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The life history of some species of Gracilaria
(Rhodophyta) from Brazil

Eurico C. de OLIVEIRA and Estela M. PLASTINO

Departamento Boténica, Universidade de Sao Paulo,
Caixa Postal 11461, Sao Paulo, Brasil

OLiveira, E.C. DE and PrasTixo, E.M. 1984. The life history of some species of
Gracilaria (Rhodophyta) from Brazil Jap. J. Phycol. 32: 203-208.

Gracilaria cervicornis, G. crassissima, G. debilis and Gracilaria sp. (aff. G. verrucosa)
were cultivated in enriched seawater. Erect fronds developed from isolated spores, or from
fusion of sporelings. The life history of Gracilaria sp. and G. debilis was completed in
vitro and is of the “Polysiphonia-type”. Tetraspores of G. cervicornis gave rise to male and
female gametophytes which produced cystocarps; the carpospores developed into plants with
the typical morphology of the species, but remained infertile for two years. Tetraspores of
G. crassissima gave rise to infertile plants with narrow, terete branches, quite different
from the specimens collected in the field. In situ germination of tetraspores was observed
for both Gracilaria sp. and G. debilis, in vitro, and in natural populations. The resulting
gametophytes produced spermatangia, carpogonia and cystocarps when only 2-3 cm in length,
being more precocious than the gametophytes growing free from the parent plants. The
causes for the occurrence of mixed phase reproductive structures are discussed, stressing
the importance of sporeling fusions and in situ germination of tetraspores.

Key Index Words: Rhodophyta; Gracilaria cervicornis, G. debilis, G. crassissima;
life-history ; mixed reproductive phase.

The genus Gracilaria GREVILLE has about
one hundred species (KYLIN 1956) and is
particularly well represented in Brazil (OLI-
VEIRA 1977), where it has been exploited as
raw material for the agar industry (OLIVEIRA
1981). Considering the economical potential
of the genus Gracilaria in Brazil, an effort
is being made to gather more informations
about the local species. Life history provide
basic information for understanding the
natural population behaviour as well as a
rational support for mariculture activities.
This paper presents observations on the
life histories of four species of Gracilaria
occurring in Brazil and discuss the existing
hypothesis to explain the occurrence of
mixed phase reproductive structures in the
genus.

Materials and Methods

Gracilaria debilis (FORS.) BOERG., G. cervi-
cornis (TURN.) J. AG., G. crassissima CROUAN
ex J. AG., and Gracilaria sp. were studied
(Table 1). The last mentioned species has
morphological and reproductive features that
have been broadly attributed to G. verrucosa
(Hup.) Pap. However, considering the un-
certainties about the real delimitation of G.
verrucosa we preferred not to name it in
this paper.

Fertile specimens were transported in in-
sulated box to the laboratory, brushed in
sterile seawater, and put in membrane filtered
seawater (0.45 ym) where spores were lib-
erated and settled onto cover glasses. The
cover slips with attached spores were trans-
ferred to petri dishes containing 50 m/ of von
STOSCH medium (VON STOSCH 1969) at one
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Table 1. Reproductive phase, places and date of collection of the plants studied
Species Tetrsp. Cystoc. Locality Date
Gracilaria cervicornis + + Monsuaba, R] Nov. 79
Gracilaria crassissima + - Natal, RN Feb. 80
Gracilaria debilis + + Natal, RN Oct. 79
Gracilaria sp. + + Natal, RN Oct. 79

Table 2. Minimum, mean and maximum sizes (zm) of spores of Gracilaria. N=30
Tetraspores Carpospores
Species
(Min.) Mean (Max.) Sd. (Min.) Mean (Max.) Sd.
G. cervicornis (19.0) 21.5 (26. 6) 2.7 (15.2) 20.4 (26. 6) 2.0
G. crassissima (19.2) 22.6 (26.8) 1.3
G. debilis (22.8) 27.1 (30.4) 2.6
Gracilaria sp. (19.0) 21.9 (30. 4) 2.7 (15.2) 20.1 (22.8) 2.1

half strain. After attaining 5mm in length
unialgal sporelings on cover glasses were
moved to 250 m/ erlenmeyer flasks containing
200 m/ of the same medium and bubbled with
air ; the medium was changed weekly; the
temperature was 26°C(+3) and illumination
provided by fluorescent lamps (Philips “cool-
light”) giving 60 #E.m2.s 'under an 18: 6
hours photo-regime ; germanium dioxide were
used to suppress diatom growth when nec-
essary.

Results

Spore size and development : The size of
the spores of the species studied varied
continuously. The mean diameter of the
spores measured soon after liberation in
seawater was 20-22 ym for carpospores and
tetraspores, except for G. debilis which had
larger carpospores. The total variation for
spores produced from a single plant is greater
than the mean variation among the different
species (Table 2). Germination and subse-
quent development of the sporelings was as
described for the genus since 1878 by
THURET. After the formation of the mul-
ticellular disc, an erect frond is produced,
which becomes conspicuous in culture one

month old. Fusions of adjacent discs are
common, especially in dense cultures, where,
according with the number of fusions two
or more erect shoots are produced. The
early stages were very similar to each others
species studied except for G. cervicornis,
whose erect shoots very soon become flat-
tened and produced dentiform lateral bran-
ches; long hyaline hairs were common on
developing sporelings of G. debilis and Gra-
cilaria sp. Growth of erect fronds is made
from an apical meristem.

Life-history: Carpospores of both G.
debilis and Gracilaria sp. gave rise to tetras-
porophytic plants whose tetraspores developed
into male and female gametophytes, the
latter soon produced cystocarps. The life
history of G. debilis was completed in about
5 months, and in about 9 months for Gra-
cilaria sp. In both species gametophytic
thalli in culture tend to be more branched
than the tetrasporophytic ones. The tetras-
pores of G. cervicornis gave rise to male and
female plants, the latter produced cystocarps
in 4 months; the carpospores developed nor-
mally and gave rise to plants with the mor-
phological characteristics of this species but
remained infertile for 24 months of culture.
Tetraspores of G. crassissima produced erect
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fronds scarcely branched, similar in mor-
phology to the “G. verrucosa type of thallus”
and very different from the field collected
plants. G. crassisssima was maintained in
culture for 22 months without becoming re-
productive.

In Gracilaria sp. and in G. debilis there
was a high incidence of germination of
tetraspores on the tetrasporophytic branches
(Figs. 1 and 2). However we did not find
any evidence for the development of tetras-
pores or tetrasporangia within the thallus of
the tetrasporophytes. In the two species
referred to young gametophytes that ger-
minated on the tetrasporophytes can be dis-
tinguished from normal branches by a basal
expansion of the frond at the point of con-
tact with the tetrasporophyte (Fig. 3). Beyond
a certain stage of development the fusion is
completed and the partially “endophytic”
gametophytes become indistinguishable while
vegetative, from the normal branches of the
tetrasporophyte. In Gracilaria sp., gameto-

o

Figs. 1-2. Gracilaria sp. Tetrasporophytic plant
with many gametophytic “branches” resulting from
the germination of tetraspores in situ. Fig. 1x0.6.
Fig. 2x1.2.

Fig. 3. Gracilaria sp. Longitudinal section of
a young gametophyte developing on a tetrasporo-
phyte, showing partial fusion of tissues. x130.

phyte branchlets being only 2 cm long were
already fertile, with normal production of
spermatangia or carpogonia and cystocarps.
The same situation was later noted on plants
collected in the field. The precocious pro-
duction of gametes from the gametophytes
growing on the tetrasporophytic phase sug-
gests an influence of the mature tetrasporo-
phyte on the reproductive maturation of the
gametophytes.

Discussion

An examination of the sporelings and
plantlets showed that at no stage of develop-
ment could a typical apical cell be found as
described by KILLIAN (1914) and Oza and
KRISHNAMURTHY (1967) for G. werrucosa.
In the case of G. cervicornis, whose branch
tips are pointed, a terminal cell can be
recognized in some cases; however the
thallus structure is obviously not uniaxial.

The life history of Gracilaria sp. and G.
debilis is of the “Polysiphonia-type” as ex-
pected, and has been documented in the
literatures for other three species (OGATA
et al. 1972, MCLACHLAN and EDELSTEIN 1977
and BIRD et al. 1977). Our failure to com-
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plete the life history of G. cervicornis is
most likely a problem of finding the right
conditions to trigger the production of tetras-
porangia, as tetrasporic plants are found
commonly in natural populations. The devel-
opment of the tetraspores in G. crassissima,
giving rise to infertile plants with a general
morphology similar to G. verrucosa, is
unexpected and should be further studied
under different incubation conditions, espe-
cially considering that we did not find sexual
plants in nature.

The fusion of sporelings during early
germination was observed in the species
studied here. This is especially common
among carpospores which tend to be closer
to each other because of the mechanism of
spore liberation. This has also been observed
for other species of Gracilaria (SEGAWA et
al. 1955, Rao and THOMAS 1974). In agree-
ment with BIRD et a/. (1977), but in contrary
to that described by JONES (1956), we ob-
served that erect fronds are equally produced
from discs originated from isolated spores as
from those produced by fusion of sporelings.
Fusion of sporelings and germination of
tetraspores in situ are mechanisms that are
certainly responsible for the occurrence of
mixed reproductive phases in the plants
studied. This could also be an explanation
for several reported cases in the literatures
(CHURCH 1919, OumrI 1958, Kim 1970), al-
though generalizations can not be made by
lack of details. In this connection, other
possible mechanisms for mixed reproductive
phase in Gracilaria have been suggested.
CABIOCH (1972) produced evidence that in
G. verrucosa the tetrasporangial contents
develops directly into a sexual structure that
is either a male crypt or a presumed female
gametangium when cystocarps were found.
A quite different explanation was given by
VAN DER MEER (1977) for Gracilaria sp. (=
G. tikvahiae MCLACHLAN) who attributed the
presence of male and female structures on
the same plant, to a failure in cytokinesis in
some tetrasporangia evidenced by the produc-
tion of tetraspores of three different size
classes, and by the segregation of mutant

genes. In another paper, on the same species,

VAN DER MEER and TobD (1977) indicated

that mitotic recombination is the mechanism

responsible for the production of male and
female gametes on tetrasporophytes. Thus,
with respect to reproduction in species of

Gracilaria, it seems that at least 5 different

mechanisms leading to mixed-phase reproduc-

tion may be operating :

1. fusion of developing sporelings;

2. germination of tetraspores in situ, on the
tetrasporophytes, giving rise to normal,
though somewhat reduced gametophytes;

3. direct development of the sporangial con-
tents into gametangia ;

4. failure of cytokinesis during meiosis
(tetraspores with 2 or more haploid
nuclei), and

5. mitotic recombination.

The last process corresponds, in essence,
to a form of apospory, well known in mosses
and ferns, although here controlled by a
different mechanism. Processes 2 and 3 are
only different stages in the reduction of the
gametophytic phase. The precocity of these
gametophytes in producing gametangia, com-
pared to independent gametophytes in natural
populations, was already noted by OSTERHOUT
(1896) for Rhabdonia tenera (=Solieria tenera).
The reduction of the gametophytic phase
parallels the situation known for vascular
plant series (Bower 1908), "and for the
Fucales, in the Phaeophyta (FRITSCH 1945).
However this does not seems to be the
general trend in the Rhodophyta as seen in
MAGNE (1972) and WEST and HOMMERSAND
(1981). Possible advantages of this reduction
would be an increase in the chances of fer-
tilization, although in this case favouring
inbreeding, and the supposed higher adapta-
bility of diploid organisms as compared to
haploid ones. Evidence for the higher
tolerance of diploid phase is given by the
many references to the extended northern
distribution of tetrasporophytes in relation to
gametophytes (but see DIXON 1965).

In conclusion, it remains to be demons-
trated in what extent each of the mentioned
mechanisms operate in the natural popula-
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tions and what is their possible evolutionary
significance for the genus Gracilaria.
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(Phaeophyta) by iron and boron?
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MoTtomura, T. and Sakal, Y. 1984. Regulation of gametogenesis of Laminaria and Des-

marestia (Phaeophyta) by iron and boron.

Jap. J. Phycol. 32: 209-215.

Nutritional experiments on the gametogenesis of male gametophytes of Laminaria
angustate, female and male gametophytes of L. japonica, and monoecious gametophytes of
Desmarestia ligulata were carried out. Nitrate, phosphate, iodine, manganese, zinc and

cobalt were not effective on L. japonica.

However, gametogenesis of these species was

induced remarkably in media containining high concentration of iron. On the contrary,
boron inhibited gametogenesis. In media containing insufficient concentration of iron,
gametogenesis could be observed by boron deficiency.

Key Index Words: boron; Desmarestia ligulata; gametogenesis; iron; Laminaria
angustata; L. japonica; nutritional experiment.

Influence of some enviromental factors
such as temperature (YABU 1964, LUNING
and NEUSHUL 1978, LUNING 1980) and light
(SArTo 19563, b, Hsiao and DRUEHL 1971,
LUNING and DRING 1972 1975) on the de-
velopment, growth and reproduction of the
gametophytes of Laminariales have been in-
vestigated. Similar investigations have also
been carried out on Desmarestiales (NAKA-
HARA and NAKAMURA 1971, MULLER and
LUTHE 1981, MULLER and MEEL 1982). The
effects of different concentrations of nitrate,
phosphate and iodine were investigated on
gametogenesis of L. saccharina by HsiA0
and DRUEHL (1972a, b) and various micro-
nutrients were tested to establish a chemically
defined medium for culturing of gameto-
phytes and for producing of sporphytes on
Macrocystis pyrifera by KUWABARA and

1) 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. 00554217), and the
Ministry of Agriculture, Forestry and Fisheries
(BCP 84-1I-1-1).

NorTH (1980) and KUWABARA (1981). Na-
KAHARA (1984) investigated nutritionally the
correlation between growth and nutrition of
Desmarestia viridis, D. ligulata, Laminaria
Jjaponica, Alaria crassifolia.

A previous paper (MOTOMURA and SAKAI
1981) reported that axenic female gameto-
phytes of Laminaria angustata grew only
vegetatively into branched uniseriate fila-
ments in a defined synthetic medium (ASP,,
NTA). But oogenesis was induced in the
same medium when higher concentration of
Fe-EDTA was added, as well as in an en-
riched natural seawater medium (PESI).

In the present study, the effects of various
chemical elements on gametogenesis were
investigated in male gametophytes of L.
angustata, female and male gametophytes of
L. japonica and monoecious gametophytes
of Desmarestia ligulata. The present results
confirmed that the gametogenesis of these
gemetophytes were induced by the medium
containing high concentration of iron or
boron-deficiency.
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Materials and Methods

The mature sporophytes of Laminaria
japonica ARESCHOUG and L. angustata KJEL-
LMAN were collected at Charatsunai, Muroran,
Hokkaido, Japan in November 1980, and the
axenic gametophytes were obtained by cul-
turing zoospores which were washed with a
capillary pipette method. The female and
male gametophytes of L. japonica were
preserved separately in ASP;,NTA medium
(ProvasoLl 1963) at 10°C, 14: 10 hrs LD
cycle and 2000-4000 lux provided by cool white
fluorescent lamps. In the case of male
gametophytes of L. angustata, they were
preserved in iron-free ASP,,NTA medium,
because they usually formed antheridia in
regular ASP,,NTA medium. In this condi-
tions, they grew only vegetatively into small
tufts (1-3mm diam. after one month’s cul-
ture). The monoecious gametophytes of
Desmarestia ligulata (LIGHTFOOT) LAMOU-
ROUX (Strain No. MK-030) also grew vegeta-
tively in ASP;,NTA medium at 14°C, 14:10
hrs LD cycle, and 2000-4000 lux. These pre-
served gametophytes were used in the present
study. Culture vessels used were screw-cap
test tubes (18 mm X 135 mm) containing 10 m/
medium or 100 m/ Erlenmeyer flasks contain-
ing 30 m/ medium.

The basal medium based on ASP,,NTA
was prepared by omitting each objective
nutrient (NaNO,, Na, glycerophosphate and
various trace elements composed in PII
metals), and test media were then made up
by the additions of different concentrations
of the objective nutrient. Effects of NaNO,,
Na, glycerophosphate, iodine (as KI), boron
(as HyBO,), iron (as EDTA 1:1 molar,
ProvasoLr 1968), manganese (as MnCl,),
zinc (as ZnCl,) and cobalt (as CoCl,) on the
gametogenesis of L. japonica gametophytes
were tested. On L. angustata male gameto-
phytes, the effects of iron and boron were
tested in different concentrations. As the
test medium of boron, iron-free ASP,,NTA
medium was used. The effect of iron on
the gametogenesis of D. ligulata was ex-
amined by culture grown in both ASP,,NTA

basal media containing 0-4.0 mg-B/!.

In these experiments, small tufts of game-
tophytes were cut by glass knife into small
fragments of filaments, and such fragments
were inoculated into each test medium. Cul-
ture for experiment of 2 species of Laminaria
gametophytes were conducted at 10°C on a
14: 10hrs LD cycle of 2000-4000 lux cool
white fluorescent light, and the experiment
of Desmarestia was carried out at 10°C on
a 10:14 hrs LD cycle under the same illumi-
nation. All experiments were carried out
aseptically and the results were obtained
after two weeks from inoculation. The
percentages of oogonium-bearing female
gametophytes of L. japonica were determined
by random counting more than 200 gameto-
phytes. Furthermore, the gametogenesis of
Laminaria male gametophyte was shown in
table as -+ (effective), =+(slightly effective)
and —(no effective) by examining the degree
of antheridium formation on several male
gametophytes under light microscope.

Results

The gametogenesis of Laminaria japonica
female and male gametophytes were not
promoted by the addition of NaNO, (0, 100,
200, 300, 400 mg/!) and Na, glycerophosphate
(0, 30, 60, 90, 120 mg/!) to each basal medium.
Similarly, conspicuous effects were not ob-
served by the addition of trace elements
such as iedine (0, 50, 100, 200, 300 pg-1/0),
manganese (0, 0.2, 0.4, 0.6, 0.8 mg-Mn/!), zinc
0, 2, 5, 10, 20 pg-Zn/!) and cobalt (0, 5, 10,
20, 30 #g-Co/!) to the respective basal medium.

On the other hand, Fe-EDTA induced
remarkably the gametogenesis of Laminaria.
In two weeks after inoculation, the percent-
ages of oogonium-bearing female gameto-
phytes of L. japonica were 0.9% in iron-free
medium, 92.5% in 0.5 mg-Fe/l, 98.6% in 1.0
mg-Fe/l, 99.4% in 2.0 mg-Fe/! and 74.0% in
5.0mg-Fe/! (Fig. 1) and many eggs were
observed (Fig. 3H). The antheridium forma-
tions of L. japonica and L. angustata were
also induced greatly by adding iron to the
basal medium, and many antheridia were
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Table 1. Effect of iron chelated with
EDTA on antheridium formation of L.
angustata and L. japonica

Concentration Antheridium formation

(Fe-mg/1)

L. angustata L. japonica

0 - _
0.5
1.0
2.0
5.0

+ 4+ + +
+ + +

+ =effective, — =not effective.

FERTILE GAMETOPHYTES (%)
o
=)
!

1 1 1 i}
0 05 10 20 50
CONCENTRATION OF IRON (mg/1)

Fig. 1. Effect of iron on the egg formation
of L. japonica female gametophytes.

observed (Table 1 and Fig. 3G, I). The
male gametophytes of L. angustata and the
female and male gametophytes of L. japonica
cultured in iron-free ASP,NTA medium did
not differentiate the reproductive cells, and
grew only vegetatively into branched uni-
seriate filaments (Fig. 3 A, B,C). Whereas,
PESI medium (TATEWAKI 1966), enriched
seawater medium, induced the gametogenesis
of Laminaria conspicuously (Fig. 3D, E, F).

In contrast to the effect of Fe-EDTA,
boron showed a unique effect on the game-
togenesis of Laminaria. The percentages of
oogonium-bearing gametophytes of L. japo-
nica were 55.1% in boron-free medium, 7.4%
in 1.0 mg-B/I, 27.0% in 2.0 mg-B/!, 10.0%
in 3.0mg-B// and 16.7% in 4.0 mg-B/! (Fig.
2), and several eggs were observed on female
gametophytes in boron-free ASP,,NTA me-

100~

FERTILE GAMETOPHYTES (%)
=
>

]
\ .
o/
1 1 1
0 10 20 30 40
CONCENTRATION OF BORON (ma/1)

Fig. 2. Effect of boron on the egg formation
of L. japonica female gametophytes.

Table 2. Effect of boron (as H3BOj)
on antheridium formation of L. angustata
and L. japonica

Concentration Antheridium formation

(B-mg/l) L. angustata L. japonica
0 + +
1.0 + +
2.0 + -
3.0 - —
4.0 — —

+ =effective, =+ =slightly effective,
— =not effective.

dium (Fig. 3K). Many antheridia were also
formed conspicuously on L. angustata and
L. japonica male gametophytes (Table 2 and
Fig. 3], L). This result on L. angustata
was obtained in the iron-free medium. In
the case of test media containing boron and
insufficient iron, however, most gametophytes
of Laminaria continued only vegetative
growth.

In the case of gametogenesis of Desmarestia
ligulata, iron and boron showed similar
effects to the Laminaria species. In the test
medium containing 4.0 mg-B//, the gameto-
phytes of D. ligulata -continued to -grow
vegetatively into uniseriate filaments when
0-0.5mg-Fe/! was added (Fig. 4 A, B). But
gametogenesis was induced slightly at 1.0
mg-Fe/l (Fig. 4C). At 2.0 mg-Fe/!, gameto-



212 Motomura, T. and Sakar, Y.

Fig. 3. Effects of iron and boron concentrations on gametogenesis of male gametophytes of L.
angustata (left), female gametophytes (middle) and male gametophytes (right) of L. japonica
after 14 days: A-C=Fe-0mg//; B-2.0mg//; D-F=PESI medium; G-I=Fe-2.0mg/l; B-2.0 mg//;
J-L=Fe-0mg/l, B-0mg/l: Scale=50 ym (left and right) and=100 #m (middle).
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Fig. 4. Effects of iron and boron concentration on gametogenesis of monoecious gametophytes of
D. ligulata after 14 days: A-D=B-4.0 mg//; E-H=B-0mg/l; A, E=Fe-0mg//; B, F=Fe-0.5mg//;
C, G=Fe-1.0mg/l; D, H=Fe-2.0mg//: Scale=50 pm.

genesis, especially antheridium formation,
was induced strongly (Fig. 4 D). Whereas,
the gametogenesis was induced a little in
the medium lacking in both boron and iron
(Fig. 4E), and was induced significantly in
this medium added 0.5 mg-Fe//, 1.0 mg-Fe/[
and 2.0 mg-Fe/l (Fig. 4F, G, H).

Discussion

In a previous paper (MOTOMURA and SA-
KA1 1981), the authors reported that the
oogenesis of L. angustata was induced
strongly by the addition of iron (Fe-EDTA
at 2.0 mg-Fe/l) to synthetic medium based
on ASP,,NTA, and was slightly inhibited
by the addition of boron. The oogonium
formation of this alga was not pro-
moted in the media containing various

concentration of nutrients such as nitrate,
phosphate, manganese, zinc and cobalt. The
present study confirmed that the formation
of oogonia and antheridia in two Laminaria
species and one Desmarestia species can be
regulated by the addition or removal of iron
and boron in a laboratory culture.

It is well known that many algae require
concentration of iron for growth and also
believed that iron acts as a co-factor for
many enzymatic reactions. However, the
specific function of iron in the algae is still
obscure. In some brown algae, such as
Laminaria and Sargassum, it is found that
the concentration of accumulated iron is con-
siderably different between fertile part and
other part of the same individual plant.
Hosopa (1972) reported that the concentra-
tion of iron in the fertile part was lower
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than that of the other part of L. longissima
sporophyte. According to ISHII et al. (1978),
in Sargassum horneri, the concentration of
iron in lamina was 20 times as much as that
of receptacle. In the present experiment,
the gametophytes of Laminaria and Des-
marestia which were cultured in regular
(containing 0.1 mg-Fe/l) or iron-free ASP,,
NTA meidum grew vegetatively, and repro-
ductive structure never occurred. However,
their gametogenesis was induced by high
concentration of iron in the medium (0.5-5.0
mg-Fe/l). This amount of iron in the medium
is extremely high value compared with the
natural seawater. Although iron is necessary
for gametogenesis of Desmarestia and Lami-
naria in a laboratory culture, it is not clear
that much iron has accumulated or not in
their reproductive cells.

Boron seems to be necessary for the growth
of diatoms, and it is not related to photosyn-
thesis, since Cylindrotheca fusiformis required
boron during the periods of heterotrophic
dark growth as well as autotrophic light
growth (LEWIN 1966). In boron-free medium,
Fucus edentatus embryos formed neither
apical hairs nor secondary rhizoids (McC
LACHLAN 1977). In Ulva and Dictyota,
boron promoted growth and reproductive
maturity (NASR and BEKHEET 1970). And
NAKAHARA (1984) reported that boron defi-
ciency in the medium induced strongly the
gametogenesis of Desmarestia ligulata and
D. viridis. On the other hand, in higher
plants, boron deficiency involves alternations
in cellular membranes and ion uptake through
membrane (POLLARD et al. 1977, MOORE and
HirscH 1983).

According to the present study, the game-
togenesis of Laminaria and Desmarestia was
observed when 0-1.0 mg-B// was added to
the basal medium based on ASP;,NTA me-
dium (containing 0.1 mg-Fe/!). In the regular
ASP;;NTA medium containing 2.0 mg-B//,
the gametogenesis of these algae was in-
duced by adding higher concentration of
iron (0.5-2.0mg/!). Especially in L. angus-
tata, oogonia were formed in this medium
by adding more than 1.0mg-Fe// (MOTOMURA

and Saka1 1981), and antheridia were formed
by adding more than 0.5mg-Fe/l. From
these results, iron and boron, which have
not fully been discussed physiologically, seem
to show antagonistic effects to the gameto-
genesis of Laminaria and Desmarestia, but
it is not clear that iron is accelerative and
boron is inhibitory. The ratio of the con-
centration of iron and boron in the medium
would be significant for gametogenesis of
these algae. Iron requirement for anther-
idium formation seems to be lower level than
that of oogonium formation.
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The isotype specimen of Caloglossa leprieurii (MoNT.) J. AG. var. angusta Jao (1941),
No. SC1105 (Fig. 1) was examined again and the structures of the vegetative organs are
observed in detail. Based on the manner of the secondary branch development, the present

variety belongs to C. leprieurii.

Key Index Words: Caloglossa leprieurii var. angusta; China; freshwater Rhodo-

phyta ; morphology.

The morphological studies of the genus
Caloglossa have been reported by various
workers. PoST (1936) emphasized that as
the characteristic of the species rank, Calog-
lossa leprieurii (MONT.) J. AGARDH had the
secondary proliferated leafy branch, which
was always formed endogenously from the
midrib at the node. While in Caloglossa
ogasawaraensis OKAMURA, the secondary
proliferated leafy branches are exogenously
formed at the margin of the leafy branch.
OKAMURA (1897, 1951) also mentioned that
C. leprieurii had the secondary proliferated
leafy branches endogenously formed, while
C. ogasawaraensis had those formed exoge-
nously. In other words, C. ogasawaraensis
distinguishes from C. leprieurii in having
the secondary proliferated leafy branches
formed endogenously. PAPENFUSS (1961)
reported that the secondary proliferated leafy
branches of C. leprieurii were endogenously
formed from central cell of the midrib.
KumaNo (1978) described that many se-
condary proliferated branches were exoge-
nously formed at the margin of the leafy

branches of C. ogasawaraensis var. latifolia.
JAao (1941) described that the fronds of C.
leprieurii var. angusta were proliferous from
both midribs and margins. He assigned this
variety to C. leprieurii.

Observations

Caloglossa leprieurii (MONT.) J. AG. var.
angusta Jao, Figs. 1-12. Examined speci-
men : specimens of the frond were collected
on the shady sides of the rocks in the rapids
of the Chialing River near Pehpei, Szechwan,
China, on April 10, 1940. The fronds were
growing very abundantly. Collector C.C.
Jao, specimen No. SC1105 isotype (Fig. 1).

Fronds are ca. 2cm high, brownish-red
tufted and creepingly stolon-shaped. Leafy
branches are ca. 3.0-7.3mm long, ca. 0.5-
0.8 mm width, regulary downwards arcuated,
linear and slightly or not at all constricted
at the node (Figs. 1,5). A dome-shaped
apical cell of primary leafy branches cuts
off segments by transverse division. Each
segment cell undergoes divisions into a cen-
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1-4. Calogloss aleprieurii (MonT.) ]. Ac. var. angusta Jao. 1. Herbarium specimen of
SCI1105; 2. Apical portion of fronds, showing dichotomous primary branches; 3. Two secondary
proliferated leafy branches arising from the central cell at the node of the primary branch; 4. The
uppermost portion of a leafy branch, showing small secondary proliferated leafy branches arising
exogenously at the margin.
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tral cell, four pericentral cells and lateral
cells of the wing (Fig. 6). Thus lateral cells
become monostromatically arranged with
usually 4 rows per a central cell on each
side of the wings. The lowermost row of
lateral cells consists of 8 cells (Fig. 7). The
ramification is dichotomous, but the two arms
of the primary branches are not equal in
their size. One arm is often completely
suppressed, so that ramification becomes
frequently pseudodichotomous (Figs. 2, 5).
Secondary proliferated leafy branches are
endogenously formed at the node from the
dorsal side of the central cell (Figs. 3, 8).
Secondary proliferated leafy branches are
also exogenously formed at the internode
from the lateral cell of the marginal portion.
In the case of the latter, many secondary
leafy branches are produced from the upper
portion of the primary leafy branch (Figs.
4, 9-11). [Initial cells of rhizoids are formed
as knob-like protuberences from the ventral
pericentral cells at the node (Fig. 12). They
are divided and result in unbranched fila-
mentous rhizoids. A cluster of rhizoids con-
sists of 4-5 filaments.

Discussions

PosT (1936) emphasized that as the charac-
teristic of the species rank, C. leprieurii and
C. leprieurii var. hookeri had the secondary
proliferated leafy branch, which was always
formed endogenously from the midrib at the
node. The former species had 2 or 4 such
leafy branches and the latter variety had
more than 4 whorl-like leafy branches around

the short stem. While in C. ogasawaraensis,
the secondary proliferated leafy branches
are exogenously formed at the margin of
the primary leafy branch. OKAMURA (1897,
1951) also mentioned that C. leprieurii had
secondary proliferated leafy branches endo-
genously, while the C. ogasawaraensis had
those formed exogenously, and this is a
criterion to distinguish from C. leprieurii
and C. ogasawaraensis. PAPENFUSS (1961)
reported that the secondary proliferated leafy
branches of C. leprieurii were endogenously
formed from the central cells of the midrib.
KuMaNoO (1978) described that many second-
ary proliferated branches were exogenously
formed at the margin of the leafy branches
of C. ogasawaraensis var. latifolia. JAO (1941)
described that the fronds of C. leprieurii var.
angusta were sometimes proliferous from
both midribs and margins. He assigned this
variety to C. leprieurii on the basis of the
presence of the secondary leafy branches
formed endogenously from the midrib.

In the present study it is observed that
the secondary proliferated leafy branches of
C. leprieurii var. angusta are endogenously
formed from the midrib, and also exogenously
at the margin of the leafy branches. Al-
though the endogenous formation of the
secondary proliferated leafy branches are
observed less frequently than the exogenous,
the endogenous formation is considered more
important characteristic to distinguish C.
leprieurii from C. ogasawaraensis, because
the endogenous formation is more a funda-
mental manner of the ramification than the
exogenous one. The present authors agree

Figs. 5-12. Caloglossa leprieurii (MonT.) J. AG. var. angusta Jao.

5. Creeping stolon-shaped

primary leafy branches, showing regularly downwards arcuated, linear and pseudodichotomous branches,
and clusters of rhizoids at the ventral side of the nodes; 6. Apical portion of the primary leafy branch;
7. Surface-view of the half of the wing of the primary leafy branch, showing glateral cells arranged in
4 rows per one central cell and the lowermost row consisting of cells of lateral cells. Transverse
pericentral cells are not illustrated; 8. Early stage in the development of the secondary endogenous
leafy branch arising from a central cell at the dorsal side of the node; 9-11. Succession stages in
early development of the secondary exogenous leafy branches arising at the margin of the internode;
12, Formation of rhizoids, showing two knob-like cells in early stage from the ventral pericentral
cell. (cc: central cell, Ipc: lateral pericentral cell, rhi: initial stage of rhizoids, vpc: ventral pericentral
cell)
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with JAO’s opinion (1941) that the present
variety belongs to the C. leprieurii.
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Jao (Rhodophyta, Nemalionales) from Szechwan in China. Jap. J. Phycol. 32: 221-226.

Observations on the reproductive organs of B. intortum and B. sinense are presented.
The carpogonium-bearing branch of B. intortum is spiral, arising from the basal cell and
also from the terminal cell of the primary branchlets, and provides many monosporangia
laterally. B. intortum resembles B. pseudocarpum REis in having monosporangia but
differs from the latter in the shape and the size of monosporangia. The trichogyne of B.
sinense is cuneate, later becomes enlarged and subpyriform. B. sinense seems to resemble
more closely taxa of the section Moniliformia rather than taxa of the section Turficola,
because the carpogonium-bearing branch of this species provides many elongated bracts,

addition to the shape of the mature trichogyne.

Key Index Words: Batrachospermum intortum ; Batrachospermum sinense; China;

freshwater Rhodophyta; monosporangia.

Jao (1941) described B. intortum from
Szechwan in China and assigned this species
to the section Contorta characterized in hav-
ing a twisted carpogonium-bearing branch.
Among the taxa of the section Cantorta,
four taxa resemble each other in having
monosporangia. An attention is given to
the taxonomic distinction among these four
taxa. On the other hand, Jao (1941) des-
cribed B. sinense and assigned it to the sec-
tion Tuficola on the basis of the shape of
the trichogyne. The status of this species
is also discussed in the present paper.

Specimens used in the Present Study

Herbarium specimens used in the present
study were collected from China by Dr. Jao
Chin Chih of Institute of Hydrobiology,
Academia Sinica. Specimen of B. intortum
was collected from the submerged roots of
willow in a pond connected with springs

near Lung-chu-sze, Pa-hsien, Szechwan on
January 9th in 1940 : Herbarium Number SC-
1114. Specimen of B. sinense was collected
from rocks in a mountain stream, about
four miles south of Hwang-kuc-shu, Pehpei,
Szechwan on February 25th in 1940: Her-
barium Number SC-1148.

Observations and Discussions

1. Batrachospermum intortum Jao (Figs.
1-16)

The carpogonium-bearing branch of this
species arises from the basal cell and also
from the terminal cell of the primary bran-
chlets. The carpogonium-bearing branch,
which arises from the basal cell of the
primary branchlets, is spirally coiled and
composed of 4-6 disc-shaped cells. The
terminal portion of carpogonium sticks out
(Fig. 2), club-shaped trichogynes are formed
symmetrically (Fig. 3), sometimes asymme-
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trically (Fig. 4). The carpogonium-bearing
branch, which arises from an obovoid cell
of the terminal portion of the primary
branchlets, is less spiral and composed of
4-12 disc-shaped cells. In the early stage in
development (Fig. 5), the terminal portion of
carpogonium sticks out (Fig. 6), becomes an
initial of the trichogyne and gives rise to a
club-shaped trichogyne (Fig. 7-8). Gonimo-
blast filaments are observed to be produced not
only from the basal portion of the carpo-
gonium but also from the hypogynous cell
(Figs. 7, 11-12). The carpogonium-bearing
branch produces short bracts composed of a
few cells, some of which may elongate to
produce spherical monosporangia (Fig. 8, 11-
12). Monosporangia are also formed terminal
on the primary and secondary branchlets
(Figs. 5-6, 14). The mediate filamentous
type (INOH 1947) of germination of monos-
pores is observed in the present specimen
(Figs. 15-16). Antheridia are globose, ter-
minal or lateral on the primary and second-
ary branchlets and 5-7 gm in diameter,
smaller than monosporangia.

Among the taxa belonging to the section
Contorta, four species of Batrachospermum
have been reported to furnish monosporangia
besides carposporangia. B. lusitanicum REIS

1965 and B. woitapense KUMANO 1983 were
reported to furnish the monosporangia termi-
nating the primary and the secondary bran-
chléts. On the other hand, B. intortum JAO
1941 and B. pseudocarpum REIS 1973 are
alike in having the monosporangia terminat-
ing the laterals of the carpogonium-bearing
branch. In the present paper, it is confirmed
that B. intortum JAo differs from B. pseu-
docarpum REIS in the size and the shape of
the monosporangia. The monosporangia are
20-23 pm long and obovoidal in shape for B.
pseudocarpum, while the monosporangia are
11-15 yum long and spherical for B. intortum.

2. Batrachospermum sinense Jao (Figs. 17-
29)

Antheridia of this species are terminal or
lateral on the primary branchlets, globose
and 5-8 ym in diameter (Figs. 17-18). The
carpogonium-bearing branch arises from
the basal cell of the primary branchlet
and consists of 3-9 barrel-shaped cells. In
the early stage of development, the carpog-
onium-bearing branch has few laterals, soon
many elongated bracts are produced and
embrace the gonimoblast. The terminal
portion of a carpogonium sticks out (Fig. 19),
then gives rise to a subpyriform trichogyne

Figs. 1-16. Batrachospermum intortum Jao

1-4. Carpogonium-bearing branches arising from the basal cells of the whorls; 1, 2. Carpogonium-
bearing branches at very early stages; 3. A carpogonium bearing branch with short laterals and a
mature trichogyne; 4. A fertilized carpogonium from which a few gonimoblast filaments are developed ;
5-8, 11-13. Carpogonium-bearing branches arising from the terminal cells of the whorls; 5, 6. Carpo-
gonium-bearing branch in early stage of development and monosporangia formed terminal on the primary
and secondary branchlets; 7. A carpogonium-bearing branch with a mature trichogyne and short
laterals; 9, 10. Antheridia terminal on the primary and secondary branchlets; 8, 11-12. Monosporangia
formed terminal on short laterals of the carpogonium-bearing branches; 12. Gonimoblast filaments
arising from a hypogynous cell; 13. A fertilized carpogonium from which gonimoblast filaments are
formed; 14. Monosporangia terminal on the primary branchlets; 15-16. Germinating monospores. (a:
antheridium, cb: carpogonium-bearing branch, gf: gonimoblast filament, ms: monosporangium, s: sper-

matium, tr: trichogyne)
Figs. 17-29. Batrachospermum sinense Jao

17-18. Antheridia terminal on the primary branchlets; 19. A carpogonium-bearing branch at very
early stage in development; 20-21, 23. Different stages in development of trichogyne; 22. A fertilized
carpogonium with a cuneate trichogyne; 24. A fertilized carpogonium with a roundish trichogyne like

a balloon; 25-27. Development of gonimoblast filaments arising from the fertilized carpogonium; 28-29.
Subcuneate carposporangia terminal on the gonimoblast filaments. (a: antheridium, cb: carpogonium-
bearing branch, cp: carpogonium, cs: carposporangium, gf: gonimoblast filaments, s: spermatium, tr:
trichogyne)



Two species of Batrachospermum from China 225

with an indistinct stalk (Figs. 20-21). The
mature trichogyne becomes inflated like a
balloon (Fig. 23). The trichogyne is cuneate
(Fig. 22), sometimes it is roundish or obovate
(Fig. 24). After fertilization, the connection
between the trichogyne and the basal portion
of the carpogonium is closed (Fig. 25) and
the manner of the development of the goni-
moblast filaments is the same as those ob-
served in the other taxa of Batrachospermum
(Figs. 26-27). The gonimoblast grows out
into radially branched filaments, on which
carposporangia are terminated. Carpo-
sporangia are subcuneate, 10-11 ym wide and
24-27 ym long (Figs. 28-29).

To the section Turficola SIRODOT (1884)
assigned one species, B. vagum, with ten
varieties, most of which are regarded as
nothing but modifications of species by
ISRAELSON (1942). KYLIN (1912) divided B.
vagum into two subspecies, keratophytum
and flagelliforme. ISRAELSON (1942) men-
tioned that the former is alike B. vagum
itself and the latter must be called B. vog-
esiacum T.G. SHULTZ accordance with SKUJA
(1938). Two varieties of B. vagum, peri-
plocum SKUJA 1963 and undulato-pedicellatum
KUMANO et WATANABE 1983, have been
described. Three species belonging to the
section Turficola have been described, viz.,
B. sinense Ja0 1941, B. globosporum ISRAEL-
SON 1942 and B. gulbenkianum REIS 1965.
Among the above-mentioned taxa, B. glopo-
sporum seems better to be assigned to the sec-
tion Contorta rather than to the section
Turficola, because the carpogonium-bearing
branch for B. globosporum strongly curved
and the trichogyne is formed asymmetrically.

The section Turficola is characterized by
the trichogyne which is sessile or indistinctly
stalked, elongate conical with the largest
diameter distal. JAo (1941) observed that
the trichogyne of B. sinense is cuneate in
shape before fertilization, and it becomes
subpyriform after fertilization. JAO (personal
communication) considered that the shape of
trichogyne before fertilization is regarded as
an original and typical character and seems
to be more important to the taxonomic judge-

ment, thus JAo (1941) assigned this species
to the section Turficola. In the present
study, it is observed that the young tricho-
gyne of B. sinense is cuneate, however, the
mature trichogyne becomes roundish or ob-
ovate, sometimes inflated like a balloon
before fertilization. The carpogonium-bear-
ing branch of this species is composed of
barrel-shaped cells and provides many elon-
gated bracts. These characters are also
observed in the taxa of the section Monzli-
formia, so that, B. sinense resembles more
closely those of the section Moniliformia
rather than those of the section Turficola.
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SREIE (1941) DRI L7-FEE 2 MoNIEALEMcBEL, £HBEC W TETOMRYERRL, &
HEDHINI FEE LI,

1. Batrachospermum intortum Jao (thE4, FOREEE) AFOBREBLOTAHIL 24 LRICE R, &
ARG & EMO MO S 2 bRIT B, FLSBROBRTENTRIhG, BRFEOXEILBEL
X o T B. pseudocarpum REis LRXKJT5Z EMNTES,

2. Batrachospermum sinense Jao (FpEL, HIEREHE) AEOEVWZHEIL SVUTHEAHHTH L
Wk LB e, $ERBL O b RIERVEH oM, LY, RVWAESERY BT L 5 b
VWb, ThODOHBETAFENE=Y 7 3 4V 3 THIIRIFEWZ EXFR LTS, (657 WEHERKSERET 1-1 WF
KEFBZIAE )



Jap. J. Phycol. (Sérui) 32: 227-233. September 20, 1984

The identity of Gigartina prolifera HARIOT (Rhodophyta)

Shigeo KAWAGUCHI and Michio MASUDA

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

KawacgucHl, S. and Masubpa, M. 1984. The identity of Gigartina prolifera HARIOT
(Rhodophyta). Jap. J. Phycol. 32: 227-233.

The original specimens of the red alga Gigartina prolifera HarioT collected in Japan
were examined to clarify its identity and a lectotype was designated. Solitary tetrasporangia
cut off as side branches from the cortical cells were found in the lectotype specimen; this
feature distinguishes the species from Gigartina species which have catenate tetrasporangia.
The species is most similar to the alga currently known in Japan as Carpopeltis flabellata
(HoLMmeEs) OKAMURA in gross morphological, anatomical and tetrasporangial features.
Gigartina prolifera HARIOT has nomenclatural priority over Grateloupia flabellata HOLMES,
the basionym of Carpopeltis flabellata (HoLMES) OKAMURA. Accordingly, the new com-
bination Carpopeltis prolifera (Harior) KawacucH! et MasupA is proposed.

Key Index Words: Carpopeltis; Carpopeltis flabellata ; Carpopeltis prolifera ; Gigar-
tina; Gigartina prolifera; Halymeniaceae; Rhodophyta; taxonomy ; typification.

Gigartina prolifera HARIOT (1891) was
first described on the basis of material col-
lected at Yokosuka, Kanagawa Prefecture,
on the Pacific coast of central Japan by
SAVATIER, but details of the reproductive
features were not given. Later, COTTON
(1907) reported this species from Korea and
stated that the cystocarps were embedded
in more or less regularly arranged marginal
proliferations. OKAMURA (1902 1916) pointed
out that this species might not be referable
to the genus Gigartina, although he did not
give any further information. Since then,
the species has not been mentioned in the
literature. KiMm (1976), who published a
taxonomic revision of the family Gigartina-
ceae, overlooked this binomial and made the
illegitimate combination, Gigartina prolifera
(J. AGarpH) KiM for Rhodoglossum proli-

* As Kim’s (1976) merging of the genus Rhodo-
glossum J. AGarpH with Gigartina STACK-
HOUSE has not been widely accepted (SiLva
1979) it would be entirely inappropriate to make
any proposals regarding the status of Gigartina
prolifera (J. AcarpH) Kim.

ferum J. AGARDH (1884)*.

HARrIOT (1891) and CoTTON (1907) stated
that in general habit Gigartina prolifera
resembles G. mammillosa (GOODENOUGH et
WOODWARD) J. AGARDH, which is a synonym
of G. stellata (STACKHOUSE et WITHERING)
BATTERS. Four species of Gigartina sub-
genus Mastocarpus, including G. stellata,
were recently separated from Gigartina
STACKHOUSE and transferred to the reins-
tated genus Mastocarpus KUTZING (GUIRY
et al. 1984). The descriptions of the vege-
tative and reproductive features of G. proli-
fera given by HARIOT (1891) and COTTON
(1907) are insufficient to decide whether the
alga belongs to Mastocarpus, Gigartina or
another genus. In the present paper the
taxonomic status of the alga is examined
based on observation of HARIOT’s voucher
specimens.

Materials and Methods

Fifteen specimens .of Gigartina prolifera
HARIOT collected by SAVATIER and deter-
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mined by HARIOT are now preserved in the
Laboratoire de Cryptogamie, Muséum Na-
tional d’Histoire Naturelle, Paris (PC) (ARDRE,
pers. comm.). Of these, 8 specimens on
loan from PC were examined with the kind
help of Dr. F. ARDRE. Sections were made
by hand using a razor blade, stained with
0.5% (w/v) cotton blue in a lactic acid/
phenol/glycerol/water (1: 1: 1: 1) solution
and mounted in 502 glycerol-seawater on

A

microscope slides. Voucher slides are de-
posited in PC and SAP (the Herbarium of
Faculty of Science, Hokkaido University,
Sapporo).

Results and Diécussion
Morphological and anatomical features of

the specimens examined are in agreement
with HARIOT’s (1891) description. We found,

Fig. 1. Carpopeltis prolifera (Harior) KawacucHr et MAsUDA. A. Lectotype specimen
collected at Yokosuka, Kanagawa Prefecture, by SaAvaTier and deposited in PC. B. Trans-
verse section of the upper portion of the lectotype; note that both the cortex and medulla
are reduced. C, D. Transverse sections of the proliferations borne on the lectotype, showing
young tetrasporangia cut off as side branches from the cortical cells; note that the cortex
and tetrasporangia are reduced. Scale in D applies also to C.
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however, that a single specimen has tetras-
porangia, although HARIOT (1891) stated that
“fructificatio deest”. We have selected this
specimen as the lectotype (Fig. 1, A) accord-
ing to Article 7.5 of the International Code
of Botanical Nomenclature (ICBN, Voss et al.
1983).

The following description is based on the

lectotype specimen. As this specimen is
faded we are unable to comment on its
original color. The upright thallus is 7 cm
high, terete at the base and becoming grad-
ually flattened. It is repeatedly dichotomously
divided with rounded axils and bears flabel-
lately expanded branches. The branches
are up to 1 cm wide and somewhat obtuse

Fig. 2. Carpopeltis prolifera. A. Cystocarpic specimen collected at Kamiura, Ooita Pre-

fecture, on June 7, 1982 by Kawacucti

(SAP 044612). B. Transverse section of the

upper portion of the specimen shown in A. C, D. Transverse sections of proliferations
formed on a plant collected at Oohama, Ooita Prefecture, on June 6, 1982, showing elongated
tetrasporangia cut off as side branches from the cortical cells. Scale in D applies also to C.
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at the apex and bear many short prolifera-
tions on the uppermost parts. Proliferations
issue also from both the margin and surface
of the thallus. The thallus is of multiaxial
construction which is composed of a pseudo-
parenchymatous cortex and a filamentous
medulla (Fig. 1,B). The outer cortex is
composed of small roundish cells arranged
in anticlinal cell-rows, each consisting of
20-30 rather compactly arranged cells in the
lower portion of the thallus and 8-10 less
compactly arranged cells in the upper por-
tion. The inner cortex consists of 4-5 layers
of slender stellate cells. The medullary
filaments are slender and relatively densely
or sparsely intermeshed according to their
position in the thallus. Tetrasporangia are
borne in aggregations in the proliferations.
The tetrasporangial initials are cut off singly
as side branches from the cortical cells (Fig.
1,C,D). They become elongated and are
divided cruciately.

The mode of formation of tetrasporangia in
Gigartina prolifera is of systematic signifi-
cance, although female reproductive struc-
tures were not found. The occurrence of
tetrasporangia in the upright thallus clearly
separates G. prolifera from species of Masto-
carpus which form intercalary tetrasporangia
on a crustose thallus (GUIRY et al. 1984). The
solitary tetrasporangia cut off as side bran-
ches from the cortical cells distinguish G.
prolifera from Gigartina sensu stricto,
Iridaea, Rhodoglossum and Chondrus which
have catenate tetrasporangia formed in an
accessory or intercalary position (Kim 1976).
Thus, there is no close affinity between G.
prolifera and the genera belonging to the
Petrocelidaceae (GUIRY ef al. 1984) and the
Gigartinaceae (KiM 1976).

The morphological, anatomical and repro-
ductive features of Gigartina prolifera are
most similar to those of the alga currently
known in Japan as Carpopeltis flabellata
(HOoLMES) OKAMURA (Halymeniaceae) (Fig.
2, A-D). It was first described as Grateloupia
Jlabellata by HOLMES (1896) on the basis of
material collected at Enoshima (near Yoko-
suka), Kanagawa Prefecture. This species

was subsequently transferred to Carpopeltis
by OKAMURA (1935). C. flabellata has been
reported from various localities along the
coasts of Japan and Korea (OKAMURA 1935
1936, KANG 1966). We examined the speci-
mens illustrated by OKAMURA in his Icones
of Japanese algae (OKAMURA 1935, Pl. 321)
and deposited in SAP. Five of the 6 speci-
mens illustrated by OKAMURA (1935) are
preserved in SAP; the specimen shown in
his Plate 321, fig. 3 has not been detected.
Examination of their vegetative and repro-
ductive features revealed that the specimens
are referable to what are presently regarded
as 3 distinct species of Carpopeltis. The 2
cystocarpic specimens in OKAMURA’s figs 2
and 6 have the Aeodes-type auxiliary ampulla
(CHIANG 1970), proliferations from the sur-
face and margin, broad cuneate segments,
and a cortex composed of small roundish
outer cells, which are relatively loosely
arranged, and slender stellate inner cells.
These are the characteristic features of C.
flabellata (KAWAGUCHI, unpubl.). The tet-
rasporangial specimen in OKAMURA’s fig. 1
shares gross morphological and anatomical
features with the 2 cystocarpic specimens.
However, the cystocarpic specimen shown
in OKAMURA’s fig. 5 has the Grateloupia-
type auxiliary ampulla (CHIANG 1970), tor-
tuose branches, rather compact cortex and
dense medulla in the lower portion of the
thallus. By means of these features it can
be identified as C. crispata OKAMURA (KA-
WAGUCHI, unpubl.). The tetrasporangial
specimen shown in OKAMURA’s fig. 4 is
similar to C. divaricata OKAMURA in having
linear segments arranged in a single plane,
very compact cortex with large, roundish
inner cells, and a dense medulla (KAWAGU-
CHI, unpubl.). OKAMURA’s confusion of these
species was probably due to his original
circumscription of Grateloupia affinis (HAR-
VEY) OKAMURA var. lata OKAMURA (1893)
which was later elevated to specific rank as
G. lata (OKAMURA) OKAMURA (1902). This
species was reduced to a synonym of Grate-
loupia flabellata HOLMES by OKAMURA (1916).
Later, OKAMURA (1934) separated his G. lata
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into 2 new species of Carpopeltis, C. divari-
cata OKAMURA and C. crispata OKAMURA.
Judging from OKAMURA’s original descrip-
tion (1893) of G. afjinis var. lata that it has
cuneate segments and proliferations from
the margin and surface, and from the ana-
tomical features shown in his Pl 5, figs 8
and 10, C. flabellata is also included in his
circumscription of G. lata. OKAMURA (1934)
cited G. lata and G. affinis var. lata (“partim
as syn. of G. flabellata HOLMES”) (p. 31) as
synonyms of both C. divaricata and C.
crispata. However, in transferring G. fla-
bellata to Carpopeltis OKAMURA (1935) did
not cite G. lata and G. affinis var. lata as
synonyms of it and the resultant binomial
was accompanied by a Japanese name, Ko-
menori. The original descriptron of G. affinis
var. [ata was accompanied by the same
Japanese name and C. divaricata and C.
crispata were accompanied by different Ja-
panese names. This strongly suggests that
OKAMURA (1935 1936) probably accidentally
omitted G. affinis var. lata and G. lata from

the synonymy list of C. flabellata. Thus, it
may be concluded that two components of
Grateloupia lata were described as 2 new
species and the remainder, G. lata sensu
stricto (=Komenori) was reduced to a syn-
onym of C. flabellata by OKAMURA (1934
1935). This interpretation is in accordance
with Article 53.1 ICBN (Voss et al. 1983).
Gigartina prolifera Hariot is identical with
C. flabellata as circumscribed here in that it
has wide cuneate segments, proliferations, a
cortex composed of small roundish outer cells
and slender stellate inner cells, and narrowly
ellipsoid tetrasporangia. HOLMES (1896) illus-
trated the tetrasporangia of Grateloupia fla-
bellata as being broadly ellipsoid. However,
species of Carpopeltis possess narrowly ellip-
soid tetrasporangia as shown in our Fig. 2,
C and D (OkAMURA 1893 1909 1934). We
examined the holotype specimen of G. flabel-
lata on loan from the British Museum (Na-
tural History). The gross morphological and
anatomical features are similar to those of
C. flabellata as circumscribed in the present

Fig. 3. The holotype specimen of Grateloupia flabellata HorLmes collected at Enoshima,
Kanagawa Prefecture, on March 20, 1894 and deposited in BM ; note the arrows that indicate

the positions in which sections were made.
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paper. We carefully sectioned many portions
of the holotype (Fig. 3, arrows), but we
could not find tetrasporangia. Thus, it was
not possible to decide the taxonomic relation-
ship between Grateloupia flabellata HOLMES
and Gigartina prolifera HARIOT with any
certainty. However, Gigartina prolifera is
within the circumscription of the genus
Carpopeltis as currently accepted (KYLIN
1956). Gigartina prolifera HARIOT (1891)
has nomenclatural priority over Grateloupia
flabellata and, even though the two species
may not be conspecific, we propose the fol-
lowing combination for the alga currently
known in Japan as Carpopeltis flabellata
(HoLMES) OKAMURA :

Carpopeltis prolifera (HARIOT) KAWAGU-
CHI et MASUDA, comb. nov.

Basionym : Gigartina prolifera HARIOT
[1891 : 220]

Synonyms: Grateloupia affinis (HARVEY)
OKAMURA var. lata OKAMURA [1893 (pro
parte): 101, pl. 5, f. 8, 10]. Grateloupia
lata (OKAMURA) OKAMURA [1902 (pro parte) :
87].

The status of G. prolifera as reported
from Korea by CoTToN (1907) is uncertain,
as we have not examined any original speci-
mens. Further investigations of the generic
and specific status of Carpopeltis in Japan
are in progress by one of us, KAWAGUCHI.
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A species in the Chordariales was linked through elucidation of its life history with a
very simple member of the Ectocalpales. The heteromorphic and haplo- or diplo-biontic
life history of Leathesia japonica from Wakasa Bay, Honshu, Japan was achieved in culture.
Under cooler conditions, zoospore germlings from the unilocular sporangium gave rise the
characteristic erect filaments, which were consistent with Polytretus reinboldii (REINKE)
SauvaGEAU (Ectocarpales). Unfused swarmers derived from the plurilocular sporangium
on the Polytretus-like filaments developed into haploid and/or diploid Leathesia sporophytes,
formerly identified as L. japonica. Under cooler conditions, the Polytretus-like filaments
projected on the Leathesia sporophytes, as well. Karyological and morphological chimeras
were observed in the same entity, a Leathesia sporophyte. The life history of L. japonica
might support the FrRiTscH’s (1945) classification: the Chordariales should be merged in

the Ectocarpales.

Key Index words: Chordariales; Ectocarpales; Leathesia; life history; Leathesia
japonica ; Phaeophyta; Polytretus; Polytretus reinboldii.

Leathesia japonica INAGAKI taxonomically
belongs to the family Leathesiaceae in the
Chordariales. The collections of the species
were reported from the northern Pacific part
of Japan (Rikuzen and Mutsu) and the middle
part of Honshu facing the Japan Sea (Wakasa
Bay) (INAGAKI 1958). In the genus Leathesia,
11 species have been reported as occurring
in Japan and its vicinity by INAGAKI (1958).
This author divided the genus Leathesia in
two sections, section Leathesia containing
three species, and section Primariae contain-
ing eight species. In the former section,
the frond is hollow and its medullary layer
is reticulated and composes of irregular
polygonal cells. In the latter section, the
frond is very small and solid, and its medul-
lary cells are cylindrical or ellipsoid. L.
Jjaponica was placed in the latter section by
INAGAKI.

Among three species in the former section,

the life histories of Leathesia difformis
(DANGEARD 1965) and Leathesia saxicola
(AJISAKA unpublished), have been studied.
However, until the present no life history
study has been done for eight species belong-
ing to the latter section. The following
paper presents the life history of L. japonica
in culture and its karyological and morpho-
logical observations. From this study, it has
been found that Polytretus-like filaments
projected on zoospore germlings of the so-
called L. japonica.

Material and Methods

Sporophytes of L. japonica were collected
at Obama in Wakasa Bay of Honshu Island
facing the Japan Sea on May 6, 1979. Thalli
were found growing epiphytically on Sargas-
sum hemiphyllum (TURNER) C. AGARDH
(Fig. 3 A), which grew on rocks one or two
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meters below the low tide mark.

The mature sporophytes collected at low
tide, were carried to the laboratory in a cool
condition (ca. 5°C). For the culture study,
the fertile fronds were rinsed throughly
with several changes of autoclaved seawater
and were dried for about one hour. And
they were placed in the petri dishes contain-
ing the sterilized seawater until zoospores
were obtained. The zoospores showing a
negative phototaxis were washed 3-4 times
in petri dishes containing the sterilized
seawater by the micropipette method under
a microscope. Then a little suspension of
zoospores was poured over glass slides and
left for half an hour for settlement. After
the settlement, these slides were washed
with a jet of the sterilized seawater and
placed into glass vessels (6.5c¢mXx8.0cm)
containing 180 m/ of medium.

For the investigation of the sexual repro-
duction, the mixing of swarmers liberated
from the different individuals were done
under a microscope.

For the single algal culture, each germling
adhered to the glass slide was isolated with
a micropipette and transferred to a culture
test tube (2cmX13cm) containing 10 m! of
medium. And the unilocular sporangia of
the field and the culture plants, and also the
plurilocular sporangia of the culture plants
were cut off by needles under a microscope.
Each of them was also transferred to a test
tube with the micropipette method.

The culture medium used in this study was
ProvasoLr’s ES medium. The cultures were
incubated in the freezer-incubators illumi-
nated with the cool-white flourescent lamps
(1500-3000 lux) under the following tempera-
ture-photoperiod regimes: 20°C: 16-8 hr (Set
1); 20°C: 10-I4hr (Set 2); 15°C: 14-10hr
(Set 3); 15°C: 10-14 hr (Set 4); 10°C: 14-10
hr (Set 5); 10°C: 10-I4 hr (Set 6); 5°C: 10-
T4 hr (Set 7); 25°C: 16-8 hr (Set 8).

For the Kkaryological observations, the
germlings in the culture were fixed in al-
cohol : acetic acid (3:1), and the aceto-iron-
haematoxylin-chloral hydrate staining method
of WITTMANN (1965) was used.

Results

The culture of zoospores from the sporo-
phytic frond (Fig. 3 A) taken from the field
were started on May 8 and 9, 1979. The
fertile fronds of the field material had only
unilocular sporangia on the basal cells of the
assimilating filaments (Fig. 3B). The mature
unilocular sporangium was usually obovoid
or ellipsoid, measuring 69-88 pym X 27-37 ym
in size.

1) Development of zoospore germlings

The zoospore from the unilocular sporangium
was measured 6.0-8.0 ym X 4.0-5.0 ym in size.
It was pear-shaped with a single chromato-
phore and an eyespot, and was laterally
biflagellated (Fig. 1 A). The settled zoospore
became spherical, measuring 4.0-5.0 ym in
diameter (Fig. 1 B).

Within 1-2 days, the settled zoospore ger-
minated by pushing out a protuberance,
whose diameter was 1/2-2/3 times as large
as that of the settled zoospore (Fig. 1C).
And then, the protuberance transversally
divided into two cells (Fig. 1D). Occasionally,
all contents of the zoospore moved into the
protuberance.

The germling developed by the successively
transversal divisions into a creeping uni-
seriate filament consisting of 3-6 cells and
40-100 gm in length (Fig. 1E). The cells
near the initial zoospore rounded with a
diameter of 6-8 ym, colored dark brown,
and produced primary branches (Fig. 1F).
Secondary branches projected on the basal
cells of the primary branches and were 8-
12 pm in diameter (Fig. 1G).

Within 2 weeks in Sets 1-4 and 8, as a
result of the extensive branching, the zoos-
pore germling developed into a profusely
branched filamentous microthallus, measuring
500-800 ym in diameter (Fig. 3C). It con-
sisted of a large prostrate basal layer and a
profusely branched erect portion. Within
one month, it grew into a large hemi-
spherical microthallus, measuring 2.0-3.0mm
in diam., but did not project hairs.

In Set 1, multi-seriate plurilocular sporangia
were formed on the basal cells of the upright
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Fig. 1. Leathesia japonica. Developmental stages of zoospores released from unilocular sporangia.
A. Zoospore ; B. Settled zoospore; C-G. 3(C)-, 5(D)-, 8(E)-, 10(F)- and 12(G)-day-old germlings in
Set 5; H-K. Plurilocular sporangia on the ectocarpoid erect filaments in Set 5. Immature sporangia
(H, I, J) and empty sporangium (K), from which all swarmers just released.

filaments. These sporangia were superficially
similar to those produced under cooler condi-
tions as mentioned below. In Set 8, the
microthalli grew to 1.8-2.0 cm in diam., not
producing any reproductive organs for 4-6
months.

On the other hand, within 2 weeks in Sets
5 and 6 the germling developed into a small
filamentous microthallus, measuring 400-500
pm in diameter. Several characteristic erect
filaments projected on the initial uniseriate
filaments. These were consistent with the
erect filaments of some Ectocarpaceae species
(Fig. 3D-F). The erect filaments usually
projected in Sets 5, 6 and 7, sometimes in
Sets 3 and 4, and occasionally in Sets 1 and
2. However, they never projected in Set 8.

When the hemispherical filamentous micro-
thallus growing under warmer conditions
(Sets 1, 2 and 8) were transferred into cooler
conditions (Sets 5,6 and 7), it produced the
ectocarpoid erect filaments.

The zoospore germlings, either the pros-
trate filamentous microthalli or the ectocarpoid
erect filaments, had 12-14 chromosomes
(Fig. 3K).

2) Morphology of the erect filaments

Within 4-5 months, the erect filaments
developed into tuft-like erect filaments, mea-
suring 3-5cm in height. The chromato-
phores of the erect filament were discoid,
dispersed irregularly within the cell, each
with one pyrenoid (Fig. 1 H-K,3G). Apical
hyaline hairs projected on the branches of
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Fig. 2. Leathesia japonica. Developmental stages of swarmers released from broader fusiform
plurilocular sporangia on the ectocarpoid erect filaments, and slender ones on the sporophytic
macrothalli. A. Swarmer; B. Settled swarmer; C-F. 3(C)-, 7(D)-, 10(E)- and 13(F)-day-old
germlings in Set 3; G. Slender fusiform plurilocular sporangia in Set 5; H, I. Swarmer (H), and
settled swarmer (I) from slender plurilocular sporangia.

the erect filaments (Fig. 3D-F). The pros-
trate basal system consisted of the scarcely
branched rhizoidal filaments, and did not
develop into the discoid microthallus (Fig.
3D,F). The meristems scattered on the
upper portion of the erect filaments (Fig. 3E).

Plurilocular sporangia were laterally or
terminally formed on the branches or branch-
lets of the erect filaments, and were sessile or
pedicellate with several cells (Fig. 3G). The
immature sporangia were initially cylindrical
or conical (Fig. 1 H,I), but matured ones
became fusiform and undulated at their
margin (Fig. 1]J,K; 3G). Each sporangium
was partitioned into a number of compart-
ments. Sometimes they grouped closely in
two or three together. Swarmers were dis-
charged through an opening formed in each

compartment of the sporangium. An opening
was formed either in each loculus or at an
apex in the sporangium. (Fig. 1K).
3) Development of swarmer germlings

The swarmer derived from the plurilocular
sporangium measured 4.9-6.1 pm X2.9-4.0 4m
in size, and was slightly smaller than the
zoospore. It had an eyespot and one chro-
matophore and was laterally biflagellated
(Fig. 2A). Conjugation was not observed.
As soon as the unfused swarmer settled on
the substratum, it became spherical, measur-
ing 2.9-5.5 ym in diameter with an average
of 5.0 um (Fig. 2B).

Two types of swarmer development were
observed. :

a) Under warmer conditions (Sets 1, 2 and
8), most of the swarmers derived from the
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sporangia on the basal system and some
derived from the sporangia on the ectocar-
poid filaments, both developed into germlings
similar to those from the zoospores.

b) Under cooler conditions (Sets 3-7), most
of the swarmers derived from the sporangia
on the ectocarpoid filaments developed into
the sporophytic thalli.

Within 1-2 days the swarmer germinated
by pushing out a protuberance, whose di-
ameter was 1/2-2/3 times as large as the
settled swarmer (Fig. 2C). Occasionally,
all contents of the swarmer moved into the
protuberance (Fig. 2D). And then two cells-
stage germling was produced by a trans-
versal divison (Fig. 2E).

The germling developed initially into an
irregularly curved, creeping uniseriate fila-
ment consisting of about 10 cells and 100-
150 pym in length (Fig. 2F). The apex of
the protuberance enlarged to 12-13 ym in
diam. and produced the primary branch.
At this stage, one hyaline hair projected on
the initial swarmer cell or on the apical cell
of the primary branch. The germling de-
veloped into a filamentous prostrate micro-
thallus with 8-10 primary branches. How-
ever, the primary branching of the swarmer
germling started later than that of the zoos-
pore germling.

The cells of the initial uniseriate filament
enlarged to 15-20 gm in diam., became dark
brown and developed into a single row of
cells. Soon, these cell-rows were trans-
formed into the primary assimilating fila-
ments which were superficially consistent
with those of sporophytes in field. Some
of these assimilating filaments had apical
hairs under cooler conditions (Fig. 2G). Basal
prostrate filaments transformed into the
rhizoidal filaments, producing a basal system.
The primary assimilating filaments aggulu-
tinated together to form a bundle. Within
one month in Set 3, the assimilating filament
became 10-12 cells and 100-140 g#m in length.
The apical cell enlarged to a globular form,
measuring 25-28 ym in diameter. And it
became gradually tapering toward the lower
portion, where the diameter was 10 ym (Fig.

2G). The basal cells of the assimilating
filament enlarged to 30-40 pm X 20 ym in size
and developed into the medullary cells. The
sporophyte grew to very small (1.0-3.0 mm
in diam.), solid, cushion-like or hemispherical
thallus (Fig. 3H) with an irregular surface,
but never developed into a lubricous spherical
thallus.

Within 44 days in Sets 4-6 and 7, bi- or
tri-seriate plurilocular sporangia were formed
on the basal cells of the assimilating filament
(Fig. 2G). They were slender, fusiform or
conical, measuring 74-123 pmX7-20 pm in
size, and became gradually tapering toward
the apex. The sporangium was sessile or
pedicellate with 1-2 cells, solitary or gre-
garious (Fig. 2G). The swarmers, measuring
7.4-8.0 ym X 4.4-5.0 ym in size, were released
through an apical opening of the sporangium
(Fig. 2H). Conjugation was not observed.
As soon as the swarmer settled on the
substratum, it became spherical, measuring
4.5-6.0 gm in diameter (Fig. 2I). The deve-
lopmental manner of the swarmer was con-
sistent with that from the ectocarpoid erect
filaments under cooler conditions.

When the sporophytic thalli were trans-
ferred under warmer conditions (e. g. within
38 days in Set 1), the hemispherical thallus
formed unilocular sporangia with a size of
73-98 pm X 25-32 ym and released zoospores.
The zoosproe germling developed into the
haploid microthallus under all conditions, as
did the zoospsore germling derived from the
sporophyte in field.

Under comparatively cooler coonditions
(Sets 3 and 5), some ectocarpoid filaments
projected from the hemispherical sporophyte
(Fig. 3I). Each erect filament had an apical
hair. Some primary assimilating filaments
with an apical hair transformed into
ectocarpoid filaments, and some branchlets
of the ectocarpoid filaments transformed into
assimilating filaments (Fig. 31,]). The
broader fusiform plurilocular sporangia were
formed on the ectocarpoid filaments, while
the slender fusiform ones were on the basal
sporophytic thallus.

n=12-14 and 2n=20-26 chromosomes were
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B.G 100um
C,.D 350 pm
E.F 7o0pm
H 200pm
| 130 pm
J 86 pm
K,L,M 10 pm

Fig. 3. Leathesia japonica. Developmental stages from sporophytes taken from the field, through
the Polytretus-like stage to the Leathesia stage. A. Sporophytic thalli (arrows) growing epiphyt-
ically on Sargassum hemiphyllum; B. Unilocular sporangia releasing zoospores; C. A profusely
branched filamentous microthallus in Set 3; D-F. Erect filaments developed from the small filamentous
microthallus. 15(D)- and 30(E, F)-day-old germlings in Set 5. (E: apical portion, F: basal portion) ;
G. Plurilocular sporangia on the erect filaments in Set 5; H. A sporophytic macrothallus in Set 3;
I. An erect filament arising from the sporophytic macrothallus in Set 5; J. An assimilating filament
developed directly on the erect filament in Set 3; K-M. Chromosomes in the zoospore germling
(K: n=12) and the sporophytic macrothalli (L: n=12, M: 2n=24).
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observed in the swarmer germlings (Fig.
3L,M), even in the same germling.

Discussion

In this study, the sequence of the com-
plete life history of Leathesia japanica from
Wakasa Bay has been established under cul-
ture conditions.

The zoospores released from unilocular
sporangia developed into the profusely bran-
ched filamentous microthalli. Under warmer
conditions, they grew into the larger hemi-
spherical ones. Under cool conditions, the
characteristic ectocarpoid filaments projected
on the zoospore germlings. The occurence
of the ectocarpoid filaments was obviously
induced by the cool water temperature (lower
than 10°C). The morphological characters
of the ectocarpoid thalli in this study are in
good agreement with the description of
Polytretus reinboldii (REINKE) SAUVAGEAU
(Ectocarpales) in Japan given by KUROGI
(1978). And he collected this species in
Hokkaido and at Maizuru in Wakasa Bay.
The plurilocular sporangium on the ectocar-
poid thallus was partitioned into a number
of compartments and the swarmers were
released through an opening in each com-
partment. However, the unilocular sporang-
ium observed by KUROGI was not formed in
this study.

The unfused swarmers derived from the
plurilocular sporangium developed into the
hemispherical sporophytes which were mor-
phologically consistent with Leathesia japo-
nica. They formed the unilocular sporangia

o,

15°C _215C
Stender «—— leathesia —'|Jnil. —> loospore = Filamentous 4—7

Pruril. Macro. Spofangium Microthallus
Sporangium Sporophyte s10°C (n) 20°C
(n,2n) s10°C Polytretus-like —> Piuril.

Swarmer

s15C

under warmer conditions (higher than 15°C).
All zoospores from the unilocular sporangium
developed into the microthalli, which soon

erected the Polytretus-like filaments under

cooler conditions. Also, under cooler con-
ditions (lower than 15°C), the slender fusi-
form plurilocular sporangia were formed on
the sporophytes. Their swarmers developed
into the hemispherical sporophytes. The
formation of the reproductive organs must
be controlled by water temperature, as re-
ported in previous studies (e. g. in Ectocarpus
stliculosus, MULLER 1963).

Under cold conditions (lower than 10°C),
the primary assimilating filaments with an
apical hair transformed into the Polytretus-
like filaments, and the branchlets of these
filaments transformed into the assimilating
filaments here and there. From the karyo-
logical study, the reduction division ought
to occur in the mother cell of the unilocular
sporangium of the Leathesia sporophyte. The
Polytretus-like thalli derived from the zoos-
pores were the haploid phase. However, the
sporophytes and the Polytretus-like thalli
derived from swarmers had both types of
nuclear phase, haploid and diploid, even in
the same individual. So we consider that
some type of chromosomal chimera may
occur. From these results, we conclude
that the life history of L. japonica is an
alternation of the heteromorphic generations
(Fig. 4).

The Danish Polytretus reinboldii has been
shown to have the direct type of the life
history (PEDERSEN 1977). According to his
results, the swarmer from the plurilocular

Thallus Sporangium
(n) | =20cC

warmer

Fig. 4. A diagram of the life history of Leathesia japonica INAGAKI in culture.
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sporangium develops into a prostrate uni-
seriate branched system, from which the
erect filaments with an apical hair project.
Its developmental process is consistent with
that of the zoospores of Leathesia japonica
described in this study. However, the deve-
lopmental process of the swarmer in the
Danish Polytretus is different from that of
the swarmers of the Polytretus-like thalli in
this study. The former directly develops
into the Polytretus thalli. On the other hand,
the latter developed into the Leathesia thalli.
And in the Danish culture, the formation of
the erect filaments is strongly inhibited by
the comparatively high temperature (15°C).
In the present study, the Polytretus-like
filaments did not project from the microthalli
under warmer conditions (20-25°C). PED-
ERSEN did not study karyologically in his
material.

In the previous study, the macroscopic
erect filaments arising from the filamentous
microthallus were observed in the zoospore
germlings (gametophyte stage) of Acrothrix
pacifica OKAMURA et YAMADA (Acrothri-
chaceae) (AJiSAKA 1979). In addition, the
zoospore germlings of Petrospongium rugosum
S. et G. (Leathesiaceae) (ARASAKI 1948)
forms the larger fusiform or conical multi-
seriate plurilocular sporangia, which are
consistent with those of the ectocarpacean
species. Consequently, some microthallus
(gametophyte stage) in the member of Chor-
dariales may be actually identified or des-
cribed as the member of Ectocarpales.

WYNNE and LOISEAUX (1977) reported that
four phaeophycean orders, the Ectocarpales,
Chordariales, Dictyosiphonales and Scytosi-
phonales, were closely related. Much earlier
FRITSCH (1945) proposed to merge the mem-
ber of those four orders into one large
orders, the “Ectocarpales” and this proposal
have been supported by RUSSELL (1964).

RUSSELL (1973) recently said, “It will be
difficult to avoid confusion between the status
of ectocarpoid microthalli and that of very
similar plants in the Ectocarpales which has
been shown to have autonomous life his-
tories”. For instance, swarmers from the

plurilocular sporangia of Hecatonema maculans
(CoLL.) SAuUV. give rise to the filamentous
plethysmothalli which project the macroscopic
plants belonging to the genus Myriotrichia
(Striariaceae, Dictyosiphonales) (LOISEAUX
1969). Zoospores from the unilocular spo-
rangia of Streblonema anomalum S. et G.
(Ectocarpales) from California give rise the
plants identifies as a small Scytosiphon, closly
resembling S. pygmacus REINKE (Scytosi-
phonales) (LOISEAUX 1970). Swarmers from
the plurilocular sporangia of Hecatonema
maculans (CoLL.) SAuv. (Ectocarpales) de-
velop into Punctaria latifolia GREVILLE or
Desmotrichum undulatum REINKE (Dictyosi-
phonales) (CLAYTON 1974). And also, FIORE
(1977) reported that Stictyosiphon subsimplex
HoOLDEN (Dictyosiphonales) and Farlowiella
onusta (KUTZING) KUCKUCK in KORNMANN
(Ectocarpales) were the sporophytic and
gametophytic generations, respectively.

In this study, the small frond of Leathesia
japonica (Chordariales) and the rather large
filamentous thalli of Polytretus reinboldii
(Polytretus-like thalli) (Ectocarpales) alter-
nated with each other. These results support
FRITSCH’s early proposal to merge the four
orders into the “Ectocarpales”. The proposal
should be re-examined with the aim of
reconstructing the phaeophycean taxonomy,
and the further researches may be elucidate
the whole life history of the diverse genera
in the “Ectocarpales”.
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Comparative studies were made on the pigmentation of fronds (leafy thallus) and
conchocelis of the red and the green type mutants of Porphyra yezoensis and P. tenera.
In vivo absorption spectra of fronds and conchocelis consistently showed characteristic
differences between the wild type plants and the red and the green type mutants at the
wavelengths where absorption is mainly due to phycobilins. The red type mutant showed
the spectra having two-peaked absorption in a 530-580 nm region and a slight shift to
longer wavelengths of the peak due to phycocyanin. The green type mutant had the
spectra with markedly low absorption in a 460-590 nm region. As expected, phycoerythrin
content per unit frond area was extremely low in the green type mutant of P. yezoensis.
On a dry weight basis, chlorophyll @ content was highest in the green type frond and
lowest in the wild type frond, phycoerythrin content was almost the same in the wild and
the red type fronds but distinctly low in the green type frond, and phycocyanin content
was not so markedly different among the three types of fronds in P. yezoensis cultured
under the same laboratory conditions. The red type mutant is characterized with lower
PC/Chl. a ratio and higher PE/PC ratio, while the green type mutant with lower PE/Chl
a and PE/PC ratios. It is inferred that the red type mutant resulted from qualitative
variation of phycobilin(s), while the green type mutants resulted from quantitative variation
of phycoerythrin.

Key Index Words: chlorophyll a; color mutants; in vivo absorption spectra; phyco-
cyanin; phycoerythrin; pigment contents; Porphyra tenera; Porphyra yezoensis.

Porphyra. The studies have, however, been

mentation of Porphyras in our laboratory
since 1967. Among them there have been
two principal subjects. One is concerned
with the fading of color, i.e. the bleaching
phenomena, in cultivated Porphyra fronds
and its recovery (ARUGA and IwWAMOTO,
1972). The other is concerned with pig-
mentation, photosynthetic pigment contents
and photo-physiology of color mutants of
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weed Symposium, August 1977, Santa Barbara,
California, U.S. A.

Financially supported in part by Nori Zoshoku
Shinkokai (Nori Cultivation Promotion Associa-
tion).

published only partly (KOBARA et al. 1976,
MERRILL et al. 1983, MIURA 1984). The red
type mutant used in this study was a strain
originally established through selection by a
Nori farmer, while the green type mutant
was obtained in laboratory culture from a
green sector of a variegated chimeral frond
collected in the Nori farm (KOBARA et al.
1976). KIKUCHI et al. (1979) reported chemi-
cal nature of phycobilins of the color mutants
of Porphyra yezoensis from our laboratory.
Details of variegated chimeras were partly
reported on fronds found in cultivated popula-
tions of Porphyra with several different
types of variegations and several types of
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combinations of different color sectors (MIURA
1984). As to other species of seaweeds, on
the other hand, only VAN DER MEER and
his co-workers published a series of important
results especially of 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 Topp 1977) and a study of the life
history of Palmaria palmata with a pig-
mentation mutant (VAN DER MEER and TODD
1980).

The contents of such photosynthetic pig-
ments as chlorophyll a, phycobilins and carot-
enoids of cultivated Porphyra fronds are
not only of physiological interest but also of
greatest significance to the grading of com-
mercial Nori sheets because of a high cor-
relation between the pigment contents and
the quality of dried Nori sheets (SAITOH et
al. 1980). Especially, the contents of chloro-
phyll a and phyceerythrin are important in
determining the color, and therefore the
quality, of dried Nori sheets.

In the present paper we describe the char-
acteristics of pigmentation in fronds and
conchocelis, which have been confirmed in
color mutants of cultivated Porphyra yezoensis
and P. tenera populations since 1973, with
special reference to the comparisons of color
and pigment contents in the wild (normal)
type, red type and green type plants.

Material and Methods

Fronds (leafy thalli) and conchocelis of Por-
phyra yezoensis and P. tenera cultivated in
Nori cultivation farms and/or cultured in
laboratery were analyzed. Laboratory cultures
of fronds and conchocelis were carried out
using ESP medium (PROVASOLI 1966). Other
culture conditions were the same as described
by KOBARA et al. (1976). In vivo visible
absorption spectra were recorded with air
as reference with a Shimadzu Multipurpose
Recording Spectrophotometer MPS-50L.

Chlorophyll a was extracted in 90% acetone
and absorbances of the extract were deter-
mined at 750, 663, 645 and 630 nm with a

Hitachi 101 Spectrophotometer. The amount
of chlorophyll a in the extract was calcul-
ated by the equation of SCOR-UNEscO
(1966).

Phycobilins were extracted in distilled
water. Absorbances of the extract were
determined at 568 and 615 nm with a Hitachi
101 Spectrophotometer, and calculations of
the amounts of phycoerythrin and phy-
cocyanin were made by using the extinction
coefficients reported by O hEocHA (1965).

Results and Discussions

In vivo visible absorption spectra were
recorded for the wild, red and green types
of fresh Porphyra fronds to make clear the
characteristics of their frond color. In a
strict sense, absorption or absorbance in such
cases should be called attenuation or at-
tenuance according to SHIBATA (1974). In
this paper, however, the popular term absorp-
tion or absorbance is used. As is well-
known (cf. HAX0 and BLINKS 1950) the in
vivo absorption spectrum of Porphyra frond
has in general five representative character-
istic peaks; from shorter to longer wave-
lengths, the first peak is mainly based on
the absorption by chlorophyll a, the second
one mainly by carotenoids and phycoerythrin,
the third one mainly by phycoerythrin, the
fourth one mainly by phycocyanin, and the
fifth one mainly by chlorophyll a.

In vivo absorption spectra of the wild type
and the red type sectors of a variegated
chimeral frond in P. yezoensis are shown in
Fig. 1. These absorption spectra are clearly
different from one the other at wavelengths
where the absorption is mainly due to phy-
ccerythrin and phycocyanin. The red type
sector showed two apparent absorption maxi-
ma approximately at 543 and 568 nm, and a
maximum at 622 nm which is slightly shifted
to longer wavelengths (a shift of about 3 nm)
as compared with the wild type sector which
showed absorption maxima at 568 and 619 nm.

Fig. 2 illustrates the #n vivo absorption
spectra of cultivated wild type and red type
fronds of P. yezoensis. The same charac-
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Fig. 1. In vivo absorption spectra of the red
type (R) and the wild type (W) sectors of a
variegated chimeral frond of Porphyra yezcensis
obtained from a cultivated population.
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Fig. 2. In vivo absorption spectra of the red
type (R) and the wild type (W) fronds of
Porphyra yezoensis obtained from a cultivated
population.

teristic features as seen in Fig. 1 can clearly
be found in these two spectra. In P.
yezoensis fronds subtle changes of color can be
noticed normally in the basal portion ; the basal
portion is light and greenish in color as
compared with the central and upper portions
of the frond. Therefore, we examined the
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Fig. 3. Comparisons of in vive absorption

spectra between the basal portion (lower two
spectra) and the upper portion (upper two spec-
tra) of the wild type (W) and the red type (R)
fronds of Porphyra yezoensis obtained from a
cultivated population.

absorption spectra of various portions of a
frond both with the wild type and the red
type plants and found no difference at all
with respect to the characteristic absorption
pattern as mentioned above, although the
absorbance was usually lower in the basal
portion than in the upper portion. Fig. 3
illustrates the comparisons of absorption
spectra between the basal and the upper
portions of both the same fronds. We also
examined more than 200 red type fronds and
red type sectors of variegated chimeral fronds
of P. yezoensis and confirmed that all of them
had the same patterns of absorption spectra
as the red type shown in Figs. 1 and 2.

In vivo absorption spectra were also com-
pared between the green type sector and
the wild type sector of a variegated chimeral
frond of P. yezoensis (Fig. 4). In the green
type sector the wavelenths and patterns of
absorption maxima were well in accordance
with those of the wild type sector, except
that the absorbance was quite low as com-
pared with that of the wild type sector at
wavelengths of 460-590 nm where phycoery-
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Fig. 4. In vivo absorption spectra of the green
type (G) and the wild type (W) sectors of a
variegated chimeral frond of Porphyra yezoensis
cultured in laboratory.
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Fig. 5. In vivo absorption spectra of the green
type (G) and the wild type (W) fronds of Por-
phyra yezoensis cultivated in a Nori farm.

thrin mostly contributes to the absorption.
Fig. 5 shows the in vivo absorption spectra
of the green type mutant frond and the wild
type frond of P. yezoensis both cultivated in
a Nori farm. The absorption spectrum of
the green type mutant frond had the same
characteristic pattern as that of the green
type sector of the variegated chimeral frond
shown in Fig. 4. The same type of in vivo
absorption spectra were consistently obtained
with all of the investigated green type fronds
both cultivated in the field and cultured in
laboratory.

In Fig. 6 are illustrated the in vivo absorp-
tion spectra of the wild, red and green types
of P. yezoensis fronds which were cultured
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Fig. 6. In vivo absorption spectra of the red
type (R), the green type (G) and the wild type
(W) fronds of Porphyra yezoensis cultured under
the same laboratory conditions.

under the same laboratory conditions; i.e.
the conchospores were collected from free-
living conchocelis on the same day and the
sporelings were cultured under the same
light and temperature conditions using the
same culture medium. As can be clearly
seen, the pattern of absorption spectrum
of each frond was consistent with that of
respective fronds (Figs. 2,3 and 5) obtained
from Nori farms at different periods of the
cultivation season. Thus, it is established
that the difference in color of fronds certainly
exists and can be clearly distinguished ac-
cording to the 7n vivo absorption spectrum
characteristic of each type of color mutants.

From the wild, red and green type fronds
of P. yezoensis we isolated respective car-
pospores and cultured them in laboratory to
obtain respective free-living conchocelis. As
the results, we succeeded to establish the
wild, red and green types of conchocelis
cultures respectively from the wild, red and
green types of fronds. We also succeeded
to obtain cultures of the wild, red and green
types of shell-inhabiting conchocelis in labora-
tory. Differences in color of both the free-
living and the shell-inhabiting conchocelis
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Fig. 7. In vivo absorption spectra of the red
type (R), the green type (G) and the wild type
(W) free-living conchocelis colonies of Porphyra
yezoensis cultured in laboratory.

colonies can easily be distinguished by naked
eyes when the culture conditions were favor-
able. With the different types of free-living
conchocelis colonies we tried to compare the
in vivo absorption spectra.

Fig. 7 illustrates the in wvivo absorption
spectra of the wild, red and green types of
free-living conchocelis colonies of P. yezo-
ensts cultured in the laboratory. In each of
the curves, the absorption characteristics of
conchocelis are consistently in accordance
with those of the respective type of frond
described above. Two different green types
of mutant strains of P. yezoensis are kept
in our cultures of conchocelis, of which one
shows bright green color and the other dim
green color. In the former strain the absorb-
ance at 619nm was higher than that at
568 nm (Fig. 8,C), while the absorbance at
568 nm was slightly higher than that at 619
nm in the latter strain (Fig. 8,F). The
same trends were confirmed to be true in
the absorption spectra of fronds of respective
strain.

From the above-mentioned characteristics
of the /n vivo absorption spectra of fronds
and conchocelis, it is suggested that the red
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Fig. 8. In vivo absorption spectra of the two
green type (C and F) conchocelis of Porphyra
yezoensis cultured in laboratory.

type strain is based mainly on the qualitative
genetic variation(s) of phycobilins while the
green type strain is based at least on the
quantitative genetic variation of phycoery-
thrin. In this context, KIKUCHI et al. (1979)
reported that there are qualitative differences
of phycobilins among the wild, red and green
type fronds of P. yezoensis.

With the fronds cultured during the same
period under the same laboratory conditons,
the contents of chlorophyll ¢ and phycobilins
were compared among the wild, red and two
green type fronds of P. yezoensis. Table 1

Table 1. Contents of chlorophyll a, phyco-
erythrin (PE) and phycocyanin (PC), and
their ratios in the wild type (W), the red
type (R) and the green type (G) fronds of
Porphyra yezoensis cultured under the same
laboratory conditions. Age: 40 days after
conchospore attachment.

Chl.a
(ng/cm?)

PE PC PE PC PE
Chl.a Chl.e PC

Frond
types*

W(C-13) 4.90 33.2 14.0 6.8 2.9 2.4
R(C-22) 4.33 28.3 10.2 6.5 2.4 2.8
G(C-32) 4.48 16.7 9.8 3.7 2.2 L7
G(C-0) 3.8 17.4 11.4 45 2.9 15

* Strain numbers in parentheses.
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shows the results of quantitative determina-
tions of the pigments with the sample fronds
about 40 days after the conchospore attach-
ment. Pigment contents are expressed on
a frond area basis in this table. Chlorophyll
a content differed only slighty, being only a
little lower in the red type and in the green
type. Phycoerythrin content was appreciably
higher in the wild and the red types than
in the green type as expected from the
pattern of the 7n wvivo absorption spectra
described above. Phycocyanin content was
not so greatly different among the three
types, even though it was slightly lower in
the red and the green types.

The ratios of contents of chlorophyll a
(Chl. a), phycoerythrin (PE) and phycocyanin
(PC) were also compared among the three
types of fronds of P. yezoensis (Table 1).
The PE/Chl. a ratio was of course appre-
ciably higher in the wild and the red types
than in the green type. Almost no difference
was found in the PC/Chl. a ratio among the
three types, even though the ratio was
slightly lower in the red type and in a
strain of the green type. The PE/PC ratio
was apparently higher in the wild and the
red types than in the green type.

In Table 2 are shown the results of an-
other quantitative determinations of the pig-
ments on a dry weight basis of the three
types of P. yezoensis fronds cultured under
the same laboratory conditions. Chlorophyll
a content of fronds was highest in the green

Table 2. Contents of chlorophyll a, phyco-
erythrin (PE) and phycocyanin (PC), and
their ratios of the wild type (W), the red
type (R) and the green type (G) fronds of
Porphyra yezoensis cultured under the same
laboratory conditions.

Chl.a PE PC PE PC PE
(% of D.W.) Chl.e Chl.a PC

Frond
types*

W(C-13) 0.63 4.8 2.4 7.6 3.8 2.0
R(C-22) 0.69 51 20 7.4 29 25
G(-32) 0.77 3.9 2.2 51 29 17

* Strain numbers in parentheses.

type frond and lowest in the wild type frond
within a range of 0.63-0.77%. Phycoerythrin
content was almost the same (4.8-5.1%) in
the wild type and the red type frond but
low (3.9%) in the green type frond. Phy-
cocyanin content was not so markedly dif-
ferent (2.0-2.4%) among the three types of
fronds. The PE/Chl a ratio was distinctly
lower in the green type frond than in the
wild type and the red type fronds. The
PC/Chl. a ratio was higher in the wild type
frond than in the red type and the green
type fronds. The PE/PC ratio was relatively
high in the red type frond and relatively
low in the green type frond. Thus, the
trends of the ratios are quite similar to those
shown in Table 1.

In consequence, the wild type is charac-
terized with higher PE/Chl. a and PC/Chl.
a ratios, i.e. higher PE and PC contents
relative to Chl. a content; the red type
mutant is characterized with lower PC/Chl.
a ratio and higher PE/PC ratio, i.e. lower
PC content relative to Chl. ¢ and PE con-
tents; and the green type mutant is charac-
terized with lower PE/Chl. ¢ and PE/PC
ratios, i.e. lower PE content relative to Chl.
a and PC contents.

Fig. 9 shows the in vivo absorption spectra
of the wild, red and green types of P. tenera
fronds cultivated in Nori farms. The char-
acteristic features of the spectra were quite
well in accordance with those obtained in
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Fig. 9. In vivo absorption spectra of the red
type (R), the green type (G) and the wild type
(W) fronds of Porphyra tenera obtained from
cultivated populations.
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P. yezoensis. This suggests that similar
genetic variations occurred in this species
of Porphyra. Details of the mutant strains
of P. tenera remain to be investigated.

The red type strains of P. yezoensis and
P. tenera investigated in the present study
have been cultivated by Nori cultivators in
Nori farms in Japan. The green type strain
of P. yezoensis, on the other hand, was
originally produced in our laboratory from
a variegated chimeral frond with wild type
and green type sectors cultivated in the Nori
farm (KOBARA et al. 1976). The green type
strain of this species is now cultivated com-
mercially by some Nori cultivators in some
districts of Japan. The green type strain
of P. tenera has also been cultivated by Nori
farmers in some districts of Japan. It is
quite interesting to note that our results
clearly show quantitative and qualitative
genetic variations existing in a species of
Porphyra. The characteristic changes in
pigmentation of Porphyra described above
are essentially different from those reported
in Chondrus crispus in the natural habitat
(RHEE and BRIGGS 1977) in the sense that
the latter changes are not genetic. Genetic
studies of the mutant strains of P. yezoensis
have been conducted in our laboratory and
will be published elsewhere.
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FHEWE  ZHRBE: T/ VREEERGOEFRELIRY MLLERER

AY ¥ Y (Porphyra yezoensis) &X' 7 74, Y (P. tenera) i bh b #EE & L OREHAYE
RBTOWT, BRLEESECETIRERELT ot ERER L URREDEERIEARZ AT, E&
LT7 42y vEEIRBRNCEST A EEBRCSWIHRER, #EE, FEATHWThiBRcRR 5858
Bohe@bbhil, Tichd, HAMLXELY, KRERERMA T 530-580 nm Kic 20D € — 7% $ 0%
XBABDY, 74207 =vicks 620nm FEOEEBANHLTLCEHREM~> 7 F LTWBORN LT,
REMWIERETIL 460-590 nm ROWKENE LBV OIEMTH D, AV VERFZOWTBEYEER
LR, BUERKDILIO7 4 2=)R) vEBRBGRETE LB T, %, RA—&HTEREEL
TRV VERGONPERETIY, EREEILDVDOI/ve T 44 ¢ SRIGERTRLEL, BEMTEDL
EL, 74 2=V RY vEBRBARLFER TR LALYRAUTHLY, BARTHLILEL, 74=v7=
VERREEERMCE LV ERNRSbhh ok, FRERERETIE 74397 =2v/27rr7 40 a kHYUE
{, 7 4 A=V RY V7 4 avT=vERIBHWORIH LT, BReRNTEREA&TIIY 423 YVARYVY/ImaT 4
b7 4 3=YVRY /7 42y 7 =V HDHIECOIERTHS, KEEIL7 4, 2 €Y vEROBWLER
K, BEHZ 7,4 23=)R) vOBRHKERCESLLOTHS LIRS, (T 108 HEMBR R 4-5-7
WRUKE K F Y HEE)



#5  Jap. J. Phycol. 32: 251-256. September 20, 1984

Protoperidinium conicum (GRAN) BALECH
(Dinophyceae) M X b &k

AN N VN T

* RERFKESFT (852 RBITHCHKET 1-14)
*OREBFRFHER (852 REFHICHKET 1-14)

KoBavasHi, S. and MaTsuoka, K. 1984. Cyst and theca forms of Protoperidinium coni-
cum (GRAN) BaLeEcH (Dinophyceae). Jap. J. Phycol. 32: 251-256.

Some living dinoflagellate cysts collected from surface sediments in Omura Bay, West
Kyushu, were incubated to clarify the cyst-theca relationship. One of them is identified
as Multispinula quanta BRADFORD ex HARLAND & REID and the thecate forms germinated
from the cyst are recognized as Protoperidinium conicum (GrRaN) BALECH on the basis of
the morphological characteristics of thecate cells.

In M. quanta, we recognized two morphotypes, type A and type B. The former has
a strongly convex epicyst with a small and distinctive apical boss, and shows a broad bean
shape in polar view with a shallow ventral sulcus. While, the latter type is heptagonal in
equatorial view with an apical boss in like manner to type A, and was very rare in surface
sediments of Omura Bay. The thecate forms germinated from these cysts of both types
are closely similar to each other. These thecate forms germinated from type A cyst might
be identified as the Pacific form in sense ABE.

The thecate forms differ from the similar species, Protoperidinium leonis (PAVILLARD)

BALECH, in the following points.

1) The cingulum does not have any displacement.

2) The sulcus reaches the center of the hypotheca.

3) The outline between two antapical horns indicates a deep V-shape.

4) The suture between the apical 1/ and 4’ plates, and the precingular 6” and 7”

plates is mostly linear, and not zigzag.

Key index wards: dinoflagellate cyst; Multispinula quanta; Protoperidinium coni-

cum ; incubation.

Satoru Kobayashi, Faculty of Fisheresi, Nagasaki University, 1-14, Bunkyo-cho,
Nagasaki, 852 Japan; Kazumi Matsuoka, Department of Geology, Faculty of
Liberal Arts, Nagasaki University, 1-14, Bunkyo-cho, Nagasaki, 852 Japan

FEEREOEFERYALH T T 5 LT, v A b
(cyst) DFERERTH ENTER L, EE, —
MOBOEBERNEEERICL VHALMICERTET
W5 (flzi¥ Von StoscH 1973, PFIESTER 1975
1976 1977, #B/f% 1982b), s hbic k% &, FRKE
DERBERYFICRRAINSD v & MY, BHAERHEKIC
EHIhicboThh, HEHEGRRELEL, K

* BUERT: 333 Il OTTER » L 6906-10 (BF) HmA
RIRFH AT

(Present address: Tokyo Kyuei Co., Ltd. 6906-10
Tsurugamaru, Shiba, Kawaguchi-shi, 333 Japan)

RREH > TRFENEMELTNDEEL D, B
AEIZ\ 5 ~ A Mt resting cyst #7R L, temporaly
cyst * pellicle cyst XX P LTV 3%,
ZhETyA T 30K, BERERDFCR
REh 3 v 2+ OBEOCRLRERL, Thiek3 58
RLDICBBE L TR, £ LTXoOREBCESE, Wik
LR POMEDGRT T L MEI Tbh5 X
51t - T\ (REID 1974 1977, BrRADFORD 1975
1977, HarLaND 1977), La L, SETIXFOWHG
REHE—L XS ETH5RAAD DB (HarLanp 1982),
—%, vAMREETBI LY, ThiewinT s
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Wtk b2 FESRT DT WALL ®° DALE %3 U &
THEWEZBIC L > TiTiebh TRz (WaLLand DaLe
1966 1968a, b 1971, WaLL, GuiLLARD and DALE
1967, WALL, GUILLARD, DALE, SWIFT and WATABE
1970, &f% - &S « SEH 1977, &% 1982a, MaTsu-
okA, KoBavasHhr and lizuka 1982), = h b OWfF3E
X o THEE THED ~ & + Efsikfk & DBIFRA
FERINLLERC, ~A b EBKEOEHNELL
BoTwaZ L Wb ol, ThuciEdE
WENBSTT b TRIc v A + OB T 55
FeLPrtkth O E, AT AR L[S
HDLELTYR MEERL, kEFHLL@ESEIL SR
N Wk EE ORIEEERT B LTI I v E
LC Ok w BT 5 b BOTEETH 5,
FE LRI RFGBEAFBORBHMY FHFET D~
AMESHL, ThboEREYRAARL, FOKRBE
FCIR2IECDOWT v A b EWikth & OXIEEHY R
DUt BT EMTER, 46, Protoperidinium B0
Conica 7N — 71 & ¥h 5 Protoperidinium coni-
cum (GRAN) BALECH I\W\WTZJHHED v A + % T
BLIDT, TRERD v A+ EEkEDOTHEEZ D
THRET D, ¥k, PRTZY A F DHFREGFRICES
EBE «  laf LTRT,

wEEFE

1. YR b4y

19804108, 19814 3 A U< 6 Bz KHEBHD 5 i
BT, BARONE 274 75— AOCTERY K
REBHE L, LT, ERBICFEDRE - A RER
DFEFMH 2cm FTORYEDCFMLT, BHFIE
B4« EoEE (EA 1980) > T A badhil -
SHEL, RBREREEL, BRI RCEFT S
FTH 4°C OBBRBEIRR L,

2. TAMDEHRLIBE

BRI PL LA P2 BBS T CF+ €7 Y —¥
Ny rEAVCT LEGESOMB LI, O A MR 2
~3[E] A @8H#FK T Licik, SWIIE:%H (IwASAKI
1961) 2 1ml AotcX v 7HI24R=AF5 4 v 21T
B L, A MEERIE 20~24°C, 4000 lux TBE12
Befidl, REL2RSR O CHEATe, RFOFESY
1A 1EBE LE, A M LRI LclikEogE
W RFH2 L3 BB LBEEE B, BE
LicELmIsVY, SIREFIHK, HHEoMESETH
ot BBEICEIMBBECGUTHY Rv I A~ LB Y

fase, 7 wrAx—RYUSTHEBEEL AV TTe-
oo

BRELEER

RECE LA, B> TEIDDH,
Thd—BELNTH e LTFIZY A+ OBERY
RIFMGEOWEL BN,

Protoperidinium conicum (GRAN) BALECH 1974
[*Multispinula quanta BRADFORD 1977 ex HAR-

LAND et REID 1980]

1) v= 1 (Figs. 1, 2, 9-11, 14, 15)

Peridinium sp. (Cyst-form 6) WarLL 1965, p.
308, text-figs. 17, 23.

Cyst of Peridinium conicum (GRAN) OSTEN-
FELD et SCHMIDT, WALL and DALE 1968a, pp.
273-274, pl. 2, figs. 4-5.

*Multispinula quanta BRADFORD 1975, pp. 3067-
3070, figs. 5-7; REID 1977, pp. 448-449, pl. 3,
figs. 30-33; HarLAND 1977, p. 106, pl. 3, fig.
14, pl. 4, figs. 18-19; HarRLAND and REID in
HARLAND et al. 1980, p. 223.

Protoperidinium  (Protoperidinium) conicum
(GrAN) BaLeEcH ; HARLAND 1982, pp. 384-385,
text-fig. 19, pl. 39, figs. 1-3, pl. 42, figs. 1, 10.

AEOYAMITHERR S hi, Thlh®
Type A, Type B &¥5,

Type A: ¥ A MIRERET, HEHE»HIFL
DEINTFAEREFEL, EERBILSEOEF S M
BalLT\5, MlREBER—BXbics, ¥R FEEI
SR D s b ORI A R (parasuture) D—
BB > THMLT B, ¥ A FHTH (epicyst) D4k
WX BEAROYS DM LCHIAEZRL, ¥ A %
(hypocyst) TI%2 » ICHAHELTHML, 24K
DHRAE ML T 5, WIKEDREEBICH YT 5 MY
AL TE Y, BECHEYT 3 B =
BFILTW%, FFFL (archeopyle) i3> A b
TRehy, AREHFOLRAL T, 220 # B iR
(2a) WHIE LTV 5, BERCHE LI v A DIREA
Lk, REFFCHREOMRE 3~5 EHE LT,

K& EAE: 54~64 pm, FEE: 43~50 pm,
£&: 36~40 pm, POEX: 7T~12 ym,

Type B: =~ A +ix Type A (g KTl H g #f
Los3hTuwicw, IF X W BT EEAFEY L
T3, HEEBRTO/IFIE Type A © X 5 KTAKD
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AT HBAE, EEBETIRIEIEREABY LTV 5,
DfioF R Type A LRBRTH -7,

KEE; £AE: 48~50 pm, FHEEE: 39~41 pm,
£X:52 pm, HORE: 9~12 ym,

ANBERPICIIZEED v A F BFET 5,
WaLL and DaLE (1968a) D% Licv A ML DE
HEH 28~52 pm T, RiREhic ¥ A+ (plate 2,
figs. 4-5) DA LEIKITH L Type B v R |
THA5, REID (1977) T v*¥ HArRLAND (1977) AR
LHLicy A MR EFEBIOORBEN L IR TED,
BEEOMEE M EHTEI, LL, Thb
DEEEDORINLYHET5L Type B D> A T
HAH5 LEPh5, Type B A Mz kHEBTILS
EY, BELLYA P OXEHEFBSH b HIPL
DEINIHREYHD Type A DY A M Thots,

WaLL and DALE (1968a) i3 P. conicum o > =
PIBEM LA R+ ELT, Peridinium nudum
MEUNIER (= Protoperidinium nudum (MEUNIER)
BALECH) D v A b A& LT\ 5, P. nudum 0
A M P. conicum kb H/NEIT (D oiRIIC A4
Ay7ek & IR IR TR w), BIFILOEM= AT
GEVCAETHD LS BBEET S, chicxd LT
P. conicum o> R b ORFIIT KA HOTARAT
Thb, KHBORBFIIL P. nudum O R b
BEhTWieh ot

2) UEvkfs (Figs. 3~8, 12, 13)

Peridinium divergens var. conica GRAN 1900,
pp. 47-48.

Peridinium conicum (GRAN) OSTENFELD et
ScuMmIipT, PauLsen 1908, p. 58, fig. 74,
LeBour 1925, p. 111, pl. XIX, figs. la-d, ABE
1927 p. 406, figs. 24-25, Woop 1954, p. 250,
figs. 146a-b, TAvYLOR 1976, pp. 139-140, pl. 33,
figs. 361-362, ABg 1981, pp. 371-374, figs. 55
(375-381).

Protoperidinium conicum (GRAN) BALECH 1974,
p. 58.

Type A © > A }14{f{k, Type B o> = + 3 ik
YEhFRERLICET A, RIHBTY HEE, #ET]
HEED > A 2 FFE L, Type B D~ R i bRH
Lkt 1 BETH - 70T, MEE cHocE
BTERM o, UL, Type Ao BFRF LIk
fh L Ol RET 5 ETokibld 5 X 5 I ED
RERED bR, T, ThbOWKED LB
VHgERT, TRIEERIVEVCAMERTHS, HE

BTRMIEDOINEYER 2 e, TRITIZ2 RKDHKA
NEETHDD, TORMOEBMITIZEAERELT
Wity 2 ADBADEIREG-VERERT, TEH
FMEHTPCRFET, BEIEAROPRBL DIRE
h, EBTOMMOBEEIIZEALERD BRI, #
BRI B ERFITH > TRRE L 72 ) 2 2EL B
AL, TROPIUET D, BROKEIIFERD
BN D5, HIREIIE Po, Px, 4, 3a, 77, 3¢, 57,
Op, 2" TH %, HIL (Po) iz T, RITHILK
(Px) HMIEVWEFETHB, F1EK 1) 3FEW
THHH, fil L OPEGHMTIRPRED, 1,7
B 7, 77) R=/AFT, oL &k
B Ebbb, thibT5 &> cEEMT UV, 4, 6,
7" W OBEHRICHEN D B, 2 BiIfFRIR (22)
BED THEBEWARART, EANCo R F0REYF
LD E—FK LTV B, F2HifdlROFNLDE
MRSl ERI TR > T %, HBEFRIZTXT
BIERUE IR, 2HOERIEHRL Y &S,
BIEEERTTH S,

K& &; AiE: 64-102 pm, §8: 53-72 pm,

AR b FLT 5 s Protoperidinium leonis
(PAVILLARD) BALECH TH %A%, LATICEETHREN
BEnbTh ERHTETH B, AEOBBORER
BEA LW, P. leonis TIXEEOREETHS,
AED 2 ADHRAOMITIFECVFEARL, KT
BMOBIEhRIICETHETBH, P leonis TIXkA
OMNT —FHTHD, HBITRPRETELRL,
bz, H1ERLHE 4 THERMORER &5 6 AiFR
EETRIHROBABRIAETILZEERRTHD D
R LT, P leonis TREAFE T V¥ k&R T,

RECEHTOERICOWTEE ML B, Type
B I h BhikEOBEII 0T, & T
L LB ot, UT Type A X Bk
DWTEHT 5o

ABE (1981) 3 Peridinium conicum GRAN) = Proto-
peridinium conicum (GRAN) BALEcH) DJ/RERY7c
®2EBRLT, =20 (Pacific form & Atlantic
form) ##H L, BAEHCHRTIEAEDOIRLAL
it Pacific form ¢h 55 LHELTW5, 4@, £
HEERAKE L, FEHECH LosShicEr >
Type A ¥ A + o LE ARV T h b MfliEs R
<, FRARbEL, chbik ABE (1981) o
Pacific form BT 2B&THA 5 L Bbhic, i
L, EiRD 1V, & RUHIHRD 67, 77 0fEioME
BN EVETRIc A (KOP-27, figs. 4,5 &



254 KoBavyasHi, S. and MaTsuvoka, K.




Cyst and theca forms of Protoperidinium conicum 255

KOP-8, fig. 12) 4 @B bhic. Ticdb, KOPS ¢
XV & T BORERN Y L6 BoRAE L E
LTw30i% L, KOP-27 Cilli#ta it L ic
e, UV LT HoREENS 4 LETE LB
KOP-8 offifkX h b Efich s, ThiEcic B
hic P. conicum DKZsME KOP-27 D & 5 fe s
BoOBEL o, KOP-8 X5 icRWAMD e
PERT D LS I ER oM, ABE (1927, fig.
24) HRERLT %, BEROMBERIFHEMNRL D G,
Protoperidinium latissimum (Koroip) BALECH {2
Labh Ty 5 (TAYLor 1976), % 7o, @fkf (1977)
i¥ Protoperidinium minutum (Koroip) BALECH
1\ T WALL and DaLE (1968a) @ > A } iz Ric
STTHRED ¥ A + btk % BH L&, TOHELY
BE L& R, Hikiad WaLL and DaLE (1968a) @
EFhERL->TwB &L, P minutum 23 “kH
R & YNEIR OZFRFENE TR TV B AR E
LT3, ThoDBBFkEXBEL DL IBIC
M WCIEEEDZERTHR LE 5 e % R+ 575,
D= THEBEROECCREEROLE (L X 5@
GBEROTENED DD, T, HCvA rnbLORIE
RUEEIZ X » THE LKA OV TR ALRE
TEEFTHERBBOERGEETRETHS5, &
EBIRZE Lic P. conicum (Zx\F BTEM 1/, 4 LA
]’ 6”7, 77 OMBREFROELISD & ABGERD
FHECASD LD EHET S,

E 23

APRELTIL O W hHic > THEEY & HALE A\ ol

WIARIRFKEFTFVRB_EEL st LE
I3, i, YR DG, BEFECOWTHEYE
W E, ARE E LD BIEhic > TUrEADHEE
D, EREEM LT W ER A AR
RERELCELS SHLB LET3, IR ORE
ZHEWLT #HIBH Wi B AY KEXTETH
“Bis%, OERE—ME, OO BEFHERSEE
£ (4R RA—, FHEE— FEEEEKCKILE
L3,

51 A x ®

ABEg, T.H. 1927. Report of the biological survey
of Mutsu Bay. 3. Notes on the protozoan
fauna of Mutsu Bay. 1. Peridiniales. Sci. Rep.
Tohoku Imp. Univ., Ser. 4, 2: 383-438.

ABg, T.H. 1981. Studies on the family Peridinii-
dae. An unfinished monograph of the armour-
ed dinoflagellata. Publ. Seto Mar. Biol. Lab.,
Special Publ., Ser. 6: 1-412.

BaLecH, E. 1974. El genero “Protoperidinium”
BERGH, 1881 (“Peridinium” EHRENBERG, 1831,
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nat., 4: 1-79.

BraDFORD, M.R. 1975. New dinoflagellate cyst
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to the dinoflagellate cyst genus Lejeunia
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Figs. 1-15. Protoperidinum conicum (GRAN) BALECH.

1-8. Specimen KOP-27. 1. Lateral view of

cyst (type A) before germination filled with starch grains and oil globules; 2. Oblique apical view of
cyst before germination; 3. Oblique cross section of germinated theca, showing pentagonal outline and
deeply V-shaped outline between two antapical horns; 4. Oblique ventral view of germinated theca,
showing triangular 1”7 and 7” plates; 5. Oblique ventral view of germinated theca, showing X platelet
(arrow), 1/, 1”7 and 7” plates; 6. Frontal part of cingulum of germinated theca, showing transitional
platelet t (arrow); 7. Dorsal view of epitheca of germinated theca, showing 2a and 4” plates and 2c
platelet ; 8. Oblique dorsal view of hypotheca of germinated theca, showing conspicuous two antapical
horns; 9-13. Specimen KOP-8 9. Lateral view of cyst (type A) after germination, showing concave
epicyst and conspicuous apical boss; 10. Apical view of epicyst (type A) of after germination, showing
large intercalary archeopyle reflecting 2a paraplate (arrow); 11. Lateral view of cyst (type A) after
germination, showing paracingulum indicated by parallel row of spinous processes; 12. Ventral view of
germinated theca, showing X platelet and 1/, 1” and 7” plates; 13. Dorsal view of germinated theca,
showing 2a, 4” and 3’’’ plates; 14. Specimen collected from surface sediment. Lateral view of cyst
(type B) before germination, showing heptagonal outline and an apical boss; 15. Specimen collected
from surface sediment. Oblique apical view of cyst (type B) before germination, showing distinctive
apical boss.
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IcHimMura, T.* and Kasal, F.** 1984. Anisogamous conjugation in Spinoclosterium cuspi-
datum (Bailey) Hirano. Jap. J. Phycol. 32: 257-261.

The mode of sexual reproduction was described for the first time for a rare, interesting
desmid genus, Spinoclosterium BERNARD. The material was collected from a pond (pH 6.0)
located in a hilly area, Shitami, Higashi-Hiroshima, Hiroshima-shi, Japan, on October 19, 1983.
Axenic clonal cultures of S. cuspidatum (BaILEY) HirRaNO were established using synthetic
culture media. The clones studied are homothallic with an anisogamous mode of conjuga-
tion which is very rare among the desmids but familiar among the Zygnemataceae. Male
and female gametangial cells superficially resemble vegetative cells, having a stout spine at
each terminal, but they can be distinguished from one another as follows. Vegetative cells
are symmetrical whereas male and female gametangial cells are asymmetrical, having a
shorter but broader new semicell. The female gametangial cell is slightly larger than male
gametangial cell, and the former has a broad transparent, cytoplasmic mid region in which
one spherical nucleus with one nucleolus can be clearly seen. Sexual pairing occurs at the
position of the ventral part of a female gametangial cell that is facing the dorsal or
lateral part of a male gametangial cell. In addition to the colorless amorphous extracellular
polysaccharide, a pale orange-brown colored mucus substance is secreted between the pair-
ing cells and, by the time of conjugation tube formation, this forms a conspicuous, alveolar
mucilage matrix presumably protecting newly developing walls of conjugation tube. It took
about 3 hours to complete the conjugation process from initiation of conjugation tube for-
mation (starting about 3 hours after the onset of light period) to accomplishment of male
gamete movement into female gametangium. During this process both male and female
gametes contracted gradually and the contraction continued until the volume of the resulting
zygote decreased to approximately half of the volume of the female gametangium a few hours
after their complete fusion. Always almost the whole of a zygote is contained within the
broader semicell of the female gametangium. It took several days for a newly formed green
zygote to become a pinkish orange zygospore with thick 3-layered walls. Zygospores appear
irregularly elliptical to oval in shape, but their shape is largely influenced by the lunately
curving gametangium.

Key Index Words: Anisogamous conjugation ; homothallism ; sexual reproduction
Spinoclosterium cuspidatum ; desmid.

* Terunobu Ichimura, Institute of Applied Microbiology, University of Tokyo,
Bunkyo-ku, Tokyo, 113 Japan; **Fumie Kasai, Microbial Culture Collection,
National Institute for Environmental Studies, Yatabe-machi, Tsukuba, Ibaraki, 305

Japan

BEAEMOLEB L ¥ ¢ 4 V% = Spinoclosterium HiraNo (Syn. S. curvatum BERNARD) Aifc#i 1 f&

13, Sittiao#1s BERNARD (1909) 1k - CHIEX HMERTWBDATHB, ARIARDE » FTOMIA
AP, chECRABITL S. cuspidatum (BAILEY) wEBEMRED SR (HiRano 1949, SEE 1977), HE4t

1Y)

AR TBEEIETRE (—i C, 58540445) TCRT7ST, A—A+ZV7, BT 2V »FLCLH
DB L W ER LD TH 3, HNADLNTVBN, HEDOFA I, FOL1ETH
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% (PrREscoTT et al. 1975), ¥ A I y FOHHH, 4%
BOWEIHEAT DI —R , REDOFRAI y FOFE
R L1-EY (WesT and WesT 1904, KRIEGER
1937, Rozigka 1977) wARBEORBEM V2 Enbd
ExBE, AL —8 y AREHHLTWRVON
P L\,

I AYRER, TOARRLTIOICIAVE
=& Closterium OB -BHEOFA I » FTH
B0, MROMEMCEELHRERF>T\\BHZ LT3
Y FEBEREFLTHIORE LTHEIhTY
% (SMmrtH 1950, PREscoTT et al. 1975, SEE 1949
1977), L# L, BourreLLy (1966) i, +5 35
FEXHTORBRLIBADT I A V2B EDTHHE
LT3,

EEZEOMBRY, ThETHYIHV*EOFH
AEOBRIL AL THE LT, BECIBHED
BEETHD, ZOLUESH TR, S cuspida-
tum OEEFICHZI L, BEHEHOBRCHE TR
BB ENTEROTHRET S,

wHEHEFE

19834210 A19H, EETRIEE TROBLEREH*
3 VARATFEMDFARPNC S DD ED X b Kehic
HETHY v 7 2HOREMEYE TR LI, & O
DOEBAKDKEL 17°C, pH 12 6.0 TH o7z,
WUl € = — A B AR THESCHELRED,
LIZWKREBRE LI, 2BOFR 1y FRE-THEE
THAREORFEMaE €y FESE (AR 1972)
IoTHMEL 7 » — VEERET -1,

B33, 25°C, 16KGRSIBA 8 BfIRs o4 2 0, MR
#1200 o 7 AT TIT %, MG 558 ¥ 7243 CA 523t
% pH 6.5 il Ui ARUSofie, Mg (8
HEAK E R ELET0FRL) (fif 1979) 235k
Vi, WTFhoBETh 7 » — v OBRSRES
R, 7R — VIR > TREETERLBE IR, &
WL, BEETERY Bb I T EH 72—V
83-24-15 % MG B CHEd% LS Rz E ST 5,

EABRORBMEER, EHRPORRE X MmN
HEET> TV MillaxELE0RK 0.5m! b
L, Lab-Tek Tissue Culture Chamber Slides (No.
4808) wwAh, ==z v HHEL BEHEE X177 4+
TMD T X 5 TiTitotce ¥LMBBERE LT, =LA
* —#5Fe25E (Nikon Biophot) % L7,

#® #

WL VR LY v 7 2REE LT WIeAEDOY
#flaz Fig. 1 wid, MR thall
{, RESEMLIL=BATL L, £z hl®
RRAKRC L), WIMEOEN Y & AKCERER
B L, RERDOMBRENIKA E sbROB & e T
Wb, MO FRRITITFE I i - foiat L @
EL, TOWMAREV /A4 P2 SREAREBEENH
fRoiEesty H T35,

PR A, FEMIME LB L AR A R -
T-HIREA 2 BXA TR B (Fig. 2), HAIENED
I3 LCiEBz b, BAEHME TR RO
B ahROWTIRAHATH B4, Fmlas gL
BESCTAEYDOMBENPBREIRD, = OWMEYT
HORBOATHROYELFATHD L5 R%, 3
F AT ORI & 21T » T 3 LA L 4 B4
RATWBEEBEHOWEN L IXANIND, HEE
PR Ih 38, ZORROMEDIBER DL
DX 5l - CRMERMCIEN D, bl dHtT s
BEAEYRETIDOLIRERAANRE & ik 5
(Fig. 3), BEAEX®HHTrHE ML, FHlao—
FNELS K IRATERERKTH B, i, BaHx
O—F 0, MRONEHEEEZTAhB A,
B M TR S M EE T, 25D X 5 IIEAR
AErBE L filssisoT\ws (Fig. 4), MM
HEMEMD X b Rk &L, MilaohRESs TRl
BRENKESHEHRTEY, BN LRx3, Thic
UT, HEMMETRREEENRY - b
TV AR R 2 8,

e MiE (RBTEE) X vESEENMFD, h
b OEIREHAEE LCESE L v MRS EE S h
5, FTREMRBTFRAIELEREL, Sy TR
BFLP L b & HET S (Fig. 5), ZDIHHED &
BEFTLT, HMEBTICESEYE - Tl
BRETE~LP - VBT S (Fig. 6, 7, 8), #4
ERULIMIBEAD 2 ~ 3SR A% b, BAEHN
WRERTH LHEEEBTEBEHLKTT 5 Ecreil
M BE LT B, BEATETLTHLLIMEL
EBLHEE, BSRBCHEEEBTEO AR OB
T el o BEETHE SRITBAKEEMEOT I f%
StREETEREhs (Fig. 9),

W EhicEs b 0ESTFIIMEE L H BVBE
LTWw3A (Fig. 11), HAKCZIBI Vs E
WHIlEE A L Y v 2R vy S EERL, B
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iy 10 v

Figs. 1-12. Spinoclosterium cuspidatum. 1. A field-collected vegetative cell; 2. Two pairs of
gametangial cells, female one being outside and male inside, both of which are asymmetrical in
shape, having a shorter but broader semicell; 3. Conjugation tube formation, being surrounded by
alveolar mucilage; 4-9. Time lapse photomicrographs showing anisogamous conjugation; 4. 11:05;
5. 12:48; 6. 13:26; 7. 13:40; 8. 14:00; 9. 19:00; 10 & 11. Newly formed green zygospores,
showing the position of conjugation tube and hinge-like opening of gametangium wall; 12. A pinkish
orange zygospore with 3-layered thick walls and an alveolar mucilage sac surrounding conjugation
tube.

Mucilage, conjugation tube and nucleus are indicated by arrows with M. C. and N, respectively.
The scale shown in Fig. 4 applies to Figs. 5-9, and the scale Fig. 1 applies to Figs. 10-12.
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BV oW E AT Lics (Fig. 12), #4
faTREcd, BT (Fig. 10) RUBBROWE
oK (Fig. 12) ZPEELIEVWTE-> TV 5, BEEN
=T L, HENRETFENEC >R eD L, H
HERETE A0 MO B b HEF R
T ZoMCHiccMlaBERNEREh, ZorbiE
BEMELCTVL B L BREEEIR S (Fig. 11),
BAE, MM TIEN, R
HECER IR D,

% ®

&Y %E S cuspidatum DEFEMEIT, I
T E LR ) UBEEORAOHREEY LTW5 X
S5IbR2B BE ). L»L, 1»VF¥xE0
BRELABOBETHANTOENRLEEND ISR
25 EbEL BN (PREscoTT et al. 1975), =D
TOWT, BEEMBHCOWTRA% T - 7n%, X8
BT L 5 EEOBREHETIRBREBICIEL R
Mot

FRECTHLMT LI 7 I8 VR e DEEBRE
PEiERL, w3 Fefloky  Fr)g Zygnema
BROT7A 3 Fr B Spirogyra TXLmbhT\5,
L2 L, MEEEBTEOKRE ICERNDHDZ LRV
EREYAUHEBROMEYNRFETHHT, P71
7w DBEEFRTESERF T LER TN
eV, By I FeBLUAOBRAEROEBE GBfFT 2
iy F) Tix, 59 @ Desmidium o D. grevillii
(KUTtz.) pE BarY (=D. cylindricum GREV.)
(WEsT et al. 1923, CoucH and Rice 1948), D.
laticeps NORDSTEDT var. quadrangulare NORD-
sTEDT (WiTTROoCK and NorpsTEDT 1889), D.
pseudostreptonema WesT et WEST (ScoTT and
GRONBLAD 1957) R 0¥ D. swartzii AGARDH (FiF}
KRFE) 70 L OMFET, KRBT AR M TR D
PIBET S EMFIACHMERTWBEDATH S,
D% DFA Ty FORTIMMER BT D5 {tit’s
< MERBTFRELITHL, EA4TRMRMmTED
SR OB I B, Okapa (1953) 12 k
% &, Gymnozyga moniliformis, Desmidium cylin-
dricum (p. 170) #7243 Desmidium aptogonum (p.
172) J%©* Hyalotheca dissiliens @ 3 ffiic s\ C Mk
HEBTFOSMrBD LIS, LirLl, Zhb 3o
EAAROBEY Il LI IR EhTE ST,
KHEHDORERT — 52 1ESL S DROLARITH B,

fo72, WEsST % (1923) Xk % &, H. dissiliens T
BBEFHTEASTHREBTED/MIFRICERENS
2, B pIAc R OBBTFAS 5 —JF 0BT
TOHRAVRAUEE HH LRI TS,

Bol, S. cuspidatum & Mg LTHIREATACYD &
LT oBia v S. cuspidatum f. crassum
PRESCOTT M = o —¥ =7 2 bRERIh, 0N
B\ HIRaBE A 5 o R B TR TURCT B & Lo &
i (WATANABE et al. 1979), Z ofEMRRFIIA
WEDEART LM EF LTS, LirL, B
WHiREE D FIc L 2 4 PR FEAOTBRAED LR
5T, EERTRR{ICHETHLCShTRRED
kb bhicwD ERitoTh b, ZhEBEL
T, # ¢ WHELDEN (1943) i3KE 2 1 v % » AT
X o S. cuspidatum HIRHEL, FEROBHES
WOWMRCERN DB Z ExlfNDhichb, AEH
L LIEKER (Olpidium ) OFELRZFHZ &%
H|EL T B, TORTIEFCHELDDOTHEA,
AEOEARTROMMERBFEOHFHN L KDL E
RT3, BB TElws, FECEARTELR
ERT (BAMRT) ZKEEOFELBMLICLD
LB XIS,

BERksThizh, AREOHBOAFITLHI DI
IR > R EAEEEMEYERE 0P EREG
+, HEBT, AAEFARECLI BRI LIV,
o BAKFBBRESTEDEZZOIIFREER S X
U E RIS IR KR R O I HZ 4y,
WEkF O CTREEIC oo ERREE LV,

3 B X B
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MizuNo, M. 1984. Phenology and seasonal size change of the marine tube-dwelling diatom
Berkeleya rutilans. Jap. ]J. Phycol. 32: 262-268.

Standing crop and cell size (valve length) of Berkeleya rutilans (TRENT.) GRUN. were
measured monthly from January 1976 to April 1979 at the various sites of Charatsunai
shore, Muroran. This diatom abundantly occurred on rocks, shells and algae from middle
autumn to early summer and poorly from middle summer to early autumn. Among the
evironmental factors, high temperature (30°C or more) during tidal exposure might cause
a decrease in the standing crop during summer. This diatom usually occurred in the upper
littoral zone, but it also appeared in the lower littoral zone from spring to early summer.
Strong solar radiation from spring to summer seemed to allow the occurrence in the lower
littoral zone.

Seasonal size change was observed. Size restitution took place only at the period
between autumn and winter. This restitution seemed to be due to auxospore formation.
The mean of cell size gradually decreased from winter to summer and it reached its annual
minimum in early autumn.

Key Index Words: Berkeleya rutilans; marine tube-dwelling diatom; phenology;
seasonal size change; standing crop.
Makoto Mizuno, Biological Laboratory, General Education, Dohto University,

Mombetsu, Hokkaido, 094 Japan

Berkeleya rutilans (TRENT.) GRUN. (=Amphi-
pleura rutilans (TRENT.) CLEVE) |1¥5IEE % 4
L, KEERBGA LR T siEEREET, B8
R ERECAHE LEETS (HEnDEY 1964), A8
R IE { 446 L (McINTIRE and Moore 1977),
ChETHLSOMBEIC L > TEDERENHE IR T
%7- (ALEEM 1949 1950, CasTENHOLz 1963 1967,
HenDEY 1964, DrUM 1969, MaIN and MCINTIRE
1974, Cox 1977), L LHUBIC X - T BSR4
BHLERL->T0B LB T W3,

EE UEbEE/ M EK G D B. rutilans ©
ERBITOWTRE Lic (KF 1977) 2%, S$EEHTHF
¥ ZVFARCET X DM BRI X 1T
W, EERHER, BEAMECCMROKX X X OFEH
BTV T WL 02D MRAE bR DT#ET
%,

T BAR R IHREA F BT B R R e
BWCTRIRERFREE T bR,

HHELEFE

BWHF v+ 7V 71 Rk s Ui, EMaioH
MI# L I AR E +172¢em A5 —8cm ORFAT
b5 (K& 1977), Pool-4 (B ¥EM k +160 cm),
Pool-3 (4+80cm), Pool-2 (+60cm) R ¢¢¥ +40cm
b +50cm wwAEETB v i b5 2 A+ (Sargassum
thunbergii (MErRT.) O. KUNTZE) #[MAM5 2 5, FF
DE 5 »Fix B. rutilans OR#EMA & Lic, Pool
2-4 IR O BB A 1T7c » L& TH B (MizuNo
1984), Pool-4 {3 K% &A 2x1.5m, EXA 0.1m,
E it €Y e’ (Corallina pilulifera PosT. et
RUPR.), VI + 574, AFAENET LTI,
Pool-3 iz k& & 0.6x0.4m, X 0.1m, oD
ERECHRERSD F—1ThHoto, Pool-2 i2k% XA
1.5x1m, FEEAH 0.15m, EXWHiRvFEHLTWi
M7 o< % (Neorhodomela aculeata (PEREST.)
Masupa) pE LTV, Pool-4 iz ye.s, w
I bT/F, 1514 ki, Pool-3 i34 Lz, Pool-
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»bhic B. rutilans DAy 2 — ¥ 5 — F O
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Fig. 1. Standing crop of Berkeleya rutilans at various sites of Charatsunai shore from

January 1976 to April 1979. A: Pool-4 (+160cm of the tidal datum line). B: Pool-3 (480
cm). C: Pool-2 (+60cm). D: Sargassum thunbergii-1 sampling point (+40-50cm). E: S.
thunbergii-2 sampling point (+40-50 cm). !
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Fig. 1 &5+ 5 VA ETD B. rutilans OBF
B0 B LA R Lz, Pool-4 (+160cm) (Fig. 1-
A) TRE»LPECEVRAFEELRL, T AT
L8 AMNDI A(—10A) whiE%klLi, £LTI0
A2b BUOEW BERY R LA, BEHoBFER
108-10" #Hfa/cm? T -z, Pool-3 (+80cm) (Fig.
1-B) TR&MNLEITEVWEERYRL, 67 (1977
EXRL) 59 AREVCEFEER L, BRh*%
DREICEETIZ b b o, L LTIOALLEHIE
WHEEY TR L, EXMoBEEI: Pool-4 LFE
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Fig. 2. Seasonal size distribution of Berkeleya
rutilans collected from two tide pools of Charat-
sunai shore from April 1976 to April 1978 (number
examined=100 valves). A': Pool-3, B: Pool-4.
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Fig. 3. Physico-chemical conditions of Charatsunai shore from April 1977 to March 1979 (from
Mizuno 1984, air temperature, water temperature and nutrients were measured at the open place

near the shore,

the Cleft-1 and the Point-B, respectively, number measured per month=6-15 for

temperature and=1 for nutrient, water temperature at 10: 00 of August 1977 was given by the
Institute of Algological Research, Hokkaido University).
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Table 1.
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Seawater temperature (°C) of tide pools during tidal exposure

of spring tide at Charatsunai shore from January 1978 to December 1978

(from Mizuno 1984)

Measurement time Pool-2 Pool-3 Pool-4
Jan. 23 20: 00 1.7 1.2 —0.5
Feb. 22 20: 00 —0.6 —0.6 —-1.4
Mar. 27 13: 00 17.1 17.6 17.6
Apr. 25 13: 00 17.6 18.3 18.3
May 25 13: 00 26.9 25.9 23.9
June 23 13: 00 31.4 — 29.1
July 24 13: 00 31.7 31.9 30.1
Aug. 18 10: 00 29.0 26.7 28.1
Sep. 18 10: 00 20.2 22.1 21.6
Oct. 17 20: 00 12.5 12.2 10.4
Nov. 15 20: 00 10.8 9.4 8.8
Dec. 14 20: 00 9.2 8.8 8.5
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IwamoTo, K. 1984. Morphological observations on Prasiola japonica YATABE and related
species (Chlorophyta, Prasiolales). Jap. J. Phycol. 32: 269-278.

Leafy thalli of Prasiola japonica YATABE collected from many localities in Japan were
very variable in external appearance, and they were classified into four types: Standard-
type, Narrow-type, Broad/Fold-type and Broad-type.

In summer the thalli may vegetatively propagate themselves by the fertile cells detached
from the margins of thalli. Frequently they are in the state of divided into two.
And naked aplanospore reported by Fujivama has not been found in the present observa-

tion. It is noticeable that a few juvenile thalli showing the detachment of short threads
and small fragments composed of several rows of cells were also found in July.
The gametangia formation on thalli collected from the most localities was observed in
late autumn, but on those from a few localities the formation was observed in midsummer.
On the specimens of five freshwater species of Prasiola the morphological comparison
was carried, especially P. japonica was compared with P. mexicana collected in Bolivia

and P. formosana collected in Nepal.

Key Index Words: aplanospore; cell thread; fertile cell; morphological observa-
tion ; Prasiola formosana; Prasiola japonica; Prasiola maxicana; Prasiola nevadensis.
Kozo Iwamoto, Laboratory of Phycology, Tokyo University of Fisheries, Konan

4-5-7, Minato-ku, Tokyo, 108 Japan
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Fig. 1. External forms of dried specimens of Prasiola japonica YATABE collected from various
localities. a-1, a-2, b, n, o. Standard-type; c~g. Narrow-type; h~1. Broad/Fold-type; m. Broad-
type. .
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& EMEND DI X B A AAEED $ 0T
W BB TV, DM OWTIX, #
77 ) s, EHEIHEOMNL, MNaEE bl

Fig. 2. Surface view of the vegetative cells
of P. japonica showing the axile chloroplasts like
as those of Porphyra.

Fig. 3. Juvenile thalli of P. japonica. a. Ex-
ternal form with the adventituous separations;
a-1. Separated part of thallus; a-2. Basal part of
thallus, showing the cells with the axile chloro-
plasts issuing the tapering processes; b. Extrusion
of a sprout from the margin of thallus; c. A
juvenile thallus composed of the cells with normal
axile chloroplasts.

Fig. 4. Detachment of fertile cells from thallus
margin of P. japonica. a. General aspect; b.
Several cells of fertile ones are divided into two;
c. Spaces caused by the detachment of fertile cells.

J#o RE)ET (aplanospore) C X T fihi Tl
5 LML (1949b) 1T X o THE I hi,

LaL, SElo—ilo@MgEciy, AR Bl
flakfd DUt te & & Mla2 Bl 5 & & Alic s &
iz

A, Fig. 4 3 28E)IIKRO IER T HRS
AT, TORBHOREEIE (S 1934; TAKEDA
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Fig. 8.

Fig. 5. Two juvenile thalli of P. japonica
showing peculiar appearance caused by the detach-
ment of cell threads and small fragments.

Fig. 6. Appearance of the upper part of juve-
nile thallus shown in Fig. 5.

Fig. 7. A cell thread composed of two rows of
cells and several empty spaces (es) caused by the
detachment of cell threads in P. japonica.

Fig. 8. Formation of the cell threads and the
small fragements in P. japonica. a. Showing an
apical part of juvenile thallus; b. More magnified
figure.
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AN TV Ig\, FriTscH (1935) D» v/ ) HORE
#rhiz “In the leafy thalli budding often occurs
from the margins, leading to the detachment of
single cells, short threads, or small expanses” &
BB LMD, BREOHIT 7V, Thbilflaeh
BHIZ I DEBEELToCDERBONEAKRTD
556 '

8, APOAY 7 VAVNERCHEELTHRET S
DTG AENS Z T, ERRLUKON Y 7Y
THAIh TV L OREGENRH S (B 1926b),

7%, Fig. 3a, a-1 1 23EAR BRI FEILTH
B LY I NS EhBT, Zhifli Bt KNEBEL
(1935) @ P. velutina (LyneBYA) WILLE R %

TENTESD,

DEDX>hEor v s v bAERECmSh
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75 ARETREBIRTVBT 53— PR INRS
FEhz & REeieh o7,
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NV Y BEHHSNERE HBETAZ L EBELT
HOLLENBERG (1958) iz X » CTER# I hickL#E D Smi-
thora naiadum (ANDERSON) HOLLENBERG »il:H
Shs, B, Smithora (3% 0 EHFACT £33
“deciduous sori” & FRINB/IMEDDHET B REEAE
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Fig. 9. External forms of dried specimens of
foreign species of Prasiola. a. P. formosana
OxapA collected in Taiwan, Oct. 26, 1936; b~d.
P. mexicana LIEBMANN collected from Rio Unduavi
at Pongo, about 30 km N.E. of La Paz, Bolivia,
by Dr. N. Taki, Feb. 6, 1977 ; e~h. P. formosana
OxaApA collected from Rantang Valley, Nepal, by
Dr. H. Kamiva, 30, 1975.

Fig. 10. Morphological comparison among four species, P. mexicana collected in Bolivia (a~c),
P. japonica (d~h), P. formosana collected in Nepal (i, j), and P. nevadensis, co-type specimen,
W.A. SETceeLL, No. 657. a. Young thallus of P. mexicana, b. Hapteron of ditto; c. Magnified
upper part of the hapteron, showing many short rhizoids; d. Young thallus of P, japonica. e.
Hapteron of ditto; f. Showing two layered of cells in lower part of ditto: g. Other young thallus;
h. Hapteron bounding many long rhizoids; i. P. formosana; j. Basal part of thallus; k. Surface

view of the vegetative cells of P. nevadensis.
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Fig. 11.

Fig. 11. Surface views of P. formosana collected in Nepal.
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YO QOO% 6
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Fig. 12.

a. Showing the arrangement of

vegetative cells; b. Showing male and female gametangia groups.

Fig. 12. Features of the vegetative cells and gametangia of P. formosana collected in Nepal, a.
Surface view of the arrangement of vegetative cells; b, c. Surface views of tessellately arranged
male and female gametangia; d. Cross section view of thallus, showing female gametangia divided
into a/2-b/2-c/4; e. Cross section view of thallus, showing male gametangia divided into a/4-b/4-

c/8.
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Palmaria palmata (L.) O. KUNTZE, a very
popular red alga in the northern hemisphere,
which was renamed by GuUIRY (1975) as
Rhodymenia palmata (L.) Grev., has long
been very interesting to many phycologist
due to lack of the female gametophytes.
Recently, the minute narrow and stunted
female gametophytes which are completely
differ in shape and size from the broad and
flattened male gametophytes were discovered
by VAN DER MEER and Tobp (1980) in cultur-
ing tetraspores from the thalli of East Canada.
The senior writer of the present paper had
failed to confirm the perfect life history
of Palmaria palmata from Hokkaido in his
several culture trials during 1970-1980. How-
ever he came to his opinion from his cultures
that the mature male gametophytes of Japa-
nese Palmaria palmata in their usual phase
must be extremely minute microscopic plants,
although the macroscopic males had been
reported by several investigators. In order
to ascertain his opinion, we carried out the
culture of tetraspores from the thalli which
had been collected in March through April
in 1983 and 1984 at various places, viz.,
Anama, Tachimachi-Misaki, Shinori and
Nanaehama in Hakodate, Hokkaido, and
Usujiri in its neighbourfood.

All cultures of the present work were
made under 8-10°C, 12: 12 photoperiod at
1,500 lux in the modified Grund medium
(MCLACHLAN 1973).

In every culture of our materials, similar
results were obtained, and in about two weeks
culture, two forms of tetraspore germlings
were usually discernible at the ratio approxi-

mately 1:1 as follows: one form is the
germling with trichogyne and the other form
is the germling without trichogyne; the
former is female gametophyte and the latter is
male one. In our cultures, the female gameto-
phytes in their development were nearly the
same as those reported by VAN DER MEER and
Tobp (1980), but the male gametophytes were
quite peculiar. The number of cells in one
week old was 1-8 in males, but 30 to more
than 200 in females. The maturation of both
male and female gametophytes were found
already in 4 days culture and it lasts nearly
two months long. At the start of matura-
tion in males, the pigments in their cells
begin to become pale as if the cell is
decaying, and after the cell content is con-
densed, it is quickly divided into numerous
minute granules to form spermatia (Fig. 1).
After finishing spermatia formation, the cell
wall provides a very small pore, through
which the spermatia are discharged. The
empty cell remained for a short while,
and soon it completely vanished away. On
the slides where the germlings were sparsely
attached, the trichogynes from females were
occasionally found elongating toward a
mature male (Fig. 2). In the stain with
acetocarmine or aceto-iron-haematoxylin-
chloral hydrate solution, the male nucleus
passing through trichogyne was found fre-
quently (Fig. 3). When the female gameto-
phytes attain the disk consisting of a number
of cells, they occasionally begin to have
upheaval from its central portion, which soon
or later also protrude trichogynes (Fig. 4).
In our cultures, the erect fronds without



280 Yapu, H. and Yasul, H.

4

Figs. 1-5. Tetraspore-germlings of Palmaria palmata (L.) O. KuntzE 1. Male and female
gametophytes in 12 days old culture. Male gametophytes attain maturity. x400. 2. Two female
gametophytes with long hair-like trichogynes, each of which elongates toward a mature male. From a
14 days old culture. x600. 3. A trichogyne being connected to a male gametophyte, from which
the spermatia were already discharged (Stained with aceto-iron-haematoxylin-chloral hydrate solu-
tion). Male nucleus in the trichogyne is indicated by arrow. From a culture 15 days old. x300.
4. A female gametophyte with two upheavals, from which many trichogynes are also protruded.
From a culture 34 days old. x150. 5. Erect frond regarded as young tetrasporophyte on the
disk-shaped female gametophyte. From a culture 34 days old. x60.
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Fig. 6. Schematic illustration on the male and female gametophytes developed from the tetra-
spore-germlings of Palmaria palmata in Hakodate, Hokkaido, Japan. (s; spermatium, t; trichogyne)

trichogyne as be shown in Fig. 5, which
are supposed to be young tetrasporophytes,
were produced only on the disks with tricho-
gyne (females) and none on the disks
without trichogyne (males). In spite of our
efforts, tetraspore formation has not been
detected in any of the erect fronds in our
cultures as yet.

In Japan, the reproductive organs of the
macroscopic fronds of male gametophytes
have been described by Tazawa (1975) and
LEE (1978) for the materials from Hokkaido.
However, according to our collections of
Palmaria palmata along the coast of the
Oshima Peninsula in southern Hokkaido, the
fronds of this alga were always mostly
tetrasporophytes and very rarely male game-
tophytes. This fact and the present culture
results (Fig. 6) strongly suggest that the
male gametophytes of Japanese Palmaria
palmata, at least in Hakodate and its neigh-
bourhood, would be sure to ordinarily exist
in the state of microscopic plants consisting
of only one to a few cells in the sea.

The haploid chromosome number of Pal-
maria palmata has been reported as 26 (YABU
1971) and 26 or 21 (YABU 1976) in the

species from Japan, and 22-23 (VAN DER MEER
1976) and 21 (VAN DER MEER and CHEN 1979)
in the species from Canada. The occurrence
of the minute male gametophytes of Pal-
maria palmata found by us seems to indicate
the possibility of this alga as being quite
different species between in the both coun-
tries. The detailed observations on the female
gametophytes in our study will be described
elsewhere after ascertaining the complete
life cycle in culture.
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ENZY: BXRFEYREOEEEXRICOWLT Kohei TSUMURA : Collection
of diatom slides in National Science Museum of Japan
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diatoms) @ Proceedings (1975) iz G. A. PRYOZELL
PHRELCEERLAYHE LEE LTV A EEHOWE
BRI RREADCETHLFTEMILED Y R PHAERI
T30, BIEL»D BADOHEEELBEAD LD
P> Ty, CHIZED Y R FRER DO
Ty =Y EZF R BAADRERELRRYBRELTVS
PN EAXARTIZE LSS LESTHEEL
D2 TDHE 52 dbhBigh .

BAANTHEOPIE LcDIXFI B ETH - T
SR b TIEEE=/ (1905) 2&9T, Thll,
B PROATIZDBHEED Py Lic B2l
L, KFEBRFORBEOREN LI T >E ML
HEXPRT 2 A7 h I LTRc0 CRARK
BHUEHD2VI Y ViZHDIDEEL LIS,
L L—BICIERERERE S V25— PR RFL
TWARIKESS LBX AL ThELRERENE
EErXALTRE LIEREEZBNEI N EVSTE
Bddh%,

Bk Tz 1800 ERDKICIZ EE O 7L
F—FREFEINI T E b BH o, 1900E1 TEM-
PERE et PERAGALLO 7%, HEORME v <5— 1
1000# % 148 & L% D% Les Diatomées du monde
entier & LTHHELL, SO 1HDORES V45—
%% 5 & Diatomées du monde entier ¢\~5 1o
HElY (EY) »EFShTHT, ZoBHRE S
VAR5 —rOFSLEMYRHEACLT, Z07v
R~ FARHAZIR TV AEEDTNT() D¥4
B LTH B, COEHOELFSIXRDE, Th
BR—-2TRELT, BET v 5 -t DFESHES
TEDHLORKSTWD (>T1ODEREHTS
TUAT— MI2KU LB LA MBRDHB) OT
BB FOEEDT VAT~ r¥BERLTERIED
DEHFEIROABLWODTHSB, BELEDRES L
RS = OFRDYOEEELTOEZOEE R SHIIE
BEOUE (HFE) TXs0ThHB, tOTVT—
FIEBEOWE LTI VRO DOTHBZ LITE
ERLEIN, FYOBGYLOXK[DOEELDLIIE
BEOHUMIZ X BDTHD b, HUWIOREDITURE

FTHEAHLEB, HAERIZIZOE S VA5 -+ 2

CALTHE LTV AHEEEL A Lizd s 5 LLas,

BARIENBFRETRE L TV5 b LWBFFEHE & @
Adllve LBLZDAT VAT — MIbT v EEA
BEAFEXZTHER Do b LT, BAHNS
DI EMBHETE LD TIE, LWL TH10~20
HEHWIEBDIESTBLL, Bo&hThii-
TWB D LW &S AIREER Lavisy, BLZDOTV
A5 — BB Th, FOHAY (TEMPERE et
PErRAGALLO (1915) : Diatomées du monde entier)
b 55 LebLuvDOTH-T, HRIZEMI3E
(1938) HTH -1cht, ZOBPLEFHS ABROESE
JEDDRERIOREE > TWT, KFFERFOBRKIT
LoHRC R TV ZEBOERIRS I I
o, BEOEBIANTE WO sTh, o3
BRI RO RBEANRTH 7D T, BHOEET
HELFOREL LB LichH, SECHTRART VI
T OBWRG B D FT ORI RO IBRCEA TIL
e 1 OB S 1 BT DIEB LBV HOWTH B, BL
HITRBRI0F 13 ERET, HABROEET, B
5<ix TEMPERE Z DM V5 — & fEBTD
CHREENDAF LM —HKEA 5 LHEZIS
B ¥4 VD BAF LI, £OMEOE S
£ T. et P. 0 DHRIHH DB ERTT, &
BRLTHZOHRHCRETHBDLRA—EXR A
%,

MHIZE . G, A. PRYXELL 2381 T\ 5 BFoeis
Bt T. et P. Dz DS Vv -5 —FHFEL
TULBLLWEZALHBL, BREES VA5~
O EER L EGFTIHFELTVWRIE, ZOREY
VA5 — X DEBOELFE LT, TOMOER
LTIz dbHBBLVL, FBEoRMIX
BEARTRBCI - TRESVAS~tOHA~FFA
DLz, ZDED D BTG E KE UCHrES
LT, FORESVAS—- ' R2RELEALDDY,
FRBEE VAT - PERREFELLEAL B2 0, G A
PRYXELL #MBIF T\ 5 HIEBBEZSIIE IR TS
BEXi w3 oo, TowWThododbE&th
TWBRTThHY, FLHFERRELCIIOER (
TR E—EIETOE) EA LHERIREIE



284 TsuMura, K.

ADRD ECDRTHENL LIRETDE DR AT 7 4 v
DXL D TR REFOHEEALH-H
Lunh, Zhd & WA HRETh TV 5 E
Bbhs,

HATH L OERES =18 (1905) Lo &H%kE
DEAMEDICHAL=Y) VETY, HF LAV A%
RAWicRBE 7 V25— b, BEOERERLENE
ROT Tl olc b LT, TANTRTOEHRES
DT ThH, ZLIVVERITILS>THHDLDTH
B0, FEER VA Y F DM TiRI8204EEH p b DEEAMN
BIZOB N BFFEHERE 7 8 iC R1F ShTwWborkL
T, BRI Z S VI EARBEL LB L AN
VORESHE LW ETHB, L LEARTHEFIL
ERREOF L LIz T OPFRICHIE LA EEFOFEAR
PREIN TV LB H, BACEFIMLL L
W3 RDIIRAERDHDT, ThRKACBREINS
DNREIDERELDLEE, TOPDXKACRTF LTE
EeWbDORFTh, BEXL - TREIRBBH AN
DR FHEBI~FRE I & LTREIRBRETIL NS
SMEFITB ST B,

BATREFERFERE X4 LT, B0 ERL
TOBKEOWERL ENEAXRELILLEENTH
BILnHBIREDL, TOKRFLLhEHE{EYD -
THREEBETARENSBONEIDANE-ED LT
Wil B DTk ER S,

TR CHEN B OPIET A ERE 7 v s
7 — FORERIEZRTTE B, T IAFHEThE
HOIBMOFHETLZARTEELZL > TRELTD
L BEAXEST T EDOHIFEMN L ~EKD X
5T, TOHROMMMAEVICLE VX S TIRE
DRERVIOEIE LS Z LiciebRELRELVH
b, B 2~30mAcbEDT, FAPNC 200 KiEx
BRETHZENLHBEIRLDTH -2, ThIE
F584E K T 750 f8, #HE Tix10008uz VB e - T
WEND, 5 ZORE - BEMNEILIhDZ izl
WEBSOT, EEMRERMLIBVER S V5~
P TEbhED, CIAFBLEELTLELS
Ll REDTE, Ch3HEGLEOLDORMHRTD
55, HeHEBYECREIA TV 2REEEDL

DEBEELTHZEANRTRELTSBDTH B,

Lo LB D2 L 7 v 5 vidEEAEF
LCHR LT VAR5 — b ThD o LGt T
WhMhD, 1) BEF L5 — by, 2) HMEEEL
TR Eliz L A ERR—BEOEADOHE (Thb
DHRCHEL PROWEIREL TV HRBRELLELE
ZIE) TIE-kfBitEdav=—+« 7135 —}
2, 3) RoTbHkMTERVHic kb, BfEY
HRTSHERERE T RES VA5 -+THDH
ENDEBETHB, FETHE S v5 -t 1B
BR%E, THECLBECHEAYEALLER (AH
HHEMECAELTHD) ERMATHZ LT
b, FETHCIENCEECRELEHLT,
ZOWRIEAS L5 L Tl bl

¥R DEA (Fv-25— ) RHENCEHED Ak
AR TITHERCTHLHE EB 2¥Tihs
no, BRELMHI LB S OBHEL BYWHEAR
FEIRBZLIZI-T, FEEATLMAOFTH L
fBEY REs8mT 50 C, HECHELDOE
HE¥BAILENTERDTH S,

BT TR EmEc FARBEREAREI ATV
BhE, Eixzhdi 300 HETH - RHTR h DR
YA P REHERERI LAz L3 BT, FOhEG
CTHMETALENDAS LB2DLDOANEID
505 BEZLIFANTOEZ Lo TULB00,
FDYAMEFTRD SBCEI VDT, Sk
A 1000/ 17 » fc & FICKED Y A PR FETX
hBFERL T B, #2T, ThUGIcFME L
BRERZTOYV A MCKATHA I, ThieRE¥DL
KDL000EET ADIL, b HIFEINHHEIHE-
TLES>TVBNE, FDY A FDORFEDLILHE
Boz kb tELLRDING, LT VA5 —}
REETHEHELY L > THbhBWEER, B ~XK
BELHEEINAHNBVLMERS,

fIiE COENMH¥EWEORE T L5~ DF
OB RC OV TRERBHERE AL, Eir
B EmEmas e R ERE LA curator 127 -
Tkbhab0T, BERRAELciiIhdZixsT
THT 5, (221 BREATHSENIE L 7 K145 H)



%8 Jap. J. Phycol. 32: 285-286. September 20, 1984

BENZEE: RETLNT— M OEGFIERERODFA Kohei TSUMURA :

The marking on slides of mixed micro-organisms

HuNVEHOBERK LI E LToORENH > T
RREAD D >Th, FRIETTRHEERFERORE
NTERVCHEL LV, ZToMHORECIZD
BEAFELTERHEILTHRELTH 2 &ndE
L\, ZORRBOFEELE L TREET L5 - M EF
HET22LTHoHH, WIMVEHCIRES L7 -}
CREDBTLEES L5 — MITRIERILWE R
TLASLOTRAEVEBbRh5B, tra L(1854%F)
J.W. BaILEY 23%344 L1z Amphora stauroptera &
VS BRI (18724F) 1z H.L. SMiTH 3 Amphora
DEI V5 7HIEBTHIT, BAILEY DEMEAY (%
£ LT»% Museum of Boston Society of Natural
History AZDEAMEIZ Tofc & A, BaLEY
DEPZ LD F<ANBOFCHIEDREF V25—
MIdHotehd, FOTVLA5— D 4HirY ASICER
LicHh & %ic BAILEY 2RUEER Lok 5 /e B
BITRYS ot 5 2 &% H.L.SMiTH 238
T3, Fhit BalLEY 235 <A %21 Mz oD
nhmhadhid, ChABES V25— b, |
BTV RF - M LEXTOHENHAIR TV SAUE
YR T B ELOIREHN T VT — MZoT
BRI, 0 X5 ETBEFEPHEEVIZE Ul T
BHrHERY, BLLTHIEAS LThiEfFhicvb
BThVEBRCH LT T BES V25 — MiTfE
BILIHY OB E TS0, RECHEWEETT
LEES V7 — PRBEET D ks e hREE
BHoTETERTWRNL S THENE, o)tk
PWCIBES VAT - PORFEVD Z ERFETIH
T2 ERBWELBbh 5,

RE7 V5~ brhOFEBEOHAME X ERT
BHELELTRENOEADHENER IR TV D0,
DR B\ EARIERS (object marker) %
AWTTvAS— DA RA=-r5 20, ZOfEKE
DHALATOLBEINCIHAE TS 2 & THBH
bAETRLOFEANEIZER LT &k, E
R LTAD E, ThRKEFITRLC x5
LRANE TONMERSHELSE, (1) BRI
REBTHIN I D /PADOMARBRBRT D ODOKILEE
20 pm BT, L LD TRSLANZINEH, @
FHHETHY R5B43 B SRR (250 mm) ©

LI ALBWTRBLDETHE, HIRE 73pm X
DNEWRDIRRXAVEVLS L BND, D
INE—EAB TR LW EE > T L\ ZERBER
BTRRLZDITEN, CONEEsIAA-r5A0L
kN hTv525, BROMIEDEH -~ —
7S ADTIHAZRT VLS55, BEHCE s T
Y ELRTHLBEMBETEIOPIAIR LI Rricwn2
LibBL, BES VAT - TRENOEGILT
L # =75 ADHRRTIEEZAIZH D EITRE
T, BHCE X EABICEVE I ALDDB L DD
o, Th¥ RO 5L AZICEE LTER
Lic TR Rc b hh 85, (2) Z0H
35/ Mt ERMOEEEL 5 LT L 5 e k&R
HIENS 5 2 LA D b, EAERELEYE
DRESCIVKEZTRZES LOCHDKE I LM
BTEHDNEETIRH B, COHREY B
WhLh ARSI EEFERICR - THD LELED
bLLDTEHD T VA5 — MZERTZhrYFETT
BITEhIs ) DFRD I B,

FhT, bo LffiBICKINTET, LrbHBET—
RUTHESCKZDZINER A b 5T kL BN T 5,
FOHBERREES VA7 — P RERLTENOERL
 RovriciebiE, 105 mEi% Ao EME TEHR
L bFDEGEDE LT h A= 75 A0 FHEiIZA v
FONERFEDITIT > TEL . Ry v DX 57
kieic s v FREYMVCTEE 2.5 A 3mm OFL
IR RO FD T L5 — b D RicDR, BiEED
A vFOPENZDOIDORITIB L SICELLLT
HRCZFETHILTWT, F4T7E Y FeRv Lk
AT, ZoRAEEEKE LTHERIC. 2 ThiX
TN BROBEFEEFICLTELS A A~-2F
A 2 EMNTEB L, ZONMTABRTS &<
B2 2hb, #0HBTA v®0OaAYK -> T LEE
X,

COFHETIRER 2.5~3mm L h/hSFEEg
e b, BUMNEWE EF oo @ FU
SRMYUKRA->TLE A, i LEMOBEGKITIZIE
FoOFRMFEHBZ LD, TONEHRCE TS
Vo5 — VEOERT 5o LHEEASREShTLE
500, ToREGTOBELEHETRE YhhiE



286 TsuMuURA, K.

BOEETHBELRESC KL BIRETTH), ThT
FTRRIETRIEH OB DD TH D, EAERELD
S LNEVALKEITE SN D, b LERCHBO
BT N HCHEAED LB THAIN, B
AR THE LB B/IACSRENRD » TRHRERIE
bR RETH ER 150 pm (=0.15mm) L
TONMRRARTEIRNZ ENREDTHEND, £
DRI YREMLUADOBEESA-TLED Z L%
< BTarMAEWS L0k, HAHEAYEALEGO
ZEi bt FDOZ EMBE xR B
TEAERBIPAEZNT 50Tkl T, &l
BT 5HX0 b O CleiFiuiie bbb by, ©
NIXERR D S ORWIET D LB Thowied
e, BRIEGEZETHTH LR, Fix
WHESE LTHAZRTOWAMIED X 5 B /s
XX LTHErZ LXRTETH B0, P
BEDERIH - THIRBML S v 7 — rEOHKRTN
WA LEEYTRT LR Lk bT, ThTeHIh
TeRit B B EE OB S EH U THBRIC X - TEIR
LTRBZERCKBDTH > T, LEFOEBANKE
W ULNSEVWA DB T TH D, LrdEED
T 5— v RBOIGE (AN OERAY o}
A v - EHT) ThrART—RLT, T
REEDNADSHD Z EDnB T L L, ERERE
TRENTESHOKEILXHE () THrZ LA
FELbLW I EREZ AR L, ThIZIXFEE
CHEBERIDDHN, —RRIIEB LTI 7Y

Foe Ry ATESEYOIBHIRINENTHS
ERIMD, —BRICIITRTEATEVF Ry on
CkoTv—21, ZOMADOFTED TELLIFED
BEROBGIHDHET, BRI 01N
k5 LSBECRY, FAT7EVF e Rvyvrk
SADFEN, EHLRERBRBT—7T5Z L0
AThE, SsreEfichs,

M RBEDIHICE S LMIEORES 25— b
NZDEHEEOFHLILLID T VT — TRl
1@EEF~—7%200 % (A—RThHhEMEFE R
BN —2%20Th L) Z ERFAIE LiFa
TviFhEd, ANANCRECLERIE~N~—2%
DT LE BTk T, thDF V-5 — bzt
BELEWIIOEREOD 5T, Fhich=—2%D

T 5LEPECIHER, FOBCHLTULFAT 2

Y F e RYYADIEADREAZ R - TEAE RS
ZRAVCTI LA, thiltOomE—&EM &
bbb, Il ErnREiETiE rQ:-- -,
Q@+l DX3EERT LS THERRRT 3,

LA NEORES V25 — P2l LTEL
i, AIRTH IR 20REH LN, £y
KisETh, 0 LDWMgitk L LB @i
BBEVS EERTHEELL, ZOFLT7EVF .
RYVARE D=~ 7% THL LEBEFTH
%,

COFBECINERES v 5 — VicfEh B8 E
WETRTERE LTRJI LTRENTEDDTH S
b, EAMEE LT\ DO% B OTRBEILA <
AR TTH-T, WIMNEHOWEETCRES 25
~ P EAVCRERLT O TRES YO TR &
¥ HET 5,

GBER) F17EvFeRvvrofRAR
FATEYF « Ry ARBHRROWESTIIAES
2MThHhBHH, b LThMBEVHEC LERO~—207
BES R THIERAOFER DD, ThIXEKR
BREBO/NARLNT HLMIFILFA 7T E Y FO/
FABMTThHotbDTHBH, BEOIIKEL A
vHBRALES 2V IAT VERBOAESTHEEDS
WEBORIIE > ThH Do Fho bV 4 ROFHKY
EBLBERZ v oA TESTH BN, ThIRERN
#LDDLDTHBMD, FOEBIMA L5 Th
BT RREEREZES v & 5 ke AfiieificiE
S>THBMDL, TOEETREFNFRACFAR2rbh
twFhEd, TOEEESEHALRIEN 5 A )
LEBWLDF XD bhBDTHBEND, Fhiii
REBRIELEZBD LI 7EVF « Ry v AOREK
b D EAEES CId 35, BLShuX
BESEHCEH ML, WROBERL YR Y TIXER
RYRYDFIH->TLED, HoTEY Y 4ROV
AYVT, TOHRELXHFSLLO YR Y BER L TERK
FELOIRFEL LB 0D, TATHSZ Ltk
S WiFiEv & v e A 2RI OERIE
WRIEFIhTWE05, ThrAVWTENKITh
e biths L LRBARABEITEV/F e Ry
WERES TR I CABETHRENEL 7 K14%H)



$#5 Jap. J. Phycol. 32: 287. September 20, 1984

= 1

- X

«Advanced Phytoplankton: Taxonomy and Systematics’’ DEHA

TDZLEDEFF)ERERFLOEALSH %

LEDTZH/ALET,

F{#, 3287 Stazione Zoologica, Naples, Italy

H . 198547 A1 H~21H (38R

A B /MYz2—, ARARKERVRALY VKED
BER2—RY)—F—L LBEHEY T 7 v
7+ vERECETAPHE, HcBEEXERE
FEEHBEFRACESYEL,

BINER : HL - BLO%N, ¥EE5HDVIIEED
BEREYETHET, BRECHELEDHEY

75 v 7t vRROERE,

2inER: 154

AR s XU BEAAKE R TRACBE-LET,
Hra ¥ERyLELIhDHRES B GERAE
WHRET) ETHMVERE T3V, FRAD R
198541 A1 BT,
Dr. Carmelo R. Tomas, Head of Marine Botany
Stazione Zoologica,
Villa Comunale, 80121 Naples, Italy

KEHBREOREHFICHT IE 2EEER L - RS TALICONT

19854 6 A23H A H28H ¥ T 6 HREWED, X
BAVZ +A=THEF 252V ERBDHY 7 51V
=7 KET — AR BT, KESHHEY OB
THY VRS LAREEIATVWET, UTDX57%
Py 2 ARAEINATWE T, A) Stock manage-
ment for extensive aquaculture production; B)
Control populations and monitoring genetic change ;
C) Genetic control of sexual maturation; D) En-
vironmental components of sexual maturation ; E)
Body size and efficiency of growth; F) Genetic
control of susceptibility to disease; G) Genetic
management of production broodstocks; H) Ploidy
manipulation and genetic engineering; I) Stock

J) Life
history strategies and response to domestication.
ARENPLERD Z EXTFEINET, HES
HMBETCHRO H 5 RFFEOEMIEEh T, 2
Bl H OB INEPPRIZIIBED 1 FIzRTOTFETT,
RIVEREIZERD EFD T, G.A.E. GALL: Chair
of Organising Committe for 2nd International Sym-

development and strain comparisons;

posium on Genetics in Aquaculture, Department
of Animal Science, University of California, Davis,
CA 95616, U.S.A. 3 L<ix N. SAGA: Marine
Science Institute & Department of Biological
Sciences, University of California, Santa, Barbara,
CA 93106, U.S. A.



%8 Jap. J. Phycol. 32: 288-290. September 20, 1984

a4
—% &

I #b@YEERS

IBFIS9ME 6 120, % (IBF60 « 614EE) SRR
MEHBOLDOFLME D FHELMW IR, 20
R, FHRASTE, BOFEERE ek B8, TREX
He GREEK - &), EEEKRE b« KE) 0=K%
KL RBEMEE LTHIETSAZ & & L,

2. BBFA60 - BIFERRE LUTFRRRY

TRI6HIBERKS LUBREALBYRE LK
WEREFHBROELELEW L 1oo 8 BI3AKEMM

0 GUAK B, KB (B« S - %
) TAOL LB TR, KT A DY
B LUFFRRICER Shis,

&R TR

WA

JCHBHAK B4 « IWHRTE

FAHRE 4 0 F

BISABES A TUHE « VPR L« LI -
il M= - AR

M I - BRI

TR AR - BOEH=

i - POE A A KBFIEA

AMBR  HHiE - BREA

3 WHMAS

8 H22H (12: 00~13: 20), HAWEPH¥LE 49 [
Sk £ BAHich DAL K HEIC 30\ CRERA £ AR,
Bb OB 2RI B WA & HEC OV TR
Bk, BAHAECENESRE L EHT 50T
EOREBRE I,

M EAMS R L B - AL - TR
HIE « 5 35 - BTV - BRIFBLAGHE - FROLHE -
WOWS - WALEAFHRR &F % ¥ESAS
FSIRE AN, SRR,

4. EEHES

FRFIS9E 8 228, JbABBMC KT 5 HAMYF
SFOEALELAR (17: 40~18: 20) CERES
DPAfE S hice BARESLROBREWCH T, BIHHA
EHER (dbk - B - WD RERCEH LTEigne
AT

# =—

I. #&%E

1. %kl (FBFI60 « 6L4EE) &R, FHERICOVLT,

AT (2) OBEHEREIMESIh, TEIh,
0. HHIH

1. %3 mEBEEEF b (B 63 4) i
DWW T,

BEAESRN LI O 2 AR A S h, ¥
AL OWTIEA—RA S YT, AT Y —FE
B, PEHR SR DL OERABE SR, ¥
TR B (A« ) 2 b, BH6IERICHEET
CTOWREE E Lrtk, BEOICBHTORET v
TEHEY VESY ARFTIRTHB LIV EDE AT
Th, ThEY%LBBLLTERLVCEDRE LRS-
o

O E, SHERE L CEERAYLSHRHER
LR BEPNFHITHIE L TARD & FHLEDIAL
WHIED B o Tl i, BB TIIERYREL TS
&, SHRIMTREO—MEBE LTHRE X DML
HEXAECS~6 HBEOY —F v /L — 7T
TRAHERFETV, EREE CRETOTAYE
FHHMT L, BRIEILREDORESTITS, &vH &
LR E ST, T —F VI TN~ TFDONRILERER
C—E+so kL,

o RHER KIREOMT, A& EEEEESHME
BRI AND Lo sl s el Ah
B, W52 L THRBKOTEY R,

2. HISEEEMYFELHE (BRM68FE) wi¥sk
FLDRBIZ OV T,

MhRT LY BAEYESTH L CEEBEEDFESHED
AACOBBERNE TR Y, BEXHHFESIRERT
ChERTAERYRDTER, AE¥ESE LT, B
[EREOGERFNTBITRTETH D2, HBFG
ELTERHT LR ELI xRV EELTS

5 @E-BHs

MBFN 594 8 220 (18: 20~20: 00), It kHEL
EHRWT, EROBEEESTO & >3\ TEAIDHKEK
cBELHBEI R, FHELEK k-8 OF
KX -T, HHEBBE GAK ) MEELCX
BEBEREME) DM Tbhi, BHRAIESF
DFj 2D EHTBA RO, LoD bhic,

sds, i - BESOMBT S > TEHFHBAER



VX LAt E R F B P RERE DT 4T IR
Hetetivic, BLELBL EFHKRETT,

BNk :
HEH,
BARE=,
HERE,
A sEs,
/NRRFOTE,

[
RHE—H,
w3,
EHEH,
JIBE=,
IR,

R 8, 8BiEEy, 8 <
REREST, HE W, WREE,
BAEA, £ B, FEESR,
gL, &F #F, JIFER,
TErlZ, BE % BARM,
SEBE, AEE—, AE R

w

289

RFEERE, HFR=, SHEFR, THRXHE BE
#, HEA%, EEAEE, FE £ B B
HAMN, AHGSRE, W E=, WoERRE sk
WATLARN, #kEW, RIUE—, KT E, =g,
AREZ, § B, UESE, WEKE, WEER
BTG, HHEA, VHFY e Cev VIR, EIH
2z

Hp

T B E =



290

B &
FRESTF FKREB), BREMA SER), ¥# E(5ER), B.N. Prasap (JtEH)
e e e e e e e e e
RB4£A i E R EIREAY 060 AR FREIL4TE6 HEILBSER
R4 085-04 JbugEFT R BEET SEmT -y SR bR
HBLH vrsES 260 TENRER 1-12-9-103
WHBRFRRHRAE 160 HHHHBREE 1-20-8 MARAARELEC LA
BAEREE TEBR St S 1 A BERE 1 AR
100 A TREXAFE 1-6-1 KFAT L
cEHESRREERAASEAS 108 HREHEXHEER 2-16-5
K. K. AEREB2EMET - E B 3B 173 ERHRBXKILER 32-17
HREHE REEHSE 113 FRfiXmEFE5-25-18
BREHEY 7 0 P AR 189 FRHEEILTTAE 1769
INAHBERAT 143 FEREAHRXATRRE 5-2-12
. L EERE 150 ERUERRE KAEaT 1-21-9
| EEHEERSH ZREBER 214 I SRR A 8580-61
HBEREASE 742-15 (L0 RABERL M HERT IR 962-1

S

A —m



291

# B X A

I. BEOFH FFTIEFXLICAEXCHET L80FRRD, AX - B3 - Sk GEER - BEVWFEHS
) Mk (W8 - REWEN - FTHER - =~ 2 - FIR - FPHEAR L) 2BRL 2T, R F—20FE
OWADEECESYBEVEGEZBLOEEYEOLZHEINE T, FERHORBIERIER, #HEZ SR
H#ERLBIVRERETRDE T, FERIIMTERIIRCEL, AL EHHARREVEX8HE, AIXX6H, &
R1EMAZERE LET, HOBAIHIRL 1A, HoBRs, ds, BRIV ZSOBAIIELEAEL
WX 2E, MRV ET, MTEBTII SN, BLFEBTIX2HBRIEY 1HEE3RYTY,

I. {X0BXH FTEMIT 400 FHEFEBAK WEEB5 £213A4) iT, YH#ESE, FERLAS (EWaR
FEZ) 2ZRVWEEKRTCEWTTIV, BEYFEBREFLZA TAKRZAV, FTLAR—-RTBTR LA 7 CH
b, +HLERNELRZEEEREOLBELTTIV, HEORECYALAORRICY - Tt EEDG4E
P> TTFEIV, Ik, 77ET7HF - A— k- BRIEEZRAY, FHRE0A 2 » 7KIKITTHLAE,
NGB EDARE—~NF x EZNVITIETR2E, 90 7RICIIFERBLEZRZALTTFE VY,

{5 + Batrachospermum ectocarpum Sirod., Summary, sec, min, hr, nm, pm, mm, cm, m, gl, mb 1

8, mg, g N, M, ppm, lux, g(gravity), 25°C 7z &.

Ff, 28 ZBYEHN (X - BYEBL - 22 - 518 - IHE (XXEFOL) - REFEX0H

B (W) OEIEEDTIMEL, 2324 (FHIEAM2HM) L THEVTIV,

(1) EELEN HXFEWTL, BMAREL - BEE - F54 - EHOIRL, MXERTE, MARBL (%) -8
BLEEL FEE) -EH () DOFECGTALTTE, BENIEEL - BE - HER - LD (200F
DHECIE U T400F ¥ T) « EHLBEDOHTEAL, HRECHTHIHFHIHETECT AR TT I,

(2) AX EERCRELZUNOBEIL, LI ELOKREANTTIW, FER3LTFAhic5| A Fig.
1, Table 1 X 517) L, YHOSIAXKROHIZEDS > T, FEERLENE FIVCLBSUTH (BT
EDFE) ZHRLTTFE,

5] : -..-aquatic ecosystems (WELcH 1972, 1974), Liebig’s (1840 p. 23) “low of the minimum”
is-ee, -eee3S TS (YaMADA 1949), [@F (1907 p. 56) 1%,

3) BIAXE AXHTEHLAXBMOLE, JHRCTAT7 7y MEZFIZELTTIW, 3IAIR, OFEZED3|
e, OREEHYRTENOBY Y LY THHDBBD2ANTEL, ThFhhl 1) EE4L4 =)
HARE ) BE (BRE2EST) =) NBIE (H-Rid) +) HREE (HRE - BKE) 05 bol
ERFT»5 DL S5BEZE > TFRICES > TEALTTFI VY,

(BFAE) O, OB [REEGATET 1959. 7 HIREMT.” NHEBE, .
(BffAo 1%) ODREBEs, G.* 1977."> Sexuality.™ p. 250-283.=> @In D. WERNER [ed.]?> The
biology of diatoms.” Blackwell Sci. Pub., London.®
(&4 o4 M) OHusTEDT, F.?2 1930.”> Bacillariophyta.”> @JIn A.PASCHER [ed.]?’ Siibwasser-
Flora Mitteleuropas. ed. 2. No. 10.”? Gustav Fischer, Jena.®
(MzEorpo 1582) O BER? 1970."> Batrachospermum ectocarpum SIROD. DIYMFEXHIHTE.™ @
FE 87 1-8.2
@OMOoRr1, M.?> 1975."> Studies on the genus Batrachospermum in Japan.”
@]Jap. Journ. Bot. 20 :7461-485.%>

@) FURE EUFEROBEDSH, T, FEA - FE - FIEDAN 400 FLRITE LD TFIV,

(5) RERMBICEDHA EYLTEE, REFIERBIEOHE (14x20.5cm), ICHIE (218 14, KEk 6.6
cm) 2ERBL, BT RERRFNL L EHMRIBER I E5RESITHET, RS2 TRy —1%
AN, BRI, XF, BFELA 75145 —, v Y)Y/ RERERZBVES v CHBEREAL, 0
FEARCEESXS5CLTTIV, &k, FEROMBEFEOHEILOEHLLTTEV, FEHD
HICIEEA - FS - FEHBRETALTTIV, BLHOFHRIFHEE L, ThE AN SEFT2AER
EWMNCBRLTTEV,

L. HKELFIB FERERYKOLEL, BERE»LEVEITOT, SHLUARKEL CRAHORIRIHAE

KRREDOEHEZIMAL TEEL TTFIV, FIRIZ, R - #3 - BRCR-> TH0 HMEFLTHREL T,



292

Information for Authors

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 (10,000 Yen perpage).

The manuscript should conform exactly to the following instructions. The manuseript should
be typewritten, double-spaced, on thick paper of 21.5x28cm or A4 size. Each typewritten page
usually consists of 28 lines. 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 one duplicate are required. The first page should have only
the title, 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)-::-:- Or eeeee (WEeLcH 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:
Mikawmi, 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.]. 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 14x20.5cm. 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 one set 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 duplicate. Coloured plates may be printed at the expense of the author. The inser-
tion 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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Publications of the Society

Inquiries concerning copies of the following publications should be sent to the Japanese Society
of Phycology, c¢/o Laboratory of Phycology, Tokyo University of Fisheries, Konan 4chome, Minato-
ku, Tokyo, 108 Japan.

1. Back numbers of the Japanese Journal of Phycology (Vols. 1-28, Bulletin of Japanese Society
of Phycology). Price, 1,500 Yen per issue for member, or 2,500 Yen per issue for non member, price
of Vol. 30, No. 4 (30th Anniversary Issue), with cumulative index (Vol. 1-30), 4,500 Yen for member,
or 6,000 Yen for non member. Lack: Vol. 1, Nos. 1-2; Vol. 4, Nos. 1, 3; Vol. 5, Nos. 1-2; Vol. 6-
Vol. 9, Nos. 1-3 (incl. postage, surface mail).

2. Index of the Bulletin of Japanese Society of Phycology. Vol. 1 (1953)-Vol. 10 (1962) Price
1,500 Yen for member, 2,000 Yen for non member, Vol. 11 (1963)-Vol. 20 (1972), Price 2,000 Yen for
member, 2,500 Yen for non member. Vol. 1 (1953)—Vol. 30 (1982). Price 3,000 Yen for member, 3,500
Yen for non member (incl. postage, surface mail).

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

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

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

W59 98 108 FIRI RESERTE = i A i3
RFS9E9H 208 T T 08 M 4 K E 457
) MBKE RS AT RN
©1984 Japanese Society of Phycology

] SARRSRREREET BBl AT FMMREBHRBHRRX S
R 'm 8B T I76 MAAHEEE T2 TEI3ER

< E sk
| T E R R £ 7 W H & 8% 4
‘ \ T 08 W AW K B 4—5—7
WOROK Bk M4 B

Printed by GAKUJUTSU TOSHO Printing Co. 5 & HiE 4 139176

FEOHFERO—FILHEREHREHDE GIREIRTITR) X5,



F32% F35 MMS9FEIP 208

B R

AYETS, E.C.de 75RF4, E-M.: 75 UnpEA =/ ) BREOEREL -~ () 203
ANT= - JRFEREH: Laminaria, Desmarestia OFME IR+ 5L &

744:3:,:);1,”@] (HE3r) 209
BPFR= -8B sk rPEPERKEL

(MonT.) J. Ac. var. angustata Jao (FLEH, 4 F¥AH) OWEFMNGE ----- - (330 216
FEBF . fpEPUIERE » 7 =Y 2R O 2§, Batrachospermum intortum JAo

L B, sinense JAO (KLFEW 3 V' 7 A VY H) ITODWT sererrecrnssnnennenaeneeens (3E3) 221
JO%E . ¥AEkR: #L3% Gigartina prolifera HARIOT OFfJg« v vvve e (Bi37) 227
BIRHTER: R kB a Tz ) (BEEF A<y ) OARRE e (BE30) 235
HRE AR 7~/ ) BOBEMEOWRE A2 b L EFTREE e (BE3D) 243
MR BB - AT Protoperidinium conicum (Gran) BarLecu (Dinophyceae)
HAHBE - A FIBEAIT LS 1 7 S AT F RO o oeveeeveveenaeeeinees 257
KE HE: WEBHEREEREESE Berkeleya rutilans OFFMT L K E SOLEL- - veeeeeee 262
BRRE: 77/ ) ROEOFRMOTMEHIELE - oo voreee e 269

{7V ¥z no 1445 Caloglossa leprieurii

f

*- 0

/=t

BB B FATEAAAOHHERE o 279
BHEF: RIBFR O HEMEIAICOU T oo 283
BHET: BHT L5 — QBRI DI oo ereeeerereeersreneiiiiaiiis 285

AR

H & % 8 ¥ &





