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The life history of Sphaerotrichia divaricata (AG.) KYLIN
(Phaeophyta, Chordariales) in culture
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The heteromorphic and haplo-diplontic life history of Sphaerotrichia divaricata from
Wakasa Bay, Japan Sea, has been completed in culture. Zoospores from unilocular
sporangium of macroscopic sporophyte developed into microscopic haploid gametophytes
(n=9-12). Two different types of tufts occurred in the gametophytic stage according
to conditions given in culture. The gametophytes grew more rapidly at higher tempera-
tures and in longer photoperiods. Conjugation between gametes from uniseriate plurilo-
cular sporangium (gametangium) of the gametophyte was either isogamous or anisogamous
and the zygotes developed into macroscopic diploid sporophytes (2n=18-24). The sporo-
phytes grew larger under cooler conditions and they matured earlier to bear unilocular
sporangia under warmer conditions. Unfused gametes germinated asexually and developed
into gametophytes, repeating the same gametophytic generation.

Tetsuro Ajisaka and Isamu Umezaki, Department of Fisheries, Faculty of Agricul-
ture, Kyoto University, Kyoto, 606 Japan.

Introduction

Sphaerotrichia divaricata (AG.) KYLIN
taxonomically belongs to the Chordariaceae
of Chordariales, Phaeophyta (INAGAKI, 1958).
It is commonly distributed in Japan along
both the coasts of Pacific and Japan Sea.
However, the south region of the Pacific
coast is an exception. This species is com-
mercially important as it is used as tasteful
food in Japan.

HYGEN (1934) reported that the Swedish
species of Sphaerotrichia divaricata showed
an alternation of heteromorphic generations :
an alternation of a microscopic gametophyte
with plurilocular sporangia and a macro-
scopic sporophyte with unilocular sporangia.

ARASAKI (1943), studying the life history
of the species from Mikawa Bay, Pacific
coast, found that the sparsely branched
gametophytes had the dormant stage in hot

summer months and matured in autumn
when sea-water temperature dropped.

In this paper, the life history of Sphaero-
trichia divaricata from Wakasa Bay, Japan
Sea, its karyological observations, and the
growth and maturity of both sporophytes
and gametophytes under culture conditions
are reported.

Materials and Methods

The sporophytes of Sphaerotrichia divari-
cata were collected at Takahama in Wakasa
Bay facing the Japan Sea during the sum-
mer of 1974. The plants were found grow-
ing on Sargassum confusum C. AG. and S.
piluliferum C. AG. or on rocks which were
one or two meters below the low tide mark.

We used the same culture techniques and
medium prescriptions as given by NAKA-
MURA and TATEWAKI (1975).
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Cultures were incubated in 1500-3000 lux
light under the following temperature-photo-
period regimes. 20°C: 16-8 hr (Set 1);20°C:
10-T4hr (Set 2); 15°C: 14-10hr (Set 3);
15°C: 10-I4 hr (Set 4); 10°C: 14-10 (Set 5).

For the karyological observations, aceto-
iron-haematoxylin-chloral hydrate method
(WITTMANN, 1965) was used.

Results

Cultures from zoospores of the frond in
nature were started on June 21, 1974. The
fertile fronds in nature bear only unilocular
sporangia from June to July. Mature unilo-
cular sporangia are usually elongated obo-
void, measuring 61-75X26-41 ym. Zoospores
(4.7-6.6%2.8-3.8 yum in size) from the
unilocular sporangium are pear-shaped with
a single chromatophore and an eyespot,
and are laterally biflagellated (Fig. 1-A, B).
Settled zoospores become spherical and
measure 2.8-4.7 (4.0 at an average) ym in
diameter (Fig. 1-C).

Within 1-2 days, they germinated by push-
ing out a protuberance and then divided
into two cells transversely (Fig. 1-G, H).
By successive transverse divisions, the
germlings developed into creeping uniseriate
filaments consisting of 3-7 cells, and branch-
ed laterally (Fig. 1-D, E, I, J).

In Sets 1 and 2, as the result of an ex-
tensive formation of prostrate and upright
branches (Fig. 1-F), most of the filamentous
germlings developed into dense tufts com-
posed of large basal layer and profusely
branched erect portion (Fig. 3-A).

In Set 1, the upper part of some erect
filaments transformed into uniseriate plurilo-
cular sporangia (gametangia) within 13 days
(Fig. 3-C). However, in Set 2, further growth
made tufts larger (over lcm in diam.) and
they never bore plurilocular sporangia even
after 2 months.

In Set 5, 8-day-old filamentous germlings
were usually provided with hairs (Fig. 1-K).
By successive branchings and cell divisions,
they developed into simple tufts composed

Fig. 1. Sphaerotrichia divaricata. Zoospores released from unilocular sporangia and develop-
ment of their germlings. A, B: Zoospore. C: Settled zoospore with a flagellium. D-F: 5(D)-,

7(E)-, and 10(F)-day-old gametophytas in Set 1.

day-old gametophytes in Set 5.

G-L: 3(G,H)-, 4(1)-, 5(J)-, 8(K)-, and 13(L)-



of small basal layer and sparsely branched
erect portion (Fig. 1-L; 3-B). They reached
maturity within 20 days and most of the
erect filaments transformed into uniseriate
gametangia (Fig. 3-B, C).

In Sets 3 and 4, two types of germlings,
dense tufts found in Sets 1 and 2, and sim-
ple ones in Set 5, appeared at a nearly same
rate, and the gametangia released gametes
in 18 days.

The morphology of gametes (4.7-6.2X%
3.3-5.2 pm in size) was quite similar to that
of zoospores (Fig. 2-A, B).

Sexual conjugation was observed between
the gametes. The gametes were promptly
released from gametangia when transferring
from dark to right photoperiod regime (Fig.
3-D). Two swimming gametes accidentally
fused on their heads. It seems that some-
times one flagellum of both the fusing
gametes or of only one of them was lost
during the process of conjugation (Fig. 2-
D, E). The conjugation was either iso-
gamous or anisogamous.
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In Set 5, conjugation between the gametes
occurred at 70-80%, and formed the zygotes
(Fig. 3-E). However, in Sets 1 and 2, the
conjugation scarcely occurred and most of
the gametes germinated without fusion and
each developed into a gametophyte, repeat-
ing the same gametophytic generation. In
the Japanese species, gametophytes are
sometimes monoecious. In such cases, the
conjugation occurred between the gametes
from one and the same thallus or even be-
tween the gametes from one gametangium.

Within 1-2 days, settled zygotes measured
5.7-12.4 (8.0 at an average) pm in diam.
and soon germinated (Fig. 2-F). By suc-
cessive branchings and transverse cell divi-
sions (Fig. 2-G, H, I), the zygote developed
into pseudoparenchymatous discs and at the
center of which a hair was produced (Fig.
2-J, K). The disc was irregularly rounded
in outline, consisting of a single layer of
cells (Fig. 2-L). Within 15 days, the pri-
mary assimilating filaments arose from the
central part of the disc (ca. 100 gm in diam.)

Fig. 2. Sphaerotrichia divaricata. Gametes released from gametangia, their zygotes, and their
developmental stages. A, B: Gamete. C: Settled gamete. D, E: Conjugation of gametes. One
flagellium of each gamete is lost during the process of conjugation. F: Settled zygote. G-L:
3(G)-, 4(H)-, 7(I)-, 10(J) -, 11(K) -, and 14(L)-day-old sporophytes in Set 5. M: 14-day-old sporo-
phyte in Set 2.
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and rhizoidal filaments were produced from
the marginal portion (Fig. 2-M). The rhi-
zoidal filaments and cylindrical cells arose
from the lower cells of each primary as-
similating filament and cohered together to
build up a medullary layer. The growing
point was terminated by some enlarged cells
(Fig. 3-F). The secondary assimilating fila-
ments arose profusely from the medullary
cells to construct a cortical layer (Fig. 3-G),
developing into a cylindrical plant (Fig. 3-
H). In Set 5, within 3 months, the cylind-
rical plant (filiform, somewhat cartilaginous)
laterally branched in all directions and grew
about 4 cm in height (Fig. 3-I). Within one
month in Sets 1 and 2, after 2 months in
Sets 3 and 4, and after 3 months in Set 5,
the cylindrical plants bore many unilocular
sporangia (5030 y¢m in size) and released
many zoospores (Fig. 3-J).

Unfused gametes germinated and develop-
ed asexually into gametophtes. The settled
gametes became spherical, measuring 2.9-
6.7 (5.1 at an average) pm in diameter
(Fig. 2-C). Under culture conditions, as
seen in zoospore’s germlings, two types of
gametophytes were observed. Under warm-
er and longer-day conditions (e.g. Set 1),
the growth and fertility of gametophytes
were faster than those under cooler and
shorter-day conditions (e.g. Set 5). Under
cooler conditions, phaeophytic hairs were
numerously produced on gametophytes. The
loculus number of gametangia was more
numerous in culture under cooler conditions
than those under warmer conditions. The
gametangia in Set 3 had loculi from 4-16,
those in Set 4 from 6-20, and those in Set
5 from 10-28 (Fig. 4).

The number of chromosome was 23-30 in
the original sporophytes obtained from
nature (Fig.5-A), 7-17 (of which 80% was

9-12) in the gametophytes derived from
zoospores or unfused gametes (Fig. 5-B),
and 15-27 (of which 90% was 18-24) in the
sporophytes in culture (Fig. 5-C).

Discussion

HYGEN (1934), who studied the life history
of the Swedish Sphaerotrichia divaricata,
reported that zoospores from the unilocular
sporangium developed into the ‘pseudo-
parenchymatisch Basalscheibe’ and that
many zygotes occurred among the gametes
from gametangia of the microscopic thallus.
In his culture, anisogamous conjugation was
observed. However, he said that only female
gametes grew asexually to repeat more
gametophytic generations. Most of the
zygotes, this worker has observed, develop-
ed through ‘Diplonema’ stage into sporo-
phytes. These sporophytes became fertile
without construction of cylindrical fronds.

In our study, zoospores from the unilo-
cular sporangiun and unfused gametes from
the gametangium developed into the fila-
mentous gametophytes. In this stage, dense
tufts having profusely branched filaments
were formed under warmer conditions. On
the other hand, simple tufts having sparsely
branched filaments were produced under
cooler conditions. These simple tufts re-
semble the gametophytes of Chordaria
flagelliformis which were cultured under
cooler condition (culture temperature 6-10°C)
by CARAM (1955) and (15°C) by KORNMANN
(1962). The dormant stage, as seen in
ARASAKI's culture (1943), was never ob-
served under our culture conditions.

Zygotes grew to form the pseudoparen-
chymatous discs on which cylindrical sporo-
phyte fronds arose. The ‘ Diplonema ’ stage
thalli in HYGEN’s culture have not been ob-

Fig. 3. Sphaerotrichia divaricata. Stages in development from gametophyte, threugh zygotic

stage, to fertile sporophytes. A: Two dense tufts.

16-day-old gametophyte in Set 1. B: Simple

tufts. 19-day-old gamstophytes in Set 5. C: Uniseriate plurilocular sporangium (gametangium)
in Set 5. D: Releasing gamete from gametangium in Set 3. E: Three ssttled zygotes in Set 3.
F: Growing point of young sporophyte in Set 5. G: 27-day-old sporophyte in Set 3. H: Young
cylindrical frond (sporophyte) in Set 5. I: 3-month-old sporophyte in Set 5. J: Unilocular spo-

rangia of 2-month-old sporophyte in Set 4.
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gametangia were obszrved in each sat.)

served in this study. These results agree
well with the ‘development of fronds’ in
INAGAKI's description (1958). It seemed that
the growth and maturity of sporophyte
were mainly controlled by temperature con-
ditione. Under cooler conditions, the sporo-
phyte fronds grew larger than those grown
under warmer conditions. Under warmer
conditions, the sporophytes produced unilo-
cular sporangia earlier than those grown
under cooler conditions.

Until recently no complete data on the
chromosomes of this species has been availa-
ble. A few species in the order Chordariales
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A diagram of th= life hlstory of Sphaerotrichia divaricata.

Fig. 6.

| Dilish
number in sporophyte and gametophyte. (left:
microscopic photos; right: hand sketches.) A:
Chromosomes of a sporophyte in nature (diploid)

Sphaerotrichia divericata. Chromosome

2n=23. B: Chromosomes of a gametophyte in
culture (haploid) n=9. B: Chromosomes of a
sporophyte in culture (diploid) 2n=24.

has been Kkaryologically studied. In the
family Chordariaceae, chromosome number
of n=8 or 9 and 2n=16 or 18 have been
cited for Myriogloea sciurus (PARKE, 1933),
n=10 and 2n=20 for Sauvageaugloea griffi-
thsiana (CARAM, 1965), and n=10 and 2n=
20 for Eudesme virescens (COLE, 1967). The
present counte of the chromosomes of
Sphaerotrichia divaricata (n=9-12 and 2n=
18-24) show to fit the pattern for this family.

The present results confirmed that the life
hicstory of this epecies is an alternation of
heteromorphic generations (Fig. 6). Meiosis
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may occur during the formation of zoospores
in the unilocular sporangium on diploid
thallus which was derived from the zygote.

The present result partially explains the
appearance and disappearance of fronds in
nature. In summer, the gametophytes grow
well and mature faster, but most of the
gametes develop asexually to repeat the
same gametophytic generation. The rate of
sexual conjugation increases from autumn
to winter when sea-water temperature drops,
and sporophytes derived from zygotes de-
velop well into the branched cylindrical
fronds during the seasons of winter and
spring. The branched cylindrical fronds
bear unilocular sporangia in early summer
when sea-water temperature rises.
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