983b; Ioriya et al. 1984; M.
Watanabe and Niiyama 1990
P. incrustatum (Nag.) Gom. 1892
Ref.: Emoto and Hirose 1942d; Yoneda
1952a; T. Watanabe 1968c; Hirose and
Hirano 1977
Syn.: Phormidium subincrustatum Fritsch &
Rich 1929
Ref.: Akiyama 1965b; Hiramatsu 1967;
Hirose and Hirano 1977
P. inundatum Kiitz. ex Gom. 1892
Ref.: Hirose 1938; Yoneda 1942a, e,
1952a; Hiramatsu 1967; T. Watanabe
1968¢c; Nakano 1970; Hirose and Hirano
1977; Imazu 1987
P. jadinianum Gom. in Jadin 1893 (* Jadinia-
num”)
Ref.: Fukushima 1954; Hiramatsu 1967
P. lucidum (Ag.) Kiitz. ex Gom. 1892
Ref.: Yoneda 1942b, 1952a; Hirose and
Hirano 1977
P. pachydermaticum Frémy 1929
Ref.: T. Watanabe 1968c; Hiramatsu
1973; Hirose and Hirano 1977
P. papyraceum (Ag.) Gom. 1892
Ref.: Yoneda 1937, 1949; Emoto and Yone-
da 1941b; Akiyama 1965a; Hiramatsu
1967, 1973; Hirose and Hirano 1977
P. retzii (Ag.) Gom. 1892 (“Retzii”)
Ref.: Yoneda 1937, 1949, 1952a; Emoto

and Yoneda 1942; T. Watanabe 1957,
Hiramatsu 1967, 1973; Hirose and Hira-
no 1977; M. Watanabe and Niiyama
1990
P. rubriterricola Gardn. 1927
Ref.: Akiyama 1965a; Hirose and Hirano
1977
P. stagninum C. B. Rao 1938 (“stagnina”)
Ref.: Hiramatsu 1967
P. subfuscum Kiitz. ex Gom. 1892
P. subfuscum var. subfuscum
Ref.: Yoneda 1940a; Hirano 1960; T.
Watanabe 1968c; Hirose and Hirano
1977
Syn.: Phormidium subfuscum Kiitz. var. joan-
nianum (Kiitz.) Gom. 1892
Ref.: Fukushima 1952, 1954; Bando and
Nakano 1983
P. subfuscum var. inaequale Nig. ex Forti
1907
Ref.: Hirose 1966
P. submembraneceum (Ard. & Atraff.) Gom.
1892
Ref.: Umezaki 1961; Hiramatsu 1967
P. subuliforme Gom. 1892
Ref.: Emoto and Yoneda 1941b; Yoneda
1942a, 1952a; Emoto and Hirose 1943a,
1952c¢; Akiyama 1965a; Hirose and Hira-
no 1977
P. tinctorium Kiitz. ex Gom. 1892
Ref.: Hirose 1938; Fukushima 1951, 1954;
Hiramatsu 1973; Hirose and Hirano
1977
P. viscosum Lemm. 1910
Ref.: Emoto and Hirose 1940c, 1942a, f;
Yoneda 1952a; Hirose and Hirano 1977,
Mifune and Hirose 1982

Planktothrix Anagn. & Kom. 1988

Syn.: Oscillatoria sect. Prolificac Gom. 1892
P. agardhii (Gom.) Anagn. & Kom. 1988
Basion.: Oscillatoria Agardhii Gom. 1892
Ref.: Yoneda 1939b, 1952a; Emoto and
Yoneda 1941a, b, 1942; Akatsuka 1951;
Hirano 1962; Mizuno 1964; Akiyama
1965b; Yamagishi 1967, 1972; Imada
1970; Hirose and Hirano 1977; M. Wata-
nabe and Chihara 1980 (as O. mougeotit),
M. Watanabe 1989 (as O. mougeotir);
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Umezaki 1987
P. jwanoffiana (Nyg.) comb. nov.
Basion.: Trichodesmium Iwanoffianum Nag.,
Vidensk. Medd. Dansk Naturh. Féren.
82: 21, 1926
Syn.: Oscillatoria Iwanoffiana (Nyg.) Geitl. in
Rabenh., Kryptogamen-F1. 14: 956,
1932, Skujaella ITwanoffiana (Nyg.) J. De
Toni, Archivio Bot. 20(1/4): 3, 1946
Ref.: Yamaguti 1955; Hirano 1956a, b;
Hirose and Hirano 1977; Yamagishi et
al. 1982
Trichodesmium Ehrenb. ex Gomont 1892 is a
marine genus to produce red tides in the
pelagic sea. Trichodesmium Iwanoffiana
Nyg. 1926 and T. lacustris Kleb. 1895,
both of which are freshwater planktonic
species, should be combined in
Planktothrix.
P. lacustris (Kleb.) comb. nov.
Basion.: Trichodesmium lacustre Kleb., Flora
80: 271, 1895
Syn.: Oscillatoria lacustris (Kleb.) Geitl. in
Pascher, Siisswasser-F1. 12: 362, 1925
Ref.: Ueno 1933; Akatsuka 1951; Mizuno
1964; T. Watanabe 1968a
P. miyadii (Negoro) comb. nov.
Basion.: Oscillatoria Miyadii Negoro, Sci.
Rep. Tokyo Bunrika Daigaku, Sect. B.
No. 94: 80, 1943
Ref.: Negoro and Aoki 1991
P. mougeotii (Bory ex Gom.) Anagn. & Kom.
1988
Basion.: Oscillatoria Mougeotii Bory ex Gom.
1892
Ref.: Emoto and Hirose 1943a, 1952a;
Yoneda 1952a; Hirano 1962; Hirose and
Hirano 1977; M. F. Watanabe 1979;
Negoro and Aoki 1991
P. perornata (Skuja) Anagn. & Kom. 1988
Basion.: Oscillatoria perornata Skuja 1949
Ref.: Hiramatsu 1973; Yamagishi et al.
1982
P. prolifica (Grev. ex Gom.) Anagn. & Kom.
1988
Basion.: Oscillatoria prolifica (Grev.) Gom.
1892
Ref.: Akatsuka 1951; Negoro 1973
P. raciborskii (Wolosz.) Anagn. & Kom. 1988

Basion.: Oscillatoria Raciborskii Wolosz. 1912

Ref.: Akatsuka 1951; M. Watanabe and
Chihara 1980; M. Watanabe 1989

P. rubescens (De Candle ex Gom.) Anagn. &

Kom. 1988

Basion.: Osctllatoria rubescens De Candole
ex Gom. 1892

Ref.: Akatsuka 1951; Negoro 1973

Porphyrosiphon Kiitz. ex Gom. 1892

P. lutea (Ag. ex Gom.) Anagn. & Kom. 1988
Basion.: Lyngbya lutea (Ag.) Gom. 1892
Ref.: Yoneda 1938b, ¢, 1939d, 1940b,
1942¢, 1952a, 1953a, 1954a; Hirose
1938; Emoto and Yoneda 1940b, 1941a,
b; Emoto and Hirose 1952¢; Fukushima
1952; Ikoma and Doi 1955; Umezaki
1951, 1961; Akiyama 1965a; Noda 1974,
1987; Hirose and Hirano 1977
P. martensianus (Menegh. ex Gom.) Anagn.
& Kom. 1988
Basion.: Lyngbya Martensiana Menegh. ex
Gom. 1892

Ref.: Hirose 1938; Yoneda 1938b, c,
1939d, 1940b, 1942c, 1952a, b, 1953a,
1962a; Emoto and Yoneda 1941b; Fuku-
shima 1952, 1954; T. Watanabe 1957,
1968c; Kobayasi 1958; Imazu and Hiro-
se 1961; Kobayasi et al. 1962; Hirano
1962; Iwai 1963; Mizuno 1964; Yama-
gishi 1972; Negoro 1973; Hiramatsu
1973; Hirose and Hirano 1977; Imazu
1987

P. notarisii Kiitz. ex Gom. 1892 (“Notarisii”)
Ref.: Higashi 1934; Hiramatsu 1967,

1973; Hirose and Hirano 1977

Pseudophormidium (Forti)
Anagn. & Kom. 1988

P. radiosum (Gom.) Anagn. & Kom. 1988
Basion.: Plectonema radiosum Gom. 1892
Ref.: Negoro 1973

Symploca Kiitz. ex Gom. 1892

S. cartilaginea (Mont.) Gom. 1892
Ref.: Yoneda 1938b, c, 1952a; Hirano
1962; Hirose and Hirano 1977
§. hydnoides Kiitz. ex Gom. 1892
Ref.: Tanaka 1956; Hirose 1957, 1958;
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Umezaki 1961; Hiramatsu 1967; Noda
1974, 1987

Syn.: Calothrix rigida Harv. ex Gom., pro
synon. 1892

Ref.: Dawson 1959 (Harvey’s manuscript)

S. laete-viridis Gom. 1892
Ref.: Hirose and Hirano 1977
S. muralis Kiitz. ex Gom. 1892

Ref.: Emoto and Hirose 1952b; Negoro

1973; Hirose and Hirano 1977
S. muscorum (Ag.) Gom. 1892
S. muscorum var. muscorum

Ref.: Yoneda 1937, 1952a; Emoto and
Hirose 1940a, 1941; Fukushima 1951;
Hirano 1962; Hiramatsu 1967; Nakano
1970; Hirose and Hirano 1977

§. muscorum var. caldariorum Lemm. 1910

Ref.: Emoto and Hirose 1942a; Yoneda

1952a; Hirose and Hirano 1977
§. nasuensis Emoto & Hirose 1940

Ref.: Emoto and Hirose 1940a; Yoneda

1952a; Hirose and Hirano 1977
S. thermalis (Kitz.) Gom. 1892
S. thermalis var. thermalis

Ref.: Molisch 1926; Yoneda 1938b, c,
1941b, 1942f, 1952a; Emoto and Hirose
1940a, 1942c¢, d, 1952b; Emoto and
Yoneda 1941b; Fukushima 1963; Ne-
goro 1973; Hirose and Hirano 1977

S. thermalis var. longiarticulata (Emoto &

Hirose ) stat. nov.

Basion.: Symploca thermalis (Kitz.) Gom. f.
longiarticulata Emoto & Hirose, Bot.
Mag. Tokyo 56: 39, 1942

Ref.: Emoto and Hirose 1942a; Hirose and
Hirano 1977

Trichodesmium Ehrenb. ex Gom. 1892

Syn. Xanthotrichum Wille in Schitt 1892,
Heliotrichum Wille in Schiitt 1892,
Haliarachne Lemm. 1899, Pelagothrix
Johs.-Schmidt 1901, Skujaella J. De Toni
1938

T. clevei (J. Schmidt) Anagn. & Kom. 1988
Basion.: Pelagothrix Clevei J. Schmidt 1901
Ref.: Akatsuka 1951; Marumo 1966

T. contortum Wille 1903

Syn.: Skujaella contorta (Wille) J. De Toni
1939

Ref.: Akatsuka 1951;

Yamaji 1984
T. erythraeum Ehrenb. ex Gom. 1892

Syn.: Oscillatoria erythraea (Ehrenb.) Geitl.
1932, Skujaella erythraca (Ehrenb.) J. De
Toni 1938

Ref.: Okamura 1907; Higashi 1933b; Aka-
tsuka 1951; Tsujita 1956; Umezaki
1961, 1987; Motoda and Marumo 1963;
Marumo 1966; Nagasawa and Marumo
1967; Yamaji 1984

T. hildebrandtii Gom. 1892 (“Hildebrandtii”)

Syn.: Oscillatoria Hildebrandtii (Gom.) Geitl.
1932, Skujaella Hildebrandtii (Gom.) J. De
Toni 1939

Ref.: Akatsuka 1951; Umezaki 1961; Maru-
mo 1966; Yamaji 1984

T. lenticulare (Lemm.) Anagn. & Kom. 1988
Basion.: Haliarachne lenticularis Lemm. 1899
Ref.: Akatsuka 1951

T. radians (Wille) Golubi¢ 1977

Basion.: Trichodesmium tenue Wille 1904

Syn.: Skujaella tenue (Wille) J. De Toni 1939

Ref.: Akatsuka 1951

T. thiebautii Gom. 1892 (“Thiebautii”)

Syn.: Oscillatoria Thiebautiz (Gom.) Geitl.
1932, Skujaella Thiebautii (Gom.) J. De
Toni 1939

Ref.: Okamura 1907, 1916; Kokubo 1932;
Akatsuka 1951; Umezaki 1961; Motoda
and Marumo 1963; Marumo 1966;
Yamaji 1984

The habit of trichomes of Haliarachne pacifi-

ca figured by Akatsuka (1951, pl. 11, f. 7) is

nothing but those of Trichodesmium thiebautii.

Marumo 1966;

Tychonema Anagn. & Kom. 1988

T. bornetii (Zukal) Anagn. & Kom. 1988
Basion.: Lyngbya Bornetii Zukal 1894
Syn.: Oscillatoria Bornetii (Zukal) Forti 1907
Ref.: Akiyama 1965a

T. granulatum (Gardn.) Anagn. & Kom.
1988
Basion.: Oscillatoria granulata Gardn. 1927
Ref.: Kobayasi 1958; Kobayasi et al. 1962;

Imazu 1987
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(2) Microcoleoideae Hansg. 1892

Hydrocoleum Kiitz. ex Gom. 1892

Syn.: Polychlamydum W. & G. S. West 1897
H. coccineum Gom. 1892
Ref.: Umezaki 1961
H. confluens (Setch. & Gardn.) Drouet 1942
Basion: Microcoleus confluens Setch. &
Gardn. in Gardn. 1918
Ref.: Umezaki 1961
H. glutinosum (Ag.) Gom. 1892
Ref.: Umezaki 1961
H. homoeotrichum Kiitz. ex Gom. 1892
Ref.: Negoro 1973

Microcoleus Desm. ex Gom. 1892

M. chthonoplastes (Mert.) Zanard. ex Gom.

1892

Ref.: Emoto and Hirose 1952c; Umezaki
1961; Imazu and Hirose 1961; Mifune et
al. 1966; Hirose and Hirano 1977

M. paludosus (Kiitz.) Gom. 1892

Ref.: Yoneda 1938a, 1966; Akiyama
1965a; Hiramatsu 1967; Hirose and
Hirano 1977

M. sanctae-crucis Frémy 1939

Ref.: Umezaki 1961

M. sociatus W. & G. S. West 1897

Ref.: Yoneda 1939b, ¢, 1940a, 1952a,
1962a; Emoto and Hirose 1943a; Hira-
matsu 1967, 1973; Hirose and Hirano
1977

M. steenstrupii Boye-Peters. 1923 (“Steenstru-
pii")

Ref.: Emoto and Yoneda 1941b; Yoneda
1942a, b, ¢, 1952a; Emoto and Hirose
1942¢; Hirose and Hirano 1977

M. subtorulosus (Bréb.) Gom. 1892

Ref.: Hirose 1938; Yoneda 1939a; Hirano
1962; Hiramatsu 1967; Hirose and Hira-
no 1977

M. tenerrimus Gom. 1892

Syn.: Microcoleus tenerrimus Gom. var. longus
Umez. 1952a

Ref.: Umezaki 1952a, b, 1955a, 1961

M. vaginatus (Vauch.) Gom. 1892

Ref.: Emoto and Yoneda 1942; Yoneda
1942a, 1952a; Akiyama 1965a; Hira-
matsu 1967, 1973; Negoro 1973; Hirose

and Hirano 1977
M. voukii Frémy 1932 (“Voukii™)
Ref.: Umezaki 1961
M. wuitneri Frémy 1932 (“Wauitner:”)
Ref.: Umezaki 1961; Hirose and Kajimura
1973

Sirocoleum Kiitz. ex Gom, 1892

Syn.: Dasygloea Thw. ex Gom. 1892
S. amorphum (Thw. ex Gom.) comb. nov.
Basion.: Dasygloea amorpha Thw. ex Gom.,
Ann. Sci. Nat. VII. Bot. 15: 347, 1892
Ref.: Fukushima 1952, 1954; Hirano 1962;
Hirose and Hirano 1977
S. kurzii (Zell.) Gom. 1892
Syn.: Microcoleus Weeksii Setch. & Gardn.
in Gardn. 1918, Hydrocoleum Boergesenii
Gardn. 1932, Microcoleus Boergesenii Fré-
my 1939
Ref.: Umezaki 1952a, b, 1955¢, 1956¢,
1961

(3) Spirulinoideae Forti 1907

Arthrospira Stizenb. ex Gom. 1892

A. fusiformis (Voron.) Kom. & Lund 1990
Basion.: Spirulina fusiformis Voron. 1934
Ref.: M. M. Watanabe and Ichimura 1977

(as Spirulina platensis)

A. jenneri Stizenb. ex Gom. 1892 (“Jenner:”)

Ref.: Kobayasi and Watari 1934; Akatsuka
1951

Syn.: Spirulina jenneri (Stizenb.) Geitl. 1925

Ref.: Emoto and Hirose 1941; Hirano
1962; Mizuno 1964; Negoro 1973; Hiro-
se and Hirano 1977

Spirulina Turp. ex Gom. 1892

S. gigantea Schmidle 1902
Ref.: Akiyama 1965a; Hirose and Hirano
1977
S. laxa G. M. Smith 1916
Ref.: Akatsuka 1951; Akiyama 1965a;
Hirose and Hirano 1977
S. laxissima G. S. West 1907
Ref.: Akatsuka 1951
§. major Kiitz. ex Gom. 1892
§. major var. major
Ref.: Yoneda 1940a, 1952a, 1966; Aka-



202 Umezaki, I. and Watanabe, M.

tsuka 1951; Umezaki 1961; Hiramatsu
1967, 1973; Hirose and Hirano 1977
§. major var. constans Emoto & Hirose 1952b
Ref.: Emoto and Hirose 1952b
S. nordstedtii Gom. 1892 (“Nordstedtii”)
Ref.: Mizuno 1964
S. princeps W. & G. S. West 1902
Ref.: Akatsuka 1951; Hirose et al. 1960;
Akiyama 1965a; Hirose and Hirano
1977; Yamagishi 1989
S. pseudovacuolata Utermohl ex Koppe 1924
Ref.: Akatsuka 1951
S. subsalsa Oersted ex Gom. 1892
Ref.: Yoneda 1938b, c, 1952a, 1954a; Emo-
to and Yoneda 1940b, 1941b; Umezaki
1961; Hirose and Kajimura 1973; Hirose
and Hirano 1977
§. subtilissima Kiitz. ex Gom. 1892
Ref.: Yoneda 1939b, 1940a, 1952a; Hirose
and Hirano 1977
Syn.: Spirulina labyrinthiformis Gom. 1892
Ref.: Yoneda 1939¢, 1940a, 1952a; Ume-
zaki 1961; Hirose and Kajimura 1973;
Noda 1987
§. tenerrima Kiitz. ex Gom. 1892
Syn.: Spirulina socialis Gardn. 1932
Ref.: Umezaki 1952a, b, 1955a, ¢, 1961

5. Pseudanabaenaceae Anagn. & Kom. 1988
(1) Leptolyngbyoideae Anagn. & Kom. 1988

Geitlerinema (Anagn. & Kom.)
Anagn. 1989

G. acutissimum (Kuffer) Anagn. 1989
Basion.: Oscillatoria acutissima Kuffer 1914
Syn.: Phormidium  acutissimum (Kuffer)

Anagn. & Kom. 1988
Ref.: Hirose 1938: Yoneda 1952a; Hirose
and Hirano 1977

G. amphibium (Ag. ex Gom.) Anagn. 1989

Basion.: Oscillatoria amphibia Ag. ex Gom.
1892

Syn.: Phormidium amphibium (Ag. ex Gom.)
Anagn. & Kom. 1988

Ref.: Molisch 1926; Yoneda 1938b, c,
1939b, c, 1940b, 1941b, ¢, 1942b, c, d,
1952a, b, 1962a; Yon. Okada 1939; Oka-
da 1939b; Emoto and Yoneda 1940a, b;
Emoto and Hirose 1941; Kobayasi 1958;

Hirano 1960, 1962; Kobayasi et al.
1962; Mizuno 1964; Akiyama 1965a; Iso-
da 1966; Hiramatsu 1967; T. Watanabe
1968c¢; Hirose and Kajimura 1973; Hiro-
se and Hirano 1977; Umezaki 1987
G. claricentrosum (Gardn.) Anagn. 1989
Basion.: Oscillatoria  claricentrosa Gardn.
1927
Syn.: Phormidium claricentrosum (Gardn.)
Anagn. & Kom. 1988
Ref.: Hiramatsu 1967
G. codii nom. nov.
Syn.: Arthrospira miniata f. acutissima Ume-
zaki, Mem. Coll. Agr., Kyoto Univ. 83:
64, 1961
Ref.: Umezaki 1961
G. jasorvense (Vouk) Anagn. 1989
Basion.: Oscillatoria jasorvensis Vouk 1919
Syn.: Phormidium jasorvense (Vouk) Anagn.
& Kom. 1988
Ref.: Emoto and Yoneda 1940b; Yoneda
1941a, 1952a, b; Hirose and Hirano
1977
G. lemmermannii (Wolosz.) Anagn. 1989
Basion.: Oscillatoria Lemmermannii Wolosz.
1911
Syn.: Jaaginema Lemmermannii (Wolosz.)
Anagn. & Kom. 1988
Ref.: Yoneda 1938b, c, 1952a; Akatsuka
1951; Hirose and Hirano 1977
G. peronidum (Skuja) comb. nov.
Basion.: Oscillatoria peronides Skuja in Han-
del-Mazzetti, Symb. Sinicae 1: 37, 1937
Ref.: Emoto and Hirose 1940b; Yoneda
1952a; Hirose and Hirano 1977
The characteristics of Oscillatoria peronides
Skuja except its diameter which is a little
thicker agree well with the diagnosis of
Geitlerinema.
G. splendidum (Grev. ex Gom.) Anagn. 1989
Basion.: Oscillatoria splendida Grev. ex
Gom. 1892
Syn.: Phormidium splendidum (Grev. ex
Gom.) Anagn. & Kom. 1988
G. splendidum var. splendidum
Ref.: Molisch 1926; Ueda 1939; Yoneda
1940a, 1942b, c, 1952a, 1954a; Emoto
and Yoneda 1940a, 1941a; Emoto and
Hirose 1942b, e, 1949, 1952a, c; Ikoma
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and Doi 1955; Fukushima 1952, 1954;
Kobayasi 1958; Kobayasi et al. 1962;
Mizuno 1964; Akiyama 1965a; T. Wata-
nabe 1956; Hiramatsu 1967; Negoro
1973; Hirose and Hirano 1977; Mifune
and Hirose 1983a; Negoro and Aoki
1991

G. splendidum var. attenuatum (W. West)

comb. nov.

Basion.: Oscillatoria splendida var. attenuata
W. West, J. Roy. Microsc. Soc. London
1896: 165, 1896

Ref.: Yoneda 1952a

G. splendidum var. truncatum (Emoto &

Hirose) comb. nov.

Basion.: Oscillatoria splendida var. truncatum
Emoto and Hirose, Bot. & Zool. (Tokyo)
8: 395, 1940

Ref.: Emoto and Hirose 1940a; Yoneda
1942a; Hirose and Hirano 1977

G. uncinatum (Emoto & Hirose) comb. nov.

Basion.: Oscillatoria uncinata Emoto & Hiro-
se, Bot. & Zool. (Tokyo) 8: 396, 1940,
non Oscillatoria uncinata Agardh ex Gom.
1892

Ref.: Emoto and Hirose 1940a, 1952b;
Yoneda 1952a; Hirose and Hirano 1977

The characteristics of Oscillatoria uncinata

Emoto & Hirose agree well with the diagnosis
of Geitlerinema.

Leibleinia (Gom.) L. Hoffm. 1985
Syn.: Lyngbya Ag. ex Gom. subg. Leibleinia
Gom. 1892
L. akkeshiensis (Hirose) Anagn. & Kom.
1988
Basion.: Lyngbya akkeshiensis Hirose 1938
Ref.: Hirose 1938; Hirose and Hirano
1977
L. angusta (Yoneda) Anagn. & Kom. 1988
Basion.: Lyngbya angusta Yoneda 1941a
Ref.: Yoneda 1941a; Hirose and Hirano
1977
L. baculum (Gom.) L. Hoffm. 1985
Basion.: Lyngbya Baculum Gom. 1892
Ref.: Umezaki 1961
L. epiphytica (Hieron. ex Kirchn.) Compere
1985

Basion.: Lyngbya epiphytica Hieron. ex

Kirchn. in Engl. & Prantl 1900

Ref.: Yoneda 1940a, 1952a, 1953a; Emoto
and Yoneda 1940a, 1941a, b, c, 1942;
Emoto and Hirose 1940a, 1942a, c;
Umezaki 1955a, 1961; Takata and Hiro-
se 1971; Hirose and Hirano 1977

L. gracilis Menegh. 1844

Syn.: Lyngbya gracilis Rabenh. ex Gom.
1892

Ref.: Umezaki 1961; Hirose and Kajimura
1973

L. nordgaardii (Wille) Anagn. & Kom. 1988

Basion.: Lyngbya Nordgaardi: Wille 1918

Syn.: Lyngbya epiphytica Wille 1913, Lyngbya
Willei Setch. & Gardn. in Gardn. 1918

Ref.: Umezaki 1951, 1961; Hiramatsu
1973

L. pellucida (Umezaki) comb. nov.

Basion.: Lyngbya pellucida Umez., Bot.
Mag. Tokyo 68: 68, 1955

Ref.: Umezaki 1955a, 1961

L. polychroa Menegh. 1844

Syn.: Leibleinia sordida (Zanard. ex Gom.)
Umez. & Lewmanom. 1991, non Lei-
bleinia sordida Kiitz. 1849.

Syn.: Lyngbya sordida (Zanard.) Gom. 1892,
non Lyngbya sordida Crouan in Mazé &
Schramm (1870) ex Gom. 1892.

Ref.: Umezaki 1961; Noda 1974

L. polysiphoniae (Frémy) Compeére 1985

Basion.: Lyngbya Polysiphoniae Frémy 1929

Ref.: Emoto and Hirose 1942e; Yoneda
1952a, 1962a; Hirose and Hirano 1977

Leptolyngbya Anagn. & Kom. 1988

L. angustissima (W. & G. S. West) Anagn. &
Kom. 1988
Basion.: Phormidium angustissimum W. & G.
S. West 1897
Ref.: Molisch 1926; Yoneda 1939c, 1940a,
b, 1941b, 1952a; Emoto and Yoneda
1941a; Hirose and Hirano 1977; Bando
and Nakano 1983
L. calothrichoides (Gom.) Anagn. & Kom.
1988
Basion.:
1899
Ref.: Umezaki 1961, 1965
L. cebennensis (Gom.) comb. nov.

Plectonema  calothrichoides Gom.
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Basion.: Phormidium cebennense Gom., Bull.
Bot. Fr. 46: 38, 1899

Ref.: Emoto and Hirose 1952c; Hirose and
Hirano 1977

Phormidium cebenense Gom. is near to Lep-
tolyngbya except that apical cells have
calyptra.

L. crosbyana (Tild.) Anagn. & Kom. 1988
Basion.: Phormidium Crosbyanum Tild. 1909
Ref.: Umezaki 1961

L. desmidiacearum (Noda) comb. nov.
Basion.: Plectonema desmidiacearum Noda, J.

Fac. Sci. Niigata Univ., ser. D (Biol.),
no. 8: 61, 1971
Ref.: Noda 1971

L. distincta (Nordst.) Anagn. & Kom. 1988

Basion.: Lyngbya Martensiana var. distincta
Nordst. ex Schmidle 1897
Ref.: Ueda and Okada 1934
L. ectocarpii (Gom.) Anagn. & Kom. 1988
Basion.: Phormidium Ectocarpii Gom. 1899
Ref.: Umezaki 1961
L. foveolarum (Rabenh. ex Gom.) Anagn. &
Kom. 1988
Basion.: Phormidium foveolarum (Rabenh.)
Gom. 1892

Ref.: Ueda and Okada 1934; Hada and
Kusuki 1938; Yoneda 1938b, c, 1952a;
Emoto and Yoneda 1941b; Emoto and
Hirose 1943a; Akiyama 1965a; Mifune
et al. 1966; Hiramatsu 1967, 1973; Naka-
no 1970; Negoro 1973; Hirose and Hira-
no 1977
L. fragilis (Menegh. ex Gom.) Anagn. &
Kom. 1988
Basion.: Phormidium  fragile
Gom. 1892

Ref.: Molisch 1926; Yoneda 1938c, 1939a,
1940b, 1941b, c, 1942b, c, d, 1952a,
1954a, 1962a; Emoto and Yoneda
1940b, 1941b; Emoto and Hirose 1949;
Akiyama 1965a; Hirose 1966; Hira-
matsu 1967; Hirose and Hirano 1977,
Handa and Nakano 1988

L. lagerheimii (Gom.) Anagn. & Kom. 1988
Basion.: Lyngbya Lagerheimii Gom. 1892
Ref.: Yoneda 1938b, c, 1952a, 1962a; Emo-

to and Yoneda 1940a, b, 1941b; Aka-
tsuka 1951; Hirose and Hirano 1977

(Menegh.)

L. laminosa (Ag. ex Gom.) Anagn. & Kom.

1988

Basion.: Phormidium laminosum Ag. ex Gom.
1892

Ref.: Molisch 1926; Yoneda 1938b, c,
1939b, c, 1940b, 1941b, c, 1942b, c, d,
1952a, b, 1954a, 1962a; Emoto and
Yoneda 1940b, 1941b, 1942; Emoto and
Hirose 1940a, 1942b, c, f, 1943b; Ikoma
and Doi 1955; Akiyama 1965a; Hirose
1966; Hiramatsu 1973; Negoro 1973;
Hirose and Hirano 1977; Mifune and
Hirose 1983a, b

L. lurida (Kiitz ex Gom.) Anagn. & Kom.

1988

Basion.: Phormidium luridum Kiitz. ex Gom.
1892

Ref.: Molisch 1926; Yoneda 1938b, c,
1942b, d, 1952a, 1954a, 1962a; Emoto
and Hirose 1940a, b, ¢, 1942a, c, d, e,
1943b, 1949, 1952a, b; Emoto and Yone-
da 1940b, 1941b, 1942; Ikoma and Doi
1955; Hiramatsu 1967, 1973; Negoro
1973; Hirose and Hirano 1977; Mifune
and Hirose 1983b

L. norvegica (Gom.) Anagn. & Kom. 1988
Basion.: Plectonema norvegicum Gom. 1892
Ref.: Umezaki 1956b, 1961

L. nostocorum (Born. ex Gom.) Anagn. &

Kom. 1988

Basion.: Plectonema Nostocorum Born. ex
Gom. 1892

Ref.: Emoto and Hirose 1942c, e, 1943a,
b; Yoneda 1952a; Umezaki 1956b, 1961;
Hirose and Hirano 1977; Mifune and
Hirose 1983a

L. notata var. africana (Fritsch & Rich)
comb. nov.

Basion.: Plectonema notatum Schmidle var.
africanum Fritsch & Rich, Trans. R.
Soc. South Africa 18: 90, 1929

Ref.: Hirose and Hirano 1977

L. orientalis (G. S. West) Anagn. & Kom.

1988

Basion.:
1902

Ref.: Yoneda 1938b, c, 1952a; Emoto and
Hirose 1941; Hirose and Hirano 1977

L. perelegans (Lemm.) Anagn. & Kom. 1988

Phormidium orientale G.S. West
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Basion.: Lyngbya perelegans Lemm. 1899
Ref.: Hiramatsu 1973
L. purpurascens (Kiitz. ex Gom.) Anagn. &

Kom. 1988

Basion.: Phormidium purpurascens (Kitz.)
Gom. 1892

L. purpurascens var. purpurascens

Ref.: Yoneda 1938b, c, 1940b, 1941b,
1942b, 1952a; Emoto and Hirose 1940b,
1942b, c, d, 1943a, 1949; Emoto and
Yoneda 1941a, b; Akiyama 1965a; T.
Watanabe 1968c; Hiramatsu 1973; Hiro-
se and Hirano 1977

L. purpurascens var. elegans (Drouet) comb.
nov.

Basion.: Phormidium purpurascens (Kitz.)
Gom. var. elggans Drouet, Bot. Gaz. 95:
696, 1934

Ref.: Emoto and Hirose 1940a; Hirose and
Hirano 1977

Var. elegans has a little thicker trichomes
(3-3.5 pm) than var. purpurascens (1.5-
2.5 pm).

L. ramosa (Boye-Peters.) Anagn. & Kom.

1988

Basion.: Phormidium ramosum Boye-Peters.
1928

Ref.: Yoneda 1952a

L. rivulariarum (Gom.) Anagn. & Kom.

1988

Basion.: Lyngbya Rivulariarum Gom. 1892

Ref.: Umezaki 1961

L. scottii (Fritsch) Anagn. & Kom. 1988

Basion.: Lyngbya Scotti Fritsch 1912

Ref.: Fukushima 1950: Hirose and Hirano
1977

L. subterranea (Copel.) comb. nov.

Basion.: Phormidium subterraneum Copel.,
Ann. New York Acad. Sci. 36: 188, 1936

Ref.: Yoneda 1942c, 1952a; Emoto and
Hirose 1942¢, 1943a, 1952b; Mifune and
Hirose 1983b

Syn.: Phormidium subterranea Copel. var. cras-
sum Emoto & Hirose, J. Chosen Nat.
Hist. Soc. 9: 141, 1942

Ref.: Emoto and Hirose 1942f, 1952a;
Hirose and Hirano 1977

L. tenuis (Menegh. ex Gom.) Anagn. &

Kom. 1988

Basion.: Phormidium tenue (Menegh.) Gom.
1892
Ref.: Molisch 1926; Yoneda 1937, 1938c,
1940b, 1941b, c, 1942b, d, 1952a, b;
Emoto and Yoneda 1940b; Emoto and
Hirose 1940a, b, c, 1942a, b, 1943a, b,
1949; Fukushima 1950, 1954, 1963;
Umezaki 1961; Ochiai 1962b; Iwai 1963;
Mizuno 1964; Akiyama 1965b; Hira-
matsu 1967; T. Watanabe 1968c; Naka-
no 1970; Negoro 1973; Hirose and Hira-
no 1977
Syn.: Phormidium tenue (Menegh.) Gom.
var. granuliferum Copel. 1936
Ref.: Molisch 1926; Emoto and Yoneda
1940, 1941b, 1942; Yoneda 1942a,
1952a; Akiyama 1965a
Syn.: Phormidium tenue (Menegh.) Gom. f.
non-constrictum Emoto & Hirose 1942a
Ref.: Emoto and Hirose 1942a
L. terebrans (Born. & Flah. ex Gom.) Anagn.
& Kom. 1988
Basion.: Plectonema terebrans Born. & Flah.
ex Gom. 1892
Ref.: Umezaki 1961; Noda 1987
L. treleasei (Gom.) Anagn. & Kom. 1988
Basion.: Phormidium treleasei Gom. 1892
Ref.: Emoto and Hirose 1941, 19424, e, f,
1943a, 1952b; Yoneda 1952a; Hirose
and Hirano 1977; Mifune and Hirose
1983b
L. truncata (Lemm.) Anagn. & Kom. 1988
Basion.: Phormidium truncatum Lemm. 1911
Ref.: Fukushima 1951
L. valderiana (Gom.) Anagn. & Kom. 1988
Basion.: Phormidium valderianum Gom. 1892
Ref.: Yoneda 1938b, c¢, 1939c, 1940b,
1941b, 1942c, d, 1952a, 1954a; Emoto
and Yoneda 1941a, b, 1942; Fukushima
1950, 1951, 1952, 1954; T. Watanabe
1957; Hirano 1963; Hiramatsu 1967
Syn.: Phormidium valderianum Gom. var.
tenue Woron. 1923 (“tenuis”)
Ref.: Emoto and Hirose 1942a, d, e, f,
1943a, 1952a, c; Mifune and Hirose
1983b

Planktolyngbya Anagn. & Kom. 1988
Syn.: Lyngbya subg. Limneticae Forti 1907
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P. bipunctata (Lemm.) Anagn. & Kom. 1988
Basion.: Lyngbya bipunctata Lemm. 1899
Ref.: Akatsuka 1951

P. circumcreta (G. S. West) Anagn. & Kom.
1988
Basion.: Lyngbya circumereta G.S. West

1907
Ref.: Akatsuka 1951; T. Watanabe 1956
P. contorta (Lemm.) Anagn. & Kom. 1988
Basion.: Lyngbya contorta Lemm. 1898
Syn.: Spirocoleus contortus (Lemm.) Compére
1985

Ref.: Negoro 1936, 1973; Akatsuka 1951;
Hirano 1956b; Yamaguti 1956; Mizuno
1964; Akiyama 1965a; Imada 1970;
Kurasawa and Okino 1975; Hirose and
Hirano 1977; T. Watanabe 1956; Yama-
gishi 1985
P. holsatica (Lemm.) Anagn. & Kom. 1988
Basion.: Lyngbya holsatica Lemm. 1904
Ref.: Akatsuka 1951
P. limnetica (Lemm.) Kom.-Legner. &
Cronb. 1992
Basion.: Lyngbya limnetica Lemm. 1898
Syn.: Planktolyngbya subtilis (W. West)
Anagn. & Kom. 1988 sine typo

Ref.: Hada 1937; Yoneda 1938b, c, 1953a;
Hirose 1950; Akatsuka 1951; T. Wata-
nabe 1956; Hirano 1956b, 1962; Negoro
1959, 1967, 1968, 1973; Mizuno 1964;
Hirose and Hirano 1977; Wakabayashi
and Ichise 1982; Negoro and Aoki 1991
P. nyassae (Schmidle) Anagn. & Kom. 1988
Basion.: Lyngbya Nyassase Schmidle 1902
Ref.: Akatsuka 1951
P. spirulinoides (Utermohl) comb. nov.
Basion.: Lyngbya spirulinoides Utermohl,
Arch. f. Hydrobiol., Suppl. 5: 288,
1925, non Lyngbya spirulinoides Gom. J.
de Bot. 4: 355, 1890. Ann Sci. Nat. VII,
Bot. 16: 146, 1892

Syn.: Lyngbya pseudospirulina Geitl. in
Pascher, Sisswasser-F1. 12: 446, 1925

Ref.: Akatsuka 1951

The characteristics of Lyngbya spirulinoides

Utermorl agree with the diagnosis of Plank-

tolyngbya.

(2) Limnotrichoideae Anagn. & Kom. 1988

Jaaginema Anagn. & Kom. 1988

J. angustissima (W. & G. S. West) Anagn. &

Kom. 1988

Basion.: Oscillatoria angustissima W. & G. S.
West 1897

Ref.: Molisch 1926; Yoneda 1939b, c,
1940a, 1942¢, d, 1952a; Emoto and Hiro-
se 1941; Hirano 1962; Hiramatsu 1973;
Hirose and Hirano 1977

J. geminata (Menegh. ex Gom.) Anagn. &

Kom. 1988

Basion.: Oscillatoria geminata Menegh. ex
Gom. 1892

J. geminata var. geminata

Ref.: Molisch 1926; Yoneda 1938b, c,
1939b, 1940b, 1941b, 1942b, c, d, f,
1952a, 1962a; Yon. Okada 1939; Okada
1939b; Ueda 1939; Emoto and Yoneda
1941a, b, 1942; Akiyama 1965a; Hirose
and Hirano 1977

J. geminata var. sulphurea (Strzesz.) comb.
nov.

Basion.: Oscillatoria geminata Menegh. var.
sulphurea Strzesz., Bull. Inst. Acad. Sci.
Cracovie, Cl. Sci. Math. & Nat., ser. B,
6: 323, 1913

Ref.: Yoneda 1939c, 1952a; Emoto and
Hirose 1942d, 1943b, 1952b, c; Hirose
1966; Hirose and Hirano 1977

J. homogeneum (Frémy) Anagn. & Kom.

1988

Basion.: Oscillatoria homogenea Frémy 1929

Ref.: Yoneda 1942b, ¢, 1952a; Hirose and
Hirano 1977

J. kuetzingianum (Nag. in Kitz.) Anagn. &

Kom. 1988

Basion.: Oscillatoria Kuetzingiana Nag. in
Kiitz. ex Gom. 1892

Ref.: Ioriya et al. 1984

J. minimum (Gicklh.) Anagn. & Kom. 1988
Basion.: Oscillatoria minima Gicklh. 1921
Ref.: Akatsuka 1951

J. neglectum (Lemm.) Anagn. & Kom. 1988

Basion.: Oscillatoria neglecta Lemm. 1910,
nec Oscillatoria neglecta Wood ex De Toni,
1892, nec Porphyrosiphon notarisii f. neglec-
tus Born. in De Toni, 1892
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Ref.: Yoneda 1942a, 1952a; Emoto and
Yoneda 1942; Emoto and Hirose 1941;
Hirose and Hirano 1977

J. profundum (Schrot. & Kirchn.) Anagn. &

Kom. 1988

Basion.: Oscillatoria profunda Schrot. &
Kirchn. 1896

Ref.: Hirano 1960; Hirose and Hirano
1977

J- pseudogeminata (Schmid) Anagn. & Kom.

1988

Basion.: Oscillatoria pseudogeminata Schmid
1914

Ref.: Yamagishi et al. 1982

J. subtilissimum (Kitz. ex Forti) Anagn. &

Kom. 1988

Basion.: Oscillatoria subtilissima Kiitz. ex
Forti 1907

Ref.: Emoto and Hirose 1943a, 1949; Fuku-
shima 1950; Yoneda 1952a; Kobayasi et
al. 1962; Hirose and Hirano 1977

Limnothrix Meffert 1988

L. amphigranulata (van Goor) Meffert 1987
Basion.: Oscillatoria amphigranulata van
Goor 1918
Ref.: Hiramatsu 1967
L. guttulata (van Goor) comb. nov.
Basion.: Oscillatoria guttulata van Goor,
Rev. Trav. Bot. Neerl. 15: 255, 1918
Ref.: Yon. Okada 1939; Emoto and Yone-
da 1941b; Yoneda 1942a; Hirose and
Hirano 1977; Mifune and Hirose 1982
The characteristics of Oscillatoria guttulata
van Goor agree well with the diagnosis of
Limnothrix.
L. planctonica (Wolosz.) Meffert 1988
Basion.: Oscillatoria planctonica Wolosz.
1917
Ref.: Akatsuka 1951; Yoneda 1952a; Hira-
no 1962; Hirose and Hirano 1977
L. pseudominima (Skuja) comb. nov.
Basion.: Oscillatoria pseudominima Skuja, N.
Acta R. Soc. Sci. Upsal., ser. 4, 16(3):
60, 1956
Ref.: Negoro and Aoki 1991
The characteristics of Oscillatoria pseudomini-
ma Skuja agree well with the diagnosis of
Limnothrix, except that the cells do not

produce gas vesicles.
L. quasiperforata (Skuja) comb. nov.
Basion.: Oscillatoria quasiperforata Skuja,
Acta Horti Bot. Univ. Latv. 11/12: 49,
1949
Ref.: Emoto and Hirose 1940c
Syn.: Oscillatoria quasiperforata var. crassa
Emoto & Hirose in Hirose and Hirano
(without Latin diagnosis), Illust. Jap.
Fresh-Water Alg., p. 114, 1977
Ref.: Hirose and Hirano 1977
The characteristics of Oscillatoria quasiperfo-
rata Skuja agree well with the diagnosis of
Limnothrix.

(3) Pseudanabaenoideae Anagn. & Kom.
1988

Pseudanabaena Lauterb. 1916

P. catenata Lauterb. 1916
Ref.: Ioriya et al. 1984
P. galeata Boch. 1949
Ref.: Umezaki 1987 (partis)
P. limnetica (Lemm.) Kom. 1974
Basion.: Oscillatoria limnetica Lemm. 1900
Ref.: Yoneda 1938b, c¢, 1940b, 194ic,
1942b, c, g, 1952a, 1954a; Emoto and
Yoneda 1940b, 1942; Akatsuka 1951;
Akiyama 1977; Hirose and Hirano 1977,
Yamagishi 1972; Imazu 1987
P. mucicola (Naum. & Huber-Pest.) Bourr.
emend. Chang, K6st & Wanner 1985
Basion.: Phormidium mucicola Naum. &
Huber-Pest. in Huber-Pestl. & Naum.
1929
Ref.: Yoneda 1953b; Mizuno 1964; Ne-
goro 1973; Kurasawa and Okino 1975;
Ioriya et al. 1984; Umezaki 1987; Yama-
gishi et al. 1982; Yamagishi 1985
Syn.: Lyngbya endophytica Elenk. & Hollerb.
1923
Ref.: Akatsuka 1951
P. tenuis Koppe 1924
Ref.: Maruyama 1961

Romeria Koczw. in Geitl. 1932

Syn.: Raciborskia Koczw. 1928, Amalia J.
De Toni 1934
R. elegans Wolosz. ex Koczw. in Geitl. 1932
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Basion.: Ractborskia elegans Wolosz. 1928

Syn.: Amalia elegans J. De Toni 1934,
Synechococcus elegans (Wolosz.) Kom. 1970

Ref.: Negoro 1988; Negoro and Aoki 1991

6. Schizotrichaceae Elenk. 1934

Schizothrix Kiitz. ex Gom. 1892

S. arenaria (Berk.) Gom. 1892
Ref.: Hiramatsu 1973

S. cuspidata (W. & G. S. West) W. & G. S.
West 1896
Ref.: Fukushima 1970a, 1971

S. fragilis (Kitz.) Gom. 1892

Ref.: Yoneda 1938b, c, 1941c, 1942f,
1952a; Emoto and Yoneda 1941; Aki-
yama 1965a; Mifune et al. 1966; Hirose
and Hirano 1977

8. friesii (Ag.) Gom. 1892 (“Friesii”)

Ref.: Yoneda 1939a; Hiramatsuo 1967,

Nakano 1971; Hirose and Hirano 1977
S. giuseppei Drouet 1942 (“Giuseppei”)

Syn.: Microcoleus sociatus var. minor Gardn.
1927

Ref.: Yoneda 1952a

S. heufleri Grun. ex Gom. 1892
Ref.: Hirano 1962; Hirose and Hirano
1977
§. lacustris A. Br. ex Gom. 1892
Ref.: Umezaki 1961
S. lamyi Gom. 1892 (“Lamy:”)

Ref.: Hirano 1959a, 1962; Hiramatsu
1967, 1973; Yamagishi 1967; Hirose and
Hirano 1977

§. maritima Yoneda 1939a
Ref.: Yoneda 1939a
S. muelleri Nag. ex Gom. 1892 (“Muelleri”)

Ref.: Hirano 1962; Ochiai 1962b; Hori-
kawa et al. 1969; Hiramatsu 1967; Naka-
no 1971; Hirose and Hirano 1977

S. naegelii (Kiitz.) Geitl. 1925 (“Naegelii”)

Ref.: Fukushima 1960b

S. parciramosa (Gardn.) Geitl. 1932
Ref.: Hirose 1938

§. purpurascens (Kiitz.) Gom. 1892
Ref.: Hiramatsu 1967, 1973

S. tinctoria (Ag.) Gom. 1892

Ref.: Horikawa et al. 1969; Negoro 1973;
Hirose and Hirano 1977

S. vaginata (Nag.) Gom. 1892
Ref.: Yoneda 1953a

Remarks

Oscillatoria angusta Koppe 1924 (Imazu and
Hirose 1961; Hirose and Hirano 1977) is iden-
tified as bacteria by Drouet (1968, p. 319).
Schizothrix fragilis (Kiitz.) Gom. 1892 is doubt
to occur in hot springs (Yoneda 1938b, c,
1941, 1942f, 1952a; Emoto and Yoneda
1941b; Akiyama 1965a; Mifune et al. 1966;
Hirose and Hirano 1977). Phormidium borya-
num Kitz. ex Geitl. 1925 (Fukushima 1951)
[non Phormidium boryanum (Bory ex Gom.)
Anagn. & Kom. 1988] is a synonym of Phor-
midium setchellianum Gom. (1892, p. 190).

The following species without Latin diag-
nosis and other descriptions are listed in
Yoneda’s paper (Yoneda, Y.: A general con-
sideration of the thermal Cyanophyceae of
Japan. Mem. Coll. Agr., Kyoto Univ. 62:
1-20, 1952). Homoeotrichaceae: Ammatoidea
(“Hammatoidea”) multispora Yoneda nom.
nud., 4. olivacea Yoneda nom. nud. Oscil-
latoriaceae: Oscillatoria pseudosancta Yoneda
nom. nud., O. olivacea Yoneda nom. nud., O.
sublimosa Yoneda nom. nud., O. vialacea Yone-
da nom. nud., O. yezoensis Yoneda nom. nud.
Phormidiaceae: Phormidium tepidariorum Y one-
da nom. nud.
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(Emoto & Hirose) comb. nov. (= Oscillatoria splendida Grev. var. truncatum Emoto & Hirose 1940), G. uncinatum (Emoto
& Hirose ) comb. nov. (= Oscillatoria uncinata Emoto & Hirose 1940), G. codit nom. nov., Leibleinia pellucida (Umez.)
comb. nov. (= Lyngbya pellucida Umez. 1961), Leptolyngbya cebennense (Gom.) comb. nov. (= Phormidium cebennese Gom.
1899), L. desmidiacearum (Noda) comb. nov. (= Plectonema desmidiacearum Noda 1971), L. notata var. africana (Fritsch &
Rich) comb. nov. (= Plectonema notatum Schmidle var. africanum Fritsch & Rich 1929), L. purpurascens var. elegans
(Drouet) comb. nov. (= Phormidium purpurascens (Kiitz.) Gom. var. elegans Drouet 1934), L. subterrranea (Copel.) comb.
nov. (= Phormidium subterraneum Copel. 1936), Planktolyngbya spirulinoides (Uterm&hl) comb. nov. (= Lyngbya spirulinoides
Uterméhl 1925), Jaaginema geminata var. sulphurea (Strzesz.) comb. nov. (= Oscillatoria geminata Menegh. var. sulphurea
Strzesz. 1913), Limnothrix guttulata (van Goor) comb. nov. (= Oscillatoria guttulata van Goor 1918), L. pseudominima (Sku-
ja) comb. nov. (= Oscillatoria pseudominima Skuja 1955), L. quasiperforata (Skuja) comb. nov. (= Oscillatoria quasiperforata
Skuja 1949). (*917 PEMHEEETI-1 B\HRIKFAYEREDHEREEWEFRER, **305 S EHRAKS-
1-1  E#E Y ERYTT )

(Received April 7, 1994. Accepted May 16, 1994)
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Kato, S. 1994. Three species of Eutreptia (Euglenophyceae) from Japan. Jpn. J. Phycol. 42: 221-226.

Three species of Eutreptia (Class Euglenophyceae) were described on the basis of the specimens col-
lected from one pond and three beaches of Japan. They are E. viridis Perty, E. pertyi Pringsheim and E.
globulifera van Goor. During this study, the following additional information concerning their morphology
and taxonomy have been obtained. Muciferous bodies of E. viridis are small and spherical. Type material

of E. pertyr (CCAP1226/3) has striations on its pellicle.

E. globulifera has chloroplast ribbons radiating

from a pyrenoid centre which was first described as a globular body by van Goor (1925). E. pertyi differs

from E. viridis in its larger size of cell and eyespot.

Key Index Words:  euglenoid—Eutreptia—Eutreptia globulifera—Eutreptia pertyi—Eutreptia viridis
Sueo Kato, Laboratory of Natural Science, Kokugakuin University, Higashi 4-10-28, Shibuya-ku, Tokyo,

150 Japan

Eutreptia (3R IMNTTE LV 2 ROHWE L ER S Y
oo L THRESTLRS $ FY AVET, 1852E1IC
Perty It X h 24 AhbEBbIIC E. viridis Perty & &
178 L LTEMARIL S TLIK, Entz (1883),
Steuer (1904), Skvortzow (1925), van Goor (1925), Skuja
(1948), Pringsheim (1953), Butcher (1961) 7£ &1 X b
BRUOFEEH,GEERSh, BEsE 2 EErALhT
Wb, BEATIXZDS5Y E. viridis & E. pertyi Pr-
ingsheim D2 @ABEIh TV TET (CHHE
1972, WWE 1977, AHE 1982, 1984, fngE 1991),
Lind, E pertyi 3BEORZPBEIRTWBKETT
»ho (KB 1984),

HEIBHIECET D Eureptia DEEYHLHIT
L, TheR# 57D, EEE - SBLIL/e—vig
EREBELOT, TOKERY CCHET S,

HELFE

4319855 35 X UF 19904 I R R DY EE T AR
EXy FELREILXAVCTT - (Fig. 1), £
LicK Ereid@is EhOBEIT €~y b EEEIE CHME
L, +EE—K_#85Z# (Pringsheim 1946) DKDfRP
hiT AF-6 £33 (IngE 1982) * A\ - —igESMiE o
13K DRI b i PES H5#h (Provasoli 1966) % A\ e =
LM TR L, BEEIXBRE 10°C #7243 20°C,
FREERY 3000 lux, 12-12B5R] D BARE AMD &L T TT »

o BIEINHEHE (&Y v AHH BH2) %A
WTECH B OBEE T -7, i, BHEOE
W) 2 AAF —AYSTHERE (£ ) v 2R
BH2-NIC) b AWz, EbHi, BREEOEEITLY
FARAIYABER, EVv/ M FORBIZTrES Y
71— 3 ¥ (Rosowski and Hoshaw 1970), #h#&{&DGfE
0.1 BRMRABK, BXAMxsidic1X%45F
e — AKBERY Th XAV, ¥, ok
BT, CCAP (Culture Collection of Algae and Protozoa,
United Kingdom) 7> 5 D4yFkk CCAP1226/3 (Thomp-
son et al. 1988) d HbH> ¥ THE LI,

FBREER

SO - R TE I Eureptia D 6 BiL, LITD 3
BRETHILENTEI, TDH D, E  globulifera
van Goor (L BAHETH 5,

1) Eutreptia viridis Perty, Kenntn. Klein. Lebensf. 168.
pl. 9. f. 1. 1852. (Figs. 2, 5-6)

Exkh BT ES S LT\ oW MBS T, B
IR EH L TH Y, MROKIE 41-63 pm,
B 8-18pm Ths, BEREBHIELL, wRR
HLics < baflRoBET»bRMIC, HAH VIR
BT E, > TRECBEH L, Zhef-THM
RO K & Ihnle h ELT 5, ERG Mo
FhRBEHD 1EAOELV/IAF - e v x—EFIh
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Fig. 1.

A map showing the localities where three species of Eutreptia were collected. Symbols indicate

the taxa. 1. Cape Ayamaru. 2. Kakizaki. 3. Nihon University campus. 4. Kamoi harbor. B: E. viridis Perty.

®: E. pertyi Pringsheim. A: E. globulifera van Goor.

SESHRIC A BRI Teh > TOUTV B U E vIRDER
2 bicd, LosLichh, SEUEEo%Es
BDEERBRNELV )M F - wv g —hbiEh, M
ReLTwsMlad %, EL/MF 2V E—i%1
HoEV /A Fbisd, HINZERET, & 8-
12pm, EV/AF - 2v 2 —DRBEFVEHELT
NETE, 2FOWEOR IIFERD 1-1.56, BRI
DKEEX 3pm, BRGNS TEER, <353
B RIS TS, RO RIS RERY B B,
10°C, AF-6 &b Fi\ fo HISHD THEE,

&bk 0 E-1098, E-1103, E-1105 (f%3)I|REER™
DEFKEBRBBEFRF v v ARD=2 7Y — MY
DN, 1990%E 1 A25R),

2A TEM : AL A,

SR a—ry,t, L7 AV, BE,

E-1098, E-1103, E-1105 D 3 BkDBERERIL Perty
(1852) DFERBMICTIF—FHK LT ie, BERTIRARIL
ToRBEERRE (HE 1972), #BFEIIRKE (B
BE 1982, 1984), HERKIVOERIE (InEE 1991)
PEWMEIR TS, ¥, WA (1977) Xhiddt
BEIrLIFBEOREL DB, 2hbHD5 D, PE
(1972) M}E LB BRBEED » DMROK S
H10-20 um T, AEE LTUIPETEBZEMDB E
vinidis Tlg\weEx bhb, FEE (1982, 1984) A3
HLHRNRREED S O LSEFZE LI E-1098
L&D 3BRD b O TR BLSN OTRRIL & < —FK L
T e, MBREOHI/TINRREED b OMiE
WTHBHDOIR LT E-1098 7o & D 3 D H D3RI
RELTVB, oz Enb, MERNONERELE
% bR DA, Perty (1852) DIRECHITIL E. viridis DG
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Figs. 2-4. Three species of Eutreptia. 2. E. viridis Perty. 3. E. pertyi Pringsheim. 4. E. globulifera van

Goor. Scale bars: 10 ym.

BT LTI BRbhThisw, £2T, BRA
T2 A TEXRIRE SN0 TR KER E
REFLTWATHSAXYERL, AXAEBEE
FHr » VAANOKENEFTLTCB2 270 -}
ooy HHE 5 h 7 E-1098, E-1103, E-1105 @ 3 BkD
BOH% E. vindis L LTRY OFTHS LBb
ha,

2)  Eutreptia pertyi Pringsheim, Arch. Microbiol. 18:
152. f. 4-6. 1953. (Figs. 3, 7)

kR OEHEE R LT\ oW B EE T, B
WMz EHLTH Y, MAOKIIT 56-80 um,
18 18-25 pum TH 5B, EREHZELL, e
H Lics < AL DR b B @ms, » TRE
CBEHL, Zhict-> THlaDEPK & INELT 5,
ERGIMROFRFOFERFH»HS 1 HOE LV
1 F 2V —¢XIhbBRCAB@mD>TD
CT3 ) KV ROERBR M Died, L Lichb,
ERHEPO MR CTIERGERNEV/ AV -2V

£ =2 bih, BAERECZABREY LT3
dHb, EV/ AN vz —i1@DOEV A Fih
bith, BLEHE T, B 10-14gm, EV /A F
sV E—OREEF VEELTETS, 2X0H
FEORITBEHRELAULEIEL, BEOAEZ
it 5-7 pm, WEAEINE S TERR, <7 1r v
1Y v 7RE BRI T E, BRI
fanid %, 20°C, PES #5i% A\ o ZHESH THR,

B : ME-30 (BRERABET ¥ < LvifOfEE
DOWDOEKE, 198543 A15H), ME-33 (MR TH
M OREOMIROEE, 19854 4 A12H),

A TEM: 75 VvF+ AZ— (MFVR),

SA = —m %, B,

ME-30, ME-33 @ 2BDOBERKREIL Pringsheim
(1953) DEEIKE L —H LT\, KB LATERD
E. viridis (3IEFw X PIF-TURBE LTV 5%, AfEi
MR JUBEANL Y KE VAT E vindis LI3IBH
T 5 2 EATE B, Butcher (1961) i3 A E.
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Figs. 5-6. Eutreptia viridis Perty (strain E-1098). 5. A clavate cell. 6. A cell stained with neutral red.
Muciferous bodies are small and spherical. m: muciferous body. Scale bars: 10 pm.

Fig. 7. Eutreptia pertyi Pringsheim (strain ME-33). A clavate cell. Scale bar: 10 #m.

Figs. 8-11. Eutreptia globulifera van Goor (strain ME-45). 8. A fusiform cell. 9. A cell with chloroplast
ribbons radiating from a pyrenoid centre. 10. A cell with a pyrenoid centre covered with paramylon bodies. 11.
A cell stained with propionocarmine. A pyrenoid centre stained dark purple. c: chloroplast ribbon. p.c.: pyrenoid
centre. p: paramylon body. Scale bars: 10 zm.
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viridis LRIt >TWBERE LT, FMEDOH BT LB
W EEHFTB, ChiHEND B, Pr-
ingsheim (1953) 3488 % LM T 5 B BIZE Lo KE 8k
(CCAP1226/3) % CCAP LV ZFFTHEB LI L Z
%, Butcher (1961) DB LR h, HRITEEHN
DB ENHERTE, SO EnD, HEDEEL
LTIIARE E vindis L %BAITHZ L3 TR,
FEIEEODCLHROERRBHE L, BdxRa
B2 B ENB, Ty =BT GEREOR
L HFREBTEZ TN TH - 1ehs, Rl Cik
Euglena vindis Ehrenberg var. halophila Pringsheim & 3t
CHAL, RE2B¥RECEL T, ks, BX
TS EHRE U 2 AU KRB B Lo & D
HENRDHB (HE 1984),

3) Eutreptia globulifera van Goor, Rec. Trav. Bot. Néerl.
22: 308. f. 13. 1925. (Figs. 4, 8-11)

WP OMBIHHEL H 5 2 EIE T, £ 20-
33 pm, 18 8-10 um, Wk LT\ 7o\~ & R EHES)
PERICI T 5, EFEIMEO PR E L ERI
BHIEDECLVIAF - v —EE I hbikgR
A h > TOUWTW 3 Y A VvRD B FIEE
I OERER L HH, NBOEEHOMETL
BUBRNEVIAF - 2evE—mhbEh, PARREYL
TWBIENB, L/ F v —iZ1f@or
VA4 Fhbich, 4-7TEORKFMRD AT iav
TEbh, ERGAVEERICRED b ORRBOME
CRx%5, BRI T, & 5-6pm, EL/AF
sV A —DRFFVAET S, 2KDOFEEORS
THBRERILUT, BEOAE XX 3um, HKEZ/D
SLTHER, 47 ¢ RSB T3V, RO
FIF e A B B, 20°C, PES Kb d Fi\ o ZHEES
HCHER,

BREK - ME-45 ()| RRAEHREEOBRO
BROFER, 19854£10820H),

&4 TEH : A+ 5 v FHLHEE,

SR a—r .y, BE,

ME-45 BOBEHE PR3 van Goor (1925) DR &
—FH LT\, FEOERBIFERIRIh T3
IO ABREY LTV5B 2 EA% S, ZhilEERS
FREV/AFN v 2 —bMERlcdTHSEC
E, FEOBBE LTHENEDD LITit>7 “ein
kugelrunder Korper” {317 mbE* v H — 3 Vit Lk BHe
EBILLEL /A F -2V E—ThHaBZ Lt ENSE
DEBENLBE SN » e, AR E pertyi L RIBRI
BECHEAL, BI¥RECEL S, BEETI

Euglena spp. &3MCHBL, RALBEBREIELT
Wiz,

Eutreptia 3 EORFER
1. MERAE ¥ B T, BEMR R
L-—C \ \7‘3: LT E. globulg'fem
I ARGEIY T, REMAER R LTS -2
2. MIBRDOKE Xz 41-63x8-18 um, REDKAE

UL Fpm eeeeeeeree E. viridis
2. fifaDA & Xk 56-80% 18-25 pm, RADK E
g0i 5_7 #m ..................................... E Peﬂ}’l

B 53

FRRETIRDI VB LI SR ERFR
BEXHEROUERERLS JOCEAAFRBEY
BOXEGHE—PBBCBILEH L EF 5,
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Mpyelophycus simplex (Harvey) Papenfuss is
an annual brown alga which occurs on tem-
perate coasts of the north-western Pacific.
Unilocular and plurilocular sporangia are
formed on separate thalli, but their reproduc-
tive character has not been clarified since the
life history of the species is still unknown.
Tanaka and Chihara (1984) cultured uni-
spores of M. simplex released from unilocular
sporangia and obtained protonemata which
directly developed into erect thalli resembling
field plants. However, they did not observe
further development of these erect thalli.
They also cultured the unispores of their new
taxon Mpyelophycus cavum Tanaka et Chihara,
which showed a very similar development as
M. simplex. Wynne (1969) cultured Melanosi-
phon intestinale (Saunders) Wynne, a closely
related taxon and reported the occurrence of
erect thalli bearing unilocular and plurilocu-
lar sporangia, but sexual reproduction was
not detected.

In the present paper we report the occur-
rence of sexual reproduction in Myeophycus sim-
plex from Shimoda, Izu Peninsula, including
identification of sexual pheromones.

Sexual reproduction: Collections of speci-
mens were made at Nabeta and Suzaki,
Shimoda, Izu Peninsula on May 14, 1991,
January 21 and April 1, 11 and 22, 1992.
The macroscopic erect thalli of Myelophycus
simplex are terete, gregarious, growing on
rocks in the upper intertidal zone (Fig. 1).

Contribution from Shimoda Marine Research Center,
University of Tsukuba, No. 565.

The plants bearing unilocular sporangia are
somewhat larger and more numerous than
those bearing plurilocular ones. Plurilocular
sporangia are formed on the entire surface of
the thallus (Fig. 2), and it was rather hard to
distinguish between unilocular and plurilocu-
lar sporangial thalli from the surface. There-
fore, mature thalli with plurilocular sporangia
were selected from apparently mature thalli
by examining thin sections of mature thalli
under low magnification, and each individual
was stored separately in a plastic petridish
overnight in the refrigerator. Roughly half
of the mature plurilocular sporangial thalli
secreted a specific odor resembling that
produced by sexual plants of Scytosiphon and,
therefore, were presumed to be female
gametophytes.  Plurispores from plants
without odor were presumed to be male
gametes. Judging from the occurrence of
specific odor and the results of mating experi-
ments as described below, among 14 gameto-
phytes 8 were male and 6 were female in the
collection of 11 April, 1992. We found no
morphological differences between male and
female gametophytes.

Sexual fusions were observed in combina-
tions with presumptive male (Fig. 3) and
female (Fig. 4) gametes (plurispores). They
were almost identical in size, teardrop-
shaped, containing a single chloroplast with a
stigma. A longer anterior and a shorter
posterior flagellum were inserted laterally.
Female gametes tended to settle faster than
male gametes and both of the flagella
coalesced to the cell body (Fig. 5). When
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Figs. 1-2.  Myelophycus simplex (Harvey) Papenfuss from Shimoda. Fig. 1. Habit of field-collected plants.
m, male plurilocular gametophyte; f, female plurilocular gametophyte; s, sporophyte (unilocular sporangial). Fig.

2. Cross section of mature male gametophyte bearing plurilocular gametangia.

male gametes were added to settled female
gametes, one to several male gametes were
attracted by a female gamete. The male
gamete first anchored the distal part of its
anterior flagellum to the female cell (Fig. 6).
Then the male gamete approached to the
female cell and cell fusion occurred, resulting
in the zygote (Fig. 7). The bending motion of
the male posterior flagellum could still be seen

P

Figs. 3-10.

Consecutive series of gamete fusion.

one to two seconds after the cell fusion (Fig.
8). Eventually, it also coalesced with the
zygote (Fig. 9), which gradually attained a
spherical shape (Fig. 10). Two stigmata
were easily recognized in each zygote (Fig.
9). The details of sexual reproduction in A.
simplex described here agree well with those
reported for other isogamous brown algae

(Miller 1984, Peters 1987). Sexual fusion

Gamete morphology and gamete fusion in AMyelophycus simplex (Harvey) Papenfuss from
Shimoda. Figs. 3, 4 fixed by glutaraldehyde vapor. Fig. 3. Male gamete. Fig. 4. Female gamete.
Fig. 5. Settled female gamete.

Figs. 5-10.
Fig. 6. Male gamete anchored to settled

female gamete. Figs. 7-9. Gamete cell fusion. Note that posterior flagellum of male gamete is still visible in Fig.
8 but already coalesced to male cell boty in Fig. 9. Fig. 10, Rounded zygote.
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was not observed when specimens were kept
for several days in the laboratory even though
female gametes secreted their odor and both
male and female gametes were still fully
motile.

The findings reported here suggest that My-

elophycus simplex has an isomorphic life history
alternating between dioecious gametophytes
and sporophytes.
Sexual Pheromones: For pheromone isola-
tion, female gametophytes recognized by the
odor as described above were immersed in
sterilized seawater where gametes were
released. These were collected using their
photoaccumulation response and the result-
ing gamete suspension were placed in a Grob-
Hersch-type pheromone extractor with a
capacity of 180ml. Volatile substances
secreted from settled gametes were collected
in a bed of 2 mg activated carbon, and extract-
ed with 30 p/ dichloromethane. Extraction of
volatile substances was performed within 2-
3 hours after spore release. Samples were
analyzed by gas chromatography combined
with mass spectrometry. Two different injec-
tion temperatures (i.e. 120°C and 250°C)
were applied in the gas chromatography.

For the bioassay of sexual attraction of
male gametes by hormosirene, known concen-
trations of synthetic hormosirene were used.
Droplets of fluorocarbon liquid (Fluorinert
FC-72, Sumitomo-3M, Tokyo) containing
various concentrations of hormosirene (1073~
107°M) and pure FC-72 as control were
placed on the bottom of a small plastic petri-
dish filled with sterilized seawater. Freshly
released swimming male gametes were added
to each petri-dish, and the arrangement was
placed under darkness on the stage of a micro-
scope. After 2 minutes the distribution of
male gametes near the droplet surface was
recorded by a darkfield image with a high
speed film.

The extract of volatile substances released
from settled female gametes contained several
compounds known as brown algal sexual
pheromones, i.e. dictyopterene A, ectocar-
pene, hormosirene and dictyotene (Fig. 11,
Table 1). When the injection temperature

Table 1. Components and their relative quan-
titites detected in extracted volatile substances from
female gametes of Myelophycus simplex. Peak
numbers correspond to Fig. 11.

o :
Peak Compound name % in total
no. pheromone
1 Dictyopterene A 2.6
2 Ectocarpene 5.5
3 Hormosirene 88.5
4 Dictyotene 3

was kept at 120°C (Fig. 11a) the major sub-
stance was hormosirene (88.5%). However,
at an injection temperature at 250°C (Fig.
11b), most of hormosirene rearranged to
ectocarpene. The lowest concentration of
hormosirene in which the attraction of male
gametes was recognizable in the bioassay was
4%x1077"M. This threshold concentration is
considerably higher than that reported for
other taxa (e.g. 1078-10"°M in Analipus
Jjaponicus, Miller et al. 1990). This could be
attributed to the fact that our bioassay system
in this study was severely limited because of
the lack of stroboscopic photography. Never-
theless, it appears feasible to conclude that
hormosirene acts as a major sexual phero-
mone in M. simplex, although the possibility
that male gametes of M. simplex also respond
to some other minor substances in the phero-
mone extracts still exists.

The kind of sexual pheromones in the
Phaeophyceae is considered to reflect
phylogenetic relationship (Maier and Miiller
1986). Hormosirene has been identified as
the sexual pheromone in members of
Scytosiphonales (e.g. Scytosiphon, Colpomenia),
Analipus and some taxa from southern
hemisphere such as Hormosira and Xiphophora
(Fucales) and Durvillaea (Durvillaeales)
(Maier and Miiller 1986, Miiller et al. 1990).

Taxonomically, Mpyelophycus is currently
placed in Dictyosiphonales (Tanaka and
Chihara 1984). However, in respect of chlo-
roplast morphology, Myelophycus and Melanosi-
phon  (single chloroplast with pyrenoid,
Wynne 1969) do not fit with the order Dic-
tyosiphonales (several to many chloroplasts
with pyrenoids), but compare well with mem-
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Gas chromatogram of volatile substances from female gametes of Myelophycus simplex at two different

injection port temperatures: a, 120°C; b, 250°C. Peak numbers correspond to Table 1.

bers of Scytosiphonales (Kawai 1992). The
systematic position of Analipus is not satisfac-
torily clear, and it is placed in Chordariales
(Abbott and Hollenberg 1976), Ralfsiales
(Nakamura 1972, Yoshida et al. 1990) or
Ectocarpales (Fritsch 1945, Bold and Wynne
1985) according to different authors.
However, Analipus also shows an isomorphic
alternation of life history between terete erect

thalli like Mpyelophycus, and is isogamous.
Therefore, the occurrence of the same sexual
pheromone among Mpyelophycus, members of
Scytosiphonales and possibly also Analipus
may suggest a closer systematic relationship
among them than formerly estimated. In
contrast, Hormosira, Xiphophora and Durvillaca
are apparently more distant from those three
taxa, considering their more elaborated thal-
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lus anatomy and differences in the life history
patterns (Fritsch 1945, Clayton 1984, Bold
and Wynne 1985, Clayton et al. 1985),
although they share the same sexual phero-
mone.
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photograhs) are classified as figures and should be
numbered consecutively. Photographs will not be
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Information for Authors (Revised March 1993)

Members of the Society are invited to contribute original research reports, short com-
munications, review articles and rapid communications in Japanese or English on all aspects of
phycology. Every research paper is read and criticized by reviewers on the basis of its originality
and the discussion presented. Where appropriate, reviewers other than those on the Editorial
Board are consulted. Final responsibility for selection and published order of papers rests with
the Editor. Research reports not longer than 10 printed pages in English and 6 printed pages in
Japanese including figures and tables, short communications within 4 printed pages and review
articles within 16 printed pages will be published without excess charge (exclusive of reprints);
additional published pages will be charged to the author (12,000 Yen per single printed page).
Rapid communications acceptable within 2 printed pages will be published in the possible
earliest issue with charge at 12,000 Yen per single printed page.
The manuscript should conform exactly to the following instructions. The manuscript
should be typewritten, double-spaced in 65 letters per line and 28 lines, on thick paper of
21.5%X28 cm or A4 size. Symbols, units and nomenclature should conform to international
usage. The metric system (sec, #m, pg, M, °C etc) should be used for all numerical data.
Words to be printed in italics should be underlined. The original copy and two duplicates are re-
quired. The first page should have only the title, full name(s) of the author(s) and institution
with address, and any necessary footnote. A short running title should be included.
Acknowledgements preferably follow the text but precede the references. Tables and legends for
figures should be on separate pages and be placed after the references.
An abstract of not more than 200 words is required. At the end of the abstract, 5-10 Key
Index Words should be given alphabetically for aid in indexing. A Japanese abstract will be pro-
vided by the Editor from translation of the abstract.
References. Citations in the text should read thus: Liebig’s (1840 p. 23) ... or ... (Welch
1972, 1974). In the list at the end of the paper, references should be typed in alphabetical order.
Each reference should be given in the following order: Name, Initials, Date, Title, Journal
Volume: first page-last page. Example:
Mikami, H. 1978. On Laingia hookeri (Rhodophyceae, Delesseriaceae) from New
Zealand. Jap. J. Phycol. 26: 65-68.

A book title should be followed by the name of publisher and place of publication. Example:
Abbott, I. A and Hollenberg, G.J. 1976. Marine algae of California. Stanford
Univ. Press, Stanford.

Tables should be numbered with Arabic numerals, have a title, and be referred to in the text.

Figures, whether line drawings or photographs, should be numbered consecutively in
Arabic numerals, and referred to in the text. The maximum size for a full page figure is
14X 20.5 cm. Line drawings should be made with black ink on white paper or blue-lined graph
paper. Letters and numerals should not be made by hand, but should be made neatly with a
lettering device (not a typewriter) and be of such size that the smallest character will not be less
than 1 mm high when reduced. The original drawing and two sets of clear copies are required.
Photographs must be of good quality. They should be grouped to conform to the page style and
format of the Journal and preferably be submitted at a size that permits reproduction without
reduction. Photographs should be submitted in triplicate (or 1 original and 2 photocopies nec
Xerox copies). Coloured plates may be printed at the expense of the author. The insertion of
tables and figures in the text should be indicated on the right-hand margin of the sheet.

Proofs should be checked carefully and should be returned by airmail to the Editor within
three days of receipt. The author will receive 50 offprints free of charge. Additional copies can
be ordered at cost on the reprint ordering form sent with the proofs.
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