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Plurilocular sporangia on the frond of Iskige okamurai were observed for the first time. They were
uniseriate and transformed from the assimilatory filaments of the cortical layer. In culture, plurispores
developed into new fronds through an initial pseudoparenchymatous disc stage.
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The genus Ishige YENDO was originally
placed in the Fucaceae (YEnDO 1907). But
with the observation of zoospores from
unilocular sporangia in I. siniola (SETCHELL
and GARDNER) CHIHARA (ONDA and AzuMaA in
SEcawa 1935), a new family Ishigeaceae (in-
cluding 2 species) was established (OkAMURA
in SEcawa 1935). In I sinicola, unilocular
sporangia are transformed from the apical
cells of the assimilatory filament, and
zoospores have been observed (Mivake and
Kuniepa in Okamura 1936, fig. 131).

Since the discovery of a microthallus stage
derived from the zoospores of I. sinicola
(Arasaki 1943), this family has been placed
usually within the Chordariales (e.g.,
YosHIDA et al. 1985).

The author has observed no unilocular
sporangia on thalli of I okamurai YENDO
collected year-round on the Kada coast in
Wakayama Prefecture. However, sori of
plurilocular sporangia were observed on
September 27, 1981. The plurilocular
sporangia and the resultant developmental
stages derived from these plurispores in
culture are described for the first time.

Ishige okamurai—Ilife history— Phacophyceae—plurilocular sporangium— plurispore.

Materials and Methods

The thalli of Ishige okamurai were collected
on the Kada coast in Wakayama Prefecture
facing the Pacific Ocean on 27 September 1981.
They were found growing on rocks in the
upper littoral zone.

The mature fronds were carried to the
laboratory in a cool condition (ca. 5°C). For
the culture study, the fertile fronds were
rinsed thoroughly with several changes of
autoclaved seawater and were dried for about
one hour. They were then placed in Petri
dishes containing sterilized seawater until
plurispores were obtained. Plurispores,
showing negative phototaxis, were washed 3-
4 times in Petri dishes containing sterilized
seawater using a micropipette under a
microscope. A small suspension of
plurispores was poured over glass slides and
left for half an hour to settle. After settle-
ment of the plurispores, these slides were
washed with a jet of sterilized seawater and
placed in glass vessels (6.5 cm %X8.0cm)
containing 180 m/ of medium.

For single algal cultures, individual germ-
lings adhering to the glass slide were isolated
with a micropipette and transferred to a
culture test tube (2cmX13cm) containing
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10 m!/ of medium.

The culture medium used in this study was
PES medium (Provasorr 1968). The
cultures were maintained in the incubators
illuminated with the cool-white fluorescent
lamps (ca. 3000lux) under the following
temperature-photoperiod regimes: 20°C, 16-8
hr (Set 1); 20°C, 10-14hr (Set 2); 15°C,
14-10hr (Set 3); 15°C, 10-14hr (Set 4);
10°C, 14-10 hr (Set 5) and 25°C, 16-8 hr (Set
8).

Results

1. Plurilocular sporangia and plurispores

When a frond of Ishige okamurai was placed
in a Petri dish, a mass of yellow-brownish
swarmers was observed near the middle to up-
per branches (Fig. 2 A, arrows). The surface
of these branches was covered with several
raised sori of plurilocular sporangia (Fig. 2

B). At the cortical layer of these portions, the
assimilatory  filaments  were  divided
dichotomously once or twice. The outermost
4-6 cells were transformed into uniseriate
plurilocular sporangia, each cell of which had
a red eyespot (Fig. 1 A, 2 C). Plurilocular
sporangia were not observed on the basal por-
tion of the frond. Plurispores were released
from an apical pore of the plurilocular
sporangium. They crowded around the
parent frond for a while. Then, they showed
negative phototaxis and swam to the wall of
Petri dish.

The  plurispores measured 7.4-9.8
pmX4.9-6.1 pm in size. A plurispore was
pear-shaped with a single chromatophore
and an eyespot, and was laterally biflagellated
(Fig. 1 B). Settled plurispores became

spherical, measuring 6.1-7.5 #m in diameter
(Fig. 1 C).
2. Development of plurispores

Fig. 1. Ishige okamurai. Plurilocular sporangia, plurispores and developmental stages of the plurispore: A.
Plurilocular sporangia; B. Plurispore; C. Settled plurispore; D-1. 2-(D), 6-(E), 10-(F), 12-(G), 14-(H) and 16-(I)-day-
old germlings in Set 2.
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The following developmental stages of the
plurispores were recorded mainly in Set 2.

Within 1-2 days, the settled plurispore ger-
minated by pushing out a protuberance, and
it divided transversely into two cells (Fig. 1
D). Usually, all contents of the plurispore
moved into the protuberance.

The germling developed by the successive
transverse divisions into a creeping uniseriate
filaments consisting of 4-5 cells and 50-60 g#m
inlength (Fig. 1 E). Primary lateral branches
were produced near an apical cell of the
protuberance (Fig. 1 F). Secondary lateral
branches developed on the basal cells of the
primary branches.

Within 2 weeks, as a result of the extensive
branching (Fig. 1 G, H), 50-60% of the
germlings soon developed into pseudoparen-
chymatous compact discs (Fig. 1 I). Since
outermost cells of the disc sent forth prostrate
branches dichotomously, the discs developed
radiately into large ones (Fig. 2 D). They
measured 200-300 gm in diameter within
1 month in Sets 1, 2 and 8, and within 2
months in Sets 3, 4 and 5.

On the other hand, other germlings
developed into long filamentous prostrate
thalli (200-600 #m in length), which produc-
ed long uniseriate upright branches, within
2 weeks. However, tips of branches made
contact with the substrate here and there, and
then new discs were formed (Fig. 2 E, F).

Initial developmental stages of the
plurispore germlings were the same in the
other Sets. In Sets 1-4, 50-60% of
plurispore germlings soon developed into the
compact discs, and others developed into the
filamentous thalli. However, in warmer con-
dition (Set 8) and cooler condition (Set 5), a
ratio of the discs increased to 70-90%. The
growth of the discs in warmer conditions was
faster than that in cooler conditions. Within
one month, both types of germlings developed
into large discs.

Profusely branched upright filaments were
produced from the center of the discs (Fig. 2
G). When these filaments were cut off and
cultured in the test tube, new discs were
produced from the cells which attached to the

substratum. In Set 8, the upright filaments
usually became dark brown. Then, a part of
them fell off and made a new disc on the
substratum. The discs enlarged (usually
5mm in diam.), and eventually coalesced
into a large mass (Fig. 2 H).

The disc has not produced any reproduc-
tive organs under any of the culturing condi-
tions. The discs also have not made any
erect fronds even after a year in Set 8.
However, when a disc was transferred from
Set 8 and cultured in Set 5 for 5 months, an
erect frond was developed on the disc (Fig. 2
H). The erect frond produced some
dichotomous branches and grew into a typical
Ishige okamurai thallus, but it has produced no
reproductive organs even after a year.

Discussion

According to the fig. 131 (Mivake and
Kuniepa in OkaMura 1936), the unilocular
sporangia of Ishige sinicola were transformed
from the outermost cell of assimilatory
filaments. The outermost cell enlarged into
an elliptical cell, containing many
chromatophores.

In the present study of Ishige okamurai, the
macrothallus  bore only plurilocular
sporangia, which were transformed from the
assimilatory filaments. They were uniseriate
and left no sterile terminal cell.

These reproductive organs were observed
on material of Ishige okamurai ca. 20 years ago
at the middle part of Honshu, Japan
(TaTEwaKI, personal correspondence). Both
sporangia were observed on the same
individual at Enoshima, Kanagawa Prefecture
in June. Only plurilocular sporangia were
observed on thalli from the same place in
July, whereas only unilocular sporangia were
observed on material collected from Atami,
Shizuoka Prefecture at the end of
September.  Zoospores and plurispores
developed into discs, on which Ishige thalli
were erected later.

In the life history of I. sinicola as reported
by Arasaki (1943) from Mikawa Bay,
zoospores from  unilocular  sporangia
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developed into filamentous microthalli, which
formed uniseriate plurilocular sporangia.
Gametes from the plurilocular sporangia
showed sexual conjugation, and zygotes
developed into-filamentous microthalli. But
they did not grow into Ishige thalli. ARasak1
(1943) concluded that the Ishigeaceae belongs
to the Chordariales for the following reasons:
1) I sinicola showed an alternation of
heteromorphic generations, 2) microscopic
gametophytes had motile gametes, and 3)
plurilocular sporangia (gametangia) of I
stnicola in culture resembled those of certain
species in the Chordariales.

In this study of I. okamurai, plurilocular
sporangia were uniseriate and lacked sterile
terminal cells. Plurispores from the frond
developed directly into the typical fronds
through a pseudoparenchymatous prostrate
discoid stage. The disc was always sterile
and functioned as a perennial holdfast system.
The taxonomic position of Ishigeaceae is thus
uncertain. Next, the author wishes to com-
pare the characteristics of Ishigeaceae with
those of members of the orders Chordariales,
Scytosiphonales and the genera Analipus,
Mpyelophycus and Melanosiphon. In the Chor-
dariales, some species have both types of
sporangia on the sporophyte. However,
unilocular sporangia are always formed on
the basal or middle part of the assimilatory
filaments.  Plurilocular sporangia of I
okamurai resembled those in the Scyto-
siphonales. However in the Scytosiphonales,
the macroscopic frond with plurilocular
sporangia is the gametophyte stage and alter-
nates with a microscopic sporophyte stage
with unilocular sporangia (Nakamura and
TaTEWAKI 1975). Analipus has both types of
sporangia on the macroscopic fronds. But
the developmental stage of zoospores and
plurispores are  parenchymatous, and
plurilocular sporangia have typically two (1-
3) sterile terminal cells (WynNNE 1971).

Myelophycus and Melanosiphon have both types
of sporangia but on separate individuals.
These genera show polystichous growth and
form parenchymatous tissue (WynNE 1969;
TanNaka and CHIHARA 1984).

According to TATEwAkI’s personal cor-
respondence, there may be several 1. okamurai
populations, in which Ishige thalli produced
different types of reproductive organ.
However, the question remains whether the
frond with unilocular sporangia is really
absent or not at Kada coast, Wakayama
Prefecture and whether the species of the
Ishigeaceae have an alternation of isomorphic
or heteromorphic generation.

To clarify the taxonomic position of the
Ishigeaceae in Phaeophyceae, it is necessary
to survey critically the presence of unilocular
sporangia and to complete the life history on
materials collected from various localities in

Japan.
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