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Critical re-examination of sexual reproduction in Tinocladia crassa,
Nemacystus decipiens, and Sphaerotrichia divaricata
(Phaeophyceae, Chordariales)*

Akira K. PETERS and Dieter G. MULLER

Fakultdt fiir Biologie, Universitdt Konstanz, D-7750Konstanz, FRG

PETERS, A.F. and MULLER, D.G. 1986. Critical re-examination of sexual reproduction in
Tinocladia crassa, Nemacystus decipiens, and Sphaerotrichia divaricata (Phaeophyceae,

Chordariales). Jap. J. Phycol. 34: 69-73.

Gametophytes of Tinocladia crassa and Nemacystus decipiens from Japan, and of
Sphaerotrichia divaricata from the Pacific coast of Canada were studied in laboratory
culture. All three species were dioecious, and sexual fusions occurred between isogametes.
Settled female gametes were surrounded by numerous motile male gametes prior to plas-
mogamy indicating sex attraction. Planozygotes as reported by previous authors were not

observed in any of the species.

Key Index Words:

Chordariales; Nemacystus decipiens; Phaephyceae; sexual

reproduction; Sphaerotrichia divaricata; Tinocladia crassa.

Introduction

The edible seaweeds Tinocladia crassa
(SURINGAR) KYLIN, Nemacystus decipiens
(SURINGAR) KUCKUCK, and Sphaerotrichia
divaricata (AG.) KYLIN are placed in the
order Chordariales (KYLIN 1940). Sexual
reproduction has been documented recently
in all three species (MIGITA and YOTSUI
1972, Yorsul 1978, AjisAKA and UMEZAKI
1978). Reproduction of Tinocladia and
Nemacystus has been studied in detail in
connection with aquaculture (YOTSul and
MiGiTA 1974, Yorsur 1975a, b, 1976, 1977,
1979a, b 1980, 1982). In spite of these efforts,
knowledge on sexual reproduction in the
three species is still incomplete. In Tino-
cladia plasmogamy follows the common
pattern of isogamous brown algae : a settled
“female” cell fuses with a motile “male”
gamete (Fig. 1B in YoTsur 1978). In con-

* Reprint requests should be addressed to D.G.
MULLER.

trast, plasmogamy in Nemacystus (Fig. 3B
in MIGITA and YoTsul 1972) and Sphaero-
trichia (Fig. 2DE in AJISAKA and UMEZAKI
1978) was reported to occur between motile
gametes, resulting in planozygotes. Gameto-
phytes of Sphaerotrichia from Japan were
considered to be “sometimes monoecious”
and “either isogamous or anisogamous” by
AjisakA and UMEZzAKI (1978). Tinocladia
and Nemacystus are both isogamous, but it
is unkown whether their gametophytes are
monoecious or diocecious.

Clonal gametophyte cultures of the three
species were studied in detail in order to
answer the questions pointed out above.

Materials and Methods

Gametophytes of Tinocladiaand Nemacystus
were obtained from unilocular sporangia on
sporophytes collected at Nomozaki, Nagasaki,
Japan in May 1984. Gametophyte cultures
of Sphaerotrichia were initiated from mature
sporophytes collected at Bamfield, British
Columbia, Canada in August 1984. Unispores
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were allowed to settle on fragments of
microscopic slides. Clonal cultures were
established by isolation of single gameto-
phyte germlings. The algae were cultivated
in enriched sea-water (PROVASOLI-ES, after
STARR 1978) under daylight-type fluorescent
light. Vegetative growth occurred in 17°C
with a short-day photoperiod (8:16) and a
photon-flux density of 10 gmolm~*s-'. Game-
togenesis was induced by transfer to fresh
medium at a 14-+2°C long-day photoperiod
(16:8) and a photon-flux density of 35
pmolm~*s-'. Gametophytes of Sphaerotrichia
were precultivated in 5°C, a long-day photo-
period and a photon-flux density of 5y mol
m~*s? for at least 8 days before induction
of gametogenesis.

Behaviour of zoids was observed in

hanging-drop preparations.

Results

In all three species gametophytes formed
gametangia (Figs. 1, 6, 11) as described by
various authors (MIGITA and Yotrsul 1972,
Yorsul 1978, AjisAkA and UMEZAKI 1978).
Gamete release occurred in the morning.
Gametes of Tinocladia were negatively, those
of Nemacystus and Sphaerotrichia positively
phototactic. In microscopic mounts consisting
of one clone only, gametes settled without
fusions.

In all three species, zygotes were only
formed in hanging drops containing a mixture
of gametes from compatible gametophyte
clones. Fertilization begins after a female
gamete has settled on a solid substrate and
withdrawn its flagella. The tip of the

i
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Figs. 1-5. Tinocladia crassa. 1. Plurilocular gametangia, consisting of 1 to 3 loculi (“paucilocular”),

mostly released. 2-5. Sequence of gamete fusion.

7-10. Sequence of gamete fusion.

Sequence of gamete fusion. Figs. 1, 6, 11: Same magnification.
vals of about ls, figs. 5, 10, 15 few minutes after plasmogamy.
12-15: Same magnification, hanging-drop preparations.

Figs. 6-10. Nemacystus decipiens.
Figs. 11-15. Sphaerotrichia divaricata.

6. Gametangia.
11. Gametangia  12-15.
Figs. 2-4, 7-9, 12-14 taken at inter-
f=female gamete. Figs. 2-5, 7-10,



Sexuality of Japanese Chordariales 71

anterior flagellum of a male gamete attaches
to the surface of the female cell. The
bodies of the two cells touch and fuse.
Subsequently the posterior flagellum of the
male gamete is withdrawn. The zygote is
usually irregular in shape, but rounds up
within a few minutes. If male gametes are
in excess, female cells are approached by
several male gametes before a zygote is
formed. Occasionally, two male gametes
fuse with one female. Serial photomicro-
graphs of gamete fusions in all three species
are given in Figs. 2-5, 7-10, 12-15.

Female and male gametes are morphologi-
cally identical but physiologically different :
(i) No interaction occurs if motile female
gametes are combined with settled male
gametes; (ii) Female gametes produce a
conspicuous sweet fragrance not encountered
in male cultures.

Sex distribution among the randomly
isolated gametophyte clones was 2:2 in
Tinocladia, 4 female : 3 male in Nemacystus,
and 5 female: 6 male in Sphaerotrichia.
No evidence for monoecism was found in
this study.

Discussion

Our study shows that Tinocladia crassa,
Nemacystus decipiens, and Sphaerotrichia
divaricata are dioecious and isogamous.
Plasmogamy takes place in the way described
above which is known from brown algae
since BERTHOLD’s observations on Ectocarpus
stliculosus (DILLW.) LYNGB. (1881). Sexual
fusions between two motile gametes resem-
bling plasmogamy in isogamous green algae
have been reported and depicted by several
authors for various species of brown algae
(e.g. ARASAKI 1943a, b, 1948, LOISEAUX
1964, 1966, 1967, 1970), but have not been
documented convincingly in any brown alga
to date. In Sphaerotrichia divaricata (AJI-
sAKA and UMEzAKI 1978) and Acrothrix
pacifica OKAMURA et YAMADA (AJISAKA
1979) planozygotes have been reported
recently. The photomicrographs in these
papers can be more plausibly interpreted as

showing unfused gametes that are separated
by cell walls (Fig. 3E in AJISAKA and
UMEzAKI 1978, Fig. 2] in AJISAKA 1979).
From the corresponding descriptions in the
text it remains uncertain whether genuine
gamete fusions occurred. In Nemacystus
decipiens, fusion of gametes was documented
(Fig. 4C in MicIiTA and YoTtsul 1972). In
this photomicrograph, only one flagellum
(presumably the hind flagellum of the male
gamete) is visible during plasmogamy. The
zygote does not possess any flagella. Thus,
evidence for planogamy is not convincing
in Nemacystus.

Some reports of planozygotes may be due
to observation of swarmers with four flagella
containing two chloroplasts and eyesports.
There is no evidence that these “twins”
originate from sexual fusions between
gametes. In Ectocarpus siliculosus it was
shown that such swarmers result from
incomplete cell divisions in gametangia or
sporangia (MULLER 1967, 1975). Actually,
such “twin” zoids have not been observed
in our study.

Some of our results on Sphaerotrichia
divaricata from the Pacific coast of Canada
differ from the fidings reported for Japanese
plants as cited above (AJISAKA and UMEZAKI
1978). They also deviate from the indirect
proof of anisogamy, monoecism, and plano-
gamy in plants from Norway given by
HYGEN (1934). Hygen did not observe
copulations directly, and what he assumed
to be male gametes lacking a chloroplast
and bearing usually only one flagellum may
have been a contaminant. These “male
gametes” were not able to germinate
apomictically and died, whereas unfused
male gametes in our study developed to
gametophytes or sporophytes (PETERS un-
published). [-Kl-fixed “zygotes” with three
flagella as reported by HYGEN do not prove
existence of planozygotes convincingly.
Since we doubt wether AjJiISAKA and UME-
ZAKI report true sexual fusions, their con-
clusions for anisogamy and monecism are
not valid either. Occasionally encountered
morphological evidence of anisogamy may
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be due to variability in gamete size. Sexual
differentiation is defined as anisogamous
in cases where persistent differences of
gamete size can be established. ARASAKI
(1943a) studied the life histories of Chordaria
firma E.S. GEPP and Sphaerotrichia japonica
KYLIN, two taxa that were later included
in Sphaerotrichia divaricata (INAGAKI 1958).
ARASAKI described planogamy in both
species, isogamy in S. japonica, and aniso-
gamy in C. firma.

Although our isolates from a Canadian
plant are dioecious and isogamous, the
possibility that Sphaerotrichia is monecious
and anisogamous in Japan cannot be ex-
cluded. Since sex distribution is important
for artificial cultivation and breeding, a re-
examination of Japanese Sphaerotrichia using
clonal gametophyte cultures seems necessary.

Clustering of male gametes around females
prior to plasmogamy, and odorous (i.e.
volatile) substances produced by female
gametes only, indicate sexual attraction.
Pheromone systems have been demonstrated
so far in several brown algae: Adenocystis
utricularis (BORY) SKOTTSBERG, Ascophyllum
nodosum (L.) LE JoLis, Chorda tomentosa
LYNGBYE, Colpomenia peregrina (SAUV.)
HAMEL, Cutleria multifida (SMITH) GREV.,
Desmarestia aculeata (L.) LAMOUR., D.
viridis (D. F. MULL.) LAMOUR., Dictyosiphon
foeniculaceus (HUDS.) GREVILLE, Dictyota
dichotoma (HUDS.) LAMOUR., Ectocarpus
siliculosus, Fucus serratus L., F. vesiculosus
L., Hormosira banksii (TURN.) DECAISNE,
Scytosiphon lomentaria (LYNGB.) C. AG.,
Sphacelaria rigidula (KUTz.) PRUD'HOMME
VAN REINE, some fucalean species from
Australia and New Zealand, and several
members of the Laminariales (MAIER and
MULLER 1986).

Within the order Chordariales, only Sper-
matochnus paradoxus (ROTH.) KUTZING has
been examined in respect of gamete secretions
so far (MULLER et al. 1981). Gamete suspen-
sions of this species produced the unsaturated
hydrocarbon finavarrene which is also known
as sperm attractant of Ascophyllum nodosum
(Fucales : MULLER et al. 1982). Spermato-

chnus is monoecious and no biological effect
of the gamete secretion could be detected.
Isolation of female gamete secretions of
Tinocladia, Nemacystus, and Sphaerotrichia
are presently attempted.
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Rhipilia orientalis A. et E.S. Gepp, Zellera tawallina MARTENs and Bostrychia cal-
liptera (MONTAGNE) MONTAGNE are reported from the southern Ryukyu Island and represent

new records in Japan.
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As further collections of marine benthic
algae are made in the southern Ryukyu
Islands, species which were not previously
known from the past literatures (YAMADA
and TANAKA 1938; SEGAWA and KAMURA
1960, TANAKA and ITONO 1972, AKATSUKA
1973, KAMURA 1977, OHBA and ARUGA 1982)
are now being documented from these
waters. This paper describes three species
from the southern Ryukyu Islands and two
of them, Rhipilia orientalis and Zellera
tawallina, represent genera not previously
known from Japan. The specimens are
deposited in the Herbarium of the Kago-
shima University, Department of Biology.

Rhipilia orientalis A. et E. S. Gepp Siboga
Exped. Monogr. 62: 57. f. 134-136. 1911
(Fig. 1A-H)

Japanese name: Nise-hauchiwa.

Specimens examined: HI19851, collected by
H. IToNO from Oogami island, May 26, 1984.
The habitat of this species is on holes of
the reef and the plants were found just

below the low-tide level down to 4.5 m deep.

Distribution in literature: Borneo Bank,
Fau Is. (GEPpP and GEPP 1911); Bikini Atoll,
Rongerik Atoll (TAYLOR 1950); Arno Atoll
(DAWSON 1956); Eniwetok Atoll (DAWSON
1957); Truk Is. (TRONO 1968); Solomon Is.

(WOMERSLEY and BAILEY 1970).

Remarks: Present southern Japanese speci-
mens agree well with the original account
(GEpPP and GEPP 1911), but are rich green
when alive and have a spongy texture which
can hardly be described as translucent. In
this respect the present specimens agree
more closely to the description of TAYLOR
(1950) based on the materials from the
northern Marshall Islands.

The structure of thallus filaments (Fig.
1E) and the form of tenacula (Fig. 1 F-H)
are in excellent agreement with the original
descriptions and illustrations, and the dif-
ferences in color and the texture of the
blade in the present materials seem to con-
tribute insufficient differences to preclude
them from Rhipilia orientalis. Rhipilia
orientalis varies considerably in its external
features of thalli (Fig. 1A-D).

Zellera tawallina MarTENs Bot. Th. Die
Tange. 33, Pl. 8, f. 3. 1866. (Figs. 2A-B,
3A-B, 4A-E) _

Japanese name: Beni-hauchiwa.

Specimens examined: HI19852, collected by
H. IToHO from Kabira, Ishigaki island, May
28, 1984. Growing on the submarine terrace
in water about 5m deep below low-tide level
near the reef rim. A single collection of a
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Fig. 1. Rhipilia orientalis A. et E.S. GEpp, A-D. habit of plants of both infundibuliform and
flabellar types. E. vegetative filaments from the blade, showing the constrictions above the dicho-
tomies and the hapteral connections of the lateral branches with other filaments. F-H. tenacula.

number of plants reveals that all plants are
sterile.

Distsibution in literature: Tawalli Is. (MAR-
TENS 1866), Waigeo Is. and Tiur Is. (WEBER
VAN BOSSE 1923); Sulu Sea (WOMERSLEY
1965); Solomon Is. (WOMERSLEY and BAILEY
1970).

Remarks: The Claudea-group consist of
two genera, Zellera and Claudea, (WYNNE
1983) and the major differences between
these two genera are generally thought as
follows (KYLIN 1956, WYNNE 1983): 1) In
Zellera the fronds are the incomplete net-
works, while in Claudea they are complete;
and 2) Branching. of all orders of blade is
abaxial in Zellera, whereas in Claudea it is
adaxial. In plants habit (Fig. 2B), the
present specimens agree well with Claudea

multifida from the Philippines (CORDERO 1977,
pl. 25-B) and Claudea batanensis from the
Xisha Islands, China (ZHANG and Xia 1979,
pl. I-8; X1a, X1a and ZHANG 1983, pl. 71,
fig. 4). However, the structure of the frond
in the present southern Japanese specimens
is characterized by abaxial branching
(Fig. 2 A-B) with the formation of nets by
the blades of the fourth and fifth orders.
Such characteristic is typical of the genus
Zellera, and neither Claudea multifida nor
Claudea batanensis agrees with the present
southern Japanese species.

Up to now, two species of the genus
Zellera have been described, Zellera tawallina
(type of the genus) from the western tropical
Pacific (MARTENS 1866) and Zellera boeke:
from the Atlantic (SLUITER 1908). The
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Fig. 2. Zellera tawallina MARTENs. A. frond of the young plants, showing the abaxial branching
and undulate margin of blades. B. habit of the mature plant. Blades of the fifth order are not in-

dicated.



New records of marine algae from Japan

7

Fig. 3. Zellera tawallina MARTENS. A. mature blade with juvenile blades on abaxial side. B.
surface view of a short blade, showing the elongation of distal cells and the union with the cells of
an adjoining blade.

latter was considered to be synonymous
with Hypoglossum involuvens by TAYLOR
(1960). The present southern Japanese
species agrees well with Zellera tawallina
in all respects of its vegetative structures.

Present observation reveals that in the
structures of blade Zellera tawallina provides
some features in common with those that
were observed by PAPENFUSS (1937) in
Claudea multifida and Vanvoorstia spectabilis.

Zellera tawallina agrees with Claudea mul-
tifida in the following features: 1) The
lateral pericentral cells are formed earlier
than transverse ones (Fig. 3A); 2) Blades
are formed as a rule by successive segments
(Fig. 3A); and 3) The interstices of the nets
are four sided making always more or less
rectangular meshes. The features which
combine Zellera tawallina with Vanvoorstia
spectabilis are as follows: 1) Blades are
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the adjoining blades (Fig. 3B); and 3) Basal

formed by the characteristic abaxial branch-

ing (Fig. 2A

segment of blade forms three pericentral

One or more of the

2)

B);

cells,
cells

cells at the distal part of a short blade
usually elongate and precede the apical cell
in establishing connections with the cells of

an abaxial and two lateral pericentral

These features, however,

may not have so significant taxonomic im-

(Fig. 3A).

)
i

o

10

A-B. parts of blades, showing the cell linneages. C-E.
sectional view, showing cortication of mldrib regions of the blade. (Scale

Fig. 4. Zellera tawallina MARTENS.

50 pgm).
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plications in discussing the relationships of
Zellera with Claudea or Vanvoorstia, and the
features in the formation of blades and the
development of tertiary cell rows seem to
have much weight in the taxonomic argu-
ment about Zellera tawallina.

Unlike the structures of Claudea mul-
tifida and Vanvoorstia spectabilis, Zellera
tawallina is distinct in the following features:
1) The primordium of the daughter blade is
initiated as an outgrowth from the postero-
lateral side of a central cell and lies between
abaxial and one of the lateral pericentral
cells that elongates to the same length as
the central cell (Fig. 3A); and 2) A number
of tertiary cell rows, of which all apical
cells reach the thallus margins, are produced
(Figs. 3B, 4A-B), and some of these continue
further development giving rise to irregular
spinous projections resulting from short rows
of fourth order cells (Fig. 4B). These fea-
tures suggest that Zellera is closely related
to the genera of the Hypoglossum-group
more closely than to Claudea or Vanvoorstia.
Claudea and Vanvoorstia, as well as Zellera,
were formerly included under Claudea-group
(KYLIN 1956), and now Vanvoorstia is ex-
cluded from this group representing a sole
genus in the Vanvoorstia-group (WYNNE
1983). The results obtained from the present
odservations on the vegetative structures of
Zellera tawallina support the suggestion by
WOMERSLEY (1965) that Zellera is closely
related to the Hypoglossum-group. A study
of further collections, especially those of
tetrasporic and female plants of Zellera
tawallina, would help in assessing its rela-
tionships.

Bostrychia calliptera (MONTAGNE) MoN-
TAGNE KUETZING Sp. Alg. 839. 1849. (Fig.
5A-H)

Japanese name: Yaeyama-kokemodoki.
Specimens examined : HI19853, collected by
H. ITono from Fukido river, Ishigaki island,
May 28, 1984. Growing on the prop-roots
of rhizophoracean plants in shallow and
sheltered situations, or forming dense mats
on damp shaded rocks in the intertidal-zone
near the river mouth.

Distribution in literature: French Guiana,
Brazil (TAYLOR 1960); Florida (DAWES 1974);
Venezuela, Ghana (PosT 1936) ; Galapagos Is.
(PosT 1963); Panama, Colombia, Ecuador
(TAYLOR 1945); Singapore, Sumatra, New-
guinea (PosT 1936).

Remarks: In habit, the present specimens
agree well with the illustrations of Bostrychia
calliptera by KUETZING (1864, pl. 19d-g) and
by FALKENBERG (1901, pl. 11, figs. 26-29).
Comparison with the description of TAYLOR
(1960) of this species reveals that the south-
ern Japanese specimens agree fairly well
in their vegetative structures except some
features such as the size of plants and the
manner of the axial cortication. According
to the TAYLOR’s description (1960), the
plants attain the height of 6-11cm and the
main axes become corticated by rhizoidal
filaments. Our southern Japanese specimens,
however, are generally slender and attain
less than 2cm high, and the axial cortica-
tion of the indeterminate axes is occasionally
seen only in the basal parts of the axes. In
the basal parts of the indeterminate axes,
some of the pericentral cells and their first
derivatives initiate rhizoidal cells from their
posterior ends and these rhizoidal cells ex-
tend downwards on the surface of the peri-
central cells in the segment below or even
along the space between the central and
pericentral cells, and the axes have usually
slight cortication. In the most heavily corti-
cated axis the cortex is two or three layers

Fig. 5. Bostrychia calliptera (MONTAGNE) MONTAGNE. A. habit of plant. B. dorsal surface of
the tip of the of the main axis. C. transverse section of the main axis, showing six pericentral cells.
D. dorsal surface of the main axis, showing arrangement of pericentral cells and the lateral branches.
E. transverse section of the lateral branch, showing four pericentral cells. F. part of lateral branch,
showing unusual branching. G. transverse section of basal part of the main axis, showing axial cor-
tication. H. dorsal surface of the stichidium, showing the arrangement of tetrasporangia. (Scales in

B-H=50 um).
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thick (Fig. 5G).

The structure, with the slight development
of axial cortication by rhizoidal cells, is of
distinctive morphology. However, in the
development of the lateral branches in al-
ternate distichous manner, the presence of
six pericentral cells in the segment of in-
determinate axes and four in the lateral
branches, and the entire absence of monosi-
phonous branchs, they show the essential
features of Bostrychia calliptera, though the
thalli remain small. PoST (1963) recognized
fifteen species of Bostrychia, and as con-
trasted with all species with axial cortica-
tion, such axial cortication by rhizoidal
filaments in Bostrychia calliptera is very
distinctive. POST (1936) already recognized
that specimens of Bostrychia calliptera from
Indo-Pacific Oceans have smaller size of thalli
and have a characteristic in which the axial
cortication is suppressed in most cases. In
agreement with the view of Post, it appears
best to regard the southern Japanese species
as a dwarf variant of Bostrychia calliptera.
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Scale-bearing Chrysophyceae (Mallomonadaceae, Paraphysomonadaceae) from the Panama
Canal have been examined using transmission and scanning electron microscopy. Eight
species of the genera Mallomonas, Paraphysomonas, and Spiniferomonas are illustrated.
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Several studies have been made on the
phytoplankton of the Panama Canal (see
PRESCOTT 1967 for literature review). In
his photosynthetic activity study on the
Panama Canal and its major tributary, Mad-
den Lake, GLIWICZ (1976) included a list of
phytoplankton differing slightly from that
recorded by PREscoTT (1936, 1951, 1955,
1967).

PRESCOTT (1955) does not list any species
belonging to the Mallomonadaceae or Para-
physomonadaceae in his checklistof flagel-
lated algae, but does mention Mallomonas
and Synura in his Panama Canal algal
ecology paper (PREsCOTT 1951). The 1951
paper is the only reference to this group of
organisms occurring in the canal although
no species are mentioned.

The purpose of this paper is to report the
occurrence of eight taxa of scaled chryso-
phytes from the Panama Canal. Because
electron microscopy is needed for identifi-
cation of these siliceous scale-bearing
organisms, all observations are by means of
electron microscopy.

Materials and Methods

Phytoplankton samples were collected in
Janaury, 1984 near the vicinity of Barro

Colorado Island, Panama, with a plankton
net (5 pm mesh), and were either unfixed or
fixed with a few drops of Lugol’s solution
or 1% phosphate buffered osmium tetroxide.
For transmission electron microscopy sam-
ples were placed on Formvar coated-carbon
stabilized grids, air-dried and then examined
with a Philips EM 300. Although no scann-
ing micrographs are presented in this paper,
samples were also examined with an AMR
1200 scanning electron microscope. Prior to
examination these samples were air-dried on
aluminum stubs and then sputtered with
gold as previously described (WUJEK 1984a).

Observation and Discussion

Spiniferomonas bourrellyi TAKAHASHI Fig. 1

NICHOLLS (1981) recently synonymized S.
conica with this species because of the dif-
ficulty in establishing characters to separate
the two species. The past two years this
species has been referred to as Chromophy-
somonas bourrellyi (TAKAHASHI) PREISIG and
HiBBERD, but NICHOLLS (1985) has demons-
trated the presence of a chloroplast reesta-
blishing Spiniferomonas as a valid genus.
This species has been found in many parts
of the world (Asia, Europe, North America)
and undoubtedly will prove to have even a
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Fig. 1. Spiriferomonas bourrellyi, scale. Fig. 2. S. trioralis, scale. Figs. 3,4. S. enigmata,
whole cell; scales and bristle. Fig. 5. Paraphysomonas imperforata, scales. Fig. 6. Mallomonas
caudata, scale. Fig. 7. M. tonsurala, scales. Fig. 8. M. alpina, scale. Bar=2 pm.
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Fig. 9. Mallomonas pseudocoronata, scale.
Bar=2 pm.

wider distribution.
Spiniferomonas trioralis TAKAHASHI Fig. 2
Easily recognized by its winged spine
scale, this species is the most widely re-
ported for the genus.
Spiniferomonas enigmata NICHOLLS Figs. 3, 4
This is the second report of this taxon.
Described from Ontario, Canada, the speci-
mens in my samples consistently possessed
shorter shafts (4-6 ym) on the spine scales
than those observed by NICHOLLS (1984) in
his original description of the species which
possessed shafts of much greater length (15-
32 pm).
Paraphysomonas vestita (STOKES) de
SAEDELER Fig. 5
This species is the most widely reported
of its genus. It tolerates a wide range of
salinities, temperatures and pH values. It
has recently been reported from Costa Rica
(WUJEK 1984b).
Mallomonas caudata IWANOFF emend.
KRIEGER Fig. 6
First examined with the electron micros-
cope by ASMUND (1955), it is a large species
and is easily identified using light micros-
copy. It is widely distributed throughout
the world.
Mallomonas tonsurata TEILING emend.
KREIGER var. tonsurata Fig. 7
This is one of the most common Mallo-
monas species and occurs in many parts of
the world. Easily confused with M. alpina,
it is separated from it by the presence of a
secondary layer on the base plate and a

furcate bristle tip.
Mallomonas alpina RUTTNER in PASCHER

Fig. 8

A common and widespread species, it is
frequently treated as a variety of M. ton-
surata owing to its lack of a secondary
layer on the shield.

Mallomonas pseudocornata PRESCOTT Fig. 9

This species is one of the few Mallomonas
species easily identified by cell or scale mor-
phology with the light microscope. Known
exclusively from North America, this is its
most southern report. It has been reported
from Canada and the northern United States
and only recently was reported from south
Florida (WUJEK, 1984a). DURRSCHMIDT (1980,
1982a, 1982b, 1983a, 1983b, 1983c) in her
examination of South American Chrysophy-
ceae did not observe this species.

Based on the species observed, the Chry-
sophycean flora of the Panama Canal does
not deviate from what is found in the nor-
thern hemisphere. Although many species
common in Europe or Japan were not found
during this investigation, it must be con-
sidered that many areas within Panama still
remain to be investigated. Surprisingly
absent in this survey were taxa belonging
to the genus Synura. In most every sili-
ceous-scaled chrysophycean flora published
to date, one or more species of this genus
are reported.
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Two Diploneis species with a sinuous slit on the exterior occlusion of the alveolus
are identified on the basis of authentic specimens and examined using TEM and SEM.
The alveolus of these species is occluded externally by a vola with a sinuous slit and
internally by a hymen (a very thin perforated layer), bearing perforations in a hexagonal
array. The cingulum is composed of two bands, one valvocopula, which is a broad open

band, and a narrow pleura.

Key Index Words: Diatoms; Diploneis oculata; Diploneis minuta; fine structure;

sinuous slit.

The fine structure of valves of the genus
Diploneis has been mainly observed using
transmission electron microscopy (TEM)
(HELMCKE and KRIEGER 1962, GEISSLER et
al. 1963, OKUNO 1964, 1970, GERMAIN 1979,
1981), although a few but noteworthy works
have used scanning electron microscopy
(SEM) (GERLOFF and HELMCKE 1975, SiMs
and PADDOCK 1979, SCHOEMAN and ASHTON
1982).

Morphological characteristics useful for
the taxonomy of the genus are more clearly
visible with SEM, because almost all Diploneis
valves have strongly silicified longitudinal
canals and complex alveoli, the structure of
which is hardly detectable by TEM.

The valve structure of D. oculata and D.
minuta has already been examined with
TEM by GERMAIN (1979, 1981). One of the
peculiar features of these species, namely,
the presence of a sinuous line on the alveolus,
has been clarified, but whether the sinuous

line is situated on the inner or outer side of
the alveolus is still unclear. In this paper,
further investigation using SEM makes clear
a three-dimensional structure of the sinuous
line and other features such as open valvo-
copula and pleura.

Materials and Methods

Specimens used for SEM observation of
Diploneis oculata were collected from the
following locations. 1) Bottom mud in Aoki-
ko (Aoki Lake), Nagano Prefecture on 19
March 1974, K-3094. 2) Bottom mud in Ya-
manaka-ko (Yamanaka Lake), Yamanashi
Prefecture on 22 Feb. 1984, K-1811. 3)
Bottom mud in an irrigation pond without
name near Ueda City, Nagano Prefecture in
5 May 1978, K-2924. 4) Bottom mud in an
irrigation pond without name near Soma
City, Fukushima Prefecture on 16 June 1984,
K-1941.
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The specimens of D. minuta were collected
from moss on a rock beside Yoro Fall, Chiba
Prefecture on 16 Dec. 1979, N-1006 (K-3172).

Methods of cleaning, washing, and pre-
paring objects for light and electron micros-
copy are in KOBAYASI et al. (1985).

Results and Discussion

Diploneis oculata (BREB.) CLEVE
(1894, p. 92). Figs 1-5, 9-20.

This species is found in various lakes and
ponds in Japan, but the cells in each sample
are usually very scarce. We found it in a
considerable amount only in the sample col-
lected from an irrigation pond near Soma
City, Fukushima Prefecture.

Valves of our specimens are 16-34 ym in
length, 7-8 ¢ in width. Transapical striae
number about 18 in 10 ym at the center and
up to 20 in 10 ym at the poles. The valves
are longer than those described for European
specimens. CLEVE (1894) gave a length
range of 15-20 ym, HUSTEDT (1930, 1937)
and PATRICK & REIMER (1966) gave 10-20 gm
and GERMAIN (1979) gave 8-12um. Our
measurement of specimens from the follow-
ing European collections showed a length
range of 14-20 pm: V. Heurck Type Slide
(No. 106, Navicula oculata Bréb. Bruxelles,
Belgique) housed in the Naturhistorisches
Museum, Wien (Fig. 1): Kiitzing collection
in the British Museum (BM 18861) (Fig. 2);
a collection from Lunzer Untersee, Austria
(K-2090) (Fig. 3).

The striae of our specimens are coarser
than those of European specimens, being 19
in 10 gm in Fig. 4 and 18 in 10 ym in Fig.
5. On the other hand, as seen in Figs 1-3,
striae of the European specimens measure
up to 22 in 10 pm. However, the fine struc-
ture of our specimens observed with SEM

and TEM appeared to be identical with that
of European specimens (GERMAIN 1979) and
thus the Japanese specimens were identified
as D. oculata.

In SEM, the valve face is almost flat and
the mantle is relatively shallow (Fig. 8).
Externally the raphe is a narrow slit. The
proximal ends of the raphe branches are
straight without forming a central pore.
The distal ends are also straight and ter-
minate some distance from the valve margin.
Along both sides of the axial area, a longi-
tudinal row of poroids extends the whole
length of the valve. Each row expands
slightly to the outside at the center and
conspicuously at the terminal nodule (Figs
8, 9, 18 arrow). Each poroid penetrates
obliquely the outer wall from the raphe side
to the axial edge of the longitudinal canal
lumen (Fig. 15 arrow). Those poroids that
are arranged on either side of the central
nodule are occluded by a single round flap
(Fig. 9), while the remaining poroids are
occluded externally by a vola and are uni-
formly larger (Fig. 10).

The internal fissures of the raphe are
enclosed in a slightly raised rib lying be-
tween two prominent longitudinal canals,
their proximal ends terminating up against
a raised central nodule (Figs 15, 19; cf.
SiMs and PADDOCK 1979, SCHOEMAN and
AsHTON 1982). The costae run from the
outer edges of the two longitudinal canals
to the valve margin (Figs 13-15). The in-
tercostal spaces consist of elongated alveoli
(Figs 15, 17), each occluded externally by
an elongated vola (Figs 9, 11, 12) and in-
ternally by a thin siliceous layer with per-
forations arranged in a hexagonal array
(Figs 11, 15-17) (MANN 1981).

The area with volate occlusions occupies
about half the valve width (Figs 8, 9, 18),
but the alveoli extend beyond the occlusion

Plate 1. Figs 1-5. L.M. Diploneis oculata (BREB.) Cr. bar=10 pm. Fig. 1. Kiitzing’s Coll., BM
18861, Paris 1708. x2,000. Fig. 2. Grunow’s Coll.,, V.H. Type Slide No. 106, Bruxelles, Belgique.
%2,000. Fig. 3. Lunzer Untersee, Austria. K-2090. x2,000. Fig. 4. A pond, Ueda City, Nagano Pref.
K-2924. x2,000. Fig. 5. A pond, Soma City, Fukushima Pref. K-1941. x2,000. Figs 6, 7. Diploneis
minuta PET. bar=10 pm. Fig. 6. Isotype specimens. Hustedt’s Coll., 04/59, moss, Eyvindara, Iceland,
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Pet. 25. x2,000. Fig. 7. On moss, Yoro Fall, Chiba Pref. N-1006. (=K-3172). x2,000. Figs 8-12.
Diploneis oculata (BrE.) CL. Fig. 8. Frustule from outside. A pond, Soma City. SEM. x4,500 (bar
=5pm). Fig. 9. Center enlarged, from outside. Aoki Lake Nagano Pref. K-3094. SEM. x9,000 (bar
=1pm). Fig. 10. Axial row of poroids enlarged, from outside. Aoki Lake. SEM. x27,000 (bar=1 zm).
Fig. 11. Alveoli enlarged. A pond, Soma City. TEM. x60,000 (bar=0.5m). Fig. 12. Alveoli with a
sinuous slit enlarged, from outside. A pond, Soma City. SEM. x45,000 (bar=1 zm).
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Plate 2. Figs 13-20. Diploneis oculata (BrEp.) CrL. A pond, Soma City, Fukushima Pref. K-194].
SEM. Scale bar =1 pm. Fig. 13. Alveoli enlarged, from outside. x18,000. Fig. 14. Alveoli enlarged,
from inside. x27,000. Fig. 15. Broken valve, valve center, from inside. x 18,000. Fig. 16. Cut ends
of the transapical costae enlarged, contral valve, from inside. x30,000. Fig. 17. Broken alveolus en-
larged, from inside. x27,000. Fig. 18. Valve pole enlarged, from outside. x 9,000. Fig. 19. Valvocopula
without epivalve, enlarged, from outside. x9,000. Fig. 20. Valve with valvocopula enlarged, from
inside. 27,000,
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Plate 3. Figs 21-23. Diploneis minuta Per. On

(=K-3172). SEM. Scale bar=1 pm.
Valve pole enlarged, from outside.
outside. x40,000.

Fig. 21.
% 16,000.

moss, Yoro Fall, Chiba Pref. N-1006

Valve view, from outside. x8,000. Fig. 22.

Fig. 23.

Alveoli enlarged, valve center from

91
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a short distance toward the axis (Figs 14,
15). Each alveolus opens laterally into the
longitudinal canal through a tube-like opening
(Fig. 15 arrow head) and opens externally
through a sinuous slit with partial branching
(Figs 11,712). This structure was termed
“sinuous line” by GERMAIN (1979).

The sinuous slit is formed as an interspace
between variously shaped flaps extending
from transapical costae. Each marginal flap
is acutely elongate to the margin of the
valve (Fig. 13). Internally, spine-like projec-
tions extend from each flap (Figs 16, 17
arrows). This feature seems to be peculiar
to this species for it has hitherto appeared
neither in the literature nor in our own
observations.

Transapical costae are broader than alveoli
in both inner and outer views (Figs 12, 14,
16) and are strongly constricted in the middle
as clearly seen in the longitudinal section
of the valve (Fig. 16).

The form of a cut end of a transapical
costa seems to be an important taxonomic
criterion, especially for this genus, although
the fact has not been noticed by diatomists.

The cingulum is composed of two bands,
one valvocopula and one pleura. The valvo-
copura is a broad open band (Fig. 18) with
a smooth abvalvar edge and a serrated
advalvar edge (Figs 18, 19) consisting of
numerous small projections. Each projection
lies on the internal surface of a transapical
costa (Fig. 20). The pleura is a narrow
open band except the broad mid-portion with
a ligula which fits the opposing pole of the
valve (Fig. 18).

Diploneis minuta PETERSEN
(1928, p. 381. fig. 6) Figs 6, 7, 21-23.

This species has only been found in a
sample collected from moss on a wet rock
in the spray zone of Yoro Fall, Chiba Pre-
fecture. Valves observed are 11-25pm in
length, 4.5-5 gm in width. Valves of our
specimens are longer than those of originally,
described. It seems probable from PETERSEN’s
original description that he saw only one or

two specimens, as the dimensions were given
as 13 ym long and 4.4 pm broad. In 1937,
HUSTEDT expanded the reported dimensions
of this species to 13-18 #m long and 3.5-4 ym
broad, presumably based on his reexamina-
tion of a slide prepared from the original
material by the original author, for we have
been able to see a slide No. 04/59 labeled
“Iceland Eyvindara, Pet. 25” in the HUSTEDT
Collection, Bremerhaven. This slide may
be considered an isotype slide and the photo-
micrograph taken from this slide (Fig. 6)
shows an isotype specimen. The striae
density of our specimens is 28-32 in 10 gm,
somewhat lower than that given for Euro-
pean specimens by HUSTEDT (1937) and
GERMAIN (1979), namely, 32-35 in 10 gm.
(Striae density was not given in the original
description.)

Because of a scarcity of specimens in the
sample, we could not get an adequate num-
ber of valves for a thorough SEM study.
The fine structure that we were able to
observe, however, is identical to that re-
ported by GERMAIN (1979). The fine struc-
ture of D. minuta is similar basically to that
of D. oculata. The valve face is almost flat
and the raphe is a narrow straight slit ex-
ternally. Both proximal and terminal end-
ings are not dilated or curved (Figs 21, 22).
The row of poroids bordering the axial area
is almost straight and runs parallel to the
longitudinal axis except the portions by the
side of the central and terminal nodules
(Figs 21, 22). The poroids are of a similar
size and are occluded externally by mostly
a round or reniform single flap.

The volate occlusion of the alveoli in D.
minuta is relatively shorter than that of D.
oculata, occupying only about one third of
the valve width. On the other hand, the
hyaline area between the axial row of
poroids and the marginal row of occlusions
of the alveoli is very broad, being about
half of the valve width (Figs 21, 22). The
sinuous slit on the volate occlusion is simple
in shape. The slit is narrow and rarely
branched (Fig. 23).
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fatty acid composition in the red alga Porphyra yezoensis. Jap. ]J. Phycol. 34: 94-100.

Lipids of Porphyra yezoensis thalli cultured at 13°C for 4 weeks were extracted with
organic solvents. They were fractionated by column chromatography on DEAE-Sepharose
CL-6B and on silicic acid and then separated by thin-layer chromatography. Monogalactosyl
diacylglycerol, digalactosyl diacylglycerol, phosphatidylglycerol, sulfoquinovosyl diacyl-
glycerol, phosphatidylcholine, phosphatidylethanolamine and triacylglycerol were identified as
major lipid components.

Major fatty acid components of the lipid classes were palmitic and eicosapentaenoic
acids, except for phosphatidylglycerol and phosphatidylethanolamine. Phosphatidyiglycerol
contained large proportions of trans wl3 hexadecenoic acid and a Cy monoenoic acid, and
phosphatidylethanolamine contained Cy; polyunsaturated acids which amounted to 85% of
the total fatty acids. Both a«- and p-linolenic acids were detected. The 7-isomer was
associated mainly with in phosphatidylcholine, phosphatidylethanolamine and triacylglycerol.

Key Index Words: Fatty acid; lipid; Porphyra yezoensis; red alga; Rhodophyceae.

The fatty acid composition of marine algae
is remarkably different from that of higher
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Research (RIKEN), Wako-shi, Saitama 351-01,
Japan.
Abbreviations : MGDG, monogalactosyl diacyl-
glycerol; DGDG, digalactosyl diacylglycerol;
PG, phosphatidylglycerol; SQDG, sulfoqui-
novosyl diacylglycerol; PC, phosphati-
dylcholine; PE, phosphatidylethanolamine;
PI, phosphatidylinositol; PS, phosphati-
dylserine; PA, phosphatidic acid; SPM,
sphingomyelin; TG, triacylglycerol. In fatty
acid shorthand such as 16:0, 20:5 etc, the
colon separates figures denoting the number
of carbon atoms and the number of double
bonds respectively in the molecule. 16:1 ¢,
trans wl3 hexadecenoic acid; 18:2w6, linoleic
acid; 18:3w3, a-linolenic acid; 18:3w6, 7-
linolenic acid; 20:4w6, arachidonic acid; 20:
53, eicosapentaenoic acid.

plants in containing high levels of polyun-
saturated fatty acids of 20 carbon atoms (POHL
and ZURHEIDE 1979). In the red alga, Por-
phyra, eicosapentaenoic acid amounts to about
50% of total fatty acids (KAYAMA et al.
1983). Since this acid is one of the pre-
cursors of prostaglandins in animals (PIKE
1971), the lipids of the dried laver, “Hoshi-
nori”, which is a traditional foodstuff pro-
duced from Porphyra thalli in Japan, has
high nutritional value.

There is, however, only limited information
on the lipid and fatty acid composition of
Porphyra. SATO (1971) separated the glyco-
lipids from the thalli of Porphyra tenera
and reported the occurrence of MGDG,
DGDG and SQDG, and that the major fatty
acids were palmitic and eicosapentaenoic
acids. SAKAMOTO and ENomoTO (1975,
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1976a, b) also studied the lipids from “Hoshi-
nori”. In contrast to the results of Sato,
they found that the constituent sugars of
the diglycosyldiacylglycerol were galactose
and mannose, and that 16:0, 20:3 and
22:6 acids were the major fatty acids.
ANDO and KANEDA (1968) examined the
phospholipids from “Hoshi-nori” and identified
PC, PE, PS, PI, PA and SPM. However,
they described nothing on the fatty acid
composition of these phospholipids. More-
over, they did not detect PG, which is widely
distributed in photosynthetic plants (HAR-
wooD, 1980) and which has been reported
to occur in Porphyra yezoensis by SAKAMOTO
and ENOoMOTO (1976b). It seems worthy of
note to elucidate this apparent inconsistency,
not only from the biological standpoint, but
also for the development of the more rational
methods of processing and storing the “Hoshi-
nori”.

In the present paper, we will describe the
fatty acid composition of lipids extracted
from cultured Porphyra thalli, and discuss
their differences from the results of earlier
workers.

Materials and Methods

Culture of Porphyra yezoensis. The germ-
lings from conchospores were inoculated
into a culture flask containing one litre of
artificial seawater (SUTO’s ASP 6 modified
medium) and grown at 18°C, under aeration
and with a light intensity of 10,000 lux.
After three weeks, the thalli were trans-
ferred into a 10-litre flask, and grown for
further 4 weeks at 13°C under the same
light intensity, with weekly renewing of the
medium. The thalli, which had grown up
to 8-10cm in length, were then harvested
for lipid extraction. The culture was illu-
minated by a hallogen lamp (Toshiba), and
the light regime was 10L-14D a day. The
culture medium was maintained in a range
of pH 8.0 to 8.5.

Extraction, Separation and Identification of
Lipids. The lipids were extracted from the
thalli with chloroform/methanol (1: 2, v/v)

according to the procedures of BLIGH and
DYER (1959). The extract was concentrated
under reduced pressure, dissolved in a small
volume of chloroform/methanol (1: 4, v/v),
and then fractionated by the method of MuU-
RATA et al. (1982) as follows. The lipid
solution was applied to a DEAE-Sepharose
CL-6B column (50 mm X 20 mm, internal dia-
meter) and eluted with 100 ml of chloroform/
methanol (1: 4, v/v). This eluate (fraction
A) was stored in a refrigerator until use.
The column was then successively eluted
with 100 ml of acetic acid (fraction 4) and
chloroform/methanol (1: 4, v/v) containing
0.2% (w/v) ammonium acetate (fraction 5).

The fraction A was concentrated under
reduced pressure, and dissolved in a small
volume of chloroform. It was then applied
to a column (50 mmX20 mm, internal dia-
meter) of silicic acid (latrobeads 6RS-8060),
and was successively eluted with 25ml of
chloroform/acetone (4: 1, v/v, fraction 1),
100 ml of acetone (fraction 2) and 50 ml of
methanol (fraction 3).

The lipids in each fraction were further
separated on precoated silica gel plates (Merk,
5721), using chloroform/methanol/water (70 :
21:3, v/v) as the developing solvent of TLC
for fractions 1, 2 and 3 and chloroform/
acetone/methanol/acetic acid/water (50:20:
10: 15: 5, v/v) for fraction 4 and 5. The
lipids separated on the plates were identified
by comparing their Rf values with those of
standard lipids from spinach leaves, and with
visualizing reagents.

Analysis and Determination of the Fatty
Acids and Sugars. The lipids separated on
the TLC plate were located by a fluorescent
dye, primuline. They were scraped off the
TLC plate and treated with 5% hydrochloric
acid in methanol at 90°C for 2h. The result-
ing fatty acid methyl esters were extracted
with n-hexane and analysed in a gasliquid
chromatograph (Shimadzu GC-9A) equipped
with a hydrogen flame ionization detector.
The GLC column was a 2mX3mm glass
column packed with 5% Thermon 3000 on
Shimalite W, AW-DMCS (201D). Column
temperature was 210°C and N, carrier gas
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flow was 60 ml/min. Pentadecanoic acid
was used as an internal standard.

The identification of individual fatty acids
was carried out by gas chromatography-mass
spectrometry ; fatty acid methyl esters were
applied to a glass column (2m>2.6 mm)
containing 5% Shinchrome E71 on Shimalite
AW (80-100 mesh) and were chromatographed
at 180°C with helium as a carrier gas at a
flow rate of 30 ml/min. Mass spectra were
taken every 3.0 sec with a GCMS-QP 1000
spectrometer (Shimadzu), with an electron-
accelerating voltage of 70eV and an ion
source temperature of 250°C.

The sugar component of glycolipids were
analysed as follows. Methylglycosides, re-
covered from the methanol phase after ex-
tracting the fatty acid methyl esters of
glycolipids, were trimethylsilylated with a
mixture of hexamethyldisilazane and tri-
methylchlorosilane in pyridine (SWEELEY and
WALKER 1964). The trimethylsilylated sugars
were analysed and identified by GLC using
silicone SE-30 as a liquid phase at column
temperature of 175°C. Mannitol was used
as internal standard.

Results

The lipids extracted from Porphyra thalli
were separated by the combined procedures
of column and thin-layer chromatography.
MGDG, DGDG, PG, SQDG, PC, PE and TG
were identified as the major lipid classes
(Table 1).

When the fraction 2 (glycolipid fraction)

Table 1. Lipid composition of
Porphyra yezoensis.

Lipids Molar 2,
MGDG 27.2
DGDG 24.5
PG 19.0
SQDG 10.6
PC 12.2
PE 3.2
TG 3.4

(A) (B)

front

Lipid “X”
Lipid “¥”

@89 ¢ oG

origin

Fig. 1. TLC of fraction 2 from Porphyra
vezoensis (A). Developmental solvent, chloro-
form/methanol/water (70:21:3, v/v); visualized
reagent, anthron reagent. The glycolipids from
spinach leaves are shown for comparison (B).

was developed on the TLC plate, double
spots appeared close to the position equi-
valent to MGDG (Fig. 1). The Rf of the
lower spot was the same as that of spinach
MGDG. These spots were positive with the
anthrone reagent (YAMAKAWA et al. 1960),
suggesting that both are glycolipids. Then,
in order to examine whether one of the two
spots was caused by a glycolipid other than
MGDG, the sugar moieties and fatty acid
compositions of the lipids of the two spots
were investigated.

After TLC of fraction 2, the upper-spot
(lipid “X”) and the lower spot (lipid “Y”)
were separately scraped off from the plate,
and their sugar and fatty acid compositions
were analyzed. The results were shown in
Table 2. The constituent ratio of sugar to
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Table 2. Analysis of galactose and fatty
acids of monoglycolipids and DGDG from
Porphyra yezoensis.

Lipid “X” Lipid “Y” DGDG

Galactose 69 63 430

(nano mole)
Fatty acids 134 105 418
(nano mole)
Galactose
EEE— 0.51 0.60 1.03
Fatty acid

fatty acids in both lipids “X” and “Y” was
close to 1:2, and the sugar component was
only galactose. Thus, both lipids are iden-
tified as MGDG. However, in lipid “X” the
20:5 acid amounted to about 90% of total
fatty acids, while in lipid “Y” both the 20: 5
and 16:0 acids each comprised about 40%
of the total (Table 3). The sugar component
of DGDG was also analyzed and identified
as galactose.

The fatty acid composition of the lipid
classes from Porphyra thalli are shown in
Table 4. The fatty acids comprised about

Table 3. Fatty acid composition of the
kinds of monoglycolipids from Porphyra
yezoensis.

Molar %

Lipid “X” Lipid “Y”
14:0 1 4
16:0 41
18:0 tr- 2
18:1 1 8
18:2 tr 4
20:3 4
20:4 2 2
20:5 93 32

3% of the dry weight of the thalli, while
the total lipid content of “Hoshi-nori” was
reported to be 2% of dry weight (RESOURCES
CounciL, 1982).

In agreement with the results of earlier
workers (SATO 1971, KAYAMA et al. 1983),
the major components of the total fatty acids
were palmitic and eicosapentaenoic acids, but
the content of C,; and C,; polyunsaturated

Table 4. Fatty acid composition of the lipids from Porphyra yezoensis.

Molar %

Total MGDG DGDG PG SQDG PC PE TG
14:0 0.4 1.2 0.1 0.1 0.1 — 0.5 0.4
16: 0 25.6 12.8 38.1 30.8 49.6 9.5 1.5 13.1
16:1 ¢ 2.9 — 0.0 15.1 0.0 — 0.4 0.0
18: 0 0.7 — — 0.6 — 1.0 0.8
18:1 3.6 3.6 6.7 1.0 0.5 4.6 1.8 10.3
18:2 2.0 1.4 4.2 0.1 0.1 4.2 1.1 6.6
18 : 36 0.6 0.6 0.05 0.0 0.0 3.0 2.1 1.3
18 : 3w3 0.3 0.2 1 0.3 0.3 0.0 0.6 0.0 0.3
18:4 0.5 0.1 0.1 0.1 0.2 2.5 1.4 1.1
20:1 3.5 0.7 0.9 14.7 0.2 0.8 1.3 4.0
20:2 1.4 0.7 0.8 4.6 0.0 0.3 0.3 2.2
20:3 2.2 3.0 1.9 0.0 0.0 2.8 7.7 7.8
20 : 4wb 2.4 1.8 0.6 1.0 0.7 5.5 15.9 11.0
20:503  53.2 73.8 45.7 29.9 48.4 64.6 60.0 41.2
22:1 0.3 0.0 0.0 1.2 0.0 0.2 0.0 0.3

Unknown 0.6 0.2 0.5

0.6 0.5 0.3 5.0 0.7
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Fig. 2. Mass spectrum of methyl r-linolenate from Porphyra yezoensis.

acids was relatively low.

The major fatty acid components of MGDG,
DGDG and SQDG from Porphyra thalli were
16:0 and 20:5 which together comprised
over 80% of the total fatty acids. On the
other hand, PC and PE contained higher
levels of C,, polyunsaturated fatty acids
(20:3, 20:4 and 20: 5) than the other lipids.
PG differed from the other lipids in its high
content of 16:1, 20:1 and 22:1 acids. A
comparison of the retention time of the 16: 1
acid from Porphyra PG with that of fish-oil
(San omega), which contained only a cis-w7-
isomer, and that of spinach PG which con-
tained only a trans-wl3-isomer suggested that
the 16:1 acid of PG from Porphyra was
identical with trans-w13-16:1 acid of PG
from spinach leaf.

r-Linolenic acid, whose existence has not
yet been reported in Porphyra, was also
detected as a minor component. When the
retention time of «- and 7-linolenate from
Porphyra thalli was compared with that of
the standard acids on two different GLC
columns, Thermon 3000 and Shinchrome E
71, the values were completely consistent
with those of the standards. Further, GC-
MS spectra of both isomers from Porphyra
also were identical with those of the stan-
dards (Fig. 2). These results lead us to
conclude that the Porphyra thalli contain
both a- and y-linolenate. In Porphyra, the
r-isomer was found mainly in PC, PE and
TG. However, MGDG and PC contained
both isomers.

Discussion

In the present study we determined the
major lipid and fatty acid compositions of
the artificially grown Porphyra thalli, (see
Tables 1 and 4). ANDO and KANEDA (1968)
studied the phospholipids from commercial
“Hoshi-nori”, and reported the occurrence of
PC, PE, PS, Pl and PA. However, we could not
detect the latter three components. Wheth-
er these lipids exist in Porphyra requires
further studies, since they are only minor
components of plant lipids (KATES 1970). In
contrast to ANDO and KANEDA (1968) we
found a significant content of PG, which is
a constituent lipid of chloroplast thylakoids
(HArRwooD 1980) and widely distributed in
all the eukaryotic algae (JAMIESON and REID
1972).

TLC of the glycolipids from P. yezoensis,
revealed a double spot close to the position
equivalent to MGDG. SATO and MURATA
(1982) demonstrated the occurrence of mono-
glucosyl diacylglycerol in the blue-green alga,
Anabaena variabilis, and reported that the
glucolipid migrated slightly faster than MGDG
in TLC. On the other hand, SAKAMOTO
and ENOMOTO (1976a) studied the glycolipids
from the dried laver, “Hoshi-nori”, and
reported that mannose was one of the con-
stituent sugars of glycolipids. The present
study found that both components of the
double spot contained only MGDG. However,
the two components differed in fatty acid
composition; while 20:5 comprised about
90% of the total fatty acid in the upper spot,
both 20:5 and 16:0 acids amounted to



Lipids and fatty acids in Porphyra 99

about 40% in the lower one. These results
suggest that the upper component of MGDG
consisted mainly of the molecular species
20:5/20:5, whereas the lower contained
predominantly 20:5/16:0. Similar results
were also obtained with MGDG from Gra-
ctlaria verrucosa, which contained a higher
content of 20: 4 than 20: 5 acid (unpublished
data).

Preliminary analyses of the total fatty
acids of glycerolipids from another red alga,
G. verrucosa also showed that p-linolenate
was more abundant than a-linolenate (data
not shown). Most but not all red algae
contained higher amounts of the a-isomer
than the y-isomer (POHL and ZURHEIDE 1979).
However, further analyses are necessary
before a general conclusion about the distri-
bution of the linolenate isomers in lipids of
the red algae can be drawn.

The red algae constitute a most primitive
group of eukaryotic algae, and are systema-
tically placed between the blue-green algae
of prokaryotes and the cryptomonads of
eukaryotes. Common and characteristic
features of the three algal groups are the
accessory pigments of photosynthesis, phy-
coerythrin and phycocyanin, and thylakoid
ultrastructures that are much simpler than
those of the other algal groups such as green
and brown algae. However, as far as the
lipid and fatty acid composition of the three
groups are concerned, Porphyra is more closely
related to the cryptomonads than to the blue-
green algae since it contains as major phos-
pholipids, PC and PE and trans-wl3-hexa-
decenoic acid as a major fatty acid of PG, all
of which are lacking in the blue-green algae
(KATES, 1970). However, the fatty acid
composition of cryptomonads considerably
differs from that of Porphyra. BEACH et al.
(1970) showed that cryptomonads contain
18:3 and 18:4 acids as the major fatty
acid components, whereas they are rather
minor components in Porphyra. These au-
thors further reported that 18:4 acid ac-
counted for about 70% of the total fatty
acids in MGDG and DGDG from Cryptomonas
sp. WH.

In Porphyridium cruentum, the unicellular
form of Bangiales in Rhodophyta, the total
fatty acid composition is similar to Porphyra
in that C,; unsaturated fatty acids are minor,
and 16:0 and 20:5 acids are major com-
ponents (NICHOLS and APPLEBY 1969). How-
ever, this alga contains a larger amount
of 20: 4 than 20: 5 acid, especially in PC
(NicHOLS and APPLEBY 1969). Porphyra is
unique in having a particularly high content of
20:5 acid in all its lipid classes.
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Cross experiments have been achieved among the wild type, the red type mutant and
the green type mutant in Porphyra yezoensis. Both the mutants were recessive to the
wild type. The heterozygous conchocelis between the red type and the green type mutants
was the wild type, indicating that the mutants complemented each other, and the yellow
phenotype newly appeared as a result of recombination between the loci of the red and
the green type mutants. Most of the F, thalli (92.9-99.5%) of the heterozygous con-
chocelis were sectorially variegated chimeral thalli composed of various combinations of
color sectors which arose from meiotid segregation. Conchospores are assumed to be
released during meiotic prophase to segregate haploid phenotype during their germination,

and this leads to the formation of variegated chimeral thalli in P. yezoensis.

Key Index Words: Chimeral thallus; color mutant; cross experiment; Porphyra

yezoensis.

In recent years red type mutant thalli or
sectorially variegated chimeral thalli have
been found in cultivated populations and
laboratory cultures of Porphyra yezoensis
UEDA (MIURA 1984). KOBARA et al. (1976)
established the green type strain and ARUGA
and MIURA (1984) characterized the red type
and the green type strains of P. yezoensis.
KIKUCHI et al. (1979) reported chemical
nature of phycobilins of the color mutants
of P. yezoensis from our laboratory. ARUGA
and MIURA (1984) have made clear their
characteristics by comparing in vivo absorp-
tion spectra. Comparative studies on the
growth and photosynthesis of the mutants
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Nagoya University, Nagoya, 464 Japan.

*** Present address: Division of Clinical Chem-
istry, School of Medical Technology, Univer-
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of P. yezoensis have been achieved (KATO
and ARUGA 1984). As to other species of
seaweeds, VAN DER MEER and his co-
workers reported the genetic studies on the
pigmentation mutants of Gracilaria (VAN
DER MEER 1977, 1978, 1979a, b, 1980, VAN
DER MEER and BIRD 1977, VAN DER MEER
and Tobp 1977) and a study of the life
history of Palmaria palmata with a pigmen-
tation mutant (VAN DER MEER and ToDD
1980). However, there has been no genetical
approach to P. yezoensis. Since the mutant
strains are useful markers for genetic studies
on P. yezoensis, crosses were performed for
an initial study in this species. We report
here the results of the crosses among the
wild type and the mutants.

Materials and Methods
The wild type strain (W, strain number

U-51) was isolated from a cultivated popula-
tion of Porphyra yezoensis at Ushigome,
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Kisarazu City, Chiba Prefecture, in 1974
and the red type strain (R, F-6) was estab-
lished from a red type mutant thallus
isolated from a cultivated population of P.
yezoensis at Shitazu, Futtsu City, Chiba Pre-
fecture, in 1974. The green type strain (G,
C-0 giant) was established by KOBARA et al.
(1976). Laboratory cultures of thalli and
conchocelis were carried out as described by
KAaTo and ARUGA (1984). Crosses were
performed by coculturing the marginal
pieces of different phenotype thalli. When
carposporangia were formed on the thallus
piece, each piece was separated and cultured
until carpospores were released. Carpospores
collected from the crossed thallus piece were
cultured in a petri dish and were separated
one by one when they grew into a concho-
celis colony 1 mm in diameter. Color types
of the progeny thalli produced from the
crossed conchocelis were determined with
thalli 0.5-1.5mm in length.

Results and Discussion

Crosses of the wild with the red and the
green types

To characterize the mode of transmission
of the mutants, the red type and the green
type mutants were crossed with the wild
type. In the cross experiments, we regarded
the thallus from which carpospores were
taken as female parent. Table 1 shows the
results of these crosses. In the cross be-
tween the red type mutant and the wild
type, F, conchocelis were of all the wild
type when the wild type was female. Some
conchocelis produced only the wild type
thalli, while others produced both the wild
and the red types in F, thallus phase. In
the reciprocal cross, when the red type
mutant was female, both the red and the
wild type conchocelis occurred. The red
type conchocelis produced only the red type
thalli, while the wild one segregated the
wild and the red types in F, thallus phase.

Table 1. Results of the reciprocal crosses of the wild with the red
and the green type mutants of Porphyra yezoensis. W, wild type; R, red
type; and G, green type. (* Female parent shown first.)

Cross* F; conchocelis F, thalli Putative cross combination
—W — W WXW (self.)
WxR
—W — W,R Wx R (cross.)
(chimeral thalli)
—R R R xR (self.)
R xW '
—W W, R R xW (cross.)
(chimeral thalli)
—G G GxG (self.)
G xW '
—W — W, G G xW (cross.)

(chimeral thalli)

Figs. 1-6. Various types of sectorially variegated chimeral thalli which arose from heterozygous
conchocelis in Porphyra yezoensis. Scale bar 30 ym in Figs. 1-3; 0.1 mm in Figs. 4-6. Fig. 1. A two-
sectorial chimeral thallus composed of the green and the wild type sectors arisen from the hetero-

zygote of the wild and the green types.

Fig. 2. A three-sectorial chimeral thallus composed of the

green and the wild type sectors arisen from the heterozygote of the wild and the green types. The
green type sector is repeated. Fig. 3. A three-sectorial chimeral thallus composed of the yellow, the
red and the green type sectors from the apex to the base of the thallus arisen from the heterozygote
of the red and the green types. Fig. 4. A two-sectorial chimeral thallus composed of the red and the
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green type sectors arisen from the heterozygote of the red and the green types. Fig. 5. A three-
sectorial chimeral thallus composed of the green and the red type sectors arisen from the heterozygote
of the red and the green types. The green type sector is repeated. Fig. 6. A four-sectorial chimeral
thallus composed of the vellow, the wild, the green and the red type sectors from the apex to the
base of the thallus arisen from the heterozygote of the red and the green types.
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In the cross between the green type mutant
and the wild type, both the green and the
wild type conchocelis occurred when the
green type was female. Similar to the
prior cross, the green type conchocelis pro-
duced only the green type thalli, while the
wild type conchocelis produced both the
green and the wild types in F, thallus phase.
As P. yezoensis is monoecious, there is a
possibility of self-fertilization occurring in
the cross experiments together with cross-
fertilization. ~ Therefore, the conchocelis
which segregates color types in F,; thallus
phase is assumed to be a cross-fertilized het-
erozygote; the conchocelis which produced
only thalli of the maternal phenotype is
assumed to be a self-fertilized homozygote.
The heterozygous conchocelis formed in the
reciprocal crosses were all the wild type,
indicating that the mutants are recessive to
the wild type and inherit in a Mendelian
manner.

Though the heterozygous conchocelis seg-
regated only the parental color types in the
F, thallus, most of the thalli were sectorially
variegated chimeral thalli in which a single
thallus was zoned into different colors. Table
2 shows the color types and the frequencies
of the chimeral thalli occurred from the
heterozygous conchocelis. The frequencies
of the chimeral thalli were 97.4%(W (¢, XRs,),
94.3% Ry X W) and 92.9%(Gy X W) in
respective cross. Observed chimeral thalli
were as follows: two-sectorial chimera con-
“sisted of two different color types (Fig. 1);
three-sectorial chimera in which one of the
two color types was repeated (Fig. 2); and
four-sectorial chimera in which both of the
two color types were alternately repeated.

Crosses between the red type and the green

type mutants ‘

The heterozygous conchocelis formed in
the reciprocal crosses were all the wild type,
and segregated the red, the green, the wild
and the yellow phenotypes in F; thallus
phase (Table 3). The red type mutant and
the green type mutant are assumed to com-
plement each other because the heterozygous
conchocelis is the wild type in spite of the

Table 2. Color types and frequency of the
thalli developing from conchospores released by
the heterozygous conchocelis from the cross of
the red and the wild types (I), and by the
heterozygous conchocelis from the cross of the
green and wild types (II) in Porphyra yezoensis.
W, wild type; R, red type; and G, green type.

(1)

Color types Number of F, thalli

WxR* Rx W*
Single color thalli
W , 26 11
R 24 18
Chimeral thalli
W+ R 1019 338
W+R+W 280 77
R+W+R 316 61
W+R+W+R 2 0

Frequency of chimeral thalli WxR* 97.4%

RxW* 94.3%

()
Color types Number of F, thalli
G xW*
Single color thalli
w 186
G 114
Chimeral thalli
W+ G 2584
W+G+W 691
G+W+G 637
W+G+W+G 16

Frequency of chimeral thalli GxW* 92,99

* Female parent shown first.

fact that the mutants are recessive to the
wild type. Thus, the yellow type and the
wild type are regarded to be produced by a
recombination of the loci of the red type
and the green type mutants.

Chimeral thalli also appeared from these
heterozygous conchocelis. The frequencies
of the chimeral fronds were 99.5% when
the red type was female and 97.5% when
the green type was female (Table 4). Chi-
meral thalli produced from the conchocelis
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Table 3. Results of the reciprocal crosses between the red and the
green type mutants of Porphyra yezoensis. W, wild type; R, red type;

G, green type; and Y, yellow type. (* Female parent shown first.)

F, thalli

Cross* F, conchocelis Putative cross combination
—R R R xR (self.)
RxG
—W W,R,G,Y R x G (cross.)
(chimeral thalli)
—G G G x G (self.)
G xR
—W ——— W,R,G,Y G xR (cross.)

consisted of various combinations of the four
color types. Observed combinations were as
follows : the two-color type chimera composed
of two sectors and two color types (Fig. 4);
the repeated two-color type chimera con-
sisting of three sectors and two color types,
one of which was repeated (Fig. 5); the
three-color type chimera made up of three
sectors and three color types (Fig. 3); and
four-color type chimera made up of four
sectors and four color types (Fig. 6). The
number of chimeral sectors does not exceed
four. Though all possible combinations of
the four colors were observed among the
two-, three- and four-color type chimeras,
only two combinations of the red and the
green types, or the yellow and the wild
types (R+G+R, GH+R+G, Y4+WH+Y, W+
Y+W) were observed in the repeated two-
color type chimeras.

Each color sector of the chimeral thalli of
P. yezoensis is regarded as a haploid pheno-
type which arose from meiotic segregation.
If meiosis has been completed in the con-
chosporangium (MIGITA 1967, KiTo 1978),
the conchospore which produces a chimeral
thallus should contain two to four haploid
nuclei similar to the mosaic in Gracilaria
(VAN DER MEER 1977). However, P. yezoensis
produces only uninucleate conchospores (Mi-
GITA 1967, KiTO 1978). Provided that the
chimeral thalli should be produced from the
uninucleate conchospores, then we can
assume that the conchospores are released
during meiotic prophase to segregate haploid

(chimeral thalli)

Table 4. Color types of the thalli developing
from the conchospores released by the heterozy-
gous conchocelis from the cross of the red and
the green types in Porphyra yezoensis. W, wild
type; G, green type; and Y, yellow type.

Color types Number of F, thalli
RxG* GxR*
Single color thalli

R 3 4

G 1 20

Y 1 19

W 2 22

Chimeral thalli

R+G 401 1032
W+Y 138 340
R+Y 38 130
R+W 32 90
G+Y 12 46
G+W 33 120
R+G+R 92 265
G+R+G 61 311
Y+W+Y 24 73
W+ Y+W 15 71
R+G+Y 140 394
R+G+W 137 413
R+Y+W 134 410
G+Y+W 138 386
R+G+Y+W 0 2

Frequency of chimeral thalli RxG* 99.5%

GxR* 97.5%

* Female parent shown first.
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genotypes during their germination, and this
leads to the formation of variegated chimeral
thalli.

The chimeral thalli of P. yezoensis are
interesting because they are haploid but have
various phenotypes. The mechanism of the
formation of chimeral thalli is furthe to be
clarified for genetic analysis of the mutants
and also for the discussion of meiosis in P.
yezoensis.
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Kumano, S. & BowpeN-KERBY, W. A. 1985. Studies on the freshwater Rhodophyta of
Micronesia I. Six new species of Batrachospermum RorTH. Jap. J. Phycol. 34: 107-128.

Six species of Batrachospermum Rotn (Rhodophyta, Nemalionales) from Micronesia
are described as new species. B. mahlacense resembles B. hirosei KUMANO et RATNASA-
BAPATHY (1982), but differs from the latter in the shape and size of whorls and axial
cells. B. doboense resembles B. tortuosum Kumano (1978), but differs from the latter
in the number of cells per carpogonium-bearing branch, and the shape of whorls and
trichogynes. B. omodoense resembles B. mahlacense but differs from the latter in the shape
of wholrs and trichogynes, and the number of cells per fascicle and carpogonium-bearing
branch. B. tabagatenense resembles B. iriomotense Kumano (1982), but differs from the
latter in the size of whorls, carpogonia and carposporangia. B. nechochoense resembles B.
tabagatenense and B. iriomotense, but differs from B. tabagatenense in the size of tricho-
gynes and from B. iriomotense in the size of whorls and carposporangia, and the shape
of trichogynes. B. faroense resembles B. doboense, but differs from the latter in the
number of cells per fascicle and the shape of whorls and trichogynes. A tentative key
to the known taxa of the section Contorta is shown in the present study.

Key Index Words: Batrachospermum doboense, sp. nov.; Batrachospermum faro-
ense, sp. nov.; Batrachospermum mahlacense, sp. nov.; Batrachospermum necho-
choense, sp. nov.; Batrachospermum omobodoense, sp. mnov.; Batrachospermum

tabagatenesne, sp. nov.; freshwater Rhodophyta; Micronesia; taxonomy.

Although many phycologists studied the
marine algae of Pacific islands, few investi-
gations have been undertaken for the fresh-
water algal floras of these islands. Guam
is the only Pacific island where some fresh-
water Rhodophyta taxa have been reported :
Audouinella sp. by RAULERSON (1979),
Thorea gaudichaudii by AGARDH (1824,
1828), and by SETO (1979), and Bostrychia

D This study was partially supported by a Grant-
in-Aid for Fundamental Scientific Research from
the Ministry of Education, Science and Culture
of Japan (No. 59540444).

tenella by KUMANO (1979). Palau, Western
Caroline Islands, has the most extensive
freshwater streams system in Micronesia.
However, only four taxa of freshwater algae
have been reported from Palau (BRIGHT,
1979). No freshwater Rhodophyta taxa have
been reported from Palau and also from
Truk, Eastern Caroline Islands. The present
authors initiate a series of studies on the
Micronesian freshwater Rhodophyta.

Topograi)ﬁy"and Collection Sites

All specimens examined in the present
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study were collected by W. Austin BOWDEN-
KERBY from Guam, Mariana Islands, Palau,
Western Caroline Islands, and Truk, Eastern
Caroline Islands.

Guam (Map 1) is approximately 45 km long
and 12km wide. The northern half is
composed of an elevated limestone plateau,
while the southern half is mainly ancient
volcanic origin. Guam’s heavy tropical
rainfall, on an average almost 2,000 mm/
year, is absorbed by the limestone areas,
but it runs off in the southern volcanic
areas, forming several well-developed
drainage systems. A smaller limestone cap
overlaies at the high elevation in the
southern half as well, and though it absorbs
all rainfall, it releases the water as numer-
ous perennial springs at lower elevation
where the water meets impervious volcanic
rock. The freshwater Rhodophyta were
found at twelve locations on southern Guam,
all in such springs or spring-fed head-

T
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Map. 1. Site locations on Guam. (m: B.
mahlacense, d: B. doboense)

streams; Audouinella sp. at nine sites,
Thorea gaudicahudii at four sites and the
two species of Batrachospermum, B. mahl-
acense and B. doboense, described here at
one site each, associated with Thorea
gaudichaudii.

Babeldaob Island of Palau (Map 2) is the
largest land mass of volcanic origin in
Micronesia, 43km long and 15km wide.
Babeldaob is dominated by gently rolling
hills, reaching an elevation of about 60 m
in several localities. Grass- and fernlands
dominate the wupper ridges, while dense
tropical forest covers the valleys. Palau
lacks the limestone cap as in the southern
Guam and therefore has fewer perennial
springs. It has about 3,300 mm of rainfall
per year, and streams are therefore very

T
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Map. 2. Site locations on Palau (o: B.
omobodoense, t: B. tabagatenense)
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numerous. All three sites, where Batra-
chospermum omobodoense and B. tabagatenense
were found in Palau, receive a few hours
of direct sunlight each day, being lightly
shaded for the remainder. This contrasts
with those heavily shaded most other
streams. These three sites are also lotic,
having a slight current originating from
seeps or springs.

Truk (Map 3) is composed of a large coral
atoll of many low, sandy islands surrounding
several mountainous volcanic islands located
at the centre of the lagoon. Tol and Moen
are the largest and highest ones among
sixteen volcanic islands. Both are about
8km in length, and up to 4km in width.
Tol is mainly occupied by the highest
mountain in Truk, which is 443 m in height
and forms a large plateau steeply ascending
from the shore. Perennial streams are
absent at the higher elevations, but the base
of this volcanic mass is fringed by numerous
perennial and intermittent springs and
associated streams and rivulets. These
streams have a hard substratum of dense
volcanic rock or cobbles. Moen Island rises
steeply to 373m in height from a flat,

Map. 3. Site locations on Truk. (n: B.
nechochoense, f: B. faroense)

swampy coastal plain. Like Tol, Moen is
fringed by numerous springs which arise
near the base of the volcanic mass. The
water from these springs flows as streams
or rivulets into coastal swamps or into
mangrove-lined bays. The largest stream
in Truk, called Wichen, is found on Moen
and it flows at the rate of about 1 m*/min.
in a well-developed valley. It is rarely
more than 2-3m wide and 3-20cm deep.

Descriptions of the Species

1. Batrachospermum mahlacense KUMANO et
BowDEN-KERBY, sp. nov. (Figs. 1-4, 5-12)
Frons monoica, ca. 6 cm alta, 250-400 #m
crassa, abundanter irregulariterque ramosa,
modice mucosa, glauca. Cellulae axiales
cylindricae, 30-60 pm crassae, 200-400 pm
ongae. Verticilli pyriformes. Ramuli
primarii dichotome ramificantes, ex 7-9
cellulis constantes; cellulae fasciculorum
ellipticae; pili plus minusve breves. Fila
corticales bene evoluta. Ramuli secundarii
numerosi, non vel dichotome ramificantes,
ex 6-7 cellulis constantes, totum internodium
obtegentes. Spermatangia globosa, 4-6 pm
diametro, in ramulis primariis et secundariis
terminalia vel lateralia. Ramuli carpogoniferi
e cellulis basi ramulorum primariorum
orientes, ex cellulis 5-15 doliiformibus con-
stantes, valde tortuosi; carpogonium 25-40
pm longum, basi 4-5 gm crassum, apice 7-8
pm crassum; trichogyne ellipsoidea vel
urnformes, plus minusve distincte pedicellata.
Bracteae numerosi et breves. Gonimoblasti
singuli vel duo, globosi vel semiglobosi, 140-
170 pm crassi, 80-160 pm alti, in centro
verticilli inserti. Carposporangia obovoidea,
7-12 pm crassa, 12-14 ym longa.

Fronds monoecious, ca. 6 cm high, 250-400
pm  wide, abundantly and irregularly
branched, moderately mucilaginous, dark
greyish green. Axial cells cylindrical, 30-
60 pgm wide, 200-400 pm long. Whorls pear-
shaped. Primary branchlets dichotomously
branched, consisting of 7-9 cell-stories ; cells
of fascicles ellipsoidal; hairs more or less
short. Cortical filaments well-developed.
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1 . | \ R @ Phec L .
‘Figs. 1-4. Batrachospermum mahlacense Kunmano et Bowpen-KERBY, sp. nov. 1. A part of
thallus showing pear-shaped whorls; 2. Spermatangia; 3. A part of whorls showing a carpogonium-
bearing branch with a fertilized trichogyne; 4. A gonimoblast. (Scale bar; 100 pm for Fig. 1;
20 ym for Figs. 2-4). g
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Figs. 5-12. Batrachospermum mahlacense Kumano et BowDEN-KERBY, sp. nov. 5. A bart of thallus
showing axial cells, primary branchlets, cortical filaments, secondary branchlets and a carpogonium-
bearing branch; 6-7. Coiled carpogonium-bearing branches at very early stages in development; 8.
Early stages in development of coiled carpogonium-bearing branches with young carpogonia; 9. Sper-
matangia; 10. Hairs; 11. Fertilized carpogonia with spermatia; 12. Carposporangia terminal on gonimo-
blast filaments. )
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Secondary branchlets numerous, consisting
of 6-7 cell-stories, non or dichotomously
branched, covering all the internodes.
Spermatangia globose, 4-6 #pm in diamter,
terminal or lateral on primary and secondary
branchlets. Carpogonium-bearing branch
arising from the basal cell of primary
branchlet, consisting of 5-15 barrel-shaped
cells, twisted strongly ; carpogonium 25-40
pm long, 4-5 yum wide at the base, 7-8 um
wide at the apex; trichogyne ellipsoidal or
urn-shaped, more or less distinctly stalked.
Bracts numerous and short. Gonimoblasts
single or couple, globose or semiglobose,
140-170 gm wide, 80-160 gm high, inserted
centrally. Carposporangia obovoidal, 7-12
pm wide, 12-14 pm long.

Holotype : Upper reaches of the Mahlac
River, Talofofo, Guam, Mariana Islands
(BowDEN-KERBY 25/VIII 1983), Herbarium
of Faculty of Science, Kobe University,

Japan. Isotype: (BOWDEN-KERBY 25/VIII
1983), University of Guam Herbarium,
U.S.A..

Other specimens examined : Upper reaches
of Mahlac River, Talofofo, Guam, Mariana
Islands (BowDEN-KERBY 15/VII 1984).

Habitat : Attached on rocks in a perennial
spring, and epiphytic on Phragmites in
another nearby spring-fed rivulet. The pH
value of water was 7.2 and water temper-
ature was 25°C during the July 1984 collec-
tion.

Distribution : Known from the type locality
and Ibobang in Palau, Western Caroline
Islands.

2. Batrachospermum doboense KUMANO et
BowDEN-KERBY, sp. nov. (Figs. 13-16,
17-25).

Frons dioica?, ca. 4cm alta, 300-400 4m
crassa, abundanter irregulariterque ramosa,
mucosa, viridia. Cellulae axiales cylindricae,
30-90 #m crassae, 70-350 #m longae. Verticilli
pyriformes, in parte vetustiore frondis
contigui. Ramuli primarii dichotome rami-
ficantes, ex 9-14 cellulis constantes ; cellulae
proximales fasciculorum lanceolato-clavi-
formes, cellulae distales fusiformes vel

obovoideae; pili breves. Fila corticales
densissime evoluta. Ramuli secundarii
numerosi, dichotome ramificantes, ex 9-12
cellulis constantes. Spermatangia ignota.
Ramuli carpogoniferi e cellulis basi ramulorum
primariorum orientes, ex cellulis 5-11 dolii-
formibus constantes, tortuosi; carpogonium
25-40 pm longum, basi 3-7 pm crassum,
apice 7-9 ym crassum ; trichogyne ellipsoidea
vel claviformes, indistincte pedicellata, ad
basim saepe flexa. Bractea breves. Gonimo-
blasti et carposporangia ignota.

Fronds dioecious?, ca, 4 cm high, 300-400
pm  wide, abundantly and irregularly
branched, mucilaginous, green. Axial cells
cylindrical. 30-90 gm wide, 70-350 #m long.
Whorls pear-shaped, touching each other in
aged part of the fronds. Primary branchlets
dichotomously branched consisting of 9-14
cell-stories; proximal cells of fascicles
lanceolate club-shaped, distal cells fusiform
or obovoidal ; hairs short. Cortical filaments
very densely developed. Secondary branch-
lets numerous and dichotomously branched,
consisting of 9-12 cell-stories. Spermatangia
unknown. Carpogonium-bearing branches
arising from the basal cells of primary
branchlets, consisting of 5-11 barrelshaped
cells twisted; carpogonium 25-40 #m long,
3-7pym wide at the base, 7-9 ym wide
at the apex; trichogyne ellipsoidal or club-
shaped, indistinctly stalked, often bent at
the base. Bracts short. Gonimoblasts and
carposporangia unknown.

Holotype : Dobo Spring, Guam, Mariana
Islands (BOwDEN-KERBY 7/VII 1984), Her-
barium of Faculty of Science, Kobe Univer-
sity, Japan. Isotype: (BOWDEN-KERBY 7/VII
1984), University of Guam Herbarium,
U.S.A..

Habitat : Growing in a perennial spring of
flowing water, with Thorea gaudichaudii,
the pH value was 7.5 on July 7, 1984.

Distribution : Known from the type locality
only.
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Figs. 13-16. Batrachospermum doboense Kumano et BowDEN-KERBY,
showing well-developed cortical filaments and pear-shaped whorls; 14. A part of young thallus showing
well-developed cortical filaments, primary branchlets and two carpogonia; 15. Cortical filaments, primary

branchlets and carpogonia; 16. A carpogonium-bering branch with a mature carpogonium. (Scale bar;
100 #m for Fig. 13; 40 pm for Fig. 14; 20 #m for Figs. 15-16).
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Figs. 17-25. Batrachospermum doboense KumaNo et BOWEDN-KERBY, sp. nov. 17. Apart of thallus
showing axial cells, primary branchlets and a carpogonium-bearing branch; 18-19. Curved carpogonium-
bearing branches at very young stages in development; 20-25. Carpogonium-bearing branches.

3. Batrachospermum omobodoense KUMANO
et BOWDEN-KERBY sp. nov. (Figs. 26-29,
30-38).

Frons monoica, ca. 4 cm alta, 250-350 ym
crassa, plerumque pseudo-dichotome ramosa,
mucosa, atrovirens. Cellulae axiales cylin-
dricae, 35-60 ym crassae, 90-320 ym longae.
Verticilli doliiformes, in parte vetustiore
frondis contigui. Ramuli primarii plus
minusve unilateraliter ramificantes, ex 8-12
cellulis constantes; cellulae fasciculorum
ellipticae; pili nuli. Fila corticales bene
evoluta. Ramuli secundarii numerosi, ex 6-12
cellulis constantes, non vel dichotome rami-
ficantes, totum internodium obtegentes.
Spermatangia globosa, 3-5 ym diametro, in
ramulis secundariis et primariis terminalia
vel lateralia. Ramuli carpogoniferi e cellulis
basi ramulorum primariorum orientes, ex
cellulis 5-7 doliiformibus constantes, valde

spiratim tortuosi; carpogonium 35-40 gm
longum, basi 3-5 ym crassum, apice 7-8 ym
crassum, trichogyne claviformes, indistincte
pedicellata. Bracteae sparsae et breves.
Gonimoblasti singuli vel duo, globosi vel
semiglobosi, 170-220 #m crassi, 120-190 gm
alti, in centro verticilli inserti. Carpo-
sporangia obovoidea, 8-11 ym crassa, 10-14
pm longa.

Frond monoecious, ca. 4 cm high, 250-350
pm wide, very frequently pseudo-dichoto-
mously branched, mucilaginous, deep green.
Axial cells cylindrical, 35-60 gm wide, 90-
320 ym long. Whorls barrel-shaped, touching
each other in aged parts of fronds. Primary
branchlets more or less unilaterally branched,
consisting of 8-12 cell-stories ; cells of fascicles
ellipsoidal ; hairs lacking. Cortical filaments
well-developed. Secoudary branchlets nu-
merous, non or dichotomously branched,
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spermum omobodoense Kumaxo et Bowpex-KERBY, sp. nov. 26. A part of
thallus showing barrel-shaped whorls; 27. Spermatangia terminal on secondary branchlets; 28. A part
of thallus showing axial cells, primary branchlets and two carpogonium-bearing branches; 29. Carpo-
sporangia terminal on compactly agglomerated gonimoblasts. (Scale bar; 100 m for Fig. 26; 20 »m
for Figs. 27-29).




116 Kumano, S. and BowpeN-KERBY, W. A.

o 30 100pm

0
AR LW
Q ol \!g\\\‘ KXY 0n 0
0 q |.'{.\\‘q\®\‘§t'\‘\\ \oh‘l"” . {
|‘\'\?¢""’:§§\\ﬁ§‘\'}-‘\‘ NNz e8|
AN RN 752
\!;v,:'!é\\\&\}:,)\l/}' s N
{ \ P =525 N
il N Sw}};/%'f:’ |
\ ,'I’,'?—i< <
C ....i : :'\:*7' ,//j.’
\.!rl ] 'r PR, ’/J
S =
=\ ||\“4\
— HllH I‘}E“J\“T\' 7

=l

\ -
&
= SOS
A
Nl TR
N IR
N
\ l’ \TI'\ ,\\Qﬁ
A u_b\:«\\\ h
=2
! 1}"’
! 17
Y N[

~
\5

—
—
7




Micronesian freshwater Rhodophyta I. 117

consisting of 6-12 cell-stories, covering
all the internodes. Spermatangia globose,
3-5 pm in diameter, terminal or lateral on
secondary and rarely on primary branchlets.
Carpogonium-bearing branch arising from
the basal cell of the primary branchlet,
consisting of 5-7 barrel-shaped cells, spirally
twisted; carpogonium 35-40 ym long, 3-5
pm wide at the base, 7-8 um wide at the
apex ; trichogyne club-shaped. Bracts sparse
and short. Gonimoblasts single or couple,
globose or semiglobose, 170-220 pm wide,
120-190 p#m high, inserted centrally. Carpo-
sporangia obovoidal, 8-11 ym wide, 10-14
pm long.

Holotype : Omobodo Stream, Ngeremlengui
State, Palau (BOwDEN-KERBY 25/XII 1983),
Herbarium of Faculty of Science, Kobe
University. Isotype: (BOWDEN-KERBY 25/
XII 1983), University of Guam Herbarium.

Habitat : Attached to rocks in a slightly
to moderately flowing current with several
hours of direct sunlight per day, and in a
large pool in Omobodo Stream which arises
from the Ngeremlengui taro swamp.

Distribution : Known from the type locality
only.

4. Batrachospermum tabagatenense KUMANO
et BOWDEN-KERBY, sp. nov. (Figs. 39-43,
44-52).

Frons mononica, ca. 3cm alta, 350-550 um
crassa, sparsim pseudo-dichotome ramosa,
valde mucosa, glauca. Cellulae axiales
cylindricae, 20-50 gm crassae, 80-180 ym
longae.  Verticilli cylindricae contigui.
Ramuli primarii dichotome ramificantes, ex
9-13 cellulis constantes ; cellulae fasciculorum
primariorum lanceolato-claviformes ; pili raro.
Fila corticales bene evoluta. Ramuli
secundarii numerosi, dichotome ramificantes,
ex 8-11 cellulis constantes, totum internodium
obtegentes, ramuli primarii aequantes.

Spermatangia globosa, 4-5 ym diametro, in
ramulis primariis et secundariis terminalia
vel lateralia. Ramuli carpogoniferi e cellulis
basi ramulorum primariorum orientes, ex
cellulis 6-13 doliiformibus constantes, valde
spiratim tortuosi; carpogonium 50-65 gm
longum, basi 3-6 ym crassum, apice 8-10 gm
crassum ; trichogyne claviformes, distincte
pedicellata. Bracteae sparsae et breves.
Gonimoblasti singuli vel duo, globosi vel
semiglobosi, 180-300 #m crassi, 130-250 ym
alti, in centro verticilli inserti; fila gonimo-
blastorum plus minusve laxe agglomeratia.
Carposporangia globosa vel obovoidea, 10-14
pm crassa, 12-16 pm longa.

Frond monoecious, ca. 3cm high, 350-550
pm wide, sparsely and pseudo-dichotomously
branched, very mucilaginous, gray-green.
Axial cells cylindrical, 20-50 ym wide, 80-
180 ym long. Whorls cylindrical, touching
each other. Primary branchlets dichoto-
mously branched, consisting of 9-13 cell-
stories; cells of fascicles lanceolate club-
shaped ; hairs rare. Cortical filaments well-
developed. Secondary branchlets numerous,
dichotomously branched, consisting of 8-11
cell-stories, covering all the internodes and
equaling primary branchlets. Spermatangia
globose, 4-5pm in diameter, terminal or
lateral on primary and secondary branchlets.
Carpogonium-bearing branch arising from
the basal cell of primary branchlet, consisting
of 6-13 barrel-shaped cells, spirally coiled;
carpogonium 50-65 ym long, 3-6 #um wide
at the base, 8-10 um wide at the apex;
trichogyne club-shaped, indistinctly stalked.
Bracts sparse and short. Gonimoblasts single
or couple, globose or semiglobose, 180-300
pm  wide, 130-250 gm high, centrally
inserted; gonimoblast filaments more or
less loosely agglomerated. Carposporangia
globose or obovidal, 10-14 pm wide, 12-16
pm long.

Figs. 30-38. Batrachospermum omodoboense Kumano et BowpDEN-KERBY, sp. nov. 30. A part of
thallus showing an axial cell, primary branchlets, secondary branchlets and a young gonimoblast; 31.
Primary branchlets more or less unilaterally branched; 32. Spermatangia terminal or lateral on secondary
branchlets; 33-34. Coiled carpogonium-bearing branches at very young stages in development; 35-37.
Coiled carpogonium-bearing branches with mature trichogynes; 38. Carposporangia terminal on gonimo-

blast filaments.
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sp. nov. 39. A part of

Ba[rachospermum lal)agalense Kumano et B()\\m N- Kl RBY,
40. Spermatangia terminal or lateral on secondary

Flgs 39-43.
thallus showing cylindrical whorls and a gonimoblast ;
branchlets; 41. A carpogonium-bearing branch with a mature trichogyne; 42. Semiglobose gonimoblast ;

(Scale bar;

43. Carposporangla terminal on more or less loosely agglomerated gonimoblast filaments.
100 m for Fig. 39; 40 pm for Figs. 40, 42; 20 om for Figs. 41, 43).
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Figs. 44-52. Batrachospermum tabagatenense Kumano et BowpEN-KERBY, sp. nov. 44. A part of
thallus showing axial cells, primary branchlets, secondary branchlets and cortical filaments; 45. Sper-
matangia terminal or lateral on secondary branchlets; 46-49. Coiled carpogonium-bearing branches at
very young stages in development; 50. A carpogonium-bearing branch with a mature trichogyne; 51.
Fertilized carpogonia with spermatia; 52. Carposporangia terminal on more or less loosely agglomerated
gonimoblast filaments.
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Holotype: Tabagaten River, Nekking,
Palau, (BOWDEN-KERBY 19/V 1984), Herba-
rium of Faculty of Science, Kobe University.
Isotype : (BOWDEN-KERBY 19/V 1984), Univer-
sity of Guam Herbarium.

Other specimens examined : Seep-fed pond
in Ibobang, Palau (BOWDEN-KERBY 26/V
1984).

Habitat : Attached to rocks and free roots
in a small rivulet of gentle current, arising
from a leaf-clogged spring, receiving about
one hour of direct sunlight per day. The
pH value was 6.0 in a man-made pond from
a seep in Ibobang on Babeldaob Island on
May 26, 1984.

Distribution : Known from the type locality
and a seep-fed pond in Ibobang, Palau.

5. Batrachospermum nechochoense KUMANO
et BOWDEN-KERBY, sp. nov. (Figs. 53-57,
58-65).

Frons monoica, ca. 2cm alta, 350-550 ym
crassa, abundanter irregulariterque ramosa,
mucosa, glauca. Cellulae axiales cylindricae,
30-70 pm  crassae, 100-330 ym longae.
Verticilli doliiformes, in parte vetustiore
frondis contigui. Ramuli primarii dichotome,
raro tetrachotome ramificantes, ex 11-14
cellulis constantes; celllulae proximales
fasciculorum lanceolato-claviformes, cllulae
distales obovoideae vel pyriformes; pili
breves. Fila corticales bene evoluta. Ramuli
secundarii dichotome ramificantes, ex 8-11
cellulis constantes, bene evolutae. Sper-
matangia globosa vel pyriformia, 5-7 pm
diametro, praecipue in ramulis primariis
terminalia vel lateralia. Ramuli carpogoniferi
e cellulis basi ramulorum primariorum
orientes, ex cellulis 7-11 doliiformibus
constantes, valde spiratim tortuosi ; carpogo-
nium 25-30 pm long, basi 5-6 ym crassum,
apice 7-12 ym crassum; trichogyne clavi-
vel urn-formes, plus minusve indistincte

pedicellata. Bracteae breves. Gonimonlasti
singuli, semiglobosi, 150-220 gm crassi, 140-
180 pm alti, in centro verticilli inserti;
fila gonimoblastorum laxe agglomeratia.
Carposporangia obovoidea, 7-8 ym crassa,
10-16 ym longae.

Frond monoecious, ca. 2 cm high, 350-550
pm  wide, abundantly and irregularly
branched, mucilaginous, gray-green. Axial
cells cylindrical, 30-70 gm wide, 100-330 gm
long. Whorls barrel-shaped, touching each
other in aged fronds. Primary branchlets
dichotomously, trichotomously, rarely tetra-
chotomously branched, consisting of 11-14
cell-stories; proximal cells of fascicles
lanceolate club-shaped, distal cells obovoidal
or pear-shaped; hairs short. Cortical cells
well-developed. Secondary branchlets dicho-
tomously branched, consisting of 8-11 cell-
stories, well-developed. Spermatangia glo-
bose or pear-shaped, 5-7 gm in diameter,
terminal and lateral mainly on primary
branchlets. Carpogonium-bearing branch
arising from the basal cell of the primary
branchlet, consisting of 7-14 barrel-shaped
cells; spirally twisted; carpogonium 25-30
pm long, 5-6 um wide at the base, 7-12 pm
wide at the apex; trichogyne club- or urn-
shaped, more or less indistinctly stalked.
Bracts short. Gonimoblasts single semi-
globose, 150-220 pm wide, 140-180 #m high,
centrally inserted; gonimoblast filaments
loosely agglomerated. Carposporangia ob-
ovoidal, 7-8 um wide, 10-16 ym long.

Holotype: A small spring-fed stream,
Nechocho, Tol Island, Truk, (BOWDEN-KERBY
14/111 1982), Herbarium of Faculty of Science,
Kobe University. Isotype: (BOWDEN-KERBY
14/111 1982), University of Guam Herbarium.

Other specimens examined : Wichen River,
Moen Island, Truk (BOowDEN-KERBY 18/VI
1982).

Habitat : Attached on rocks in a spring-fed

Figs. 53-57. Batrachospermum nechochoense Kumano et BowDEN-KERBY, sp. nov. 53. A part of
thallus showing barrel-shaped or cylindrical whorls; 54. Primary branchlets di- or trichotomously
branched with hairs; 55. A carpogonium-bearing branch with ‘d fetilized trichogyne; 56. A part of
thallus showing axial cells cortical filments, primary and secondary branchlets and a carpogonium
bearing-branch; 57. Carposporangia terminal on loosely agglomerated gonimoblast filaments. (Scale
bar; 100 #m for Fig. 53; 40 ym for Figs. 54, 56; 20 um for Figs. 55, 57).
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59-60 30pm _

Figs. 58-65. Batrachospermum nechochoense KumaNo et BowDEN-KERBY, sp. nov. 58. A part of
thallus showing axial cells, cortical filaments, primary and secondary branchlets and a carpogonium-
bearing branch; 59. Spermatangia terminal and lateral on primary branchlets; 60. Short hairs; 61-64.
Coiled carpogonium-bearing branches with trichogynes; 65. Carposporangia terminal on loosely agglo-
merated gonimoblast filaments.
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stream and on a pool wall in slowly-flowing
water. On Moen the water temperature
was 27°C and the pH value 6.5 in August,
1984.

Distribution : Known from the type locality
and the Wichen Stream on Moen Island,
Truk.

6. Batrachospermum faroense KUMANO et
BOowDEN-KERBY, sp. nov. (Figs. 66-70,
71-81).

Frons monoica, ca. 3.5 cm alta, 300-500 gm
crassa, abundanter irregulariterque ramosa,
mucosa, aeruginosa. Cellulae axiales cylin-
dricae, 50-100 #m crassae, 230-320 ym longae.
Verticilli doliiformes, in parte vetustiore
frondis contigui. Ramuli primarii dichotome
raminificantes, ex 7-10 cellulis constantes;
cellulae proximales fasciculorum lanceolato-
claviformes, cellulae distales obovoideae vel
pyriformes; pili breves. Fila corticales
bene evoluta. Ramuli secundarii non vel
dichotome raminificantes, 5-10 cellulis
constantes, totum internodium obtegentes.
Spermatangia globosa, 4-6 gm diametro, in
ramulis primariis et secundariis terminalia
vel lateralia. Ramuli carpogoniferi e cellulis
basi primariorum orientes, ex cellulis 5-10
doliiformibus constantes, tortuosi; carpo-
gonium 30-40 ym longum, basi 4-6 gm
crassum, apice 5-9 ym crassum ; trichogyne
claviformes, indistincte pedicellata. Bracteae
plus minusve breves. Gonimoblasti singuli,
semiglobosi, 200-250 #m crassi, 150-200 p#m
alti, in centro verticilli inserti; fila gonimo-
blastorum, in parte distalibus, plus minusve
laxe agglomeratia.  Carposporangia ob-
ovoidea, 7-11 pm crassa, 12-15 ym longa.

Frond monoecious, ca. 3.5cm high, 300-
500 pm wide, abundantly and irregularly
branched, mucilaginous, deep green. Axial
cells cylindrical, 50-100 zm wide, 230-320
pm long. Whorls barrel-shaped, touching
each other in aged fronds. Primary bran-
chlets dichotomously branched, consisting
of 7-10 cell-stories; proximal cells of
fascicles lanceolate club-shaped, distal cells
obovoidal or pear-shaped; hairs short.
Cortical filaments well-developed. Secondary

branchlets non or dichotomously branched,
consisting of 5-10 cell-stories, covering all
the internodes. Spermatangia globose, 4-6
pm in diameter, terminal or lateral on
primary and secondary branchlets. Carpo-
gonium-bearing branch arising from the
basal cell of the primary branchlet, consist-
ing of 5-10 barrel-shaped cells, twisted ;
carpogonium 30-40 ym long, 4-6 yum wide
at the base, 59 pum wide at the apex;
trichogyne club-shaped indistinctly stalked.
Bracts more or less short. Gonimoblasts
single, semiglobose, 200-250 ym wide, 150-
200 #m high, centrally inserted ; distal portion
of gonimoblast filaments more or less loosely
agglomerated. Carposporangia obovoidal,
7-11 pm wide, 12-15 ym long.

Holotype : A rivulet flowing from a taro
swamp, Faro Village, Tol Island, Truk,
(BowDEN-KERBY 11/V 1982), Herbarium of
Faculty of Science, Kobe University.

Isotype: (BOWDEN-KERDY 11/V 1982),
University of Guam Herbarium.

Habitat : Growing on small rocks on the
muddy bed of the slowly flowing rivulet.
The pH value of the water was 6.0 at the
collecting time in August, 1982.

Distribution : Known from the type locality
only.

Discussions

The six presently described new species
seems to assign to the section Contorta and
constitute two distinct groups. The first
group is represented by B. doboense and B.
faroense, which resemble B. tortuosum
KuMANO (1978) and B. tortuosum var. majus
KUMANO (1982) in having the curved carpo-
gonium-bearing branches. However, they
differ from the latter two taxa in the cell
number per carpogonium-bearing branch.
The carpogonium-bearing branches for B.
doboense and B. faroense consist of 5-11
cells, while those for B. tortuosum and B.
tortuosum var. majus consist of only 2-4
cells. B. faroense differs from B. doboense
in the number of cells consisting a fascicle
and the shape of whorls and trichogynes;
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Figs. 66-70. Batrachospermum faroense Kumano et BowpeN-KERBY, sp. nov. 66. A part of thallus
showing barrel-shaped worls; 67. Spermatangia terminal and lateral on primary branchlets; 68. A coiled
carpogonium-bearing branch; 69-70. Carposporangia terminal on more or less loosely agglomerated
gonimoblast filaments. (Scale bar; 40 zm for Fig. 66; 20 pm for Figs. 67-69; 10 ym for Fig. 70).
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Batrachospermum faroense KumanNo et BowpeN-KERBY, sp. nov.

showing axial cells, cortical filaments,

71. A part of thallus

; 73. Hairs; 74. An early stage in development

77. Coiled carpogonium-bearing branches with mature
a spermatium ; 79-80. Carposporangia terminal on more

primary and secondary branchlets and two gonimoblasts; 72.

78. Fertilized carpogonium with
or less loosely agglomerated gonimoblast filaments; 81. Carpospores.

Spermatangia terminal and lateral on primary branchlets

of a coiled carpogonium-bearing branch; 75

Figs. 71-81.
trichogynes;
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for B. doboense, whorls are pear-shaped, the
fascicle is composed of 9-14 cell-stories and
the trichogyne is club-shaped and bent at
the base.

The second group characterized by the
spirally coiled carpogonium-bearing branches
is divided into two subgroups. The first
subgroup is represented by B. tabagatenense
and B. nechochoense, which resemble B.
iriomotense KUMANO (1982) in having the
loosely agglomerated gonimoblasts. How-
ever, they differ from the latter species in
the size of carpogonia and carposporangia.
B. nechochoense differs from B. tabagatenense
in the length of trichogyne; 25-30 ym v.s.
50-65 yum.  B. nechochoense differs from B.
iriomotense in the size of whorls and car-
posporangia and the shape of trichogyne;
whorls are 150-240 #m wide, carposporangia
are 16-19 ym long and the trichogyne are
club-shaped for B. iriomotense. The second
subgroup is represented by B. omobodoense,
which resembles B. hirosei RATNASABAPATHY
et KumaNO (1982) and B. mahlacense in
having the compactly agglomerate gonimo-
blasts. However, B. omobodoense differs
from the latter two species in the fascicles
more or less unilaterally branched. This
species differs from B. hirose: in the number
of cells per carpogonium-bearing branch and
fascicle, the size of whorls and the shape
of trichogyne; for B. hirosei, the carpo-
gonium-bearing branch consisting of 6-13
cells, the fascicle is composed of 6-8 cell-
stories, the whorls are 100-220 yum wide
and the trichogyne is ellipsoidal. B. omobo-
doense differs from B. mahlacense in the
shape of whorls and trichogyne and the
number of cells per fascicle and carpogonium-
bearing branch; for B. mahlacens, whorls
are pear-shaped, fascicle consist of 7-9 cell-
stories, the carpogonium-bearing branch is
composed of 5-15 cells and the trichogyne
is ellipsoidal or urn-shaped.

The section Contorta was established by
SKuUJA (1931) based on Batrachospermum
procarpum SKUJA. The main characteristics
of the section Contorta is the curved, spirally
coiled or hook-like carpogonium-bearing

branch, while the carpogonium-bearing
brances are straight for the other sections
of the genus Batrachospermum. The section
Contorta appears to contain the most
numerous species among the sections of
the genus Batrachospermum, and was pointed
out by KuMANO and NECCHI (1985) to be
very heterogenous. A tentative key to the
known taxa of the section is shown as
follow (* reported in the present paper):

Tentative Key to the Taxa of the
Section Contorta

1. Monosporangia present.

2. Monosporangia terminating the laterals
of carpogonium-bearing branches, some-
times primary and secondary branchlets.

3. Monosporangia 11-15 gm long.
.................. B. intortum JAO

3. Monosporangia 13-23 gym long.
.............. B. pseudocarpum REIS

2. Monosporangia terminating the primary
and secondary branchlets.

4. Carpogonium-bearing branch consist-
ing of 4-7 cells. ..................
............ B. woitapense KUMANO

4. Carpogonium-bearing branch consist-
ing of 6-14 cells. ..................
................ B. lusitanicum REIS

1. Monosporangia absent.

5. Carpogonium-bearing branch curved.

6. Carpogonium-bearing branch consist-
ing of 2-4 cells.

7. Gonimoblast 50-60 gm in diameter.
.......... B. tortuosum KUMANO

7. Gonimoblast 220-300 ygm in dia-
190153 7] SR
...... B. tortuosum KUMANO var.
majus KUMANO

6. Carpogonium-bearing branch consist-
ing of 5-11 cells.

8. Trichogyne bent at the base. ....
........ *B. doboense KUMANO et
BOWDEN-KERBY

8. Trichogyne does not bent at the
base. ....*B. faroense KUMANO et
BOwDEN-KERBY

5. Carpogonium-bearing branch twisted,
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consisting of 3-8 cells.
9. Fascicles di- or
branched.
10. Carpogonium 17-34 gm long. ....
B. kushiroense KUMANO et OHSAKI
10. Carpogonium 40-72 ym long.

11. Gonimoblast 400-550 #m in dia-
meter, primary branchlets con-
sisting of 4-5 cell-stories.

B. capense STARMACH ex NECCHI
et KUMANO var. breviarticulatum
NECCHI et KUMANO

11. Gonimoblast 600-860 ym in dia-
meter, primary branchlets con-
sisting of 7-13 cell-stories. ....
B. capense STARMACH ex NECCHI

et KUMANO

9. Fascicles alternately branched, con-
sisting of cylindrical cells.

12. Gonimoblast 100-300 ygm in dia-

trichotomously

meter. ...... B. procarpum SKUJA
12. Gonimoblast 300-900 ym in dia-
meter.

13. Carposporangia 8-15pgm long.
B. cipoense KUMANO et NECCHI
13. Carposporangia 19-24 ym long.
.. B. equisetoideum KUMANO et
NECCHI
5. Carpogonium-bearing branch spirally
coiled, consisting of 6-15 cells.
14. Gonimoblast loosely agglomerated.
15. Carpogonium 50-65 gm long. ....
.... B. tabagatenense KUMANO et
BOwDEN-KERBY
15. Carpogonium 25-40 ym long.
16. Carposporangia 10-16 #m long.
B. nechochoense KUMANO et
BOWDEN-KERBY
16. Carposporangia 16-19 yum long.
...... B. iriomotense KUMANO
14. Gonimoblast compactly agglomer-
ated.
17. Fascicles sparsely branched. ....
........ B. tiomanese KUMANO et
RATNASABAPATHY
17. Fascicles well-branched.
18. Fascicles unilaterally branched.
.. *B. omobodoense KUMANO et
BOWDEN-KERBY

18. Fascicles dichotomously
branched.

19. Whorls 100-200 #m wide.
...... B. hirosei KUMANO et
RATNASABAPATHY

19. Whorls 250-400 #m wide.
.... *B. mahlacense KUMANO
et BOWDEN-KERBY
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F & =+x X7 Acrothrix gracilis KyLin (1907)
BAYz2—F v, Fv=—0, JAT2~, AFY R,

BAEXY=®EXY Acrothrix gracilis KYLIN
(BHEEFH7YER) O&EFES

BYCE B - I HHE

* KRR (606 FUART A FUXCIL EI B 40T)
** eifbE A B (060 ALBRHIALK L1047 8 T H)

Ajyisaka, T. and Kawar, H. 1986. The life history of Acrothrix gracilis KyLiN (Phaeo-
phyceae, Chordariales) in Japan. Jap. ]. Phycol. 34: 129-136.

The life history and the influences of culture conditions (water temperature and photo-
periods) were studied in Acrothrix gracilis collected from Maizuru (Japan Sea coast of
central Honshu) and Akkeshi (Pacific coast of eastern Hokkaido). In culture, both of the
plants showed the same type of direct life history: zoospores germinated unipolarly to
develop into irregular prostrate systems with branched filaments, which formed plurilocular
sporangia or direetly issued characteristic erect thalli of trichothallic growth. In the Akkeshi
culture, the erect thalli formed unilocular sporangia and completed the life history. But
the responses of the plants to culture conditions differed with each other. In principle, in
the Akkeshi culture, the erect thalli issued only in long-day conditions, while plurilocular
sporangia were formed in short-day conditions. On the other hand, in the Maizuru culture,
the erect thalli issued irrespective of photoperiods except in warmer temperature condi-
tions, but did not form unilocular sporangia. Plurilocular sporangia were formed in most
of the conditions examined. Swarmers from plurilocular sporangia did not show sexual
conjugation and developed in the same manner as the zoospores. However, in 10°C and
long-day conditions in the Maizuru culture, a few swarmers showed another germling process
like that of zygotes of Acrothrix pacifica. Assimilatory filaments on the developed erect
thallus shortened gradually by means of degenerations of the cells on the upper part or
on the basal part.

Key Index Words: Acrothrix gracilis; Acrotrichaceae; Chordariales; life history;
Phaeophyceae.

Tetsuro Ajisaka, Faculty of Agriculture, Kyoto University, Kyoto, 606 Japan.
Hiroshi Kawai, Faculty of Science, Hokkaido University, Sapporo, 060 Japan.
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ForwARD & SouTH (1985) ¥, A. gracilis D[

TALT v Fig EDRLKBERTIRIEL DT 5, A
BTh, Kawar (1983) i2dbilgEHEEDOBERICHA T
B EHRBELTED, FLEBLXAXRHBREOW
BBELBELETEEYHRAL T2,

v X2BIL, <7l =x%X7§ (Chor-
dariales, Acrotrichaceae) I &5 ME—DJRT,
EHEEEXTH L ROl R EHE TS (KyLy
1940), ABRIZChETABEL AR 4E F2=t
£ R 7 Acrothrix gracilis, A.novae-angliae TAYLOR
(1928), =+«xxX7 A. pacifica OKAMURA et
YAMADA (in YAMADA 1932), A. norvegica LEVRING

FHEEE A, A. novae-angliae L A. norvegica OIE
BEEARE=. -7y F5 v F (IF LKA
B EoMBoBEgEENb, A. novae-anglice L
A. norvegica H\x A 7D A. gracilis DRATH
BEDEXHRRLT D, E, bk, =2—7 >
v FS v FiED A, gracilis OISERBE T, B
TR THE & R CE ST D T D RE LACHE
FRGECEHBOER IR Z EXRELTV5, —
Fi, KEERD = 2 X 7 BOE RSB LTI 5E
(1948) & Ajyisaka (1979 wwkt 5 =+ X7 DHE
BB, FE2=xEAXZ (Acrothrix gracilis) &
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DWTOHE R\, T T, EEZEbIL, HAEDO*
F=vE'X 7 DEFREARE L CELVICEDERY
W B 7cmic, ERE & BEBEDOMEICE S EREH
T

mHELEHZE

b, 19784E6 A7 B A AUEhE o G
(35°30’N, 135°20'E) THWiKICX WL b DL,
19824 6 27 H i LB R TR MO =B 71 = v
# o Ui (43°02’N, 144°52°E) T4 Lich 0w H
W, TR 5 m ORI O RO i, HhER
{SERRAEO#iER OB LR Y e L kF LT
o

JEREOMEIOREIE LTk, Kawar (1983) ic
FELV, Eio, BEBEOMBHCOWTEHREMAD AL
<V Vi KEEEREHEEWCBELLEL A, £
D I & bR O kA KyLin (1907, 1940) &
Kawal (1983) o Acrothrix gracilis oZ# (e
A LA & X —RKLicnbe, EED
TR AR EFE L,

B 0O FIHCOWUL, WETH LRAZOT
Table 1 itk UTmRT,

Ajsaka, T.

and Kawai, H.

#® 7?
A EBEFI=EEXY
20°C & 15°C ofH - @H&MLb12B R, ¥
7o 10°C 0fE A & Tix22B Bic, HMTRLZHEEELA
10 ml B O NEOT T Bk O R % SR AR
THER LT,

20°C D4 H 4Tk, #J ATHWCHS LIk 130~
200 pm EAKE (Fig. 1a) b Rr g LT,
2 HRBICIEE 0.5~1.2mm OE#ED FRFEFK
tic ot (Fig. 1b), MEROTRME L T CEIL
Licht, LR DIERIL e -1,

20°C DER&MTIE, & 250 pm DEICHE LI
ARG (Fig. 1o) ki BETIRLAAS B S e
75, EILEECR e bk 5T,

15°C & 10°C Ti%, £H « BHARM L b BRI
f& (Fig. 1d) &7cb, 2»T LA BREHELL
L#: (Fig. le), £ LT, ERAEOEBTOHEBER
Kk b¥s=ve X7 B~ (Fig. 1f),
L2 AN, FBHGHETREKECHEILB i TERD
SHRIREEB S DB - T,

Bt LoRtaiL, 6 ~20EOM R LR

Table 1. A comparison of the isolation and culture conditions
between Maizuru and Akkeshi materials.
Maizuru Akkeshi
Initial isolation Zoospores

Zoospore germlings

Medium

Changing interval

[llumination

PES (ProvasoLl 1968)
10 days—2 weeks

Cool-white fluorescent tubes
3000—4000 lux

PESI (TATEwAKI 1966)
2—3 weeks

2000—3000 lux

25°C long-day
20°C long-day
20°C short-day
15°C long-day
15°C short-day
10°C long-day
10°C short-day

5°C short-day

Combinations of
temperature and

photoperiod

(]
= |
*

(16:
(16: 8) 20°C long-day (16: 8)
(10: 14) 20°C short-day (8: T6)
(14: 10) 15°C long-day (16: 8)
(10: 14) 15°C short-day (8: 16)
(14: 10) 10°C long-day (16: 8)
(10: 13) 10°C short-day (8: I6)
5°C long-day (16: 8)
(10: 13)* 5°C short-day (8: 16)

* Only swarmer germlings were cultured in the additional conditions.
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f

Fig. 1. Acrothrix gracilis (material from Maizuru). a-g: Developmental stages of zoospores.
14(a) and 28(b) day-old germlings in 20°C short day condition. 14(c) day-old germling in 20°C long-
day condition. 14(d) and 20(e) day-old germling in 15°C short-day condition. 36(f, g) day-old erect
thallus in 5°C short-day condition. h: 13 day-old swarmer germling in 10°C long-day condition.
Scale: a-e, g, h 100 gm: f 1 mm.
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Fig. 2. Acrothrix gracilis (material from Maizuru).
matured reproductive cells with red eyespot (mp), empty ones (ep) and assimilatory filaments (af).
35 day-old germling in 10°C short-day condition (a), 60 day-old germling in 10°C long-day condition
(b) and 27 day-old germling in 10°C short-day condition (c). d: Swarmer. e: Settled swarmer. f-i:
2(f), 3(g), 6(h) and 8(i) day-old germlings in 15°C short-day condition. j-1: 2(j), 4(k) and 7(l) day-
old germlings in 10°C long-day condition.

HAB O, S h, 2R 200~480 pum TH -
f= (Fig. 18), FM{LAROEMOMIEOK X 12, EX
32~42 pm, 18 10~12 pm TH -7, W THRLE
B ZhboRVGEARLTERER, SELHCHT
BEMNBIL -t SDZ &L, 6 AICEBIETIHREX
RICBEORALAD 4 ~11408 (40~50 pm) L4E <,
BREDIZEAE R DRI 5T & E—FK LT,
BTFHEOHRIT A BN, 5 1ehs, 5 ~108BTH
(LR DESLOH B BI R < £ T DM HH Rk 4
EEEHTRAER S W, OB T, BYE L
HFTFND 8 ~16Fn b7 h, BEFTHE L (Fig.
2a,b), ¥f, 10°C 0 HLM:T1, WARKEOR
A2 D F % 1~ 3 MO EFEANIC LT 2 b D
b&bht (Fig. 20),

BT %0 BRI S el i, # 8.2 pmx4.1

a-c: Plurilocular sporangia consisting of

pm OPEHEFIRC, REROFEELEMUEL, v/
Fafes 1 EoEFEEEBALE- T (Fig. 2d),
Fh BBk Lichs, AR b h T, 3 ¢
B A5 L TR 4.9~6.1 pm OERF & 75 - 1o (Fig. 2e),
WM Lo, 1~2H B BB Ry
L (Fig. 2f), R THIBLT 27
(Fig. 2g), FEFEMBIE< W BLAW LT —FIMRD %
Wi > e bl Hickix i L (Fig. 2h), £h
LIREHIZ D 5k < b B LT #HRRE (Fig.
2) Licoteh, XoHOREZIEOHELETOIDOL
[ UTH -t UL, 25°C DEHEMTIE, Rt
RoEIET, AERRED R HETH -
oo Eio, 5°C oA &MTI, ThBIRELHET
HR LI EROBERRBICE TR E e

-’)to
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10°C DR HEMTIE, i~ sk ik & f 2l), TR B LR EN S & Rk
HRGFENTCBE SR, Pl 2~ 4 Hlfanbrics FO BRI O MAE 10~15 pm- o ffkic iEk Lis
—FIfl O flkfk (Fig. 2j) Lig-tenbh, —finb (Fig. 1h), chbofiflE bz, @aHhko
I ADOERE2 I LI (Fig. 2k), 20T —FIfI Ao OBlE MR Utc, & OFESFEEIR O Tk

- »

B TUTT~D LG - 1 (Fig. KO TIHECEE LTSk o -1

HO BRI

Fig. 3. Acrothrix gracilis (material from Akkeshi). a: Zoospores from the plant in nature. b:
Germination of zoospores. c: Three celled germling. d: Branched uniseriate germling. e: Young
erect thallus (sporophyte) consisting of a trichothallic hair (arrow) and long assimilatory filaments.
f: Cross section of the erect thallus. g: Regenerated short assimilatory filaments on the aged thallus.
h; Unilocular sporangia on the erect thallus. i: A matured plurilocular sporangium (mp) and empty
ones (ep) on the prostrate system. Scale: a-d 10 #m; e and f 50 pm; g 100 #m; h and i 20 ym.
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20°C P ETEBAEG T RAE 4 LT
Bk Er KRS (10~15°C) BT &, Thbik
[@Abpat Ul —7, BB &M CHclEMn gk
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THILD RO HFE - 1o,

B EiEXI=tEXY

BTN LI I hicilEEFi, £ 6~8um, 1§
4~5 pm OFEHRI T, TEROWELMEL, Ev
74 Ve 1ACBFRELBEAYFH T\, Th
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3c), Thbiz, R THHCSELT, ¥Flo@g
fkthic i e (Fig. 3d), 20°C %< ER&HT
112~ 78T, BIITHELEVRRE OEE
SRS FTHE L, FCCTREMT 1 A DA
Mk WEBERET AETRMECRE L, BiE
HTE, OO EEOT S ToOMas SRR
# Ut (Fig. 3e), %1, FMLAROEH DT Sep
LR » TR s Mk a4 U, S2hbk
HfsRAbRx R Ui, S, $8E ML Licnis
FEH 2em EREL, R 2~3 S L1,
LhL, ThbiEREFRECIAKEL LT, %
TCAREERDO L SIth~THTHLMChELLS
Edileh e (Fig. 3f), BEILEE EORLARL, 7
3 16-31 EO AR TIFEROAM» HER S A,
B X 210~613 um TH 1o, [RALAD EHLD HNED
KESL, £E 24~34 pm, (1§ 6~13 pm TH 1,
bR D E A TITITER E xR AbhB &
bhotcht, ThEb BT Lich -1, ik
REBEBELERTAE, $20 LHOMAI I
TCRBRELTCTRIET BT, TDH EREADEE
ST E LR RB oM, BB FEERAEE L
Tedd, ThbRFDOREARD & 5 ik lebish
-t (Fig. 3g), BUEMSE, HECMLTHERT
~13 pm DHEE O EREH 4 Lic, 20°C DER
ST HETEEIIER IR, HEBoSLaES
B, bk b RAEOME» b7 b i b~ T
ﬁ?’]‘ ')7‘1.‘.0

8 ~11 4T 15°C & 20°C DEHA &M © HTE
L B TEI IR S hic (Fig. 3h), MT#iE, &

FIF %t I ©, RMbRofificdk U, RIHB~
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P Uleh o1,

—7, HEE&MHETR, 5°C &£ 10°C DERTOARR
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TEEOWEXMEL, YV /4 FifES 1 oA
B fF-Tuie, Thbid, HEETEEREIH LN
Tlh o tehd, ADENMZ R LTk Ui, #EEM
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DRFEOREE & HRICHT 5 RIG S & T ORFHE
DEREBZEALRALTHY, RFFLCETFREEL
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% 3

AAEDOF 2 =we X713, BELEROMBKE D
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Mo L, EECES LcBRCEVIRET
D ELNTWB, Zhick LEAEDHBCIL,
AARREE BT ERTH -1’ EREDLOTIL
15°C & 20°C D4 H&MT, HF@®EO LD TIE 25°C
DEB&MT, XECES LBRIGEVWED L 0
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MAIZURU
10 15 20 o¢
SD
P 4
LD
t( “\z
5 10 15 20 25
SD
& 4| A AL 4L
LD
!e '.u{ t

778\ prostrate filaments;

assimilatory filaments issued
from prostrate filament;

plurilocular sporangium;

(@IS

unilocular sporangium.

AKKESHI
5 10 15 20 °c
A
SD ,
18! l..!' E' '
? f ,% f L.
5 10 15 20 °C
B
SD
LD

medullary layer;

§ erect thallus differentiating

( #» degenerated soon)

medullary layer.

Y erect thallus not differentiating

Fig. 4. Acrothrix gracilis. Diagrams of results of culture from zoospores of erect thalli in
nature (A) and swarmers ﬂf prostrate ﬁlam_e_nts in culture(B) in diverse culture conditions. SD:
short day conditions, 10: 14 (Maizuru) ; 8: 16 (Akkeshi). LD: long day conditions, 16: 8 or 14: 10

(Maizuru) ; 16:8 (Akkeshi).
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Ocawa, H. 1986. Combined effects of temperature and salinity on the early development
of marine algae II. Rhizoid development of Sargassum horneri (TURNER) C. AGARDH.
Jap. J. Phycol. 34: 137-141.

The rhizoid development of embryos of Sargassum horneri (TuRNER) C. AGARDH
collected at Shichigahama, Miyagi-ken, Japan, is described at various culture conditions of
temperature and salinity. The optimal ranges of temperature and salinity for the germi-
nation rate, the elongation and the number of rhizoids are 10-20°C and 22.7-42.1%0 S, in
which the secondary rhizoid development is observed. The highest values of them are
obtained at 15°C and 32.0%0 S. At higher temperature (25°C) and lower or higher salinities
(under 22.7%0 S or above 42.1%0S), the germination rate and the elongation of rhizoids

become low, and the number of rhizoids is less than that of the optimal conditions.

Key Index Words:
Sargassum horneri; temperature.

Marine algae; Phaeophyta; rhizoid development; salinity;

Hisao Ogawa, Department of Fishery Science, Faculty of Agriculture, Téhoku

University, Sendai, 980 Japan.
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BO4ERE LEBEEDBERIZOVWTITRLBEAXLATY
% (WA - Fil 1968; Bl 1974, 1981; A7 REiE
R 1976; #A3E < K H 1981; /NI 1981; Hikk 1981),
Lhl, —EEEEDOT 7 7 OFARE, SHAVEX
HEEEL Bbh 3 S0 Y ~OftE « EEE
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JTH VT 1,600~1,800 lux, 1 HI4BSRIMGEILE Lic,

CDXYEETTT hE s OHELERL, KR
DR, BARRER, ER¥E%7HH, 4B HCEHE,
TE L Tzo

= 3

ERORKHE : BEEEY Fig. 1 wxid, FROR
HERBZ BRI - TEME, 7 HEREESRTEE
BEE 316.3% SLATF, EEAMUTIFREL BBl
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Fig. 1. Germination rate of embryos of Sargassum horneri at various temperatures and
salinities. @ : 7 days, O: 14 days.

1248.6%0 S LA ETH 12, 14 BiX, EHARID15°C,
16.3%0 S TRABDOFEFIX X b hicd, ThilftoRE
TIX7 B B & RABCL6. 3% S TR DRFIX A LI i
ot, BESHE TIE, 10°C, 15°C, 20°C Tk
51.8%0S LIk, 25°C ~Ci348.6%0 S LA L CRIBORIE
P& B3 N
RAHEWRBORFERIIZIRE & S H132. 0% S
DEEEHRDBAI, BECOWT, THELI4HHED
RIRD FERPHETEHBE, 10°C, 15°C, 20°C
TR 2319.6%0 S AT, 45.3% SEH EDS4E, 14H
BO@DOHHMNT HEDBRCHNTE 51, Ll
- B A319. 6~45. 3%0 S DHEE TIX14A BOMEX7 HA

DRLTHH, L7 AR ECRERYREFLAC
ERRLTWS, ChERLT, BEMNBC DL E,
1 #325. 1~32.0%0 S DREIFH TIX, RIRDREFRILT
HE, MAHEDRAUETH -7, ZhilAofRE
DRENZL WIS T, 14EBOEDHATRHE
DIERHRT8~25%bBEh ot TDX S KERD
RIFEDOEIIL, EESA LD SEEI WO TEET
FbhTxY, RBROREFIER  BEAST TITAE
TMEE ST 5 ENRBDL AT,

R OFEIENR LD RIS » gL, EESHTi
MlaohEAmFTEL b, FFRL TV, EES
PTRHEDOEBITES NRE L I B EBREF, i
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EBrLRBOENEE L, T, MBETRMEL, %
RFER L 1,

EROME : BEERY Fig. 2 Wi, FHRDE
2L, EESRTERECTERNKEL, 42.1%S
DETIHMEREZRFL CLEDCHIFE L Tien
KFEENR R LRI,

FEROMBENRZR SN » FEFEDNT RS &,
THREEARTEERE L $16.3% SUT, fHEn
filC15° C D 51.8%0 S LASF DIREE TiL 48. 6%0 S LA EA
LThotc, 4B R, EHSHITI15°C D16.3% S
LASE DR BE TUx16. 3%0 S LATF, #5585 f1li325° C ©48.6

%0 S X B\ THAIBEE & $51.8%0 S A ECRBOMET
ZbRIeh - e,

BRABIRRICOWTARD &, FRARS X {HUT
WIS ARE L $32.0% S TH 1o FDRE XL,
7 B HT320° C 800 pm, 15°C &25°C TX700 zm,
10°CTiX 680 pm TH e, I4HER KB E15°CD
LERBLLMRELT L120pm &L, 10°CT
1,030 gem, 20°C-C 930 gm, 25°C it 720 pm X 75
ot CDTHADEENTH4ABDZThDY &
»>Th%&, 10°C T 1.51, 15°C Tk 1.60, 20°C
Tit1.16, 25°CTIX1.0347ch, 15°CD & XA

ump.

15¢C

Length of Rhizoids
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509,

20 30 40 504

I ad

2030 1)

o 50 %o
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Fig. 2. Mean length of the longest rhizoid of germlings of Sargassum horneri at various
temperatures and salinities. Vertical bars indicate standard 'deviations (n=10 to 25). @::....

7 days, O: 14 days.
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AWEERRL, ThicdLT, 25°CTikz okt
1.03E: /& /NEL, 7THEMSI4A B2 TOWHME
CEBRIZFRA EHBELTWIRWZ Edibh o1,

32.0%0 S LI DIEF T DWTZ DR L - THRB L,
£ Mo 10°C T 1.27~1.46; 15°C Tit 1.09~
1.16, 20°CTix1.02~1.09, 25°C Ti¥, 22.7% SO
BAEDLA2RHR L, 1.01~1.20&7c b, JREA20°C
D EOBEHNTISC LLFDH27 HEADI4A
BT TOMMOFEBROMRILIE I » T, Bl
SH1D10° C Tix1.56~2.00, 15°C TiLl1.67~1.88,
20° C Tix1.19~1.61, 25°C TiZ1.02~1.38& 7 H,
EEA N E RS, = ORORROMIZL 15°C LA
TFTTEE T 1,

RAR% : 8 KO—m R % RIF L i, ZDMH
b 8ED_REBRYHEL, COZKRERZL -
THYCFEZTEDZ LHBMOA TS B 1947,
il 1981), ZDHEY~DOEFCERLEREHALRLT
WHEKEROERICESLXE T, 7HHORFHK
COWTRIBE (FiHE) #A~Th (Fig. 3),

FEREMAREL S0 -0, RREE LHEDH32.0
% S DL ET, HEL20°CDI7.94, HIEXI0°CD
UAKTH T ZRERIZERE L RS T
foo B RITIRBRELT, D 22.7% S ¥ TI125
CCD2.T%SDEEXRIS.TATRIETH -1, *
hPUSATETRTIGAL LD D, ZRIRBR OB
Bhhtc, HWAN9.4% S DL ¥ OFERHKL, 15°CT
17.074, 20° C T23. 04 & kBRI R I h TV o
DD, 10°C £20°CTOEBEIXThFhS. 14K, 8.3
FThHH, ZREBOERIED BRI » 1, EiE

40

Number of Rhizoids

50%,

Salinity

Fig. 3. Number of rhizoids of germlings of
Sargassum horneri at various temperatures and
salinities after seven days in culture. Vertical
bars indicate standard errors (n=2 to 19).

SRTOEBREL, HFHH38.9% S T TREREL L
16 LEDD, —kERETFEREhWTL, EHHN
42.1%SD & &, 10°C, 15°C, 20°C TORBHIT
BETH13.54 (10°C) LAkd b, Z%kFROIEAN
Bobhtch, 25°CTOLIIIE. TR LI, =K
IR DRI D b RTch » Foe T 13 545.3%0 S
DL, FREIEARELDTHRUTFTTHY, =K
R IR T ieh o 1,

ARE AR S D ic\ER R LICBRER, EES T
1210°C & 25°C, HHEAMTIE25°CTH D, EHH
EFELREATHEREERBRIMEET LY IEET
TARCRALTH Y, HEERCT 3 EROPE
NRELFEbR TV, Tk, EFCOVLTRBHED
EhLoTHBE, BESAITIEII~14.9%, FHiE
HUTIR2.9-4.9FKTH Y, FEREOIESSEIIEE
DL Y BEEIRUDOFTRED T,

7 BAOBB T RIKIB O RS bhich - 1o
B EETORFEHTONT, 140 BIERE Y i
Ui, EHESRID 19.4%0 S D 10°C TiL, {RIBKA8
AORFELHALNID, FRA EDL O TRBEIZ164
BEabh, ZkEBOHRNEDLRI, LiL,
25° C TREFEHEOFBEIISALUTTHH, kKR
OHRILED bhish - T BEARDA2. 1% S TD
{RARENT, 10°CIX 15 4K,25° Cit 8 ATH h, 10°CT
AR O B A b b htedl, 25°CTIREADH
high o1, HFH45.3% S D L & DREHIL, 15°C
IR TH-1N, ThUADRETIL8EUT TS
D, ZRIRBOHEIZRD bhich -1, HHH48.6
%0 S DL EDFEBHIL, 10°C, 15°C, 20°C & $ 3%
LAF, 25°CCi20AT, “hIRBOBEBIIRD SR
Mol

% 2®

T E 7 EOLR, R & BRE L ORI
Wik, IRCHVWICRROERI X - THLRARE
RIIZEIETHB, IUNREDT 7= 7 HEILKE
2320°C LD bEWERBRFLIHEDD ¥ TORLER
EBh, KEXABWEZOYLHEBZE (TEK Bl
1968, EiIl 1981), K REDT » € 7 HEDRIFRK
BAKIRIL16~20C, BARIII2~25°CTHb (k%
WREiErEt 1976), MBNBREDT € 7 B D4R
1326°C ¥ TR BIBAKE23°C X D i3 LG A OF 2
LT b (k 1981), FIRBLIEDT » < 7 ik
DR « TBERIZISCOE 2D XL, kW,
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DRI « ERFKBRIIAFENBRLIEED S DITHNT
EXBRCEOHLADS EBbhB, Zhik, S
BB O KR E X /EE) R LI o KB~ T
25° C A ki 5 IR @D TEV- DR LT, 15°C
DT okB S VW L YRERECKE
EWHAELK, BERREOCT7T 7270 Xd iR
ERECHEIL LR, SR04 R « IBHR OBK
BAMENBRUEED S OCEXTERAM~NBTL
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BELTW5,

R L LB A KT EE T B fodiTT kTl
HRGPDELEE TR TV (B 1981), EHECEE
T BREERL T B REROREEL KRS WIS O
WAL, —&kEBRORERRLRLRAL D bR
5> TWwb, Zhid, RIBOMRCAE S O T
115 - THERBORENZ LR IO, —KEHROK
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mE OE: ILBAOEK(ETZOIL%EEEHE Yuzuru SAITO: A record of
Codium divaricatum HOLMES near the southernmost point of Hokkaido

w%ﬂ7Jmu.k%mmW@ﬁﬂLNH4 % 5 LRI bR 7 r IE, DichOHIRETHD,
Mpoofoc ClefEd1fE345y, HEE 140 J£25%7) i 3 km, FHEIRIcoR 30m Pl EEV0T, fiinlo# i
KEE 30-35m 1 Lo Bk fe i i) *c&hHW> OB LW ER R ML icb O, Vv HOTIiRIE)
Codium divaricatum HoLMES 7 » 3 AMEES R 59 M
oo R OfE (FEOA o b D) T, J2E 25cm,
Ehd R, k&) 160-330 pm, & 750-
900 yem WL, umEALL, OO M A
AIGIEIE LT % D p D

[RF Ik % 50> Nitophyllum yezoensis (Y A-
MADA & ToKIDA) MIKAMI 7 V3 A 2 2 3/NM;
KAWL DS BT, 7 r I ADIICFDKE D
DFRbhich o, gLl ket oTiz
R, EOWEEE RS XV, WEWE LA R
iR, MEE R Ics &, feEnbE
ZBIEHIE, TOKKTEF LD, LR-BONE
BIeDTIXIEMN S 5 Dy

i (1942) 13, AFpe—HBECAMARTOPE#) 20 km

BB HAWED /NG T, #KIC X - THA Uicifipia
LN, GRl62fiz @ Lichl, @hiRélEbhs 7
72V T IY, HFEITY, THAEIHR, LFTFU b
¥, FRETY, hF L ST KE 17-33m H b Fig. 1. Codium divaricatum HoLmEs col-
lected on July 21, 1976, from the depth of 30-
35m, off Wakimoto, Shiriuchi-Machi, near the
southernmost point of Hokkaido.

HHh, =27, FXELAR, YLwAs2 Y, Y
AFFIERTROAT, ITHBFbhic b 0rite
STeZ EICHER L, T RDOREOENTO LF Ik
HARE) L~ Fe, A (1972) 3 FoRilh s LT, 3l B X Bt

H AR A2 0E AT UCdb L35 B O A b 1o AL, B
=4 WO w1972, Hkmﬁhwd%kﬂuh&o%«

BB E RIS RLEIND DT, JLLEERO A% X @ik B M DR e &5k 8 1-8.
TREFCA A U, ILH (1942) 0 k~7e TH AR =g ww.ﬁﬁﬂbmﬂﬁmom@%M% 8:

TS RO ETICAEE T 5 1 &5 k5% 99-100.
Lfe, & RIS (041 FEEAETHHENS-1-1  JLiil A A B )
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FIGAE  #mER/ — + (10)
sensis (34 « 44 ¢ ¥ =7 Y H), Hisayoshi NOZAKI

Eudorina illinoi-

. Notes on microalgae in Japan (10). Eudorina
illinoisensis (Chlorophyta, Volvocales).
FEHIR19844E 1 1 w2311 521 vl o 5 I R i
HARKHOZE L L b, BARES L BHh s A%
BRI LT

WG YE DGR O BER T, 32% 7l R 16f 0% 2
B Ml A TR FEE O LB SRIFE o 4
Miazfbo o X h/hE, RE LA TR F0%
X TH B MLIRIEERIZ T 1 oMk 04
&y MEEALIC 2 08 & MR RN i AE 3 B BB oL
fildAd o, € v/ A4 FIRRIFEO/NSWHIT 1 2
53, fhodoTixs5m5 8, HFpkhich s,
MRz 1 C, FEofiESoMich s, Mk
HifE o 4 O T K CERL6pm, flo o0 1% Ak TH
% 22pm, BRI K TR E 140pm, Jiilg o/ X
4 il A - AR B Y T A L LG
LB Do HEMEAETLRBHAEN, AR ~T -
20y 7 TRERE TS, HEETHEoOMBIESZ L
T16% 7ok 328 o HEERUE 2 & e AR F R A2 IS
Do VkEH IR THIIHEME R O T Tl L, I~
O HEERLE T & e D, HEMEREA IR AT B HEME: AL
FirER 2T ©, #ELTICHIZ-MRER 0%
b0, Mt E oMz o FHERMT & i
D, RALCHERBTFELES L THEAGT LD, K
BUTCEA TG, EEIS—27um,

2ATEEM AV 24N (T AV H),

DA T AV A, B, moT7, A=, AR,

AR 4 EodEd il A 4 2 Pleodorina
I OFHE L LT KOFOID 3189841 ik Lz o T
5. PASCHER (1927) (32 Affi% Eudorina |G~
fTXR7on, W SIC X » Tk ARi% Pleodorina &
LTik5EpH%b (e.g. BOLD and WYNNE 1978) ,
WATERS (1960) (d AR D&M « A EME2BEL,
4 (8] & IR BE(A o i 78 O 2 etk - ARG
ByY+ 584 (Figs. 8, 12) & L7aw#i# (Figs. 4-
5, 7, 11) 25 E LTV 5, > TABEDOH{E D
R TE A IEA R M BT (kL T u o ALk
Pleodorina L i ¥i7ch, AMis LEudorina \ZFflE X
®5DH, E. elegans EHR. FilL TV 505 2 &
MHEZTHLRYTHDEBbIhD,

M, HEMERC T oRTsm oz (Fig. 9) (XA ks
WTH T HRELS I, [ ER O HE 1L NOZAKI
(1983) ik b E. elegans THE EhTkbh, ¥H

i (mating structure) TH 5 & EAMHERI X TV 5,

Figs. 1-12. Eudorina illinoisensis. Arrow head
indicates one of the anterior four, faculta-
tively somatic cells. 1-3. Vegetative colonies;
4-5. Asexual reproduction; 6. Newly

formed daughter colony within transparent

vesicle (arrows) ; 7-8. Male colonies pro-
ducing sperm packets ; 9. Male gamete bear-

ing cytoplasmic protrusion (arrow) ; 10.

Male gametes (arrow) penetrating female

colony ; 11-12. Female colonies containing

mature zygotes.

5| A X ik
BoLD, H. C. and WYNNE, M. J. 1978. Introduc-

tion to the Algae. Prentice-Hall, Inc., New
Jersey.
KoroID, C. A. 1898. Bull. Ill. State Lab. Nat.
Hist. 5 : 273-293.
NOZzAKI, H. 1983. Bot. Mag. Tokyo 96 : 103-110.
PASCHER, A. 1927. Die Siisswasser-Flora Deutsch-
lands, Osterreichs und der Schweiz, Heft 4.
WATERS, A. J. 1960. Studies on Eudorina. (The-
sis). Univ. California, Berkeley.
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FIFGAE  BEREHE/ — b+ (9)
culifera (§t# « A4 v #* <7 ) H). Hisayoshi NOZ-
AKI . Notes on microalgae in Japan (9). Basichl-
amys sacculifera (Chlorophyta, Volvocales).
SEHIT19834F 8 7 1 43I WL IR T (L HFF oo B AR
BEERERNIC 5 A0 X D, HARDSE & Bbh
HARE A HlE - HSRBEAE L7,
ekt O O REEC, 4 (8O 2 HITH oMl
ML DI THLO AR D ST DA G (sac) w1
FRCH TN A% F Auc 8 flliatt o RE
DEELH Do REEME S TV IEIRIVEIC I % 4
%o MKEEED D B 5 LI c, 1 fmw
MR DHERR A L MIE X 2 Mol $ o, €L
A P LR O B Do IR AR 118 CHI
JaD Rz & b i M B 5. MLk TR
18pm, FEAIIICA Cha8um, MM AR R BEAT
TRTOMMA 2 @152 LT, Bofilasiiodca
HORMIAH T E %o A ML SHEAHOW S £,
4A2 At oMamitresh, KIEL, Bk
(A5 UTCIRBER & 70 0 RBEARIE T o 11 £ o> 5 48 (sac)
LB, HEnCkEH . FAlRESESICKD,
PR ER T AR TS S bbb, BB
AR OMIEZ L, HUdoTIREL /A Fi ]
b2, HETHEE V24 FIXR 2, Kl
A B LER122:H17um L 70D,
x4 TPEH . (~vHy =),
SR AL, rY7, HA,
AfE1L SCHERFFEL 2319044E12 Gonium &0 il
ELTEHBLICLDTHSB, SKUIA
(1956) 1XAFLAY Gonium & ERHE DR 25 A
WSt B T LR L, Ao 7o ¥ 1C Basichlamys
AL Lice LA L STEIN (1959) (X AFE % Goni-
um JBRICHTR ESE T %, FORARIL G. sacculife-
rum & LU T#HbsC & 2% v (PICKETT-HEAPS
1975, BOLD and WYNNE 1978, STARR 1978), L
2L, AT O RHE D, BloMoMBag: ) (sac) i~
ORI LS FE LT 5 4 (Figs. 3-6) 1 Gonium OB
2RI E Lo Wi oA, b EShTuw 50
EARBEMC RIS LB D, 6T SKUJA (1956)
RN2N 3 = AR &7 3 e
STEIN (1959) (XAH > A3 A ff 75 ) B A F- B2 4
ThdT ERBEL T D, FHIOMEL 1128 (0
% LML G Ao T, Gonium sociale (DUJARDIN)

Basichlamys sac-

TERAR B

TAY N,

G. sacculiferum

1
@ Py
44
4
& ng
)
&0
o8
7 :
Figs. 1-9.  Basichlamys sacculifera. All at same
magnification. 1-6. Vegetative colonies.

Arrows indicate parental cellular sheath (sac)

7. Autocolony formation; 8. Young aki-
netes having a single pyrenoid (arrow) ; 9.

Mature akinetes.

WARMING T ] L 7-8 &85 (NOZAKI 1986) =
g Lichy, WL AR b, ERRT
B Ltc (Figs. 8-9), %7, M350 20
H3HKLTL hildd&, Fihuc 8 Hillatk DR AR
dhhtc (Fig. 6)o & OIS % M 1k v
¥ F T iel .

51 A 3wk

BoLD, H. C. and WYNNE, M. J. 1978. Introduc-

tion to the Algae. Prentice-Hall, Inc., New Jersey.
NOZAKI, H. 1986. Phycologia 25 : 29-35.
PICKETT-HEAPS, J. D. 1975. Green Algae. Sinauer
Massachusetts.

SCHERFFEL, A. 1904. Bot. Kozl. Budapest 3 : 116

Associates, Inc.,

-119.
SKUJA, H. 1956. Nova Acta Reg. Soc. Sci. Upsal.
ser 4. 16 : 1-400.

STARR. R. C. 1978. ]. Phycol. 14 (suppl.) :
STEIN, J. R. 1959. Am. ]. Bot. 46 . 336-371.

(B AE 76 A R A2 )

47-100.
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I. BXRREFQBIIEKS

FRFI614E 3 A30A « 3LH DM H, iKY - EE
HERABIC R THEIOB RS2l L, k&S
TEEK (i) T SEE 146 ATH -1,
IS8 D — IR D IZITKRE T 5 v v KD An-
nette W. Coleman {#t:, W UKKEHY 7 1 =7
K% Paul C. Silva fii-ic X 28 FIGkEHADH - 1o,

K&¥E—HHE, Silva BEOBBEETH REBIC
RUTREPML, FlE¥HEAMAEF _FREE
TH 2RI b > TRE SRR L, BE21H
BEEK (AAREK) OF% TERAE—RRKOWY
MOERTHE D, BEWCKT Lic, 2m#EI196%
Thote

KEDHRBTE CIRPRFEHRESOMFER L
v, —g—F—n [HEARIYST 24 X] g
LBREh, BHRTH-T. RBAEORE « F4FH
B2 DBRMC b RSTECH I > THADTHH
AV, B BB L LTS,

BREBME

RIFEER, BIREM, FHLE FHES TR
W, BEEN BEE=. BIKAT, GRE[L H
#HHE, L B HHEE BEEL BEHR=

WS, EAEA ERBEAHHE MET, A#H
fEE, KEFIEX, AHEXHE, MBS, RE—H %
Herke, R, MEEE, BFREME IR

JieE=, E@EAEE, B % BEEE -
al, HBE 8L, /NKRVET, ARERF, DKRFEB DM
3, Annette W. Coleman, 4B, AmEE—, W
WEtE, Wt ek, etk Paul C
Silva, AMZ—H, EER=, BBRT. ElXxE
WL T, MEhkES, TEEME FARE—, ¥
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Information for Authors (Revised March, 1986)

Members of the Society are invited to contribute original research reports and short communica-
tions in Japanese or English on all aspects of phycology. Every research paper is read and criticized
by reviewers on the basis of its originality and the discussion presented. Where appropriate, review-
ers other than those on the Editorial Board are consulted. Final responsibility for selection and
published order of papers rests with the Editor. Papers not longer than 8 printed pages in English
and 6 printed pages in Japanese including figures and tables and short communications within 2 printed
pages will be published without charge (exclusive of reprints). Additional published pages will be
charged to the author (12,000 Yen per page).

The manuscript should conform exactly to the following instructions. The manuscript should
be typewritten, double-spaced in 65 letters per line and 28 lines, on thick paper of 21.5x28 cm or A4
size. Symbols, units and nomenclature should conform to international usage. The S.I. metric system
should be used for all numerical data. Words to be printed in italics should be underlined. The
original copy and two duplicates are required. The first page should have only the title, full name(s)
of the author(s) and institution with address, and any necessary footnote. A short running title
should be included. Acknowledgements preferably follow the text but precede the references. Tables
and legends for figures should be on separate pages and be placed after the references.

An abstract of not more than 200 words is required. At the end of the abstract, 5-10 Key Index
Words should be given alphabetically for aid in indexing. A Japanese abstract will be provided by
the Editor from translation of the abstract.
References. Citations in the text should read thus: LIEBIG’s (1840 p. 23)«::e-- Or ee:cee (WELcH 1972,
1974). In the list at the end of the paper, references should be typed in alphabetical order. Each
reference should be given in the following order: Name, Initials, Date, Title, Journal Volume: first
page-last page. Example:
Mikami, H. 1978. On Laingia hookeri (Rhodophyceae, Delesseriaceae) from New Zealand.
Jap. J. Phycol. 26: 65-68.
A book title should be followed by the name of publisher and place of publication. Example:
ABBOTT, I. A. and HOLLENBERG, G.]J. 1976. Marine algae of California. Stanford Univ.
Press, Stanford.
Tables should be numbered with Arabic numerals, have a title, and be referred to in the text.
Figures, whether line drawings or photographs, should be numbered consecutively in Arabic numer-
als, and referred to in the text. The maximum size for a full page figure is 14x20.5c¢cm. Line
drawings should be made with black ink on white paper or blue-lined graph paper. Letters and
numerals should not be made by hand, but should be made neatly with a lettering device (not a
typewriter) and be of such size that the smallest character will not be less than 1 mm high when
reduced. The original drawing and two sets of clear copies are required. Photographs must be of
good quality. They should be grouped to conform to the page style and format of the Journal and
preferably be submitted at a size that permits reproduction without reduction. Photographs should
be submitted in triplicate (or an original and two photocopies). Coloured plates may be printed at
the expense of the author. The insertion of tables and figures in the text should be indicated on the
right-hand margin of the sheet.
Proofs should be checked carefully and should be returned by air mail to the Editor within three
days of receipt. The author will receive 50 offprints free of charge. Additional copies can be ordered
at cost on the reprint ordering form sent with the proofs.
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