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The life history of the marine red alga Griffithsia japonica OxaMURA, collected from Saikai-bashi,
Nagasaki Pref., Kyushu, Japan was studied in laboratory culture. Tetraspores released from a field-col-
lected plant developed into uniseriate dichotomously branched male or female plants within two months.
After fertilization, female plants formed cystocarps surrounded by one-celled incurved involucres. Car-
pospores released from these culture plants developed into tetrasporophytes which discharged tetraspores
after two months. Thus, in laboratory culture, the life history of G. japonica was completed within four
months. This species can also easily fragment and each detached fragment can regenerate into a new plant

as reported in other Griffithsia species.
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Griffithsia japonica OKAMURA is an epilithic
or epiphytic dichotomously branched filamen-
tous red alga which grows in the intertidal
and subtidal zones on the Pacific and East
China Sea coasts of Japan. Plants of the
genus Grifithsia (named after the British
phycologist, Amelia W. GrirriTHs) have
uniseriate uncorticated axes of characteris-
tically large vegetative cells which are visible
to the unaided eye (ca. 500-700 gm diam. in
G. japonica). Moreover each cell has the
ability to regenerate into a new plant.
Because of these features, Griffithsia has been
widely used in cytological (MYERs et al. 1956,
Prirou 1962, Ramus 1971) and mor-
phogenetic studies (DurriELD ef al. 1972,
WaaLanp  and Cirerano 1972, 1974,
WAALAND ¢t al. 1972, WAALAND and WAALAND
1975, WaaLAND 1978).

In spite of its characteristic morphology,
this group (tribe Griffithsieae) is a tax-
onomically complicated group (ITono 1981).

* Dedicated to the memory of the late Dr. Munenao
Kurocr (1921-1988), Professor Emeritus of Hokkaido
University.

Griffithsia japonica—/ife history—Rhodophyceae.

Various taxonomic criterions in this tribe
have been proposed by many workers (KyLIN
1956, HomMERsAND 1963, BaLpock 1976).

On the other hand, little information has
been published on the reproduction and life
history of Griffithsia. Only Lewis (1909)
reported the reproduction and subsequent
development of G. bornetiana.

Yenpo (1909) first reported Griffithsia
Japonica from Japan as G. schousboer MON-
TAGNE, a species found on Atlantic and
Mediterranean coasts. Subsequently
OxaMURAa (1930) described the Japanese tax-
on as a new species, G. japonica, on the basis
of its differences in morphology and distribu-
tion from G. schousboei. Since then, the
distribution of G. japonica has been confirmed
as southern parts of Japan (cf. SEcawa 1956)
and China (Tsenc 1942). However there has
been no report on the life history of this
species, or of the genus Griffithsia, in Japan.
Hence an attempt has been made in the
present study to follow the life history of
G. japonica in laboratory culture.
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Materials and methods

Culture studies were initially started from
tetrasporophyte as this was the predominant
phase in the field populations of Griffithsia
Japonica.

Fertile tetrasporic plants were collected at
Saikai-bashi, Nagasaki Pref. and brought to
the laboratory on May 29, 1987, June 4 and
June 15, 1988. Plants were rinsed in filtered
seawater and placed in Petri dishes (6 X 2 cm)
containing 20-30 m/ sterile seawater for few
hours to induce spore liberation. The re-
leased tetraspores were rinsed several times
with filtered seawater from a capillary pipette
and inoculated into culture vessels (7 X 2 cm)
containing 40 m/ of PES medium (Prova-
soL1 1966). The dishes were then maintained
at 18-20°C under cool-white 40W fluores-
cent lamps at 2000-3000 lux, and a 12: 12
photoperiod. The medium in the culture
vessels was renewed weekly. When germ-
lings grew up to about 5 mm in height, they
were transferred to aeration cultures.

Chromosome counts were made using
Mature
tetrasporophytes were fixed in ethanol : acetic
acid (3 : 1 v/v) and stained with an aceto-iron-
haematoxylin-chloral hydrate solution (Wrrr-
MANN 1965).

plants cultured from carpospores.

Results

Griffithsia japonica is a dichotomously branch-
ed filamentous alga which grows up to 2-5 cm
in height (Fig. 1). Most of the plants found
in the field were tetrasporophytes, with very
few female gametophytes bearing cystocarps
and no male plants found. Tetrasporangial
fascicles appear in whorls around the second
joint from the apex and each fascicle bears a
single inflated involucral cell recurved to
enclose the tetrasporangial clusters (Fig. 2).
The tetraspores are spherical (35-40 #m in
diam.) and dark red in color (Fig. 3-A). In
culture, released tetraspores attached to the
substratum within a few hours and ger-
minated by forming an elongated hyaline
rhizoidal cell, and an apical cell which later

divided to form the thallus. Within 3 days,
germlings developed to a 3-celled stage about
150 #m in length and 50 pm in width (Fig. 3-
B). Within one week, cell number increased
to more than 10 cells and new lateral branches
were produced (Fig. 3-C). After 21 days,
germlings were about 2-3 mm in length (Fig.
3-D) and became detached from the
substratum (glass surface). At this stage, the
free-living germlings were transferred into
aeration flasks. The germlings grew up to 1-
2cm in length after 40 days in aeration
culture (Fig. 3-E).

Spermatangia (Fig. 3-F) formed in whorls

Field-collected  plant

Fig. 1. of  Griffithsia
Japonica.
Fig. 2. Branches with tetrasporangia releas-

ing tetraspores.
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Fig. 3. Development of tetraspore. A. Tetraspore released from tetrasporangium. B. Three-day-old germ-
ling with hyaline rhizoidal cell. C. Seven-day-old plant with a branch. D. Twenty-one-day-old plant with
pseudodichotomous branches. E. Forty-day-old plants with reproductive organs (m, male plant; f, female plant).
F. Spermatangia of male plant releasing spermatia. G. Procarps of female plant with two trichogynes. Scale in A
applies also to B, F and G.
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around the shoulder of the second joint from
the apex of one-month-old male plants, and
female reproductive organs developed about
Gametophytic plants were

ten days later.

almost dioecious, but only one
monoecious plant did occur. Carpogonial
branches and trichogynes developed at the up-

per end of the terminal cells of female plants

always

Fig. 4. Development of carpospore released from cultured plant. A. Branch with mature cystocarp. B.
Mature cystocarp releasing carpospores. C. Carpospores from cultured plant. D. Fourteen-day-old germling from
carpospore. E. Mature tetrasporangial clusters of cultured plant. Scale in C applies also to E.
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(Fig. 3-G).

The spermatia released from spermatangia
attached to trichogynes and ultimately
resulted in the formation of cystocarps (Fig.
4-A). Carpospores were released (Fig. 4-B)
within 2 months of germination. The released
carpospores were 35-40 #m in diameter
(Fig. 4-C). The germination pattern and
development of the carpospores were identical
to those of the tetraspores (Fig. 4-D).

After two months in culture, germlings
derived from carpospores formed tetra-
sporangial fascicles with 14-16 one-celled
incurved involucres (Fig. 4-E). The mor-
phology of the tetrasporangia was the same as
in field-collected plants.

The chromosome number was about 20 (n)
in tetrasporangia (Fig. 5). Unfortunately
chromosomes in the diploid stage (2n) or dur-
ing meiosis were not observed in the present
study.

Some mature vegetative filaments were
fragmented into single cells and maintained
in culture under the same conditions. Most
of the fragments regenerated into normal
plants as reported earlier for other species of
Griffithsia (DUFFIELD et al. 1972).

Fig. 5.

Discussion

All phases in the life history of Griffithsia
Jjaponica were observed over 4 months in
laboratory culture. Germlings derived from
tetraspores developed into dioecious male and
female gametophytes and, after fertilization,
cystocarps were formed. The carpospores
released cystocarps  subsequently
developed into tetrasporophytes. G. japonica,
therefore, has a triphasic Polysiphonia-type life
history, having dioecious gametophytes, an
isomorphic tetrasporophyte, and a carpo-
sporophyte which remains attached to the
female gametophyte. Such a life history is
reported to be common in other members of
the Ceramiales (cf. WEsT and HoMMERsAND
1981).

Epwarbs (1968, 1969, 1973) reported other
types of life history, in addition to the
Polysiphonia-type, in some members of the
Ceramiales, but G. japonica showed only the
Polysiphonia-type of life history in the present
study.

In the field, G. japonica is abundant during
spring (April to June), then disappears in sum-
mer (July or August). At the beginning of
this study, tetraspores from G. japonica were
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A. Chromosomes in the tetrasporangium (about 20). B. Drawing of A.
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cultured at 18-20°C and, simultaneously, at
room temperature (above 25°C). While
spores cultured at the former temperature
could germinate, those of the latter did not
and gradually degenerated. This may indi-
cate the inhibition of germination at higher
temperatures, perhaps together with other fac-
tors, which may inhibit growth of G. japonica
in the field in summer.

The early development of this species ap-
pears to be similar to that of G. bornetiana
(LEwrs 1909). Lewis (1909) observed that
the 3-cell stage was reached about twelve
hours after the spore was shed. However, in
the present study, G. japonica did not reach
the 3-cell stage until the second day after set-
tlement.

Morphological features typical of plants in
the field were also observed in plants grown in
culture; the filamentous plants being dichoto-
mously branched with giant vegetative
cells and tetrasporangial fascicles surrounded
by one-celled incurved involucres around the
second joint from the apex. Such features
are characteristics of the tribe Griffithsieae
(ITono 1981).

However, as Norris and MoLrLoy (1988)
recently reported in the culture experiments
of Griffithsia schousboei, many rhizoids were pro-
duced in cultured plants though they ap-
peared to less common in the original field-col-
lected plants.

The chromosome number of Griffithsia
Jjaponica (n=ca. 20) corresponds with that
reported for G. corallina (KyLIN 1916; n=20,
2n=40), but differs from that of G. bornetiana
(Lewis 1909; n=7, 2n=11-14).

In the present study, Griffithsia japonica from
Japan was found to be easily cultured in the
laboratory. The species therefore has poten-
tial for use in cytological and morphogenetic
studies as performed with other Griffithsia
species.
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ERAITESE - BEEA EAKERCE T RN Y 4 Y Griffithsia japonica DEER

BISEKLRE > 7' Grifithsia japonica Oxamura (1 FA B, 1 FRB) OFE - £iFR, FEHNEBEEET
AL R, RREGL LB SN HFRTFORFEIIEE? » FRECEIGRH 1on L DRBL, MR
BTEBRC T ZhERE LB TR I L, EEERE TILZRE BRIBRIH, REETHKH S
Rtz B Ihi-BRFEESET EABEOREXT, RFEH2 » A CHEAL, MSRTHERE L, &
EhOMUSRTENHEAOBEKICE T W TR NS L OB, KRBGERETH 1. 7 ¥
v 7k, A RTh L R EESRTO A b F Y RARE YT > T 5 2 ENEALM LT o T, RalEEUT,
A BEFEOMDZIRECn=ca. 20 L BRI, ¥, ZOBRfLOI ¥ 7 vEOBTHEIh T3 X
31z, UM Xh-BHORISSCHBEECESE L, (852 RIGHIHETI-14 RGRFKEFREFHES
HEE)








