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Two new species of red algae from the west

coast of Kyushu, Japan

Tadao YosHibA

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

YosHIDA, T. 1980. Two new species of red algae from the west coast of Kyushu, Japan.

Jap. J. Phycol. 28: 69-74.

Two new species of red algae belonging to the genera Predaca and Solieria (Gigartinales)

arc described based cn specimens collected from Nagasaki and Kumamoto Prefectures,

western Kyushu. redaca is recorded for the first time from the northwest Pacific.

Predeea jeponica differs {frem the type species of the genus, P. masonii, in that it has

larger blade without any noticeable venation and is provided with spherical gland cells.

Solieria dichotona is characterized by a flat frond branching dichotomously.

Key indexr words: Gigartinales; Rhodophyta; Predaea japonica sp. nov.; Solieria

dichotoma sp. nowv.; taxonomy.

In the course of the study of marine flora
of the west coast of Kyushu (SEGawa and
Yousipa 1961), we encountered several algae
clearly new to Japanese flora. At that time,
absence of mature material hindered us to
identify them as to the genus. 1 could
obtain suitable materials of two of them
through the kindness of Professor S.
MiciTa, Nagasaki University, and Dr. T.
Yorsul, Nagasaki Prefectural Fisheries Ex-
perimental Station. One of them belongs
to the genus Predaea, and another repre-
sents a new species of the genus Solieria.

1. Predaea japonica YOSHIDA, sp. nov.
(Figs. 1-4)

Plantae sessiles, saxicolae, cum haptero
discoideo parvo affixae, laminis planis circa
25 cm altis, 20 cm latis, 2 mm crassis, late
ovalibus in forma, vulgo lobatis vel divisis,
mollibus gelatinosis in textura, roseolis in
colore; stratum medullosum e filamentis
7-8 ym in diametro laxe implicatis per
matricem gelatinam; stratum corticatum
circa 100 #m crassum, e filamentis assimi-
lantibus dichotome ramosis quarum cellulae
moniliformes prope paginam parviores sunt
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Fig. 1. Predaca japonica YOSHIDA, Holotype,
female, Apr. 51977, Mitsuse, Nagasaki
Pref., SAP 034525,
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Figs. 2-4.

Sees:

Predaca japonica YOSHIDA. Scale 10 #m

2. An auxiliary cell (a) and a gland cell (g). 3. Carpogonial branch.

4. Young carposporophyte.

compositum; glandicellulae sphaericae circa
15 #m in diametro, in cellulis strati corticati
adsunt ; rami carpogoniales 2-cellulares, in
cellula prope basin filamenti assimilantis
lateraliter portati; cellulae auxiliares trans-
formatione cellulae intercalaris filamenti
assimilantis formatae ; cellulae supra infe-
rioraque cellulam auxiliarem cellulas nu-
trias parvas numerosas producentes; goni-
moblasti in cellulis auxiliaribus lateraliter
initiantur ; carposporophyton 1-3 gonimolo-
bis sphaericis vel pyriformibus compositum;
filamenta sterilia protectiva circum goni-
moblastum maturum non reperta; sper-
matangia et tetrasporangia ignota.

Plant sessile, growing on rock, attached
by a small discoid base, with flat blade
about 25 c¢m high, 20cm broad and 2 mm
thick, broadly oval in shape, usually lobed
or divided (Fig. 1), soft gelatinous in texture,
pink in color; medullary layer composed of
filaments of 7-8 #m in diameter, loosely

interlaced in a gelatinous matrix; cortical
layer about 100 #m thick, composed of
dichotomously branched assimilatory fila-
ments, with moniliform cells becoming
smaller near the surface: spherical gland
cells (Fig. 2, g), about 15 zm in diameter
occur among the cells of the cortical layer ;
carpogonial branch (Fig. 3) 2-celled, borne
laterally on a cell near the basal part of
an assimilating filament ; auxiliary cell (Fig.
2, a) formed by transformation of an inter-
calary cell of assimilating filament; cells
above and below auxiliary cell producing
many small nutritive cells; gonimoblasts
formed laterally on the auxiliary cells (Fig.
4); carposporophyte composed of 1-3 spher-
ical or pyriform gonimolobes ; no protective
sterile filaments found around the mature
gonimoblast ; spermatangia and tetraspo-
rangia unknown.

Carpogonial, Apr. 5 1977,
Mitsuse, near Cape Nomo, Nagasaki Pref.,

Holotype :
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Kyushu, T. YosHipa (SAP 034525).

Additional specimens: Cytocarpic, June
5 1978, Cape Nomo, Nagasaki Pref., entan-
gle on gill net, T. Yosuipa (SAP 034528);
Cystocarpic, May 14 1956, Tomioka, Kuma-
moto Pref., T. YosHipa (SAP 034527); Apr.
28 1957, Tomioka, Kumamoto Pref., T.
YosHIpA (SAP 034526); Apr. 23 1979, Kiwa-
do, Yamaguchi Pref., T. YosHipa (SAP
034597).

Japanese name: Yuruji-ginu (nov.)

The plant with carpogonial branches and
auxiliary cells were collected in spring.
Cystocarps were found to be matured in
June. This species grows at a depth below
the low water mark. The holotype speci-
men was collected by skin diving, and
others were obtained with gill nets or as
cast up on the shore.

The genus Predaea G. DE Tont (=Clari-
onea SETCHELL et GARDNER, Nemastomata-
ceae) with 6 described species is known
from Clarién Island (Mexico), Hawaii, south-
ern Great Barrier Reef and the Atlantic.
One of the characteristic features of this
genus distinguishing it from Nemastoma
and other genera of the Nemastomataceae
is the production of special nutritive cells
on the cells adjacent to the auxiliary cell.
In this genus, such characters as number
of cells of the carpogonial branch, quantity
of nutritive cells, origin of gonimoblast and
external habit are useful for discriminating
the species, as discussed by KRAFT and
ABBOTT (1971). This new species somewhat
resembles P. masonii (SETCHELL et CARDNER)
G. DE Toni, the type species of the genus
from Clarién Island, Mexico, in that they
have flat blade like thallus, 2-celled carpo-
gonial branch, produce many nutritive cells,
and the origin of gonimoblast is lateral.
But the blade of P. japonica is much larger
than P. masonii, and without any noticeable
veins. The presence of gland cells in the
former is another characteristic separating
it from the latter. P. pusilla (BERTHOLD) J.
FeELDMANN and P. weldii KRAFT et ABBOTT
differ from the present new species not
only by their external habit but also by
possessing 3-celled carpogonial branch and

by their terminal initiation of gonimoblast.
P. ollivieri J. FELDMANN has also blade like
thallus, but it can be discriminated in that
the texture is much softer, no gland cells
is recorded and gonimoblast initiation is
described to be lateral, terminal or from
the connecting filament. P. subpeltata
Dawson is distinguished by its peltate
habit and by the origin of gonimoblast
from the connecting filament. P. feldman-
nii BOERGESEN has 3-celled carpogonial
branch and dimorphic thallus.

This is the first recored of this genus
not only from the Japanese coasts, but also
from northwestern Pacific.

2. Solieria dichotoma YOsHIDA sp. nov.
(Figs. 5-12)

Frondes atrorubrae, carnosae, 20-30 cm
altae, singulari vel aliquot surculis e haptero
discoideo parvo enascentibus; partes basales
cylindricae, superne statim cuneatim com-
planatae, 1.5-2.5 cm latae in parte latissima,
circa 3 mm crassae, irregulariter dichotome
aliquoties ramosae, superne in apicem ver-
sus gradatim decrescentes; postea multi
ramuli adventitii e margine enascentes;
cystocarpia in parte marginali vel ramulis
lateralibus adventitiis immersa, maturitate
e sperficie frondium tumescentia; cortex e
cellulis externis minoribus, atque interiori-
bus majoribus compositus; medulla fila-
mentis rhizoidalibus tenuibus composita;
rami carpogoniales 3-cellulares in cellulis
corticalibus interioribus nati, trichogyne
ad superficiem frondis abrupte curvata;
initium gonimoblast intime enascens; tex-
tura tegnes crassa circa gonimoblastum
evolvens formata ; cellula conjuncta magna
in centro cystocarpii praesens; carpospo-
rangia terminalia in filamentis gonimoblasti,
22-26 X 46-57 tm in magnitudine; carpo-
sporae ex ostiolo liberatae; tetrasporangia
super superficiem frondium distribuntur, e
cellula corticali orientia, zonatim divisa,
30-55X46-84 #m in magnitudine; sperma-
tangia ignota.

Frond dark red, fleshy, 20-30 cm high,
one to several axes arising from a small
discoid holdfast ; basal part cylindrical, im-
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Figs. 5-6.

mediately flattened above cuneately ; 1.5-2.5
cm wide in the broadest part, about 3 mm
thick, irregularly dichotomously branched
(Fig. 5) several times in one plane, gradu-
ally narrowed upwards to tapering apices ;
later many adventitious branchlets (Figs.
5, 6) arising from the margin; cystocarps
immersed in the marginal parts or in lat-
eral adventitious branchlets, swelling from
the surface of the frond when matured;
fronds constructed multiaxially; cortex
composed of cells smaller outwardly and
larger inwardly ; medulla composed of fine
rhizoidal filaments; 3-celled carpogonial
branch (Fig. 7) produced from the inner
cortical cell inwardly, with trichogyne
curved abruptly to the surface of the frond;

Solieria dichotoma YOSHIDA.

Holotype specimen before dryving,
cystocarpic, Dozaki, Nagasaki Pref. Aug. 1 1977, SAP 034551.

one gonimoblast initial (Fig. 9) developed
inwardly from the auxiliary cell; thick
protective tissue (Fig. 10) formed around
the developing gonimoblast; a large fusion
cell present (Fig. 10) in the center of the
cystocarp; carposporangia terminal (Fig. 11)
on the gonimoblast filaments, 22-26 X 46-57
/#m in size ; carpospores discharged from an
ostiole ; tetrasporangia (Fig. 12) dispersed
over the surface of the frond, arising from
outer cortical cells, zonately divided, 30-
55X46-84 /tm in size; spermatangia un-
known.

Holotype: Cystocarpic, Dozaki, Nagasaki
Pref., Kyushu, Aug. 1 1977, YAMAMOTO
(SAP 034551).

Additional specimens: Tomioka, Kuma-
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7. Carpogonial branch. 8-9. Early stages in development of gonimoblast. 10. Cross
section of cystocarp 11. Terminal carposporangia. 12. Tetrasporangia.

moto Pref., Apr. 10 1955, S. SEcawa (SAP
034540) ; Tomioka, Apr. 11 1955, T. YosHIDA
(SAP 034541); Cystocarpic, Sakasegawa,
near Tomioka, Aug. 20 1955, T. YosHIDA
(SAP 034542); Mogi, Nagasaki Pref., May
12 1956, T. YosHIDA (SAP 034543), Tomi-
oka, Mar. 30 1957, T. YosHipA (SAP 034530);
Tomioka, Apr. 30 1957, T. YosHipA (SAP
034533); Mogi, June 30 1957, T. YosHIDA
(SAP 034531); Mogi, May 2 1958, T. YosHI-
DA (SAP 034529); Tomioka, May 5 1958, T.
Yosuipa (SAP 034545); Mogi, Apr. 25 1960,
T. YosHipA (SAP 034538); Tomioka, May 1
1960, T. YosHipA (SAP 034544); Cystocar-
pic, Tomioka, Jul. 18 1960, Y. Ono (SAP

034534) ; Cape Nomo, Nagasaki Pref., Apr.
5 1977, T. YosHipa (SAP 034535); Cape
Nomo, June 9 1977, T. Yotsul (SAP 034537);
Tetrasporic, Dozaki, Nagasaki Pref., Aug. 1
1977, YamamoTo (SAP 034532).

Japanese name: Hira mirin (nov.)

This species seems to grow in deeper
water. All specimens cited above were
collected as drift on the shore, or by dredg-
ing, or with gill nets operated by fisher-
men. Plants bearing carpogonial branches
were seen in June. Fertile individuals
with cystocarps or tetrasporangia were
obtained in July and August.

The genus Solieria, the type genus of
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the Solieriaceae, is defined by a combina-
tion of the following characters: 1) multi-
axial in structure of the thallus, medulla
with loosely arranged elongate filaments
and cortex with inner large round cells
and outer small cells, 2) cystocarp with a
large round cell surrounded by fertile fila-
ments bearing terminal carposporangia;
sterile filaments forming an enveloping
sheath around the cystocarp; carposporo-
phyte embedded in the medullary region
and with a distinct ostiole, 3) zonate tetra-
sporangia scattered over the branches. The
present new species accords in every re-
spect to the genus Solieria as described
above. The type species of the genus, S.
chordalis J. AGARDH, has a terete thallus
(KyrLin 1932). Other species placed in this
genus by MIN-THIEN and WOMERSLEY (1976),
S. robusta (GREVILLE) KYLIN and S. dura
(ZANARDINI) ScHMITZ, have terete or com-
pressed thalli with very different branching
patterns. Among the plants assigned to S.
robusta from Japan, some individuals have
clearly compressed thalli. The present new
species has a flattened thallus branching
dichotomously in one plane. This is one
of the distinguishing characters from other

species of the genus.

My sincere thanks are due to Professor
Munenao Kuroct, Hokkaido University, and
to Professor Isabella A. ABBOTT, Stanford
University, for their kind advice and read-
ing the manuscript. I am gradeful to Pro-
fessor Hideo ToyokuNi, Shinshu University,
for providing me with the latin description.

References

KRAFT, G. T. and ABBOTT, I. A. 1971. Predaea
weldii, a new species of Rhodophyta from
Hawaii, with an evaluation of the genus. J.
Phycol. 7: 194-202,

KYLIN, H. 1932. Die Florideenordnung Gigar-
tinales. Lunds Univ. Arsskr. N. F. Avd. 2,
28(8): 1-88.

MIN-THIEN, U. and WOMERSLEY, H. B. S. 1976.
Studies on southern Australian taxa of Soli-
eriaceae, Rhabdoniaceae and Rhodophyllida-
ceae (Rhodophyta). Aust. J. Bot. 24: 1-166.

SEGAWA, S. and YOSHIDA, T. 1961. Fauna and
flora of the sea aroud the Amakusa Marine
Biological Laboratory. III. Marine algae.
Amakusa Marine Biological Laboratory,

Tomioka.

EHBRE: ANERELCE2HE
BIGE « BARMLGAEZF 7 ) BB T2 2FEE2RET 5,
ANFFR (FF, e b5 2 4 VBl Predaea japonica i, 1§ 25 cm T AIERMAT, MRE L 7AAou
Z &, BHMaE Lo il T, T XY ATEREDIDRBD 2 4 7R P. masonii LXJI)EXN B, Predaea JEit

EFEAEH TR LD TREI R LD TH B,

e 7Yy (Bifk, 39 YR Solieria dichotoma 1%, FTFTXRGKEL, BB AELYRILTS
DT, 1Y v S robusta LIXBEHTEHNEINB, (060 ALRHTILEIL 10 %068 TH  de¥p kMM s

BE)



Jap. J. Phycol. (Sérui) 28: 75-79. June 20, 1980
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YOKOHAMA, Y., KOBARA, T. and CHIHARA, M. 1980. Plastid pigments of Pseudodichoto-
mosiphon constrictus with special reference to the systematic position of the genus. Jap.
J. Phycol. 28: 75-79.

The pigment composition of Pscudodichotomosiphon constrictus was compared with those
of Dichotomosiphon tuberosus belonging to the Chlorophyceae and Vaucheria vipera belong-
ing to the Xanthophyceae. The result obtained shows the similarity of the pigment com-
position between P. constrictus and V. vipera, both contain at least chlorophylls @ and ¢,
carotene (s) and diadinoxanthin. There was no detection in these algae of either fucoxanthin
characteristic of the Phaeophyceae, Crysophyceae and Bacillariophyceae or chlorophyll &

characteristic of the Chlorophyceae, Prasinophyceae and Euglenophyceae. These evidences

suggest affinity of P. constricius with the Xanthophyceae.

Key Index Words: Chlorophyll a; chlorophyll c; diadinoxanthin; plastid pigments;
Pseudodichotomosiphon ; systematic position ; Xanthophyceae.

It has been shown in our previous paper
(Hort1 et al. 1979) with the aid of electron
microscope that Pseudodichotomosiphon con-
strictus (YAMADA) YAMADA possesses ultra-
structural features fundamentally identical
with those of the Chromophyta. For ob-
taining further information of this alga,
the plastid pigments have been examined.
For comparison, the pigments of Dichoto-
mosiphon tuberosus ErRNsT and Vaucheria
vipera BLUM have also been analyzed. The
present paper gives a result of our inves-
tigation of the composition of the plastid
pigments, together with some remarks re-
garding the systematic position of the
genus Pseudodichotomosiphon.

Materials and Methods

The localities and dates of the collection
of specimens used in the present study are
shown in Table 1. The specimens were
maintained in Provasoli’s enriched seawater
(prepared according to McLACHLAN 1973) at
20°C, 14-10 h photoperiod, using cool-white
fluorescent illumination (c. 2500-3000 lx).

The specimens were ground with cold
methanol in a glass homogenizer. Homo-
genates were filtered through a glassfiber
filter, and the extraction was repeated sev-
eral times until the residue became color-
less. The combined methanol extract was
mixed with a nearly equal volume of di-
ethylether in a separatory funnel. The pig-

1) Contributions from the Shimoda Marine Research Center, No. 361.



76 YorkoHAMA, K., KOBARA, T. and CHIHARA, M.

Table 1.  Organisms used in the investigation
Organisms Collecting localities Dates
; y Oyama, Okinawa 5
3 ¢ Prosus = N -, 27, 1978
Dichotomosiphon tuberosus Pesclimaber) Apr s
Pseudodichotomosiphon constrictus Minamihama, Okinawa Apr. 26, 1978

Vaucheria vipera

Nashiro, Okinawa
(Lower intertidal zone)

(Middle intertidal zone)

Apr. 25, 1978

ments were transferred to the ether layer
by shaking with a 10% NaCl solution.
After repeating wash with NaCl solution,
the ether layer was dried up under reduced
pressure, and the residue was redissolved
in a small volume of ether.

The pigments were separated by cellulose
thin-layer chromatography. A mixture of
n-hexane and methyl ethyl ketone (4:1 v/v)
was used as the developing solvent.

Pigments to be examined spectrophoto-
metrically were eluted from the chromato-
grams in n-hexane, diethylether or ethanol.
Absorption spectra were determined with
a Shimazu UV-200 Spectrophotometer.

Results

The thin-layer chromatograms of pig-
ments of D. tuberosus, P. constrictus and
V. wipera are shown in Fig. 1. From this
figure, we can recognize significant differ-
ence in pigment composition between D).
tuberosus and P. constrictus, while the pig-
ment composition of the latter alga is quite
similar to that of V. vipera. As is seen in
the figure, chlorophylls @ and & in addition
to the principal carotenoids known from
siphonous green algae (KLEINIG 1969), such
as carotenes, lutein, violaxanthin, siphonein
and neoxanthin, are present in the pigments
from D. tuberosus. In contrast to it, xan-
thophylls present in the pigments from P.
constrictus and V. vipera are quite different
from those in the pigments from D. tubero-
sus.  P. constructus and V. vipera lack chlo-
rophyll & and contain chlorophyll ¢ in its
place.

Four fractions of xanthophylls X. 1 to
X. 4 are recognizable on the chromatogram

chillie

chl. b

! i ﬁ% i"ch'l. e
Vv

D i

Fig. 1. Cellulose thin-layer chromatograms of
pigments from Dichotomosiphon tuberosus,
Pseudodichotomosiphon constrictus and Vau-
cheria vipera. The developing solvent: n-
hexane and methyl ethyl ketone (4:1, v/v).
D=D. tuberosus; P=P. constrictus: V=V,
vipera; c=carotene (s); l=lutein: v=viola-
xanthin; s=siphonein; chl. a=chlorophyll
a; chl. b=chlorophyll &; chl. ¢=chlorophyll
¢; n=neoxanthin; X. 1, X, 2) X, 3 and X. 4=
xanthophylls from P. constrictus or V. vipera.



Pigments of Pseudodichotomosiphon 77

ABSORBANCE

400 450 500
WAVELENGTH (nm)

Fig. 2. The absorption spectrum of Fraction
X. 1 from Pseudodichotomosiphon constri-
ctus and Vaucheria vipera.

of V. vipera. Three of them X. 1, X. 2
and X. 4 are common to V. vipera and P.
constrictus. Fraction X. 1 is least strongly
adsorbed on the cellulose plate of those
xanthophylls and estimable to constitute
the majority of the total carotenoids. The
absorption maxima of this fraction in etha-
nol locate at about 445 and 474nm as
shown in Fig. 2.

Tuomas & GoobpwiN (1965) and KLEINIG
& EGGER (1967) reported that antheraxan-
thin constituted 50% or more of the total
carotenoid content both in T7ribonema and
Vaucheria. As diadinoxanthin was con-
fused with antheraxanthin in those early
investigations (GoopwiIN 1974), diadinoxan-
thin can be the most abundant carotenoid.
WHITTLE & CASSELTON (1975) and WHITTLE
(1976) also reported that diadinoxanthin was
the xanthophyll most abundant in some
members of Xanthophyceae, such as Pleu-
rochloris meiringenis, Mischococcus sphaero-
cephalus, Tribonema aequale and Ophiocy-
tium majus. This pigment is least strongly

adsorbed in columns or thin-layer plates
of major xanthophylls produced by xantho-
phycean algae (STRAIN et al. 1968, EGGER
et al. 1969, cf. THoMAs & GoOODWIN 1965).

Fraction X. 1 is suspected to be diadino-
xanthin since it can be regarded as the
most abundant and the least strongly ad-
sorbed one of the xanthophylls detected in
V. vipera. Furthermore, this suspicion is
supported by the fact that the absorption
maxima of this fraction are close to those
of diadinoxanthin ever reported (MANDELLI
1968, STRAIN et al. 1968, EGGER et al. 1969,
STRAIN et al. 1970, STraNnsky & HAGER
1970). Thus we have identified X. 1 as
diadinoxanthin.

The other xanthophylls of P. constrictus
or V. vipera could not be identified since
quantities of them eluted from the thin-
layer plates were too little to determine
their absorption spectra.

The fraction denoted as chl. ¢ in the
chromatograms of P. constrictus and V.
vipera was identified to be chlorophyll ¢
by determining its absorption spectrum.
It was well coincident with that of chloro-
phyll ¢ from T7ibonema aequale reported
by GUILLARD & LORENZEN (1972).

Discussion

Result obtained in the present study
shows the similarity of the pigment com-
position between Pseudodichotomosiphon
constrictus and Vaucheria vipera, both con-
tain at least chlorophylls @ and ¢, caro-
tene (s) and diadinoxanthin. There was no
detection in these algae of pigment frac-
tions corresponding to either fucoxanthin
or chlorophyll 4, the former being xantho-
phyll characteristic of the Phaeophyceae,
Chrysophyceae and Bacillariophyceae, and
the latter being chlorophyll characteristic
of the Chlorophyceae, Prasinophyceae and
Euglenophyceae. These evidences suggest
affinities of P. constrictus with the Xantho-
phyceae. On the contrary, our result has
revealed the presence of chlorophylls a and
b, lutein, violaxanthin, siphonein and neo-
xanthin in Dichotomosiphon tuberosus. This
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clearly indicates affinities of the genus
Dichotomosiphon with Codiales (sensu lato)
of the Chlorophyceae. THOMAs & GOODWIN
(1965) and KLEINIG & EGGER (1967) examined
pigment compositions of certain members
of the Xanthophyceae, including Vaucheria,
and reported antheraxanthin to be in
greatest abundance of all detected caro-
tenoids, but the pigment called as “anthera-
xanthin” by these authors is now known
as diadinoxanthin. In fact, WHITTLE &
CasSELTON (1975) reported for certain xan-
thophycean algae that the most abundant
carotenoid was diadinoxanthin. In the pre-
sent study, the diadinoxanthin was also
detected in large quantity in both Pseudo-
dichotomosiphon and Vaucheria. On the
basis of morphological similarity in addi-
tion to the similarity of pigment composi-
tion revealed in this study, it should be
more natural to place the genus Pseudo-
dichotomosiphon in the Xanthophyceae, clas-
sifying it next to the genus Vaucheria.
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The life history of Gloiosiphonia capillaris (HUDSON)
CArMICHAEL (Rhodophyceae, Cryptonemiales)”
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MOROHOSHI, H. and MAsUDA, M. 1980. The life history of Gloiosiphonia capillaris
(HUDSON) CARMICHAEL (Rhodophyceae, Cryptonemiales). Jap. J. Phycol. 28: 81-91

The life history of the red alga Gloiosiphonia capillaris (HUDSON) CARMICHAEL from
Oshoro Bay, Hokkaido in Japan was studied by laboratory culture experiments and periodic
field observations. Carpospores obtained from field-collected plants germinated in culture
to form prostrate discs. Upright thalli originated directly from erect filaments of the discs
under short-day conditions. No tetrasporangia were observed in the discs. The upright
thalli produced carpogonia and spermatangia under long-day conditions, then, carposporo-
phytes developed, and released viable carpospores. Thus, G. capillaris from Oshoro Bay
lacks a tetrasporophytic phase in the life history. However, it is uncertain whether the
life-history pattern is like Lemanea or apomictic because of the absence of cytological

evidence. A correlation was found between growth and reproduction in culture and its

seasonal pattern in nature.

Key Index Words: Cryptonemiales; Gloiosiphonia; photoperiodism ; Rhodophyceae ;

life history; taxonomy.

EDELSTEIN (1970), who cultured carpo-
spores of Gloiosiphonia capillaris from Nova
Scotia, Canada, reported the occurrence of
small crustose tetrasporophytes in the life
history. Similar crustose tetrasporophytes
were also found for G. capillaris from
Punta Baja, Mexico (WEST pers. comm.).
However, according to other investigators
(Goor 1923, NEwToN 1931, KyLiN 1956,
TAavLoR 1957, FuNnaHAsHI 1966, 1967, Nopa
1971), the tetrasporangia were formed on
upright thalli. Thus some controversy is
evident regarding the reproductive patterns
in this species. It is well known that
several species of the Florideophycidae
possess two types of life history in differ-
ent populations (UMEzAKI 1977, for review).
The purpose of our present study was to

clarify this question and we have conducted
laboratory culture experiments of Gloiosi-
phonia capillaris from Oshoro Bay, Hok-
kaido in Japan and field observations on
the same locality.

Materials and Methods

Fertile cystocarpic plants were collected
in Oshoro Bay on May 25, and May 29,
1977 (Fig. 1. We examined these plants
carefully and did not find any tetrasporan-
gia. The excised fertile branches were
washed in sterile seawater using small
writing brushes and put in an icebox at
about 5°C for 5-10 min. They were placed
in Petri dishes (7.5cmX 1.8 cm) containing
30 m¢ of PES culture medium (ProvAsoLl

1) Present address: Bristol-Myers K. K., Scientific Department, 1-16, Akasaka 7-Chome, Mina-

toku, Tokyo, 107 Japan.

2) This work was supported in part by a Grant-in-Aid for Scientific Research No. 448018 from

the Ministry of Education of Japan.
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1968). Liberated carpospores were rinsed
quickly in medium using finely-drawn glass
capillary pipettes under a dissecting micro-
scope and then inoculated onto several
drops of culture medium on slide glasses
placed on the bottom of Petri dishes (9 cm
X2cm). The Petri dishes were placed
under culture conditions tested. The carpo-
spores attached to slide glasses 24-48 hr
after inoculation and then about 50 m¢ of
culture medium were introduced into the

5cm

Fig. 1. Cystocarpic plant of Gloiosiphonia
capillaris collected in Oshoro Bay

on May 29, 1977 (SAP 032130).

Petri dishes. After 7 days the slides were
transferred to culture vessels (6.5 cmx8.0
cm) containing 200 m¢ of medium.

Carpospore germination tests were done
as follows. Excised and washed fertile
branches were immersed for 30-60 min in
Petri dishes (7.5cm X 1.8 cm) containing 30
m/ of culture medium. Then, the branches
were removed and the Petri dishes were
placed under culture conditions tested.
Cultures were checked 3 and 5 days after
inoculation under an inverted microscope
(Olympus CK).

Sterile plants were collected on April 21,
1977 at the same locality mentioned above
and apical fragments of the branches were
used for culture experiments. Tips of the
lateral branches were washed and transfer-
red with a glass capillary pipette under a
dissecting microscope. The excised tips
(about 200 y/m in length) were rinsed and
introduced individually into screw cap tubes
(1.8 cm X 13.5 ¢cm) each containing 10 m¢ of
medium. Eighteen days after inoculation
they were transferred to culture vessels (6.5
em X 5.0 cm) containing 100 m¢ of medium
and later transferred to larger vessels (6.5
em X 8.0 cm) containing 200 m¢ of medium.
Six fragments derived from three field-
collected plants (two fragments per one
plant) were placed in separate vessels under
each condition tested. To eliminate dia-
toms germanium dioxide was added to a
concentration of 5mg/¢ (WEsT 1972).

The cultures were maintained in freezer-
incubators illuminated with cool-while flu-
orescent lamps (2500-3000 lux).

peratures and photoperiods were regulated

The tem-

in the following combinations: 5°C, 16:8
(light and dark cycle); 5°C, 8:16; 10°C, 16:
8; 10°C, 8:16; 15°C, 16:8; 15°C, 8:16;
20°C, 16:8; and 20°C, 8:16. These will
be shown in the text as 51, 5S, 10L, 10 S,
15L, 156S, 20L and 20S, respectively. In
the germination tests and apical fragment
cultures 20S was excluded. The culture
medium was changed monthly.

Periodic field observations were made in
Oshoro Bay from March 1977 to February
1978 in order to obtain information on the
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Additional field
observations were also made in the same
locality during March 1978 and April 1979.

life history in the field.

Results

Culture experiments with carpospores:
Liberated carpospores are globular and

Table 1.

yellowish red in color and average 20
/m diameter (Fig. 2, A). The carpospore
germination tests were made with seven
of the eight culture conditions stated
above. The germination rate was low (0.0~
2.2%) at lower temperature conditions and
high (13.5-24.7%) in higher temperatures

(Table 1). A few spores attached to the

Percentage germination of the carpospores under

seven conditions tested

Conditions 55 5L
Germling number 0 0
Counted spore number 600 600

Germination rate (%) 0.0 0.0

50um

Fig. 2.

Carpospores and their germination.

108 10L 158 151 20L
8 13 51 69 156
600 600 607 511 631

1.3 22 8.4 13.5 24.7

w"'

> 50um

A. Two carpospores. B-I. Car-

pospore germlings grown at 15L: B-D, two-day old; E, four-day
old: F, seven-day old: G, seventeen-day old: H-I, one-month old (I,
section through a disc). Scale in D applies also to A-C and E.
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substrate at 5L and 5S, but they did not
germinate. No apparent difference in de-
velopment was found at these culture con-
ditions.

Carpospores isolated by glass capillary
pipettes were first cultured at 15L and
20 L. The spores germinated and grew
into prostrate discs in a manner similar to
that previously reported for this species

A

Fig. 3. Upright thalli derived from carpospore germlings.

(ROSENVINGE 1917, EDELSTEIN 1970) and
shown in Fig. 2, B-G. The discs reached
50-340 /tm (average 210 pm) in diameter at
15 L (Fig. 2, H) and 60-300 /tm (average 170
rm) in diameter at 20 L after one month
from inoculation. They are 5 cells thick at
the center of the discs (Fig. 2, I) and be-
comes thinner toward the growing margin.

Two-month-old cultures maintained at

N o TR A, 5, 8

A-H. Young upright

thalli arising from three-month-old discs grown at 15L for 2 months
and then transferred to 10S (A, B, surface view : C-H, sections through
discs; arrows indicate primordia of axial filaments). 1. Habit photograph
of seven and a half-month old plants grown at 15L for 2 months and
then transferred to 10S. Scale in C applies also to D-H.
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15L and 20L were divided into
groups (each divided into four) and grown

eight

under four different temperatures and two
different light regimes stated above. One
month later, the discs transferred to 5,
10 S and 15 S formed upright thalli (Fig. 3,
A, B). Each disc formed a slightly elevated
ring of erect axes, 1.5-2.3 mm broad, around
the margin (Fig. 3, B).
issued only within the ring. The develop-

The upright thalli

mental sequence of the upright thalli was
followed in sections through the discs.
Specially differentiated erect filaments (pri-
mordia of axial filaments), which consisted
of short cells, originated terminally on
ordinary erect filaments of the disc (Fig. 3,
C,D; 4, A). They grew into axial fila-
ments of the upright thallus and bore
lateral filaments of limited growth (Fig. 3,
E-H; 4, B). The axial filaments and lateral
filaments became embedded in a mucilag-
inous matrix and young thalli with uniaxial
construction were formed. This process is
similar to that reported for the develop-
ment of wupright thalli in this species

(OLTMANNS 1904).

A B

No reproductive struc-
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. 4. Sections through three-monthold discs
grown at 15L for 2 months and then
shifted to 10S, showing the origin of

thalli. A. Two primordial

S
{10}

upright
filaments consisting of short cells.
B. More advanced stage than A.

tures were observed in these discs which
formed the upright thalli.

The upright thalli rapidly developed into
G. capillaris plants similar to those found
in the field (Fig. 3, I). Several erect thalli
were detached from the base and transfer-
red to 15 L 4 months after their initiation.
Spermatangia and carpogonia were formed
on the same plant at 15L one vyear
after transfer (Fig. 5, A, B).
branch system is borne on the first, second,

Female fertile

or third cells of lateral branches of limited
growth which issue from the central axial
cells.
posed of a carpogonial branch, 3-7 cells in
length, and an auxiliary cell branch, 4-7
cells in length, both of which originate

The fertile branch system is com-

Sexual reproductive structures and cys-
tocarps borne on upright thalli. A.
Longitudinal section of the thallus,
showing two fertile branches: arrows
indicate auxiliary cells. B. Surface view
of the thallus, showing liberated sper-
matia (arrow). C. Longitudinal section
of the thallus, showing two cystocarps.
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Fig. 6. Female fertile branch system before fertilization (A-D) and gonimoblast devel-
opment (E-G) of cultured plants. A. Fertile branch composed of an auxiliary
cell branch. B-D. Fertile branches with various carpogonial branches; B, with
three cells; C, with five cells; D, with seven cells. E. Early stage in gonimo-
blast development; note a connecting filament issuing from the carpogonium
(the trichogyne disintegrated) and another connecting filament penetrating into
the auxiliary cell. F-G. Gonimoblast filaments issuing from the auxiliary
cells; note the pit-connections between the cells of auxiliary cell branches
becoming wider. ac, auxiliary cell; axc, cell of axial filament; cf, connecting
filament ; cp, carpogonium; gf, gonimoblast filament; hy, hypogenous cell; lbc,
cell of lateral branch; sc, supporting cell; st, sterile branchlet; tr, trichogyne.
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from a common supporting cell (Fig. 6, B-
D). At times the fertile branch is com-
posed of only an auxiliary cell branch
(Fig. 6, A). Short sterile branches issue
from some cells of the fertile branches
(Fig. 6, A-D). The supporting cell is hardly
distinguishable from the cells of the aux-
iliary cell branch and proximal one or two
cells of the fertile branch. The gonimobl-
ast development was observed one month
later (Fig. 6, E-G). A presumably ferti-
lized carpogonium produces a connecting
filament (Fig. 6, E). Then, the connecting
filament penetrates into an auxiliary cell
(Fig. 6, E). The presumably diploid aux-
iliary cell bears gonimoblast filaments (Fig.
6, E-G). The cells of the fertilized aux-
iliary cell branch increase in size, and the
pit connections between them become
widen (Fig. 6, F, G). These developmental
sequences are similar to those reported
previously for this species based on field
materials (ScumiTz 1883, OLTMANNs 1898,
OxkAMURA 1914, SjosTEDT 1926, KyLiN 1930,
EDELSTEIN 1972). Mature cystocarps ap-
peared subsequent one month later (Fig. 5,
C) and released carpospores which germi-
nated and grew into prostrate discs.

The prostrate discs derived from car-
pospores of field-collected plants and cul-
tured at 5L, 10L, 15L, 20L, and 20 S did
not form upright thalli or any reproductive
organs even after one year, although they

formed slightly elevated rings near the
margin in all culture conditions except at
20 L.

Culture experiments with apical frag-
ments of branches: The majority of iso-
lated apical tips of branches regenerated
and grew into plants similar in morphology
to that of the naturally occuring plants.
However, main axes of some plants divided
dichotomously and bore few branches. The
length of the plants was measured every
ten days from 18 days after inoculation for
5 months and the data is shown in Fig.
7. The plants grew more rapidly at 10-
20°C than at 5°C and they grew best in
long-day conditions. The plants cultured
at 20 L formed spermatangial sori after 3
months from inoculation, and those cul-
tured at 15L and 10 L formed them after
4 months. They grew slowly from these
periods and bore cystocarps about one and
a half month later. However, the plants
maintained at 5L and short-day conditions
did not become fertile even after 8 months,
although they were longer than the plants
which bore cystocarps.

All of the plants cultured at 10L, 15L
and 20 L bore spermatangia and carpogonia
on the same thallus as did the Canadian
and the Mexican G. capillaris (EDELSTEIN
and McLAcCHLAN 1971, WEST pers. comm.).
The self-fertilization might occur in the
monoecious gametophytes of this species,

mm mm
40 40
15L
30 - 155 30
10L 10S
£ <
520 1 20 ¥,
S 5L g
- 20 55
10 1 F10
T T T J U T o
0 50 100 1500 50 100 150
days

Fig. 7. The growth of upright thalli derived from apical fragments
of branches; the mean lengths of 6 individuals in each cul-

ture condition are plotted.
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as each plant derived from three field-
collected plants was cultured separately
throughout this experiment.

Field observations: This alga grows on
rocks near the low-water mark and in tide
pools in Oshoro Bay. Periodic field obser-
vations were made from March 1977 to
February 1978. The results are summa-
rized in Fig. 8. Young sterile plants were
found in mid-March when the periodic
observations were started. The plants in-
creased in size until June (increasing in
abundance until late-April) and they disap-
peared by mid-July. They grew slowly
from late-May to mid-June when they
reached reproductive maturity. This agrees
fairly well with the results of culture
experiments mentioned above. Monoecious
plants with spermatangial sori and car-
pogonia were first found in mid-April.
Cystocarps were first evident in mid-May
and they increased in abundance until mid-

June. Plants bearing tetrasporangia and
the prostrate discoid stage of upright game-
tangial plants were not observed, although
we carefully searched during the years
1977-1979.

A correlation may be drawn between
the appearance of upright thalli and re-
productive responses of this alga in cuture
and its observed seasonal periodicity in
nature. Upright thalli were formed under
short-day conditions at 5-15°C in culture.
In nature upright thalli first occur during
mid-March when the day lengths were
about 11 hours and the seawater tempera-
tures were 4-5°C. In this period the ob-
served upright thalli in nature were 2-25
cm in length. This may suggest that the
initials of upright thalli appeared before
mid-March. The reproduction occurred
under long-day conditions at 10-20°C in
culture and that was found in mid-April
to June when the day lengths were about
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Fig. 8.

Summary of phenological data on Gloiosiphonia capillaris in Oshoro

Bay from March 1977 to February 1978 correlated to average monthly
surface seawater temperatures and day lengths; means and=standard

deviation of lengths of upright thalli are given.

U, upright thalli, 8,

spermatangia; ¢, carpogonia; ®, cystocarps; @, tetrasporangia; solid
line, surface seawater temperatures; dashed line, day lengths.
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13-15 hours and the seawater temperatures
were 7-15°C in nature.

Discussion

The observed life history pattern of
Gloiosiphonia capillaris from Oshoro Bay,
Hokkaido in Japan is summarized as fol-
lows. The carpospore germlings grew into
upright monoecious gametophytic thalli
without intervention of a tetrasporophytic
phase. This pattern of life history is dif-
ferent from that of the North American
G. capillaris (EDELSTEIN 1970, EDELSTEIN
and McLAcHLAN 1971, WEST pers. comm.)
and the Californian G. verticillaris FARLOW
(WEST pers. comm.). In the latter two, the
carpospore germlings grew into crustose
tetrasporangial plants from which tetra-
spores were liberated and germinated into
upright gametophytes. There are two pos-
sible explanations for the former pattern
of life history. (1) The tetrasporangium
formation is suppressed and meiosis occurs
in the initials of primordial filaments of
upright gametophytic thalli as in the case
of Lemanea (MAGNE 1967 a, 1967 b). (2)
Fertilization does not occur but carposporo-
phytes develop by apomixis just as they
do in Gigartina subgenus Mastocarpus
(CHEN et al. 1974, EDELSTEIN et al. 1974,
Masupa and UcHIpA 1976, POLANSHEK and
WEsT 1977, WEST et al. 1978). We did not
obtain cytological evidences of fertilization,
but observed connection between the car-
pogonium and the auxiliary cell suggests
that fertilization between a spermatium
and a carpogonium does occur. The ob-
served gonimoblast development is normal
in this genus and similar to that reported
by several investigators (ScHmiTz 1883,
OLTMANNS 1898, OkAMURA 1914, SjOSTEDT
1926, KyLIN 1930, EDELSTEIN 1972). In our
opinion the former hypothesis is the most
likely, although it is still a matter of con-
jecture without cytological evidence of
meiosis occurring somatically.

Whether the hypothesis just-mentioned
is true or not, it is clear that Gloiosiphonia
capillaris from Oshoro Bay lacks a tetra-

sporophytic phase and has monoecious
gametophytes and carposporophytes in the
life history. G. capillaris possesses two
different types of life history between the
North American and the Japanese popula-
tions. This situation is similar to that of
Pikea californica in the Dumontiaceae.
The North American P. californica exhib-
its an alternation of upright gametophytes
and crustose tetrasporophytes (ScoTT and
DixoN 1971), whereas the Japanese plants
lack tetrasporophytes (CHIHARA 1972). Even
though both populations of G. capillaris
and P. californica have morphological sim-
ilarities, respectively, there is a possibility
that they are different species. Further
comparative studies of the both populations
are necessary. According to CHIHARA (pers.
comm.), the Japanese G. capillaris includes
two or three different species as pointed
out by SEGAwA and Ounrta (1951), CHIHARA
and his colleagues are conducting a taxon-
omic study of them.

We examined two herbarium specimens
of Gloiosiphonia capillaris on loan from
the Herbarium of University of California,
Berkeley, on which FuNaHASHI'S report
(1966) was based. These were collected
from Vladivostok on the coast of the Sea
of Japan by A. KuzNETsoV on June 20, 1927
(Kuznetsov 466) and June 14, 1928 (Kuznetsov
0-294). The former specimen is cysto-
carpic, but tetrasporangia were observed
in the latter specimen between the cortical
cells. They are ellipsoid measuring 60-
85 #m in length and 35-45 ym in diameter,
and divided cruciately. However, this spe-
cimen is different in gross morphology from
the former specimen which is similar to
the plants from Oshoro Bay. The spe-
cimen Kuznetsov 0-294 shows a somewhat
resemblance to Hyalosiphonia caespitosa
OKAMURA belonging to the Dumontiaceae,
but we could not identify exactly it with
any of known species. Thus, certain re-
ports on the tetrasporangia borne on
upright thalli seem to include those of
other species.
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SREENIVASA RAO, P. and TRIVEDI, M. K. 1980. Spore germination and development in
Gelidiopsis variabilis (GREV.) SCHMITZ. Jap. J. Phycol. 28: 93-95.
The absence of cystocarps in Gelidiopsis has created much confusion in the systematic

position of the alga. As each group has a definite pattern of spore germination, it is
possible to sort out the confusion by following the method of tetraspore germination of

the alga. During germination of the spore no formation of germ tube is observed and the

spore contents undergo a number of divisions within the original spore wall to form a

multicellular disc. Thus the mode of germination of the tetraspores of Gelidiopsis belongs

to typus discalis as defined by INOH (1947).

The systematic position of the alga is discussed.

Key Index Words: Gelidiopsis variabilis; Rhodophyta ; spore germination ; system-

atic position.

ScumiITZz (1895) appears to have been the
only person who has studied female plants
and reported the presence of cystocarps in
the genus Gelidiopsis. He placed the genus
near Ceratodictyon, in the Rhodymeniales.
TaYLOR (1960) referred the genus to Gelidi-
ales, while DAwsonN (1961) puts it in the
Gigartinales. PAPENFUss (1961) mentions
that Gelidiopsis should not be referred to
the Gelidiales, but it should be referred to
Gracilariaceae of the Gigartinales. Thus
the systematic position of Gelidiopsis is
confusing.

Several authors have used spore devel-
opment pattern to elucidate the systematic
position of some confused genera and thus
the spore germination is used as an aid to
taxonomy. The present communication
deals with germination of tetraspores and
their possible bearing on the systematic
position.

Materials and Methods

Gelidiopsis variabilis (GREVILLE) SCHMITZ

growing in tide-pools in the intertidal
region at Jaleshwar reef, Veraval, produces
tetraspores in July and August. Immedi-
ately after collection, the tetrasporangial
stichidia were kept on a slide left in a
petridish filled with 100 m¢ of sterile sea-
water to which was added 1m¢ of the
antibiotic mixture prepared by the proce-
dure given by Rao (1971).

After 24 hours, the stichidia were re-
moved from the slides and the spores shed
on the slides were cultured in Erd-Schreiber
medium (F@yN 1934) in culture room.

Camera lucida diagrams of the different
stages of spore germination were drawn
at the bench level.

Results and Discussion

Germination of the tetraspores were
observed 24 hours after their liberation
from the stichidia. The tetraspores are
spherical and measure about 25-28 ym
in diameter (Fig. 1 A). The spores were
uninucleate and were densely pigmented.
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The first division ‘was transverse and the
two cells further divide to form a group
of cells. By a number of divisions of these
cells a disc shaped germling was formed
(Fig. 1 B-I). All the divisions of spore
contents occurred inside the original spore
wall.

From the lower end of the disc like
structure thus formed, few rhizoids were
developed, while from the upper surface
an outgrowth was formed. This erect fila-

ment can arise from any part of the disc
and thus it was not confined only to the
centre. Thus the mode of germination of
tetraspores in Gelidiopsis belongs to Typus
discalis as defined by INoH (1947).

The present study of the germination
pattern of :tetraspores in Gelidiopsis varia-
bilis is almost similar as that described
for Gracilaria verrucosa (HupsoN) PAPEN-
FUss by OzA and KRISHNAMURTHY (1967).
As the division of the spore contents takes

Fig. 1.

A-1, Different stages of the germination of tetraspore.

Gelidiopsis variabilis (GREV.) SCHMITZ.
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place in the original spore wall itself and as
no germ tube is formed as in the Gelidiales
the present alga cannot be referred to the
Gelidiales. In view of the division and
formation of multicellular disc like germ-
ling inside the original spore wall, Gelidi-
opsis has to be referred to the Gracilariaceae
of the Gigartinales.
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KANEKO, T., MATSUYAMA, K. and YAMADA, 1. 1980. On Gloeophycus koreanum 1. K.
LEE & Y00 (Rhodophyta, Gloiosiphoniaceae) in Hokkaido. Jap. J. Phycol. 28: 97-104.
The plant identified as Gloeophycus koreanum 1. K. LEE & YOO (1979), recently described
as a new monotypic genus of the Gloiosiphoniaceae from Korea, has been collected from
the subtidal zone on the coasts of north-western Hokkaido. The morphology and the
distribution are described. Our observation of the post-fertilization development differs
from the original description. In the plant from Hokkaido, the fertilized carpogonium
divides a connecting cell which fuses with the auxiliary cell, whereas in the Korean plant

the fertilized carpogonium fuses directly with the auxiliary cell.

Key Index Words: distribution; Gloeophycus; Gloiosiphoniaceae; morphology; post-

Sfertilization development ; Rhodophyta.

Recently, LEe & Yoo (1979) reported a
new monotypic genus, Gloeophycus (G.
koreanum), belonging to the Gloiosiphoni-
aceae from the west coast of Korea. Ac-
cording to them, this plant is characterized
in having the uniaxial thallus structure,
the procarp provided with 3-celled carpo-
gonial branch and 2-celled auxiliary cell
branch borne on the same supporting cell,
and the fertilized carpogonium fusing
directly with the auxiliary cell.

During the last several years, we have
collected a characteristic fragile red alga
from the subtidal zone of different places
on the north-western coasts of Hokkaido.
From the morphological observation of the
alga we had prepared the establishment of
a new genus in the Gloiosiphoniaceae to
this alga, but we knew a new monotypic
genus, Gloeophycus 1. K. LEE and Yoo by
the personal communication of LEE to I.
Yamapa. By their description, we judged

that our plant can be referred to G. kore-
anum by the striking similarities in the
vegetative and reproductive structures.
However, we found that our plant differs
from the Korean plant described by LEE
and Yoo only in having a connecting cell
formed by the division of a fertilized car-
pogonium in the post-fertilization develop-
ment.

The development of the female repro-
ductive structure as well as the vegetative
structure and the distribution of our plant
are described here.

Materials and Methods

Materials examined were collected by
dredging or SCUBA diving at the follow-
ing nine stations in Hokkaido (Fig. 1).
They were found growing solitarily or
rarely gregariously on rocks, pebbles, and
sometimes on scallop shells.

1) Present address: Biological Laboratory, Otaru University of Commerce, Otaru, 047 Japan
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Specimens collected : Japan Sea coast of
Hokkaido, from south to north: Shima-
maki, June 11, 1975 (at a depth of 6m,
leg. K. MaTsuyama); Bikuni, July 15, 1975
(11 m, leg. K. MaTsuvyama); Oshoro, Aug. 16,
1976 (10 m, leg. K. MaTsuyama); Shukuzu,
Otaru, Aug. 4, 1970 (10 m, leg. 1. YAMADA),

[ 9 —46
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Fig. 1. Map showing nine localities for the
plants collected. Numerals: 1, Shima-
maki; 2, Bikuni; 3, Oshoro; 4, Shukuzu:
5, Atsuta; 6, Hamamasu; 7, Mashike ; 8,
Haboro ; 9, Hama-Onishibetsu.

IR oo
B

Figs. 2-3.

Aug. 8, 1975 (10-13 m, leg. K. MATSUYAMA) ;
Atsuta, July 25, 26, 1974, July 7, 1975 (7-12
m, leg. K. Marsuvyama); Hamamasu, July
24, 1974 (10 m, leg. K. MaTsuvama) ; Mashi-
ke, July 4, 1973 (18 m, leg. T. KANEKO);
Haboro, Aug. 7, 1976 (14 m, leg. T. KANEKO).
Okhotsk Sea coast: Hama-Onishibetsu,
Sept. 18, 1971 (20 m, leg. N. Tazawa), Aug.
23, 1973 (18 m, leg. K. TomiTa), Aug. 18, 1974
(18 m, leg. T. HavasHi), Aug. 16, 1976 (20
m, leg. T. KANEKO).

Materials for microscopic study were
fixed with 5% formalin sea-water, stained
with 1% aniline blue acidified with 1N
HCI and mounted in 50% solution of glu-
cose syrup. All drawings were made with
the aid of a camera lucida.

Specimens used in this study are de-
posited in the Herbaria of the Faculty of
Science, Hokkaido University (SAP); Fac-
ulty of Fisheries, Hokkaido University,
Hakodate ; and the Hokkaido Central Fish-
eries Experimental Station, Yoichi.

Observations

Thallus habit: Thallus (Figs. 2, 3) erect,
up to 15 cm tall, 1.7 mm thick in the lower,

5cm

I

4

2 3

[T g

1

g

Gloeophycus koreanum collected from Hokkaido.

2. Mature plant collected from Shukuzu, Otaru, at a depth of 10 m on Aug. 4,
1970 by I. YAMADA. 3. A young plant collected from Hama-Onishibetsu at
a depth of 20 m on Aug. 16, 1976 by T. KANEKO.
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provided with terete, branched axes and
branchlets possessing macroscopic nodal
bands. There are 2 to 4 orders of bran-
ching. The main axis branches irregularly,
sometimes alternately into several tapering
branches which give off numerous bran-
chlets unilaterally or pinnately, sometimes
alternately. The stipe is short, usually
tapering at the base. The base is small
and discoid holdfast attached to the sub-
stratum. The thallus is soft, fragile and
strongly mucilaginous in substance, and
rosy to faint red in color.

Thallus structure: Thallus is uniaxial,
composed of uniseriate axial cells and 4-
whorl laterals of limited growth (Figs. 4, 6).
The thallus develops by means of trans-
verse division of an apical cell which cuts
off segments to form axial cell row (Figs.
5, 22). Axial cells are 3-12 times as long as
broad, tapering upward, measuring 140.4 X
23.4 pm in length and breadth in the upper
portion, 719.6X74.1 ym in the middle, and
up to 940X200 #m in the lower, and are
surrounded by simple or branched rhizoidal
filaments descending from the lower cells
of whorl laterals, especially thickly in the
lower portion of thallus (Fig. 4. Whorl
laterals arise from the upper portion of
axial cells excepting at the extreme tip of
the thallus (Figs. 5, 6), and branch 5-8 times
dichotomously. Cells of whorl laterals are
progressively smaller outward, oblong to
spherical in shape. Superficial cells of
whorl laterals measure 8.5X4.9 #m in length
and breadth, and each may bear a deciduous
unicellular hair, up to 130 #zm in length,
swollen slightly at the tip (Figs. 4, 24).
These whorl laterals form macroscopic
nodal bands except for the rhizoidally thick
lower portion of the main axis. Vegetative
cells are all uninucleate. Mature thalli ob-
served are all monoecious. Tetrasporo-
phytes are not known.

Development of female fertile branch:
Female fertile branches are specially form-
ed from the lower, first to fifth cells of
whorl laterals nearly all over the thallus

except for the lower portion (Figs. 8, 24).
The supporting cell, the second to fifth of
the cells in this branch from the point of
its attachment, produces apically a 3-celled
carpogonial branch, and laterally a 2-celled
auxiliary cell branch at maturity but before
fertilization. The apical cell of the car-
pogonial branch is the carpogonium with
a long trichogyne. The hypogynous cell
is a little larger than other cells and takes
a shape so as to bend the branch adaxially.
The terminal cell of the auxiliary cell
branch is the auxiliary cell which is larger
than the lower cell and rich in contents,
staining deeply with aniline blue (Figs. 9-
11, 25). A sterile filament composed of two
to four cells rarely develops from a cell
below the supporting cell. Rarely two car-
pogonial branches are formed from the
same supporting cell (Fig. 12).
Development of gonimoblast: After fer-
tilization the carpogonium becomes larger
and bends toward the auxiliary cell (Fig.
13), and then divides transversely into two
cells (Fig. 14) of which the upper cell be-
comes larger (Fig. 15) and divides again a
small sister cell* (Figs. 16, 26). The car-
pogonium is thus divided into three cells
of which the middle one becomes a con-
necting cell. The connecting cell fuses
with the auxiliary cell to form a relatively
large fusion cell (Figs. 17, 18, 27). The
fusion cell does not fuse with any other
cells of the carpogonial branch. The fusion
cell cuts off a gonimoblast initial not from
the side of the auxiliary cell itself but from
the side of the connecting cell (Figs. 19, 28).
Prior to the fusion, the auxiliary cell be-
comes larger and is stained deeply with
aniline blue. The gonimoblast develops
outwardly into a single or double lobes of
large cells (Figs. 20, 21, 29), most of which
become subspherical carposporangia. Car-
pospores liberated are (16.8-) 20.8-23.2 (-23.8)
#m in diameter. Mature cystocarps are
spherical, up to 150 #m in diameter, with
no involucres, immersed among the whorl
laterals. The junction between the fusion

* The term “sister cell” is used after ABBOTT (1961, her Fig. 6).



100

KANEKO, T., MATSUYAMA, K. and YAMADA, L.

ac ]3

Figs. 4-21.  Gloeophycus koreanum collected from

4. Thallus structure, showing axial cells with 4-whor! laterals, and rhizoidal filaments.
5. Apical portion of a branch, showing transverse cell division at the apex. 6. An axial
cell with lower cells of 4-whorl laterals. 7. Spermatangia formed from superficial cells.
8. Situation of female fertile branch arising from the basal cell of a lateral. 9. A young
5-celled female fertile branch. 10. A 6-celled female fertile branch, showing carpogonium
(ca) with a long trichogyne (tr), hypogynous cell (hy), and supporting cell (sc). 11. A
female fertile branch, showing 2-celled auxiliary cell branch arised laterally from sup-
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; 10 pm =~
15—18

10 am
T =T

Hokkaido, camera lucida drawings.
porting cell, and terminal auxiliary cell (ac). 12. A female fertile branch, showing two
carpogonial branches and an auxiliary cell branch borne on the same supporting cell.
13-16. Successive early stages of post-fertilization, showing connecting cell (cc) and sister
cell (sic) cut off from carpogonium. 17-18. Fusion between connecting cell and auxiliary
cell. 19-21. Successive stages of the development of gonimoblast, showing gonimoblast
initial (gi) cut off from the fusion cell (fc) at the side of connecting cell (Fig. 19).
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23

i
2 - ||
Figs. 22-29.  Gloeophycus koreanum collected from Hokkaido, photomicrographs,
materials were stained deeply with acidified aniline blue. Scales for
Figs. 23 & 25-28 shown in Fig. 22, and scale for 29 shown in Fig. 24.
22. Apical portion of a branch, showing transverse cell division at the apex. 23. Spermatangial
clusters on an apical portion of laterals. 24. A whorl lateral, showing vegetative cells, unicellular
hairs, and the situation of female fertile branches. 25. A female fertile branch just prior to fertili-
zation (cf. Fig. 11). 26-28. Successive stages of the developments of post-fertilization. 26. The con-
necting cell (cc) and the sister cell (sic) cut off from the carpogonium (ca). 27. Fusion between con-
necting cell and auxiliary cell (ac). 28. Gonimoblast initial (gi) cut off from the fusion cell (fc) at
the side of connecting cell. 29. Mature gonimoblast with two lobes of carposporangia.
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cell and the gonimoblast initial becomes
somewhat broadened in later stages when
the trichogyne and the sister cell still re-
main, showing no decrease in size (Fig. 21).
Spermatangia: The spermatangia are
formed on the tips of whorl laterals nearly
all over the thallus. The spermatangial
mother cells are cut off from the upper
cells of the whorl laterals and each pro-
duces three to six spermatangia in a single
layer. The spermatangia (Figs. 7, 23) are
ellipsoidal in shape, 2.8X 2.1 ym in size.

Discussion

LEE & Yoo (1979) established a new genus
Gloeophycus, monotypic with G. koreanum,
belonging to the Gloiosiphoniaceae on the
basis of the uniaxial vegetative structure
and the female reproductive structure con-
sisting of 3-celled carpogonial branch and
2-celled auxiliary cell branch borne on the
same supporting cell.

Judging from the description and figure
by LEe & Yoo (1979, fig. 30), our plant
agrees well with G. koreanum in the vege-
tative structure, although the former is
taller and is seemingly provided with many
more delicate branchlets than the latter.
Our plant is also similar to G. koreanum
in the female reproductive structure, but
the former differs from the latter in the
post-fertilization development. Our plant
has the connecting cell which is formed
by the division of a fertilized carpogonium
and fuses with the auxiliary cell to form
a fusion cell. According to LEE & Yoo
(1979), the fertilized carpogonium is descri-
bed to fuse directly with the auxiliary
cell. However, there remains a little doubt
to the direct fusion described by LEE &
Yoo. A figure by them (1979, fig. 7) seems
not to show the exact direct fusion. The
shape of the auxiliary cell in the figure
seems as if there were a certain cell fusing
with auxiliary cell other than the carpogo-
nium. Further verification of the direct
fusion in the Korean plant is expected.
As far as we have observed, the plant
producing no connecting cell has never

been encountered. In Thuretella schousboei
of the Gloiosiphoniaceae, as also discussed
by LEe & Yoo (1979), the fertilized car-
pogonium usually fuses directly with the
auxiliary cell, but sometimes produces a
connecting cell (Hassenkamp 1902 ; KyLIN
1930).

As pointed out by LEe & Yoo (1979),
Gloeophycus resembles Thuretella in the
vegetative structure, but differs in the fe-
male reproductive structure. Our plant, on
the other hand, rather resembles Schimmel-
mannia in the development of the female
reproductive structure by the occurrence
of the connecting cell. The connecting
cell formation of our plant is also similar
to that in Schimmelmannia, of which fer-
tilized carpogonium divides twice succes-
sively and the resulting middle cell becomes
the connecting cell (KyrLin 1930; SEcawa
1938 ; ABBoTT 1961; UMEZAKI 1967 ; ACLETO
1972). It is noticed that the connecting cell
of our plant becomes larger before fusing
with the auxiliary cell comparing to that
of Schimmelmannia.

Japanese name: Otohime-mozuku (n. n.)
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Addendum

In reading the proof of this paper, we have received a personal communication from Dr. I. K.
LEE. He reexamined the original material of Gloecophycus koreanum 1. K. LEE et YOO in response
to our results informed to him, and he recognized the occurrence of the connecting cell and sister
cell in the post-fertilization development as seen in our material. This additional note was written
by the proposition of Dr. I. K. LEE.

Accordingly, our material is no doubt identified as Gloeophycus koreanum.
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substances in marine macro-algae. II. Incorporation of %Ca into acid-insoluble residues
from various algae and the solubilization of Ca-binding substances from the residues. Jap.
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Acid-insoluble residues were prepared from various kind of algae by treating the dried
fronds with 2M hydrochloric acid, and their 5Ca-binding activity and the contents of uronic
acid and O-ester sulfate were determined. The algae tested covered 14 species of brown,
red and green algae including 7 species of calcareous algae. The 2M potassium chloride-
extractable materials were obtained from the residues, and examined for their 43Ca-binding
activity on 4 species of red algae containing 3 calcareous species. Remarkable Ca-binding
activities were found in all the residues tested. The activities were, however, not necessarily
higher in calcareous species than in non-calcareous ones. Furthermore, no direct relation-
ship was observed between the Ca-binding activity and the contents of acidic group of
residues. Particular Ca-binding substances were solubilized with 2M potassium chloride
from the acid-insoluble residues of 2 calcareous species, Serraticardia mazxima and Galazxaura
fastigiata, but not from non-calcareous Chondrus verrucosus and slightly calcified G. falcata.

Key Index Words: Ca-binding substance; calcareous algae; calcification ; Chondrus;
Galaxaura; Serraticardia.
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i1, EOWEL—Silt, Ex0lRE»OBIBRTE
o (BKERRE) 2 ML T, o@E5D Ca FAEN
YHEBE L, il OfS»b Ca BAWEEXWE
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1. BRREESO ©Ca #HAEEIRTIHBRRY
DR VER

1) ¥R ERCEGCREL, MR 43
v (Serraticardia mazxima (YENDO) SILVA), # 7
# 5 (Galaxaura fastigiata DECAISNE), t 7 4 7
#5 (Galazxaura falcata KJELLMAN), % ¥s3/
Y (Grateloupia elliptica HOLMES), 4 £ / = 4
(Chondrus verrucosus MIKAMI) @ 5%E, #HETE
A %9 F 9 (Padina japonica YAMADA), 3 F v

3957 (Padina crassa YAMADA), v IV F Y
(Padina arborescens HOLMES), ¥ 3 + 5 / % (Sar-
gassum thunbergii (MERTENS) O. KUNTZE), 7
5 # (Eisenia bicyclis (KJELLMAN) SETCHELL) ®
5, BETIXAY /Y (Acetabularia ryukyuensis
OKAMURA et YAMADA), 9 F 9% R F v 74
(Halimeda discoidea DECAISNE), & 5 3 v (Codium
latum SURINGAR), 7 # 7 & % (Ulva pertusa
KJELLMAN) D4 T, Gt 4ETHB, ZD5bH
AAvaw, #7345, e3 4787, A%+9F9,
AFYIVFT, AV Y, VFIYRFVITHDT
HWIAKETH S,

A%FVFY, aFUIVFY, AY¥ /Y LUNOH
B EER T SR, TURIRS X AR T 1977
F5 ANG 1978 4E 8 BT THELILDTH 5,
FlAFFUFU, 2+ 39 FVX19774E8 i
KRB R SBT3 CTHAE L i b D% [MFERAT
OIBEREB LOMERC L D REEL T e
DOTHY, H¥ /Y% 1976 4E 12 AR RIENC T
BELILLDOTH S,

2) EARHEES O BRERIEK T gk
% 40°C TR LI, ThEAHBHPTERL, Z0ig
BRRAIARIC # 10 £5 & © 2 N-HCl % hn 2 20 [ [
20°C THE L7, KIC 5,000 rpm, 10 23-fEl s s i
12X hEEEAR 4D 001 M Tris-HCI &% (pH 8.2)
THRGICBEH L, FFEE 5,000 rpm 10 43 D35 Oor A
o> CEREX B LI, O LY 40°C
THIBR SR b ORBABERES & LT, DR L
LTHERLI,

(3) #5Ca BIKDFH 1m Ci ® 45Ca % CaCl, &
LCELsHIK % 0.01 M Tris-HCI #&1#¥% (pH 82) 14
iz, < OWEW 100 mé iZ—ERD CaCly 75k
LTHEE3mMM & 30mM ® CaCl, #4200

BT LI,

(4) 5Ca HABOEHIE BERMA»OLHE
R E S O ¥ K 100 mg % 2mé @ 0.01M Tris-
HCI {Z# (pH 8.2) fr¢ 1 LI X 2 Thb,
kit $Ca 41y 30 mM @ CaCly %% 1 mé
2 %R 10 mM @ CaCly #i§ (5Ca % 1 pCi &)
LT, ZORIGHK % W R L a2 5 20°C TS5,
10, 30, 60 43 [EIRIE X e D, 3,000 rpm T 5 43
DHEL, TEEE 10 mM OFEfEHE CaCly BHED
FABT2EES L, 20X 5L THAEmC
2N-HCl % 1 m¢ nx TEARECHEE LI ¥Ca %
X, Bidis sk (3,000 rpm, 543MH) i & b
WHxets, £O EFEOImlHx 27 v L 2 DRI
&> TEHERIE, F¥R70—hy Y- Clibgs
RE LT,

(6) FERTEMEEIS O 45Ca FESTEHONE HBARE
4 100 mg » —E&D 0.01 M Tris-HCI {2
(pH 8.2) Tz X ¥, Z iz 5Ca & 1r 3 mM CaCl,
B —EBINZ T CaCly ORIEENENER 0.05,
0.1, 05, 1mMic/en X SICiiigLic, ¥/, 5Ca %
4130 mM CaCly BHKE AT, FAkkC CaCl,
WEEML, 5,10, 20 mM L5 X S L, &
b 20°C T 10 FRHRE Lisnib RIL 1, KIS
#HE& k% 3,000 rpm T 5 AlEEEROSEEL, A
FOGHe & S oIEEHE CaCly BT 2 @Bk L,
R 2N-HCl 1 mf #mx TS LI 5Ca %
WX i, Tha 3,000 rpm 555 i 5E O o e L,
L5 01méx & o T &R R e 2 WAE L
1

(6) MEAEHESHhD =27 VikEER IOy o Vg
DER Ca?t HEALBITHERKLEL LTz 27 v
ikl avRE v v (v e vEg) BEXLLRDDT,
Hphozh bR ER LI, MEBROERICH I
5 TiE, %9100 mg OFEARFEEESIC 5 mé D 2N-
HCl iz Pl AKiabc2m ko g L, 184
NaOH Tt #EEHK No. 2 TR LI, ZTDHE
WO—E BT 2 ¥ 4 U 1o b4 DODGSON-
PRICE DOtk (DODGSON 1961) & & b sER L1z,
Y o YEEEICOWTIE, 3% 100 mg i 5 mé @ 1IN-
NaOH #/nx 20°C T24 W]y v Y&t L,
i x HCl ThflL CRIBCIEGE L. T DYEK
D—EBIOEMHIhicEy 0 vEBEE h VvV —
Mg (KNUTSON & JEANES 1968) TE& L, 7
vzavigEE LTHEB LA,
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2. BABRHEATOD 5Ca HEHHEOIARIILES N
RBICKBHHE

(1) #tks LOMAAREE S OFE EBc AL
TEIINIAL 4 ED S bAKAEA A Y20, 54
7, EIHIHIBIOHGIKEEA KXY /~20D4
BT, BT TERL,

Zh B OifgE R RiE 1 (2) 129 - T 2N-HCl Tl
L, BARGEES TR L7,

(2) BABHEES DO Ca #EaWEOMME LV
O VigASE  _EERHEEOBAEEES DD Ca
EEWEBERGBETA®ic 2M KCl #4100l M
Tris-HC) #&6 (pH 8.2) 1= X B4hiE & 1T7c\>, $5Ca
LRIGX#1-H, X6 h% Sephadex G-75 T4
VEBL, HREOL % vy E, L 5Ca will
Bl Tiebb, FTEEAREM®S 500 mg &0
2M KCl 221815 25 mé & i T 20°C T 20 B[S
B LA bR T 1o, USHK % 5,000 rpm ¢
10 EE LT #E TR, kifxk€o 7y v Fa—7
CANFEH KPR THEN LT KClEER o, BT O
HIRI LR IN 1275 X 512 HCl %nx—7# 20°C
THREL, TDE 0% C/tb L 5icx s/ -z
72o Th# 3,000 rpm T 5 43 fHliE 0o L Tkt %

sk lomM ca?*

45¢q Radioactivity
cpm/0.1ml (x1073)

Hdte, ZOWEHY 80% = 8 / —r THEIESL,
AN I % 2 mé DFERIKICER LI, TD5
HD1lmé & $CaCly, &1y CaCO; fIFIAERK (0.1 m
Ci/mé) 1mé RAL, 15 WML <EHL Trb
Sephadex G-75 # 7 4 (1.5X40 cm) {Z D3 TZEYK
T L, 5mé Fo0@E Lic, TDHESED 0.1 mé
&b, Hik1(4) KK ko $5Ca BEFEL,
¥ o R ilichD, @i 7 = ) —VBEEEERIC X D, %
Yy E% 280 nm ORI TETh TR ER LT,

#w R

1. BRRMEESD 5Ca &0AHEE

$5Ca #ELHELAN Y T 0D 10 mM B (HEKD
Ca BB L) T, FERAOBTEEES &
D3AATE 5Ca B FREFANC JE L A58 Fig. 1 T
HBD, 5Ca D& HAZBTETORENI I W T—&E
BRI BN 2 U, T ORI 5 5 10 55T
BHHZEMNbhots, ¥ $5Ca DL HAZRFAFIEIL
fRC X > TR, RLBVHE R THRRBE + v
P9 FTIIELIEWEEY R T2y VDB LF 20
B RAIE, LL, BIKEDE THEZEL $5Ca &
DRAZRNERRT & o R AR B i h - 72,

e LT aPadina erassa

L L i Sargassum thunbergis
Eisenta bicyclis

Padina japonica
............ Padina arborescens
— =" "“Codium latum
Serraticardia maxima
T ——-——-—A0Ulva pertusa

Galaxaura fastigiata
=R Halimeda discoidea
oGalaxaura falecata

Chondrus verrucosu s

e e—_ . __gAcetabularia ryukyuensis

-------------- s
) — —PGrateloupia elliptica
° ) " 30 60
TIME (MIN)

Time course of %Ca uptake into the acid-insoluble residues from various
maring algae. The acid-insoluble residues (100 mg) were incubated at 20°C
in 3mé of 0.01 M Tris-HCI buffer (pH 8.2) containing 10 mM CaCl;, and 45Ca.
Solid marks (@, a, @), calcareous algae; open marks (O, &, [J), non-
calcareous algae; —— red algae, -—-- brown algae, ——— green algae.
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UIbF /A, THTAYDOL5IC5mM T—BIEN
MIEE D, 10mM CHUOHBES LD TH D, LEMIC
H5 LBEIE BCa & D AREXRTHEANLD
hich, BKEOFNIL20mM Ca HFETTLH Y
7 Y #BiE 3,000~5,000 cpm/0.1 mé @ X 5 7x Fr [
WX AL, HCHWERS Dol 77
{%, 1,000 cpm/0.1 mé AL &\ 5B & DIAKREL A

O Padina arborescens

I B Utva pertusa

. . ’ﬁ Halimeda discoidea
IR . . —-=""_ Bsargassun thunbergii

Galazaura falcata
Galaxaura fastigiuata
-------- Opisenia bicyelis

~ _-Ocodiun Zatwn.

Chondrus verrucosus
=-~“Padina japonica

—® fcetabularia ryuukyuensis
Serraticardia maxima

A Padina crassa

> -

O Grateloupia elliptica

caZt (mm)

Fig. 2.

4Ca uptake into the acid-insoluble residues under various CaCl, concentrations

(0-1 mM CaCly). The acid-insoluble residues (100 mg) were incubated at 20°C for

10 min.

For other explanations, see Fig. 1 and text.
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»

/D Ulva pertusa
Vs

Ve pSargassum thunbergii
7 ... DEigenia bicyclis
e

_A Padina crassa

@ Padina japonica

A Halimeda discoidea
QPadina arborescens
Galaxaura fastigiata

Serraticardia maxima

Galaxaura falcata

-
T--0cCodiun latum

—OChondrus verrucosus

. — ®Acetabularia ryukyuensis
Grateloupia elliptica

1
o] 1 5 10

ca2*(mMm)
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Fig. 3. 4Ca uptake into the acid-insoluble residues under various CaCl, concentrations
(1-20 mM CaCly). The acid-insoluble residues (100 mg) were incubated at 20°C
for 10 min. For other explanations, see Fig. 1 and text.
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AU, SWCEBEEFIRIC B\ TiX, $5Ca & DAL
TIIFAA EEN BB NI S I RIKALEE N 5 777 & &
SHIHIDOMICEWTITFE LVENBbhI, Th
LOHER, FA—RBCRWTLAKEEIFAKE, *
1RIKETLRKILRDORL DL DTIE Ca ik
2 LSS T AWED B\ OIXEA RS ORI %
Bpidbs MR L TV %,

Figs. 2 K X3 b bbmnd L 5iZ, Ca DL Hid
ZHUTEIC X 5 THELWENRDI B, ZHEEE
hOfER (2 2 FBiERE v e YEE) Bk T 5 D
Tt hEEL, ThHOEXHELK, Table 1
T EDRRERTRT, Ve vBEICER T LA FFY
FORBNBEAE (T A, VIVFT, VT
A, aF9IVF ) EFET FTAHEERR
TH, 2hbik Ca OHFREFR TR ¥Ca & Hid
AR TTLOTH Y (Fig. 3), v = vfgis ¥Ca &
DABREEILD AREOFAHFE Lo X 5 Ebh

Table 1. Contents of ester sulfate and
uronic acid (as glucuronic acid)
in the acid-insoluble residues
from various marine algae

Anion

Species (mg/100 mg dry wt.)

ester uronic
sulfate acid
Serraticardia mazxima* 0.15 0.40
Galazaura fastigiata* 2.60 0.40
Galaxaura falcata* 1.40 0.56
Grateloupia elliptica 115 0.55
Chondrus verrucosus 7.75 1.01
Padina japonica* 0.45 0.33
Padina crassa* 0.55 2.88
Padina arborescens 0.38 3.82
Sargassum thunbergii 2.20 3.24
Eisenia bicyclis 0.65 6.47
Acetabularia ryukyuensis*  0.10 0.38
Halimeda discoidea* 0.15 0.55
Codium latum 4.35 0.21
Ulva pertusa 0.13 3.53

* Calcareous algae.
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Serraticardia maxima

MisoNou, T., OKAZAKI, M., FURUYA, K. and Nisizawa, K.
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FIZALIFSF Ca BEWBEIFETHZ L TH
% (Fig. 4), 2Dk 57 Cafs8MBiLe 57545,
1 XY /= 2iixmAbhicr -t (Fig. 5),

% & v a nDFEFIL Vo OFLE (Fraction No. 4)
h %Y IES (Fraction No. 7~9) 12 4$Ca @
E—IMRRbRicH, Tt VoL T B4 5

Galaxaura fastigiata

cpm/0. 1ml
(x1073)
*—o

2.0
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T T

CARBOHYDRATE (A 490nm) 0----0
o
o

O
! -0 -

~0.20

L
o
i
@

1
o
o
o
CARBOHYDRATE (A 490nm) o.---0

o3 4 6 8 10 12 14 _
Fraction No. FracTioN No,
Fig. 4. The gelfiltration pattern on Sephadex G-75 of 2 M KCl-soluble materials from

acid-insoluble residues of calcareous red algae, S. maxima and G. fastigiata.

The elution was carried out with distilled water instead of buffer.
of #%Ca (—@—) was expressed as cpm/0.1 mé of each fraction.

Radioactivity
Carbohydrate

(---0O---), mesured by phenol-H;SO; method, was expressed as absorbance at 490
nm. Column size 1.5X40 cm, fraction volume 5 mé, temperature 20°C.
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The gel-filtration pattern on Sephadex G-75 of 2M KCl-soluble materials from

acid-insoluble residues of calcareous (G. falcata) and non-calcareous (C. verrucosus)

red algae.
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For other explanations, see Fig. 4.
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MiIkAMI, H. 1980. On Acrosorium uncinatum (TURNER) KYLIN (Rhodophyceae, Deles-
seriaceae) from Japan. Jap. J. Phycol. 28: 113-116.

The apical segmentation and development of reproductive organs of Acrosorium unci-
natum (TURNER) KYLIN were investigated on the basis of specimens from Suga-Shima, Mie
Prefecture. The species is characterized by 1) the obliquely jointed apical cell is present,
2) apical growth generally cuts off segments alternately on two sides, 3) the intercalary
division occurs in the cell rows of the first order, 4) the procarps consist of a four-celled
carpogonial branch and two groups of sterile cells, and prior to fertilization, the mother
cell of the first sterile group has divided once, whereas the second group consists of the
mother cell only, 5) the carposporangia are borne terminally on the gonimoblast branches,
6) the cystocarps are borne scattered on both surfaces of the blades, 7) the tetrasporangial
sori are generally produced on small clavated proliferations, and 8) the tetrasporangial
primordia are cut off from the inner cortical cells.

Key Index Words: Acrosorium uncinatum; Delesseriaceae; morphology; Rhodophyta.

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

# XY 237 Y Acrosorium nucinatum (TURNER)
KYLIN (¥ Fucus laceratus var. uncinatus TURNER
(1808) # 1 KYLIN (1924) iZ & » T Acrosorium
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%, M4 (1908, 1936) (XBEICILOL;, THERLEND
DHEHCEDNT, AT 5 TR Y FEfl /il x
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BreoTRICHBICRET 5.

Wiz oWT: Fig. A, LiZAa ¥y 2,37 ) oS
JaFik, B UL 23 olftktbinrd, Wb, A0S}
st O\ TR # (TURNER 1808) K UM
(1908, 1936) DEEH & FaA E—F L T\ 5, (hid—/akE
ETH 0, BEENHEROBTI=EE T (Fig. B),

HERHZONT: Fig. CIXABOE W RDOAERL
rt, b, AHCBIEiT21EME @) 2B L, F1
MBI IINESZ () HRobh, WBITEAZE
B ahbiehbEREy il 5, Fig. D 33w

INE DA B B RDEREYRT. COBHED
TEMIRE (a) XY X h 5B,
FaANTEAONT: £ TEAEDTa s 73E
ZUR DFRA LT M OmE BicBEE L TET
5. Figs. E-H 3% 0F4BR% =T, b, Fig E
TILSTHHN (sc) HihDZERICE 1 koo £/ kg
(steyme) ¥ FHET 5 —H T, prRIT v ERMAR
(cbme) ZHEACETI D H LA EERL TS, i<
Fig. F Tit, » v £ 3 V&4 (cbme) e 4-Eln3%E
ZA v RS VRS LHIE (cby), A 2 Mifa (cbs) BT
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2 M DPHEMIAE 2 BELY 3> TV T, 1 ROPHE
B 2 FE xR K> T 525, —HDE 2K
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BWRIZOWT: FERIAOmELCHEL TAL
(Fig. 1), 2RISR Lisaih £ ORI E THRE
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Fig. A.  Acrosorium uncinatum.

1. Tetrasporic plant from Suga-Shima, Mie Pref. (Apr. 28, 1975).
2. Female plant from Suga-Shima, Mie Pref. (Apr. 28, 1975).

Mz, BT (ca) 1B T=77 2 } (g O HY7xmw=TD La Jolla 7nbH D HFY 2N/
ncEhER LTI Eh B, Acrosorium uncinatum % {47275, £ DR A A i
PUsHaFHEC O T s PUS TR — i AT LWL e h 5 f2, —Ji, ABBOTT and
(L0} = DRt <% 1 S INOTINCA Yl U S Y £ s ) B HOLLENBERG (1976 p. 659) i L% &, #) 7 4 v =
+% (Fig. K), Fig. L (x{tkoZmHid, Fig. M (1o TOHFY AN ) TR NFADE AR S
AT IRV st B US40 (1) JROSPU S5 i e (p) BELTWA, Mkl (1908 p. 121) (L H
DYWIEA T, M, PN FERUE (p) VX R A KD EHDE 51w 205 7 )AL, FoPusaT
Lowoiizhs, A T OMEE (i DU TR O 7 [XI 2 e il i A
fTleotze & &AHTHAMRGE (MES 1936) @ 379 X

S o Fig. 1 J20° Fig. 5 @ik Ao lafkrssh
KYLIN (1924 p. 78) (54 # ) 2 Plymouth ZO* Twb, L LYEEORMIC LD & Fig. 1 kffinic

Figs. B-M.  Acrosorium uncinatum.

Transverse sections of the thallus.
Apex of frond showing apical segmentation.
Marginal segmentation.

B
C
D
E-H. Stages in development of procarps.
I. Transverse section of a cystocarp.
J. A part of a plant with cystocarps.
K. A part of a plant with tetrasporangial sori on the proliferations.
L. Tetrasporangia in surface-view.
M

Transverse section of tetrasporangial sorus.

1-4: segments; a: apical cell; ca: carposporangium; chy, chy, cbs: first, second,
and third cells of carpogonial branch, respectively: cbi: initial cell of carpogonial
branch; cbmec: mother cell of carpogonial branch: c¢p: carpogonium; cy: cys-
tocarp; fu: fusion cell; g: gonimoblast; i: intercalary cell; sc: supporting
cell; step: first group of sterile cells; steyme, stegme: mother cells of first and
second groups of sterile cells, respectively; p: tetrasporangial primordia; po:
aperture of cystocarp; t: tetrasporangium; ts: tetrasporangial sorus; tr: tricho-
gyne; w: wall of cystocarp.
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ZORIKI, T. 1980 Benthic fresh-water diatoms in Lombok Island, Indonesia.

28 : 117-121.

Jap. J. Phycol.

The present paper deals with the results of the investigation on the diatoms epiphytic

on Marsilea which grew in certain paddy field in Lombok Island, Indonesia.

The materials

were collected on August 5 in 1978 by Mr. Tadashi OKU. Eighty two taxa were enumerated.
Eight taxa among them were not yet found from Japan.

Dominant species among them was Achnanthes lanceolata (RF 10.4%) and subdominant

species was Nitzschia amphibia (RF 6.3%).

Some remarks and notes were given especially on following ten species:

Achnanthes

hustedtii, A. lanceolata, Bacillaria paradoxa, Caloneis bacillum, Cymbella muelleri var.

Jjavanica, Frustulia vulgaris, Gomphonema lanceolatum fo. turris, G. javanicum, Stawro-

neis anceps var. javanica, Synedra rumpens var. meneghiniana.

Key Index Words:

Fresh water diatom

Lombok Island; Indonesia; taxonomy.

Takehiko Zoriki, Osaka Secikei Women’s Junior Ceollege, Aikawa Nakadori 2-5,

Higashiyodogawa-ku, Osaka, 533 Japan.

HEloFEELNE
ZOWFRORENL 1978 8 HE HIZA¥DWE  EK
» Lombok [} (Fig. 1 I8) ©i3i3d o Slanadi ©
Kz TWBF v oY 9ICffE LIz b DR LY
LEbEbniz L 0T, EETHRE (Hk 1961) T

N
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Fig. 1. Map showing collecting place in

Malay Archipelago.

MBL, 7vv 7y 7 2CEHALKCEAY 1,500 (50
WEECHE LI BB X h I L7cssY, 19882
oD TEE LTHEFHR L O HET 2,

BEZA&

[FE LT taxa T A7 v Ry MEICEHT 5 &K
DY TH5B, taxon DEFOFHTXAIDH B 4, DIL
BOENBBEDILDTH Y, taxa ZDHED ()
WOBCFIABAHEIE (RF) %t MBI AL 2
1z, 422 (k¥ TR THEILL % TasLis,

Achnanthes exigua (02%), A. hauckiana var.
rostrata (0.7%), A. hungarica (2.3%), A. hustedtii
(4.1%), A. inflata (2.0%), A. inflata var. elata (0.2%),
A. lanceolata (10.4%), A. lanceolata var. dubia
(05%), A. pseudohustedtii (0.7%), Amphora ovalis
var. pediculus (1.6%), A. perpusilla (05%), XA.
rugosa (1.8%), A. sabiniana (0.7), Bacillaria par-
adoxa (1.4%), Caloneis bacillum (0.7%), C. limosa
(0.5%), Cocconeis placentula var. euglypta (0.5%),
C. placentula var. lineata (3.0%), Cymbella affinis
(1.1%), C. minuta var. silesiaca (0.2%), C. muelleri
var. javanica (0.9%), C. turgida (0.5%), C. turgidula
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(0.7%), C. ventricosa (1.4%), Diploneis ovalis (0.7%),
Eunotia indica (05%), E. pectinalis (3.4%), Fragi-
laria construens var. venter (0.7%), F. pinnata
(0.5%), Frustulia rhomboides (0.2%), F. vulgaris
(1.1%), Gomphonema affine (3.8%), G. affine var.
insigne(2.7%), G.angustatum (0.5%), G.angustatum
var. productum (09%), G. clevei var. javanica
(2.3%), G. gracile (0.9%), G. intricatum var. pumila
(1.0%), XG. javanicum (05%), XG. lanceolatum {.
turris (05%), G. parvulum 1.2%), G. parvulum
var. lagenula (0.9%), Hantzschia amphioxys var.
capitata (0.7%), Navicula cari (05%), N. con-
fervacea (1.4%), X N. confervacea var. peregrina
(3.0%), N. cincta (0.2%), N. cryptocephala var.
veneta (05%) N. exigua var. capitata (3.4%), N.
graciloides (0.7%), N. mutica (05%), N. mutica
var. intermedia (0.2%), N. radiosa var. tenella
(05%), N. salinarum (05%), XN. viridula var.
rostellata (0.2%), N. viridula var. silevicensis
(0.5%), Nitzschia amphibia (6.3%), N. amphibia
var. rostrata (0.5%), N. denticula (0.2%), N. fru-
stulum var. perpusilla (0.7%), N. ignorata (0.2%),
N. puncta (0.2%), Pinnularia microstauron (0.5%),
P. microstauron {. biundulata (0.2%), P. subca-
pitata (0.2%), Rhopalodia gibba (1.4%), R. gibba
var. ventricosa (0.2%), R. gibberula (1.1%), Stawur-
oneis anceps (0.7%), S. anceps var. javanica (0.7%)
S. japonica (05%), S. kriegeri (0.2%), Surirella
tenella (0.2%), Synedra acus (09%), S. inaequalis
(1.4%), S. rumpens var. familiaris (1.6%), S. rum-
pens var. meneghiniana (3.5%), S. rumpens var.
scotia (0.2%), X S. socia (02%), S. ulna (1.1%), S.
ulna var. amphirhynchus (09%), XS. wlna var.
fonticola (0.9%).

E B

HHH L7- 19 )&%, FOGED (1976) Srilanka, SUMITA
and WATANABE (1979) ® Jakarta, Surabaya, Sin-
gapore DWE LKL THDH L, ZOMECHBIL
T\~ T Lombok R Bhich o c@ix, Anom-
oeoneis, Cyclotella, Gyrosigma, Melosira ® 4 J§T
ChHDRBEEAEC W TLHRCADN BB TH
b, ¥ oI L 82 taxa DT, 1) Amphora
rugosa, 2) Cymbella muelleri var. javanica, 3)
Gomphonema javanica, 4) Gomphonema lanceo-
latum {. turris, 5) Navicula confervacea var. per-
egrina, 6) Nitzschia amphibia var. rostrata, 7)
Synedra socia, 8) Synedra ulna var. fonticola ®
8 taxa (XFAEL DI G GEHE T, Thbolk

01,2, 3, 4, 8?5 Mix HUSTEDT (1937-1939) »3%
Java, Sumatra, Bali 725, 1, 3, 4, 5% FOGED (1971)
A% Thailand 75, 5 & 7% PATRICK & REIMER
(1966) A3tk DB EEHA S, 6 X HUSTEDT (1959) »%
Burgenland %25, 3 {% SCHOEMAN (1973) % Lesotho
PHERERDEREHREL T 5, hbD8taxa
BEDBETRRBRIEOADIL YKL FH LTV B
DEEHLND,

Lombok [ §#iiY 9 BB LBMHNIZH 5, 4
EHWH L7: 82 taxa DigHC HUSTEDT AS#lfiif
ELTWARLEENIC Cymbella muelleri var. jav-
anica, Cymbella turgidula, Navicula graciloides,
Nitzschia ignorata O AMETH B, ZDmT C.
mulleri var. javanica Wik Utc & 5 8 @5
DE|ETICD, D 3T OV TR ERAE DA
WhHDOHRELH D, FDIeHT C. turgidula + N.
ignorata @ 2 FEIZOWTILARL (1961, 1967, 1968),
FEF - A (1970) AL L bE% * LT
Wh, DT EMBIRLOD 3 REREGEE RN &
FTRELEEES,

Wiz Lombok DKL (B4E) D LHEIE, Achnan-
thes lanceolata (RF, 10.4%) c#i#E 5x Nitzschia
amphibia (RF, 63%) TH 5, #LHEOH EHEHE
LTz hb 2 fDizHC Gomphonema affine (RF,
3.8%) & Synedra rumpens var. meneghiniana (RF,
35%) Mz - 4fETH D, CThb4frdb-T
OREOREMET 5,

MEROREER

FEORELESL LT, HUSTEDT (1930, 1937-1939),
PATRICK & REIMER (1966, 1975) {2 & » 7=, [AEI
BRU T fe o 1o 10 DWTHREN T2 & (kDR
hTH2,

(1) Achnanthes hustedtii (KRASSKE) REIN. var.
hustedtii (Figs. 7, 8)

ARELR R 12-16 fem, 7%0E 5-7 pem, et 10 emic
D ERRFRT 16-19, KA TH 20 #Hx PATRICK
& REIMER (1966) DL & —54 % 2 At D
MO E <, ROLTH M T  —ias s &
h b E CIHCIIV b DT h SRR I i,
(2) Achnanthes lanceolata (BREB.) GRUN. var.

lanceolata (Figs. 1-6)

MR AT AR D 118 (kA BIEE L+ DOfs A
AL EL DD ERDARE I T, HID

#1H (Figs. 1, 2) BLIGAEDOHO S O T 75 fElk
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HRATL B o1z, %k 14-29 pem, 5%IE 6-8 y1m,
FBUL 10 tmiZ D E 11 DL DR L B4, HER D
OB REA A Tl O ST A 4 3AD Y,
DHE,

F2 8 (Fig. 3) R LI D L, DT 17 ik
FAEL 7o, W% 17-20 pem, 3% 6 yem, 528343 10 fem
1IZ2& 3D, 0n% <, hLIIIRE U A CRifilo
DRI A 4 2ARD L D%,

38 (Fig. 4) 13 ifk, 4%J% 21-24 pm, % 6-7
rm, &L 10 um It o X 13D LM% L, Lt A
lanceolata var. dubia \ZXUT 5 LRI
W35z &, var. dubia TiLiRED 8-16 m, RiEL
3.6-5pum THDH I EnHLEHILT,

o 4 B (Fig. 5) 13 Ak, 3%J% 14-16 yem, 5% 5-6 yem
FHENL 10 tm 2D X 13-14 DL DL, L5
WL A lanceolata var. omissa WZXELT 5 1,
var. omissa CTIXRIIBDIEEMIRTH B Z &, it
MR TS 4 < (15-18) RoshlMlin s 4 ¥ & v
FIETHDZ ENnbRAITE B,

7e¥s Fig. 6 {RLIC X 5t » 72 DA
LRCL0 AL IRTS (hbE T L5 fhnigigEsh
7o RN D LMTIZIEFE DO L D L EFUTRD B R
Teh o P DTHTL B & Lts,

AL DL S ERCEL B OREO 1o b D
NBEXR, CDX 5 A duIBz 197644 A 11
RCENDKFROMIES (G571 1977) 2 HEHE L=k
DBETLINFRBEOHREB T D, AEr 1L
THMBRCHNL X R 5 h, MCHCEHARETS
MEIBETRECELEEES,

(3) Bacillaria paradoxa (GMELIN) GRUN. (Figs.
17, 18)

Bl U IcBiATIE, 38 35-40 pem, 5%l 4.5 pm, %
#4% 10 fem 12> & 25-26, FE L 10 m iz 7-8 T
FeLAshd HUSTEDT (1930) Dl & —FK 5, Afl
DR EAZ OV Tix, OHNO and FUKUSHIMA (1971)
@ Cambodia D 45-68 yrm, WATANABE (1977) ©
PhE)IIPE D 60-150 fem, [LibiE - B (1978) DE LI Dl
D 60 prm (TR DRIVRETH D, Th bl L
T HRMICRIA . B L 7oA L X T 35-40 #m
DFEHTH 5,

(4) Caloneis bacillum (GRUN.) MERESCK (Fig. 13)
L 7cd DI TXTHEBE 10 tm iz F 19 T,
CLEVE-EULER (1955) ®75x3 21-25, PATRICK &
REIMER (1966) ®7R3 24-30 X H {,4 7~ D A H AL
2, il R [ o TLREWZ A { 7o » T

Do RAMHEPKDO A2 H 2T R D C

bacillaris % AR % &\ 5 FOGED (1976) DE

R AR T 7o\,

(8) Cymbella muelleri HUST. var. javanica HUST.
(Fig. 14)

AROBE DR, B 44-51 pem, %15 13-16 pm
SeRT 10pm i WNEME 412 6 TH - 7o, HUSTEDT
(1937-1939) (L5 D 458 % 10 #m iZ 5-6, PATRICK
& REIMER (1975) i%[@ UM 0 448 5 % 10 pm 12
10-11 & LT3, HFEHWI[BIZL 7z, Cymbella
muelleri & C. muelleri var. javanica 13L& 4,12,
1938 4242 HUSTEDT M il# L 7= 4 D Th 5 45,
PATRICK & REIMER (1975) (3 & 442 C. muelleri
ELTW 5, FHILBBO—Fc-I% HUSTEDT
2L 0 [AE Lo D TIRKIZ & 2% 4% Hure,

(6) Frustulia vulgaris (THWAITES) DE TONI var.
vulgaris (Fig. 15)

AR DEEANL R F 45-47 pem, %I 9 pem THIM Y
THd, ROBMUBBRE LT L OMBE IR,

(7) Gomphonema lanceolatum EHR. {. turris(EHR.)
MAYER (Figs. 19, 20)

BlEE L oBAL, HUBIROBIIRRF 5 R MO
I N S TR D Do e ld 32-47 pm, GRIRE
11 ytm THRAEOLNL 10 pm iz D ¥ 10 %, R
TSR EEAT T L ot iniff e+ %, HUSTEDT
(1937-1939) o [X & i3i¥ —FK T 5, PATRICK &
REIMER (1975) i X #ui¥ & © taxon DL, G.
affine KUTZ. ¢FXRELDEMBRDINEED L H
Eo AL L HUSTEDT IL§¢» 12,

(8) Gomphonema javanicum HUST. (Fig. 9)

ARl &S 1979) A% Gomphonema sp. & U THF
Ltz dTH %A HUSTEDT (1937-1939) p. 435, pl.
27, figs. 2-5 DLk & 2L —HKT D, KK 22 pm, R
i 4 pom,  Gefd 10 m 20 X 13 THAHR,  drDg
PR TR RN K L Ok FFE L, D
SO Gefitid sy o AR 1938 4242 HUSTEDT A%
Java, Sumatra JED LD THMELI-L D TH 5,
FOGED (1971) i Thailand 255 LTV %, HAH
[Hbo@Goi o Lk LB TH 5,

(9) Stauroneis anceps EHR. var. javanica HUST.
(Fig. 16)

AfEL &S 1979) A% Stawuroneis anceps var. £ L
THLELIZLDTHD, Lombok DEIADEBIZETIL
%% 47 pm, %0 10 fem, Sof84% 10 #m 2D X 20-25
R, PRETEETCEL, BRTESITS
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Do MHIPEHINTHIMMEZEIL L, MR E < il
R T A 0 A D, HUSTEDT (1937-1939) @
SHTIR RN 10 m 1T ¥ 27 L5 T D, /K-
M (1978) DL TIL % & 43 54-77 ptm, IR 11.5-
13 pem, BHIFE EREME T LI o T D, DS
R E —B L i b R 2 0 ARSIk
—HTBLDEEZAMEAET S,

(10) Synedra rumpens KUTZ. var. meneghiniana

GRUN. (Figs. 10-12)

Figs. 10-12 (&7 L7z & 5 IS DizidhR T LL
3 4 OHRIEE DD L DITE U Thith e
KRt BEIE 25-37 pm, sRIFL 3-4 tm, Zfi% 10
pm 2% 4 CTRSFETFTH B, PO L D &
B BT A E 0 AU & e B, oA L
5 hB% S rumpens var. meneghiniana D)
B F1e 2 T B O TR & HE LT,

E i

C ORI B b SR L RO SElE i E b
PRI R A B B BT A [k e D ONS STk D 3 5
LUE B\ o P R AU MREA R D
Jetk te HONC B R TR R oo REOR IR
B L DR OB AL L ET,
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Figs. 1-6. Achnanthes lanceolata. Figs. 7, 8. Achnanthes hustedtii.

Fig. 9. Gomphonema javanica. Figs. 10-12.  Synedra rumpens var. meneghiniana.
Fig. 13. Caloneis bacillum. Fig. 14. Cymbella muelleri var. javanica.
Fig. 15. Frustulia vulgaris. Fig. 16. Stauroneis anceps var. javanica.

Figs. 17, 18. Bacillaria paradoza.

Figs. 19, 20. Gomphonema lanceolatum f. turris.
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KANDA, F. 1980. Distribution and morphological observation of Cladophora sauteri in
Takkobu Marsh, Hokkaido. Jap. J. Phycol. 28: 123-127.

Takkobu Marsh, which lies about 14 km north-east of Kushiro in eastern Hokkaido,
is a shallow freshwater marsh 5km round. An alga referred to Aegagropila sauteri f.
profunda was reported in this marsh. The author collected the alga in the marsh on 6
August and 6 September, 1979. The morphological details and distribution of the alga in
Takkobu Marsh were investigated.

The alga was gathered at the two investigation sites A and F. It is distributed on the
bottom between 10 m and 40 m off shore at site A, and between 20 m and 30 m off shore
at site F. The amount of the alga was very small and the area where the alga grew was
narrow as compared with the case of Lake Akan or Lake Shirarutoro. There are found
neither ball shaped firm aggregations as seen in Lake Akan, nor attached plants on any
substrate. But irregularly shaped loose aggregations are distributed on the sandy bottom
of site F. According to SAKAI (1964), three forms of Cladophora sauteri is present in
Japan: f. sauteri, {. kurilensis and f. kannoi. From the branching manner of the filament
and the shape and the size of the cells, it is concluded that the alga in Takkobu Marsh
is referable to Cladophora sauteri (NEES) KUTZING f. sauteri (Japanese name: Marimo).

Key Index Words: Chlorophyta; Cladophora sauteri; Cladophora in Japan; fre-
shwater alga ; Lake ball; Marimo; Kushiro Moor; Takkobu Maush.

Fusayuki Kanda, Biological Laboratory, Kushiro College, Hokkaido University of
Education, Kushiro, 085 Japan.

BAZL <) 2 R ET RS20 bR T
B (EEF 1934, NAGAT 1940, /|npk + [ 1953, O- KushiroR. P BN £
KADA 1957, SAKAI 1964, fliffl 1979 a), & DT 4 filf
WD < Y = (Cladophora sauteri {. sauteri) &[5l N 2
oL OOEMERE UAHED MMM L ¥ 50 + o] .5 42% N\ o @ &
s T eds o 1= (SAKAT 1964, FiF 1979 ), <

FEHRBACERE R, YT OILEW 14 km O
D HRAFOBKOW TH D (Fig. 1), EHRH
o) EREEAEETAZ L1968 EREIZL VA
D bh, BEOWTORBIIEVD, +ET Y=
Y & (Aegagropila sauteri {. profunda) & L T
Lxht- CKiE 1969), Fig. 1. Maps showing the locality of Takkobu

. . . Marsh and the positions of investigation
&if?\:igzgj%i;&sﬁéfjfi? E?":‘:kiﬁ%?ﬂ(}z:; sites (A to O) and lines (L1 and L 2).
BEND, ZOBIMEHPLy s o@low) s (fng: =V =) LAEINIC, ZZTIHERRBTD
[ U Cladophora sauteri INEES) KUTZING {. sauteri 516, HREERECDOWTRN35,

A4
-
.

Takkobu M.
e

Kushirg
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A R EAEHE

SRR 1.37 km?, JHPH 5 km, JEpEs 5 i
LR ROGEMEOMTH D, BfEs 21 km, HiEH
09km Tdhsb (Fig. 1, l“ig 2A), Z oAb 43 )
65, ik 144 Ji 29 /(i L, SiG b o i

téﬂmmzukmmmnﬂM#bmAL,mm@m

Cladophora sauteri in Takkobu Marsh. A,

Hn o el Lcuw s (Fig 1),

FEHRAN DO = ) # FEEOPIUIAO H oK X S
0.7 mm X0.7mm DG A v ¥ o O TERUHAY
Tlils o1, KEUEFERGD B9 10 em o JiT & W] ¢~
TME L7z, ok pH ka7 26k pH i1 (4
Wity KT-P2) #HueciliE Lz,

i) i
30 4nlls

Takkobu Marsh: B, Cladophora

sauteri gathered from the bottom of Takkobu Marsh; C, middle portion

of filament, showing branching manner ;

shaped aggregations.

w R

S 19794:8 /1 6 Hiz Fig. 1 oo A Hijlik F i
T ) AL, £ 2 CI9H 6 HITuiig
< L1, L2 oiffia | 5L < T,
Ao b s it L1 & F i o an b
s L2 Tofia i Lz, L1 TR S 10 m~
40m DT~ Y @IS e, L2 Tldeh b
20 m~30 m DL TORIFAI LTz, S Oplji i
T= ) DEFH L TOIITOKEL05~13m Tho
too E7n, WO A LA F A 100 m HEE B
FLThIc, EoMiTtd = ) eEHER s e
Mmatz,

FoTRIT, FOMOMETYL < U RS MEET
BIE S EIRD IO, FD 5~50m fih Tk

Table 1 1=

D, cells of a filament; E, irregular

D, IKEED L m i O N2 A THHD PRI » T
B LTz, Table 2123 L7 X 512, A & F il
BT ) BRI E e 572, ThB O
CEm BN RIE TR AN E F SO o 2
<) BREEAGAMAL TS LD L bR A,

FHScoFE LUt o&EY:, o 2Tk Fibliode
PELZ ) 50 m, 1 HIZ 4 100 m DY 20 m o> ~ov bl
AT LTz, Fho AN Cik o o & b JerEic iy 100
m, 4 150 m T 30 m OFIPHIC i L Tk D,
Fi & 03y In<, wmd &hotz, FHuiin
AL ORI — I e > T B L DD, ALl
A FHbi & b o lash &+ 2 3 v (Phragmites
communis TRINIUS), <~ 2% (Zizania latifolia
Turcz.) TN TE D, 7 b4 (Scirpus tabernae-
montani GMEL.) § A b iiz,
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Table 1. Distribution of Cladophora sauteri along the lines of L1 and
L2 indicated in Fig. 1 on 6 September 1979
Distance from
the shore (m) 0 2 4 6 8 10 15 20 30 40 50 60 80 100
L1L - - - - - - - = =
Cl. sauteri oy ot
L2 = — — - - — — 4+ + —- = - - -
L1 0 01 02 04 04 05 09 08 12 13 13 14 15 15
Depth of water (m)
L2 0 01 02 02 03 04 05 07 11 13 13 13 14 14
+: CL sauteri is present —: absent
Table 2. Distribution of CL sauteri at investigation sites in Takkobu
Marsh on 6 September 1979. The depth of water, pH and tem-
perature of surface of water and bottom were also measured on
the same day
Site A B C D E F G H1I J K L M N O
CL. sauteri + - - - - 4+ - - - - - - = = =
Depth of water (m) 08 12 10 14 11 08 1.0 09 09 08 06 06 08 09 1.0
Water temp. (°C) (surface) 20 18 17 21 21 19 20 20 19 19 20 20 20 21 21
(bottom) 18 18 17 21 21 18 19 19 18 18 18 19 17 18 18
pH 74 — — 70 — 74 — 74 — 71 — — 72 — —
+: CLl. sauteri is present — : absent
EEOBEREAE: FHREOBE,LLRIIL S A wf A B
fo= U 2RO SRR Fig. 2B iRLZ X 3, average
BB CARBUNCHE > TOBA, Y £y ST 30r avetage
22 DRI F D & & AT E B, SIRKDR 20l
X 05~3.0cm, —FlHlaTHEIKTH L LTV 5
(Fig. 2C), RO LHEEATH B, il Tlith 210
WHHEDHELH D, # & Elh & Do T AEESIMAT, .:.; o)
BB CREBTECEELH B, ARD/PEIL 1~11 guor A F
Alannich, SFH30MNETH oo, RADIMEL 0
B DMlias s 0~3 filaniifEs s\ T B, /Mo
T WD EIROMIBEL 3~5 (~9) TH o7, 2f
AREAR L T BMEFRER TH Y (Fig. 2 1o ! |
D), I A  BAKEERE LTV 5. & |
5 |1 o - r— A I I (l
HINTHILE DBSI S A T B BAEN S, B 00" 0 80 200 400 600
KO IEDMIEOTEE Fig. 3 A’ 1275 L1 B ic 30~ diam.(pm) tength (um)
70 pm Z/3 AL, 40~50 pm D L DAL L %, Gl Fig. 3. A-A’, distribution in diameter of

L7 58 HifADFE13. 48,5 pm Th » 1o F 1o A D/
Bofilan £ X1 200~700 #m T, 300~500 zm D i,
DH%L, Fiix 4188 im TH -~ 1= (Fig. 3B/), Fig.
ABITRLACL 5T, chbofildokXEFLDOH
X5~13 TT~9Dflix L BL DN %\, i1 8.66
ThH 1o, BRDIMERER B Hila o £ 13 40~90
#m T, 40~70 pm D DAL L, FROPEL h bk

filaments of the alga from Takkobu
Marsh: A, cells of branches; A/,
cells of branchlets. B-B’, distribu-
tion in length of cells: B, cells of
branches; B’, cells of branchlets.

EffEC AT T B o 3H L 7 74 #lfa D ESi
578 m THh, WAED/IEL D #9 pm K&\ (Fig.
3 A), EOMDE X ik 100~700 #m T, 300~600 zm
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20t A average
1of
o
¢ __miiTh.
5
<2520'B
10 H
° !
|
0= 7 1

6 8 1

length /diam.

Fig. 4. Distribution in the ratio of length
to diameter of cells. A, cells of
branches; B, cells of branchlets.

DY DAH, Tt 449 pm TH -1 (Fig. 3B),
2D X 5 EHOMIEDOR SIIBRD/MEDE L b R
REVHRLAER LR, EOMEORIEFELD
Wit 2~14 T, % ik 5~11 OIS AiT 5, FE
791 THot: (Fig. 4 A), ZDfEiEh e b AL HHT
B, FHETHBRY, BKOPMIOEDSHHKD
MRDOMEL Y REL o Tk Y, LviiRVMlaTH
BT EERRLTV D,

A, F WihEo~ ) =& WTFhibrkkro i
Dh, ThbAREHDTPLLEFLICLDOIRET
Hoteh’, F AT ARREREE - TEPHTILD
AREAT DL 5TV B DN KB AT (Fig. 2E),
¥, EHRBO~ ) e FEIAPARFZTIAEL
Twieh oo, KRBERTEEORIZNERW LS
UBENH DM, KPTHS LT L W AEFHITIO B
T ENTEI,

Bz R OB EEZ 2 LETIC ~ 7 v b
o@D ) B OWTHRE Lick 51 (A 1979 a),
Cladophora sauteri D 3
f. kannoi) DT Cl. sauteri . sauteri & —33 %,
¥ic, vIwvtrailo~y e (CL sauteri . sauteri)
KOWTHL IR E L DL KHITE, &
hoDZ EMLEERBO < Y %% Cladophora
sauteri (NEES) KUTZING f. sauteri (fi%: <V %)
THBHZ ENHBLL,

(f. sauteri, . kurilensis,

E B

HET~< Y = (Cladophora sauteri {. sauteri) @
ET2EBR I CREMOMCERBE ~ 50t
2 DLIE 5 o hY (SAKAT 1964, MIH 1979a), = Zic
FIoCBERBIMb D 4B E o7, EERBO
= Y EDSABIIFERNPR Y 7 0 + o MOBEIC
LTEBH TR, FHRTORLIIFERCHL, X5

ZHEBERIBO = Y =X b Dbl e v — FIRDEK
Bo= ) v i BOICEN, ZOFEDL DITEVE
BT LI b I TRELS REo T3, £h
L= ) EDEFLTHS2HIBD S F i To &
— AR AT BT TH B, LLLIDF
Wi FEOBERN RO B v 5 4 + v HHEROR
OB (M 1979b) LRILL, D5t T
HY, BPCHORNIKREFRE TR, i~y =
PEIC I B4l (BFF 1934, SMITH 1950, HOEK
1963) i LT\ 5 X 5 1icBbh 5,
EHRBLZhE T ) 2 0EFRHERIA TS
WERBR Y S v o EVCEICH D, 5ol
B 7Tkm, HERWINH 5km OERHCH B, “hb 3
WEECThLYBRBREROR ~JLBmc B L, Bl
TRKIEL T2 S DD TH B L EXL BT
5 (FE - g 1977), Z D X 57z Em bk
WEOMEC L <) e NEFTTHIENHE I I B
%5, JIBRERFAFCH B 5 —DoDKRE LB, FBTIE
<) BRALRIgh o, FIBTHRTNEZ IR
DKREVMUOMBEREL RIEDZ L THD, 22T
3% &e 2 vy (Trapa incisa SIEB. et ZUCC.) & 3
Y % ¥ 9 (Menyanthes trifoliata LINN.) DA TH »
oo SHIZH L THERH, v o, EHRE
Tl xsvav i (Nuphar pumilum DC. var.
pumilum), € o~ ) x & % (Potamogeton perfoliatus
LINN.), = V' ¥ + ¥ % (P. compressus LINN.), = =
(Ceratophyllum demersum LINN.) %tk & UTIFE
S OFBFDOKENZ BN D (FEH S 1980), % 7c,
D OKEIITEBD < ) e AEFHOKE (BAS
1976) L HILEL T B L DML, B ) €D
HEBFLTC2E pHEMN 7 X b LB EAE5R
T h (KANN 1947, HOEK 1963), $Iii4 it 3% 1,
Ik el ERRRE SR TR Y TH B,
7 ) = DEFROVCERRIBIPCIEL, KET
EPETH D (FH - PHE 1977), Chboz it~
Y = DAEFMCIIGRDOBE L2 b T &
IRETHLDTHA 5,

FHOICERRED < ) 2 EFHCEN TR ook
BRBRCEMN L ET, TS THEERL
TRV bR A R E BRI RIE, Riis
DFERER R H S e R R 3 X OV MERRIUA R IER
TicEHB L ET,
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BARERE: AT UFE Munenao Kurocr:

of a green alga Cladaphora sauteri

T = ) & LRI 5 7= Y ®AEUERT H AR
ARTHiEh T3, =Y =X EwTimw
b, TD=Y 'L, BCKLESL L DADRHLES]
WTWA, FARFE R, duimis b iiEsg AR RO
—ANELTONEG, 5 LTEBRICL O EH
D& - T,

[ DY IR T > T
)= ThhH, PPN, BRI oMl L ]
BhcwR$i7e= ) 220105, Mz <Y
& Cladophora sauteri &\ ~5Wplk, FH0ELW=
) ELETTIRL, TRBNEBIEBI g o 7o RIE b
Fha, PIFEMCIE R T <Y =0z, EBEL
DESINI RS T INADP N N N [k el e
Nb, FRZEDLWIELGW- ) 2w/ ET5 ] L1t
BB TH b,

%, RO “FEhii~ Y =R EA L DH, kT
FEWD <) e TH-> CULicbic, Fi, Thid &
CLIchDTHoTHWiT7el, ATl L7V A
T=Y 22E L T AR ilsE35 2 Eattikiz,
R EERITRFUA O AN T~ ) = TH 5 (14-1), i

HOUE Pl <

H—1 AL~V -Ehrolih

Artificial lake ball, “Marimo”,

i< ) = TlXicv, ZZTEBRIAL=Y) =246
5T, Rt LT a9Eio K<) & &
WL THR Iz, ST EBRTWB AT <Y Ty 7
v b DN ) B R LTV B, v 7 v b
DR D, BV ) B, ARkfEo <
VENDH D EDMBIT D, AT KA FHTEL:
DG (1979) Md D, 2 KOG dis - T
7o\,

AL U EDEHH

CoTiiEhTws v ) B, RS~ v L
DT FE LV, L, L ABERK<Y ®ITLh
BRDBHE LWL EL ST, WEZa gL TA L=
) & DR A DD ERDEH TH B,

NL= Y &, 1) fudfittatcizL v, KRo

ZIERTPEWE LR ST B, 2) B LTwWB AL

< 4‘:0)}\g R P LE~10em DL, DOTH B, 1.5
cm, 2em DL DR EHSBEL TV 5, KAR<) =T
Z3~4dem A FOFELL=) =37 <, 20em (i F
TOREVLDNBH D, 3) A=) D EHEELT
r»ﬁ'vl DB AT 2T B, K<) siclibh
> & 51T, )\mh PR AR R Lo iiv s llifh, Z2Blik

FLRRY/ NV AR QIR by Nt | IOVt S ) N N 4 TP o B L AR
F(g)
- L]
® ATVHE e (350)
A KHKYE CRER)
o (B AE %)
100
[ ]
= (o] sy
=3 L ]
o &
50+
@
i ®
= @ 24
[ oR &
L PR
0 1 'n’ 1 1 1 1L 1 1 1 o
1 2 3 4 5 6 7 8 9 10@EF

(em)

H—2 AL~V E:FR~U £OES O
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FITEH 2 TR IUE, KR L D & ke
mv&m_ BT LRI RBMERS, 4) filho T
D&, R¥B<) =i lb_XTEL THEWL, ALY =k
R~ ) 2DREX (HEE) EEIOB FEENELT
B2z, hiCkoTLAL= Y =Kk~
VELOMUKREZITIRENC b5, ok, B
XaD EE, KR DIl TR LIZs &
K<) 2 TRRLHLML, FARRTHEHILRS D, B
Ly L& s, ANL=Y =TiREL Trha
v, B) A=V ek ad A%D LTRD &, 43
R Lo & e, rhfkixrhdEc, fEuoskiREaEc
RHENBZRBH > T D, HIREOEZIEL,
1~10 mm, [oiE0~7 4, EHoMlaiix1~15
(THDH, biskic, flEDEZL02~1mm (L TH
Do CHICKILT, K= =ldREL D EP2eL
e h, FoWiiEdn s LAzl 51T, b
s B A2 R BRI AR R LT B, F
:.J)e%JP{« TP i A -iL'(1952, 1964) 73DXT

5L 512 5~30 mm i\ XFENLLEH D, A=Y
EDLO LD,

AIZVEDEODE

NI= ) = OEGEZ A 03B H L BlCTVL B8
FELULC SRS e, BEARITRIAHE T E> T D
WL TR R RN T 5, BTy I v r sl bR
o= ) 2% M35, thi I +4 - AR TKE
Mzl 5, KEWAT<Y =& &L, LD
e 2 s Tl < Hl 3%, Al L7zkiko <) =
AU T IANELRE I Tl F TR
s JFCHEML TR, RIREEREAGET £56<
T5, SORPEEHM L THEL L, SAEFWHT
200, NL=<) =@hEo—FoOHRELHTHH,
DTHb, HEFULIADFROHEINZ LD, K&
o k> CHicBh, 12555 455 T—D2D AT

U%mWL[oamwfoikumﬁﬂkhfﬁg

FADHBERDDHATELDDFELIET D2, FF
u%xl<tt0,%k§ﬁ6t%®ﬁ?ﬁﬁﬁﬁ@
770> Tl el (060 FLIE AL X AL 10 405 8 T
0 dbifEiiksd #eg)
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ciety of Phycology). Price, 1,250 Yen per issue for members, or 1,800 Yen per issue for non member.
Lack: Vol. 1, Nos. 1-2; Vol. 5, No. 1; Vol. 6, Nos. 1-3; Vol. 7, Nos. 1-3; Vol. 8, Nos. 1-3; Vol. 9,
Nos. 1-3.

2. 1Index of the Bulletin of Japanese Society of Phycology. Vol. 1 (1953)-Vol. 10 (1962), Price
1,500 Yen for member, 2,000 Yen for non member, Vol. 11 (1963)-Vol. 20 (1972). Price 2,000 Yen for
member, 2,500 Yen for non member.

3. A Memorial Issue Honouring the late Professor Yukio YAMADA (Supplement to Volume
25, the Bulletin of Japanese Society of Phycology). 1977, xxviii+418 pages. This issue includes 50
articles (26 in English, 24 in Japanese with English summary) on phycology, with photographies
and list of publications of the late Professor Yukio YAMADA. Price, 6,000 Yen. (incl. postage, sur-
face mail)

4. Contributions to the Systematics of the Benthic Marine Algae of the North Pacific. Edited
by I. A. ABBOTT and M. KUROGI. 1972, xiv+280 pages, 6 plates. Twenty papers followed by
discussions are included, which were presented in the U.S.-Japan Seminar on the North Pacific
benthic marine algae, held in Sapporo, Japan, August 13-16, 1971. Price 4,000 Yen. (incl. postage,
surface mail) .

5. Recent Studies on the Cultivation of Laminaria in Hokkaido (in Japanese). 1977, 65
pages. Four papers followed by discussions are included, which were presented in a symposium
on Laminaria, sponsored by the Society, held in Sapporo, September 1974. Price 700 Yen. (incl.
postage, surface mail)
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