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Further investigations into the life history of the red alga Nemalion vermiculare SURINGAR were
conducted at Oshoro Bay on the west coast of Hokkaido. The appearance, abundance and size of
the upright gametophytes were related to tidal height and the degree of wave exposure. During the
autumn and winter months, acrochaetioid filaments were found growing on barnacles on which N.
vermiculare gametophytes grew in the summer. Sterile fragments of these filaments cultured in labora-
tory formed tetrasporangia under a short day regime at 20°C. Tetraspores germinated to produce a
filamentous prostrate system with upright, multiaxial, terete axes that were similar to young plants of
field-collected N. vermiculare gametophytes.
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Culture studies have demonstrated that
the life history of Nemalion vermiculare
SurinGgar (Nemaliales, Rhodophyta) com-
prises the alternation of a multiaxial, up-
right gametophyte with an acrochaetioid
tetrasporophyte (Umezakr 1967, Masupa
and UmMezaki 1977), as has been shown in
other species in this genus (Fries 1967,
1969, CHEN et al. 1978). However, the
tetrasporophyte has never been observed in
nature. In this paper, we report the occur-
rence of the tetrasporophyte in nature and
present culture studies that confirm it as a
phase in the life history of N. wvermiculare.
We relate patterns in the growth and re-
production of the gametophyte to its en-
vironment.

Materials and Methods

Twelve survey sites were established at
Oshoro Bay (43°13'N, 140°51'E) on the
west coast of Hokkaido (Fig. 1) and field
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observations and samplings were made
twice a month from May 1986 to October
1986 and monthly from November 1986 to
February 1987. These sites were selected
to represent the diverse habitats of Nemalion
vermiculare at Oshoro Bay: (1) A, C, G and
L, below the low watermark and fully wave-
exposed; (2) J, near the low watermark
and moderately wave-exposed; (3) B, E, H
and K, above the low watermark and in
shallow tide pools made by large, breaking
waves; and (4) D, F and I, above the low
watermark and sheltered from wave action.
Gametophytes, when present, and several
substrates such as barnacles (Semibalanus
cariosus and Chthamalus challengeri), mussels
(Mptilus edulis and Septifer virgatus), peren-
nial algae (Sargassum thunbergii, Carpopeltis
affinis and Chondrus pinnulatus) and rock frag-
ments were collected.

Culture experiments were conducted with
carpospores of Nemalion vermiculare and ex-
cised filaments of the putative tetrasporo-
phytes. These were cultured according to
methods similar to those described earlier
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Fig. 1. Map of Oshoro Bay, showing twelve study sites.

(Masupa and Uwmezakr 1977). The tem-
peratures and photoperiods were regulated
as follows: 5°Ci, 16:8 h LD (light and dark
cycle); 5°C, 8:16 h LD; 10°C, 16:8 h LD;
10°C, 8:16 h LD; 15°C, 16:8 h LD; 15°C,
8:16 h LD; 20°C, 16:8 h LD; and 20°C,
8:16 h LD. The following materials were
used for culture experiments: gametophytes
collected on August 15, 1986 at site C and
on August 28, 1986 at site II; and tetra-
sporophytes collected on October 25, 1986
and on November 25, 1986 at site B.
Voucher specimens are deposited in the
Herbarium of Faculty of Science, Hokkaido
University, Sapporo (SAP 051052-051063).

Results

Phenology of upright gametophytes

Upright gametophytes (Fig. 2), less than
Il mm long, appeared in early May at all
sites except the sheltered sites D, F and 1T,

where they appeared about one month
later. These young upright thalli were
superficially similar to young plants of

48

-

e L
h“& " e

Fig. 2. Young upright thallus of Nemalion
vermiculare collected at site C on May 9, 1986.
Fig. 3. Young plant of Gloiopeltis furcata collected
at site C on May 9, 1986. Scale in Fig. 3 applies
also to Fig. 2.
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Gloiopeltis  furcata (Fig. 3), but Nemalion
thalli could be distinguished from the latter
by their soft, mucilaginous texture and
rounded apices.

Upright thalli grew rapidly and reached
maximum lengths during July and August.
The number of Nemalion plants varied ac-
cording to survey sites. The Nemalion
plants grew abundantly at fully wave-ex-
posed sites A, C, G and L, whereas they
were less frequent at other sites. The size
of upright thalli also varied according to
site (Figs. 4, 5). The maximum length of
thalli growing at fully wave-exposed sites
was 56 cm (Fig. 5) and ten times longer
than that of plants growing in shallow tide
pools (Fig. 4). Plants characteristic of
wave-exposed sites were thick and dark red
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in color.

Reproductive structures were not found
on upright thalli collected in May. In
mid-June, plants proved to be monoecious
gametophytes, bearing both spermatangia
and carpogonia near their apices. In late

June, cystocarps developed at the apices

while spermatangia and carpogonia con-
tinued to be produced basipetally. Assim-
ilatory filaments constituting the cortices
of fertile areas disintegrated after carpospore
discharge, leaving axial filaments that also
eventually eroded. Although plants de-
clined in length as the season progressed,
cystocarps continued to develop in proximal
portions. In late October through Novem-
ber, plants only I cm in length (Fig. 6)
formed cystocarps near their holdfasts.
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Figs. 4-6. Upright gametophytes of Nemalion vermiculare: 4, mature plant growing in a shallow tide
pool (site K) and collected on July 29, 1986; 5, mature plant growing at a fully wave-exposed place (site
L) and collected on July 29, 1986; 6, old plants growing at a fully wave-exposed place (site C) and collected
on October 25, 1986. Scale in Fig. 4 applies also to Figs. 5 and 6.
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Culture experiments with carpospores

Isolated carpospores, 12.5-17.5 ym in
diameter, were incubated under the full
range of culture conditions described in
Materials and Methods. They germinated
and grew into acrochaetioid plants under
all conditions. The plants formed tetra-
sporangia in a manner similar to that re-
ported for N. wvermiculare from Muroran
(Masupa and Uwmezakr 1977). Plants
grown at 20°C, 8:16 h LD began to form
tetrasporangia 12 days after inoculation,
those grown at 15°C, 8:16 h LD formed
tetrasporangia 14 days after inoculation,
those grown at 10°C, 8:16 h LD 35 days
after inoculation and those grown at 5°C,
8:16 h LD 70 days after inoculation. Lib-
erated tetraspores were 12.5-17.5 um in
diameter. Large monospores, which were
reported for N. wvermiculare from Muroran
(Masuba and UwmEezakr 1977), were not
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observed. Plants grown under long day
regimes did not produce tetrasporangia at
any of the experimental temperatures.

Naturally occurring tetrasporophyles

Substrates (listed in Materials and Meth-
ods) were collected at the survey sites and
examined under a dissecting microscope in
the laboratory. From October 1986 to
February 1987, sterile filaments of an acro-
chaetioid alga resembling the cultured tet-
rasporophyte of Nemalion vermiculare (Masu-
pa and Umezakr 1977) were found in the
grooves between the longitudinal ribs of
barnacle plates (Fig. 7). Excised filaments
were cultured at 20°C, 16: 8 h LD for 2
weeks, and transferred to 20°C, 8:16 h LD
to induce tetrasporogenesis. After 2 weeks,
filaments began to produce sessile tetraspo-
rangia laterally in a plane perpendicular
to the parent axis (Figs. 8, 9). Liberated
tetraspores were 12.5-17.5 ym in diameter
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Fig. 7. Acrochaetioid alga collected at site B on October 25, 1986 and used for culture experiments
[microphotographed from a specimen stained with 0.5%, (w/v) cotton blue in a lactic acid/phenol/glycerol/
water (l:1:1:1) solution]. Figs. 8, 9. Cultured fertile tetrasporophyte of Nemalion vermiculare derived
from the acrochaetioid alga shown in Fig. 7. Fig. 10. Two tetraspores released from the plant shown
in Figs. 8 and 9. Scale in Fig. 10 applies also to Figs. 7 to 9.
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Figs. 11, 12.  Twenty-one-day-old gametophytes of Nemalion vermiculare derived from tetraspores from
the plant shown in Figs. 8 and 9: 11, grown at 15°C, 16:8 h LD and bearing an upright thallus primordium;
12, grown at 15°C, 8:16 h LD. Scale in Fig. 11 applies also to Fig. 12.

(Fig. 10).
served.
Laboratory-induced

Large monospores were not ob-

tetraspores  from
field-collected sporophytes were cultured at
15°C, 16:8 h LD, 15°C, 8:16 h LD, 10°C,
16:8 h LD and 10°C, 8:16 h LD. Pri-
mordia of upright thalli appeared at 15°C,
16:8 h LD (Fig. 11) and 10°C, 16:8 h LD
3 weeks after spore inoculation. Each
primordium consisted of a compact group
of filaments arising from the center of a
system of prostrate filaments. Each de-
veloped into a multiaxial Nemalion thallus
(Figs. 13, 14). However, upright thalli
did not develop at 15°C, 8:16 h LD (Fig.
12) and 10°C, 8:16 h LD.
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Fig. 13. Six-month-old gametophyte of Nem-
alion vermiculare derived from a tetraspore from the
plant shown in Figs. 8 and 9 and grown at 15°C,
16:8 h LD. Fig. 14. Cross section of the upright
thallus shown in Fig. 13.

Discussion

Our surveys show that populations of
Nemalion vermiculare at Oshoro Bay attain
their maximum abundance and size at
wave-exposed localities from May through
August. The summer occurrence of N.
vermiculare gametophytes is consistent with
the results of our culture experiments which
indicate that upright thalli develop only
under long day conditions. The tidal
height has a narrow range along the coast
of the Sea of Japan, but the seasonal change
is large: the mean sea level is low in winter
and high in summer (Japan Meteorological
Agency 1985). The monthly mean sea
level at Otaru near Oshoro Bay is the lowest
in March (9.3 cm) and the highest in Au-
gust (29.1 cm). It reaches 21.0 cm high in
June (Japan Meteorological Agency 1985).
This increase may account for the delayed
appearance of macroscopic gametophytes in
sheltered localities near the high watermark.

Under short day regimes at 5-20°C, cul-
tured tetrasporophytes grow quickly, becom-
ing visible to the naked eye and reproduc-
tively mature within 10 weeks after germi-
nation. Tetrasporangia are formed more
rapidly at the higher temperatures in cul-
ture. TField-collected tetrasporophytes are
inconspicuous and apparently sterile during
the autumn and winter, even though our
culture experiments indicate that light and
temperature conditions are suitable during
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these months for growth and reproduction
(cf. Ouno et al. 1982, Fig. 6). Other
factors not considered here must influence
the life history of Nemalion in nature.
Several phycologists (Fries 1969, MARTIN
1969, SOpERSTROM 1970) have attempted
to find tetrasporophytes of Nemalion in
nature. FRries (1969) found acrochaetioid
filaments growing on Balanus shells and
Ralfsia crusts collected from the Swedish
west coast. She cultured these filaments
in the laboratory and succeeded to produce
tetrasporangia with the same appearance as
those in her previous cultures of Nemalion
multifidum (WEBER et MOHR) ]J. AGARDH
(Fries 1967). MarTIN (1969) followed
carposporelings of N. helminthoides (VELLEY)
BaTTERS on the Anglesey coast of Wales
during several years. These acrochaetioid
carposporelings growing on linpet shells
and barnacle plates formed monosporangia
instead of tetrasporangia in the field. They
survived in the winter and produced up-
right gametophytes in May. SODERSTROM
(1970) suggested that tetrasporophytes of
N. multifidum in Scandinavia are induced to
form tetrasporangia by rising temperature
and increasing daylength. On the basis of
laboratory culture experiments CHEN et al.
(1978) concluded that tetrasporangia can
be formed under various conditions of tem-
perature and photoperiod (10-20°C, 12:12—
16:8 h LD), but that a prior excursion into
winter conditions (5°C, 8:16 h LD) is nec-
essary to induce tetrasporogenesis for the
Canadian N. helminthoides. According to
our present culture experiments and those
of Masupa and Uwmezak: (1977), such an
excursion is unnecessary for the Japanese N.
vermiculare. Further investigations should

focus on discovery when the tetrasporophytes
of these Nemalion species sporulate in nature.
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