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Loricate and scale-bearing protists from Liitzow-Holm Bay,
Antarctica II. Four marine species of Paraphysomonas
(Chrysophyceae) including two new species from the
fast-ice covered coastal area*

Eiji TAkAHASHI

Department of Biology, Faculty of Science, Kobe University, Nada-ku, Kobe 657 Japan

Takanash, E. (1987) Loricate and scale-bearing protists from Liitzow-Holm Bay, Antarctica II.
Four marine species of Paraphysomonas (Chrysophyceae) including two new species from the fast-ice
covered coastal area. Jap. J. Phycol. 35: 155-166.

In a one year survey carried out from February 1983 to January 1984 at four sampling sites in
the fast-ice covered coastal area north of East Ongul Island (69°00'S, 39°35’E), Antarctica, four
marine species of Paraphysomonas (Paraphysomonadaceae, Chrysophyceae) were found. They were
recorded for the first time in the Antarctic, and two of these species are new to science. One of these,
P. antarctica n. sp., belongs to the imperforata group, and the other, P. oligocycla n. sp., to the foram-
inifera group. The two previously described species are P. vestita and P. butcheri.

Key Index Word:  Antarctic Ocean; Fast-ice covered coast; Chrysophyceae; East Ongul Island,
New marine species; Paraphysomonas; Taxonomy.

Since the time that two new marine
species of the originally monospecific genus
Paraphysomonas were described by Lucas
in 1967 (Lucas 1967), many freshwater
and marine species of this genus have been
found in many parts of the world. Until
now, 48 taxa in total have been described.
Among them, 39 have been found in
freshwater, 6 in seawater, and 3 in both
fresh and sea-water (REEs et al. 1974;
Presic and HisBerp 1982a, 1982b;
Wujek 1983). They were classified into
11 groups based on their scale structures
(Pressic and HisBerp 1982b, 1983). One
of the marine taka, P. imperforata is widely
distributed in brackish water and seawater
from the coast of Norway in the Northern
hemisphere (LEADBEATER 1972) to the

* This research was supported in part by the
Grant in Aid for Scientific Research No. 59540421
from the Ministry of Education.

coast of New Zealand in the Southern
hemisphere (MoksTrup 1979). This or-
ganism, showing little variation in scale
structure, have been recorded from fresh-
water lakes and ponds in many countries
between Sweden in the Northern hemi-
sphere (CronBErRG and KRisTiaNsEN 1980)
and Chile in the Southern hemisphere
(DUrrscaMiDT 1980). The type species of
this genus, P. wvestita, is also recorded from
many freshwater and some seawater lo-
calities throughout the world (Preisic and
HisBernp 1982a). Altogether, this genus
is widely distributed in both freshwater
and seawater all over the world from ca.
65°N to 40°S.

Furthermore, four marine species of this
genus, two of them new to science, were
found in the fast-ice covered coastal area
north of East Ongul Island, Antarctic
Ocean. One of the new species belongs
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to the imperforata group and other to the
foraminifera group.

Their characteristics are described and
the taxonomy of the imperforata group is
discussed in this paper.

Materials and Methods

Seawater and sea ice core samples were
collected at four sampling sites (Stations 1,
3, 4 and 5) on the fast-ice at the coastal
area north of the Syowa Station, East
Ongul Island (69°00'S, 39°35’E) in the
Litzow-Holm Bay, from February 1983
to January 1984 (Map. 1). The depth to
the sea bottom at Stations 1, 3, 4 and 5
were ca. 12, 38, 160, and more than 700
meters respectively. Seawater samples
were collected with a Van Done bottle
from the following depths at each station:
2,5,8 and 11 m at St. 1; 2, 5, 10, 15, 25
and 35 m at St. 3; 2, 5, 10, 25, 50, 75, 100
and 150 m at St. 4; 2, 5, 10, 25, 50, 75,

100, 150, 200, 400 and 600 m at St. 5. In
addition to these samples, surface water
samples were taken in 0.5/ polyethylene
bottles from a depth of ca. 10 cm at the
sampling hole at each station. Fast-ice
cores were taken with a SIPRE electric
ice core sampler from each sampling sta-
tion. The thickness of sea ice varied
from ca. 50 to 120 cm. Except for one
day, May 3 1983, when the pack ice was
blown offshore, the Ongul Islands remained
icebound.

The climatic and oceanographic condi-
tions in this area have been described in
another paper (WATANABE et al. 1986).

The method used to examine the sea-
water and sea ice samples by use of the
scanning electron microscope (SEM) is
described in a previous paper (TAKAHASHI
et al. 1986). For transmission electron
microscopy (TEM), both live and fixed
concentrated water samples were mounted
on collodion carbon coated grids (ca.
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Map. 1. Map showing four sampling sites on the fast-ice in the coastal area north of East Ongul Island,

Antarctica.
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Figs. 1-3.  Paraphysomonas antarctica n. sp.; Tig. 1. an intact cell, Fig. 2. typical scales, Fig. 3.
shafts and rod-like tips of spines. (all scale bar shows 1 gm)
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0.02 m/ on each), desiccated in an electric
oven and shadowed by Pt-Pd alloy at an
angle of ca. 20°. These grids were ex-
amined with a JEM-100B TEM. Part
of the samples were examined by JSM-T-
100 SEM.

Results and Discussion

Four species of Paraphysomonas were
found in these water samples: two new
species, P. antarctica n. sp. and P. oligocycla
n. sp., and two described species, P. vestita
and P. butcher:.

Paraphysomonas antarctica sp. nov. (Figs.
1-5)

Cellulae mobiles incolorata, sphaericae
3.1 ym (2-4.3 ym) in diametro. Flagella
duo, inaequalia; alterum 6 (4-8)-plo lon-
gius cellulae longitudine et 19.3 um (12.5-
27 ym) longum, alterum brevius 2.9 ym
(1.8-4.5 um). Corpus cellulae
numerosis tectum. Squamae e discis bas-

squamis

alibus orbicularibus sine margine incrassato,
1.38 um (0.9-1.75 um) in diametro et e
spinis centribus cylindricis 2.4 ym (1-3.25
um) totis longis apice bacilliformi 0.52 ym
(0.3-0.7 um) longo compositae. Cystae
ellipsoideae collo simplici, 5.58 um (5.0-
6.3 ym) in axe maiore, 5.47 um (4.6-5.9
um) in axe minore, 5.31 um (4.9-5.8 um)
altaec excludentes collo. Collum humile
1.16 um (1.06-1.27 ym) in externo diam-
etro, 0.24ym (0.2-0.3 um) altum, poro
centrali sine annulo 0.56 um (0.55-0.65 um)
in diametro.

Lecta ab autore ipso in mari glaciolento
in area septentrionali insulae Ongul ori-
entalis, Antarctica: holotypus in herb. Inst.
Biol. Kobe Univ. conservatus.

Iconotypus: Fig. 1.

Cell motile, colourless, spherical, 3.1 um
(2-4.3 ym) Flagella two,
unequal; the longer flagellum pleurone-
matic, the length about 6 (4-8) times that

in diameter.

of the diameter of the cell body, 19.3 um
(12.5-27 ym) in length; the shorter one
acronexhatic, 29 um (1.8-4.5 ym) long.
Cell body covered with scales consisting of
a basal plate and a central spine. Basal
plate of scale spherical without upturned
or thickened margin, 1.38 um (0.9-1.75
um) in diameter; central spine consists of
tubular and cylindrical shaft, 1.88 ym
(0.7-2.55 yum) long, and thinner apical rod
terminating in a round tip, 0.52 ym (0.3-
0.7 um) long. Cyst slightly ellipsoidal,
smooth, with a low collar, 5.58 um (5.0-
6.3 um) in major axis, 5.47 um (4.6-5.9
pm) in minor axis, 5.31 um (4.9-5.8 ym)
high excluding collar height. Collar sim-
ple, 1.16 um (1.06-1.27 yum) in outside
diameter and 0.24 ym (0.2-0.3 um) high
with a pore without annulus 0.56 yum
(0.55-0.65 ym) in diameter.

This species was collected from the
fast-ice covered coastal area north of East
Ongul Island, Antarctica.

Fig. 1.

This species was collected from seawater
and sometimes from the bottom portion
of sea ice at every station in the following
months; from seawater, April 1983 and
January 1984 at St. 1; March, June and
September to December 1983 and January
1984 at St. 3; March 1983 at St. 4; June,
July and September to December 1983 and
January 1984 at St. 5; from the bottom
portion of sea ice, April 1983 at St. 1, and
January 1984 at St. 3. It appeared in
every sampling site and was found through-
out the year in this coastal area. At
Stations 3 and 5, it appeared as a dominant
phytoplankton during the period from
August to December 1983.

As all the cells collected from every
sampling site during the period surveyed
were covered with monotypic scales of a
homogeneous structure, this scale structure

Type figure:
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Figs. 4, 5. a cyst of P. antarctica n. sp.; in upper view (Fig. 4, SEM) and in side view (Fig. 5, SEM).
Figs. 6, 7. P. imperforata; Fig. 6. scales from L. Saroma, Japan, Fig. 7. scales from Western Australia.

(all scale bar shows 1 gm)
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can be considered stable.

P. antarctica is classified in the imperforata
group based on a scale structure consisting
of a basal disc plate without a thickened or
upturned margin and a central spine
with a basally thickened portion and a
distally thinner portion. It can be dis-
tinguished from P. imperforata by the
following characteristics: 1) in P. an-
tarctica, the diameters of the cyst and the
basal plate, and the length of the spine
are twice as much as those in P. imperforata;
2) the spine consists of a cylindrical shaft
and a thin rod-like tip, the ratio of tip to
spine in length being 1/4.6, whereas it is
1/2 in P. imperforata; 3) the thickness of
the spine at the median portion, in between
the basal and the distal portions, changes
abruptly, whereas in P. imperforata this
happens gradually within a length of ca
0.1 um; 4) taxonomical weight of such
features as cell size and flagellar length is
not as great as scale structure, as these
features vary under different environ-
mental conditions. However, the long
flagellum of P. antarctica is slightly longer
than that of P. imperforata and is 4 to 8
times the diametre of its cell, whereas that
of P. imperforaia 3 to 4 times the diameter
of its cell.

In the Northern hemisphere, P. imper-
forata s. str. has been recorded from sea-
water in Norway (LEADBEATER 1972),
Denmark (TrOMSEN 1975, except for his
group 2), England (Lucas 1967; His-
BERD 1979), Israel (THoMsEN 1978), Fin-
land (THoMsEN 1979), and Japan (Taka-
HasHI 1981). In the Southern hemisphere,
it has been recorded in New Zealand
(MoEesTtruP 1979) and Western Australia
(this paper). Among cells and scales
found in Denmark and designated as P.
imperforata by TromsEN (1975), a cell (his
figure 11) and a scale (his figure 8) differ

Dimensional characteristics of P. antarctica n. sp. and of the P. imperforata complex.

Table 1.

References

ity*z

Local-

Tip 1./
Spine 1.

Spine 1./Base
plate diam.

Spine Tip
length (#m)

(total 1.) (um)

Spine length

Base plate

diam. (u#m)

Scale:
Form¥*!

diam. (u#m)

Cell

Species

coastal area, Antarctic

Lucas (1967)

M.

1/4.6
1/2

1.73 (0.9-2.5)
1.25 (5:4)

2.4 (1.0-3.25) 0.52 (0.3-0.7)

1.38 (0.9-1.75)
0.77 (0.7-0.85)
0.7 (0.64-0.76)
0.86 (0.72-0.97)

0.7 (0.5-0.9)
1.08 (0.7-1.5)

1.4-1.5

C
C
C
G
G
G
C
E
E
E

3.1 (2-4.3)
4.5 (3.8-5.1)

antarctica

M.

1.0 (0.88-1.13) ca. 0.5
0.76 (0.7-0.82) 0.45 (0.4-0.52) 1.1 (0.99-1.22)

imperforata

do.

Japan (Lake Saroma)

M.

1/1.7

3.5 (1.7-4.3)

W-Australia (TAKAHASHI)

TromseN (1975)
TuoMmseN (1975)

M.

1/1.7

1.34 (1.0-1.68) 0.8 (0.67-1.03) 1.56 (1.17-2.15)

do.

M.

1/2.7
1/8

1.9 (1.1-2.7)
3.2 (1.9-4.1)

ca. 2.7
3-3.6

0.43 (0.4-0.6)
0.38 (0.2-0.6)

0

1.17 (0.8-1.6)
3.18 (2.6-4.2)
3.9 (2.8-4.2)

do. (group 1)

M.

do. (group 2)

TaxauasHI (1976)

do. (fo. no. 1)

TaxkanasH1 (1976)

F.

0.2-0.25 1/30

2.2-2.5x1.9-2.0 7.0 (5.1-8.5)

do. (fo. no. 2)

do.

Preisic & Hisserp (1982)

(0.8-4.2)

2.1-3.0x1.6-1.9 4.1-5.1

(1.7-5.1)

Krine & KrisTransen (1983)

do. (fo. no. 3)

marine, F=freshwater)

*2, M=

elliptical ;

(*1, G=circular, E
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from other scales described as P. imperforata
and resemble more those of P. antarctica
than those of P. imperforata. His scales
have the same three dimensional char-
acteristics as scales of P. antarctica (Table
1). This suggests the existence of an
antarctica-like taxon in the Northern polar
region.

Besides the above seawater localities,
scales and cells of P. imperforata have been
recorded from many freshwater localities
(ANDERSEN 1978; CronBErRG and Kris-
TIANSEN 1980; DurrscamipT 1980; His-
BERD 1979; Jacossen 1985; Kring and
Kristiansen  1983; KristTianseN 1976,
1978, 1980, 1983, 1985, 1986; NicHOLLS
1981la; Premsic and HiBBerp 1982a; Roi-
Jjackers 1981; Rorjackers and KesseLs
1981; Skogstap 1982; Takanasur 1976,
1978; WawrzyNIAKk and ANDERSEN 1985;
WEeE 1982; Wujek 1983, 1984). These
freshwater specimens designated as P.
imperforata deviate from the type by dis-
tinctive differences in scale structure.
They are divided into three groups based
on scale structure; Forma no. 1 contains
scales consisting of a circular plate and a
long curved spine terminating in a round
tip; Forma no. 2 contains scales consisting
of an elliptical plate and a long, straight,
cylindrical spine terminating in an abrupt-
ly and acutely pointed minute tip (TAxa-
HAasHI 1976, 1978); and Forma no. 3,
which consists of an elliptical base plate
and a curved long spine terminating in a
round tip, has been found in Canada by
Krine and Kristiansen (1983). Preisic
and HieerDp (1982a), the first to examine
cells of Forma no. 2, considered that this
organism might be a separate taxon.
Whereas, THoMsEN (1975) and Lee (1978)
questioned the separation of species of P.
vestita and P. imperforata because scale and
spine structure shows a gradual transition

from one species to the other. In another
study many cells of P. imperforata Forma
no. 2 which were collected from lakes and
ponds in Alaska were examined. It is
concluded that Forma no. 2 should be
considered a separate species because all
the scales of examined cells were homo-
geneous and stable in structure. A tax-
onomic treatment of Forma no. 2 will be
published in a subsequent paper. As for
Forma no. 1 and Forma no. 3, two different
kinds of scales may characterize two
separate species. Further investigation is
necessary.

The cyst shown in a previous paper
(TakaHASHI et al. 1986, figure 24) is not
that of P. imperforata but belongs to P.
antarctica.

Paraphysomonas oligocycla sp. nov. (Figs.
8,9)

Cellulae mobiles incoloratae, sphaericae,
6.2 ym (6-6.5um) in diametro. Corpus
cellulae squamis numerosis tectum. Squa-
mae e discis basalibus orbicularibus mar-
gine complanato vel leviter incrassato
0.6 um (0.47-0.8 ym) in diametro a duobus
ad quattuor annulis concentricis paribus
constantibus numerosis foraminibus per-
foratis et e spinis centralibus deminutis
apice rotundato 0.78 um (0.5-0.9 um) lon-
gis compositae. Lecta ab autore ipso in
mari glaciolento in area septentrionali
insulae Ongul orientalis, Antarctica: holo-
typus in herb. Inst. Biol. Kobe Univ.
conservatus.

Iconotypus: Fig. 8.

Cells spherical to slightly ovoidal, 6.2
um (6-6.5 um) in diameter, covered with
scales. Scale consists of a spherical basal
plate and a central spine; basal plate with
or without slightly thickened margin, 0.6
um (0.47-0.8 ym) in diameter, ornamented
with two to four concentric rings of ir-
regularly shaped perforations; spine slight-
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Figs. 8, 9. P. oligocycla n. sp.; Fig. 8. typical scales, Fig. 9. scales with spine having swollen basal
portion. (all scale bar shows 1 gm)
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ly tapering, with or without swollen basal
part, terminating in a round tip, 0.78 ym
(0.5-0.9 um) in length.

It was collected from the fast-ice covered
coastal area north of East Ongul Island,
Antarctica.

Cyst unknown.

Type figure: Fig. 8.

This species was collected from seawater
in January 1984 at St. 1 and St. 5, and in
March 1983 at St. 4, and also from the
bottom portion of sea ice in April 1983 at
St. 1.

P. oligocycla is placed in the foraminifera
group together with P. foraminifera Lucas
1967, P. circumforaminifera Wujek 1983,
and P. takahashii CRONBERG et KRISTIANSEN
emend. THOMSEN et al. 1981. It is dis-
tinguished from the others by structural
differences of the scales: three outer and
five inner rings of perforations in the
basal plate in P. foraminifera; only one ring
of perforations just inside the upturned
margin in P. circumforaminifera; and evenly
and closely distributed perforations in the
basal plate and three-forked spine base
in P. takahashii.

Between two to four rings of perforations
were found in the basal plate of P. oligo-
cycla. A basal plate with three rings of
perforations was 54.39, of all scales ex-
amined, that with two rings 34.39%,, and
that with four rings 11.39%,. The number
of perforations in the outer ring of the
basal plate with three rings of perforations
was 27 (20-30), that in the middle ring 18
(6-22), and that in the innermost one 13
(4-16). The perforations in the middle
and innermost rings were arranged ir-
Scales
of some cells possessed a central spine

regularly and varied in number.

with a swollen basal portion as observed
in  Spiniferomonas  bourrellyi  (NIGHOLLS
1981b). The swollen portion varied from
8 to 419%, (mean 249,) of the whole spine
length.

Paraphysomonas vestita (Stokes) DE
SAEDELEER 1929

(Figs. 10, 11)

This species, one of the most widely
distributed species of this genus, has been
recorded mainly in freshwater. At Sta-
tion 1, many scales were collected from
the middle and bottom parts of sea ice in
April 1983, and from seawater in April
1983 and January 1984. Cysts were col-
lected from the middle part of sea ice in
April 1983.

The scale consists of a circular basal
plate with a wide upturned margin and a
tapering central spine terminating in a
pointed tip. Spines of Antarctic specimens
varied from 0.1 ym to 4.2 ym in length,
which was shorter than those in other
localities; e.g. Japanese specimens varied
from 1.3 um to 7.0 ym in length (TAka-
HasHl 1978). The cyst, 8.6 um in di-
ameter in the Antarctic material, was also
smaller than that in Japanese material
(11 ym in diameter, TakanasHr 1978).
Although Lee (1978) found that P. vestita
is capable of euryhaline growth in a wide
range of salinities, records for this species
in seawater are very few (LEADBEATER
1972; Tuomsen 1975, 1978; Lee 1978;
TakauasHr 1981). The salinity of sea-
water at Station 1 was 3.296-3.4079,
throughout the year.

This is the first record of P. vestita in the
Antarctic.

Paraphysomonas butcheri PENNICK et
CLARKE 1972

(Fig. 12)

A few cells of this species were collected
from seawater in March 1983 at Stations 1
and 4. All of them were covered with
plate scales only. Cells were spherical
and 2.85um (2.4-3.2um) in diameter,
and plate scales were elliptical and 0.79
pm (0.7-0.82 ym) x 0.55 ym (0.5-0.63 um).
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Figs. 10, 11.  P. vestita; scales (Fig. 10, TEM) and a side view of cyst (Fig. 11, SEM). Fig. 12. SEM
image of P. butcheri.  (all scale bar shows 1 gm)
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The scales were slightly smaller than those
in the type material (PENNICK and CLARKE
1972).

This is the first record of P. buicheri in
the Antarctic.

The distribution of marine species of
Paraphysomonas in the Southern hemisphere
has not been fully described. Prior to
1984, only two records of this genus had
been made in this area. P. uvestita was
discovered at Durban, Natal, RSA (Lke
1978), and P. imperforata s. str. and P.
butcheri in the coast of New Zealand by
MoestruP in 1979 (Mogstrur 1979).
The four species recorded in this paper and
collected from the Antarctic Ocean, and
P. imperforata s. str. collected from the
Mundura Estuary near Bunbury, Western
Australia, comprise the third and most
recent record of this genus in the Southern
hemisphere.
distribution of this genus as wide in the
Southern hemisphere as in the Northern
hemisphere.

These collections suggest a

If adaptation to severe en-
vironmental conditions promotes a wide
distribution, then the four marine species,
reported in this paper as living under low
water temperature and low light intensity
beneath the Antarctic fast-ice, must indeed
be widely distributed.

In the past, they were overlooked be-
cause they are easily destroyed or trans-
formed by fixatives, and too small to be
examined alive under a light microscope.
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Culture studies on Caulerpa (Caulerpales, Chlorophyceae) I.
Reproduction and development of C. racemosa var. laetevirens
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Reproduction and development of the marine green alga Caulerpa racemosa var. laetevirens from
two localities of the southern part of Japan were studied in laboratory culture experiments.

Wild mature plants collected during May and July and kept in autoclaved seawater produced
gametes within about one month in culture under the following conditions: 25°C, 1.0-3.0 klux,

and 14L/10D cycle.

Both sexes of biflagellate gametes were produced in the same plant. Gametes are anisogamous.
A stigma was found in the relatively large female gametes, but not in the relatively small male gametes.
Copulation was observed between gametes from the same plant. Settled zygotes became spherical
and increased their volume for five weeks while retaining their spherical shape.

After five weeks, each spherical germling attained a diameter of about 120 um and formed two
germ tubes bipolarly. A fine primary germ tube was formed on the side away from the light. After
about a week a thick secondary tube was formed on the side facing the light. Both tubes elongated
and branched, resulting in creeping, filamentous, protonema-like plants. These creeping plants
formed thick primary shoots which differentiated into creeping rhizomes and upright shoots.

The upright shoot formed ramuli and developed into an assimilator. Three types of assimi-
lators were produced under different culture conditions —laetevirens-type under 20.0°C, 5.0 klux,
peltata-type under 25.0°C, 1.5 klux, and intermediate-type under 20.0°C, 1.5 klux or 25.0°C, 5.0 klux.
After 4-5 months, germlings developed into mature plants. After 5-6 months, they became fertile
and produced both male and female gametes on the same plant. No quadriflagellate or stephano-

kontic zooids were observed.

Key Index Words: Caulerpa, Caulerpa racemosa var. laetevirens, Caulerpales, Chlorophyceae,
culture, development, life-history, reproduction.

The coenocytic marine green alga Cau-
lerpa is widely distributed in the littoral
and sublittoral waters of tropical and
subtropical seas. Several species are uti-
lized as food, and mariculture has been
started in some Asian countries.

Much information concerning the struc-
ture of the gametangium and the copula-
tion of gametes in Caulerpa has accumulated
from the work of many investigators

* Present address: Laboratory of Phycology, To-
kyo University of Fisheries, Konan, Minato-ku,
Tokyo, 108 Japan.

(MonTaGNE 1838, DErBES & SoLiEr 1850,
WEBER-VAN Bosse 1898, DostAL 1928a,
1928b, 1929, Scuussnic 1929a, 1929b,
1939, ScuwarTz & ScHwarTZ 1930, AR-
wipssoN 1930, Ernst 1931, IvENGAR 1933,
1940, Yamapa 1934, Mivake & KuNiEDA
1937, HaciHARA & Hirose 1969, KajiMura
1969, 1970, 1976, 1977, and GOLDSTEIN &
MorraLL 1970). GoLDSTEIN & MORRALL
(1970) gave a historical review of these
results. However, the development of the
thallus of Caulerpa has been reported
preliminarily in only two species, C.
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serrulata from Australia (Price 1972) and
C. okamurae from Japan (IsHIWARA et al.
1981).

Our research concerns the reproduction
and development of several species of
Caulerpa in laboratory culture experiments.
The present paper presents the results of
our studies of C. racemosa var. laetevirens
from two localities of the southern part of

Japan.

Materials and Methods

Plants of Caulerpa racemosa var. laetevirens
were collected from the lower part of the
littoral zone at Muroto-misaki (33°16'N,
134°14’E) in Shikoku and
sublittoral zone in the outer fringe of coral
reef flats at Ayamaru-misaki (28°28'N,
129°43'E) in Amami-6shima. The collec-
tions were made from May to July of
1981-1985. Materials were kept at 13-
15°C and immediately brought to the
laboratory. After the fronds were freed
from epiphytes and small animals, they
were rinsed with filtered (Toyo filter
paper No. 4A and No. 5C) and autoclaved
(125°C, 20 min) Each frond
was placed in a separate glass vessel con-

the upper

seawater.

taining 350 m!/ of sterilized seawater. For
prevention of the luxuriant growth of
algal epiphytes, no nutrients were added.
The seawater was changed ‘every 5 days.
The plants were kept under 25°C, 1.0-3.0
klux, 14L/10D (06:00-20:00L/20:00-06:00
D) cycle. Gametes were discharged about
one month after the beginning of pre-
the early morning within
1-2 hr after illumination.

culture, in
They were dis-
charged through liberation tubes as a
highly viscous, dark green material, which
precipitated onto the bottom of the vessel.
With a slight agitation of the medium,
male and female gametes swarmed out
from the viscous material and immediately

copulated. About 0.5 m/ of suspension of
zygotes was diluted with 300 m! of steri-
lized seawater. One or two drops of
diluted suspension were inoculated into
screw-capped glass tubes containing 15 m/
of Provasorr’s ES medium (prepared
according to McLacHLAN, 1973) with a
micropipette. In another series of experi-
ments, one or two drops of the suspension
were inoculated onto glass coverslips (20
X20x 1 mm) covered with 1 ml of sea-
water, and placed in petri dishes. The
zygotes attached themselves to the cover-
slips within 30 min, whereas uncopulated
gametes continued swimming. An hour
after being placed in petri dishes, the
coverslips were rinsed with running sea-
water to remove the uncopulated gametes
and then transferred into glass vessels
(60 mm diam., 90 mm high) containing
150 m! of the same medium. These cover-
slips were used for observation of zygote
development. Zygotes were cultured at
first under the above-mentioned condi-
tions. When germlings grew to 1-2 mm
in length, they were isolated and trans-
planted into separate glass tubes. Two
months after inoculation, germlings had
grown to 10 mm in length and then were
transferred into glass vessels (90 mm diam.,
90 mm high) containing 350 m/ of the
same medium. These vessels were placed
under the following four conditions: 1)
20.0°C, 1.5klux; 2) 20.0°C, 5.0 klux; 3)
25.0°C, 1.5 klux; and 4) 25.0°C, 5.0 klux.
A daylength of 14 hr (06:00-20:00) was
employed. In the field, the present alga
appeared luxuriantly in April-May and
gradually disappeared in July-August.
The water temperature of the habitats in
April was about 20°C and that of July
about 25°C. The culture medium was
changed every 2 weeks. Cultures were
not axenic, but they were strictly unialgal.
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For light microscopy, gametes were fixed

in 49} seawater glutaraldehyde.

Results and Discussion

1. Maturation of planis: Within about

d ‘.i”b

Figs. 1-12.  Reproduction of C. racemosa var. laetevirens. 1. Mature vegetative plant from Muroto-
misaki. 2. A part of a vegetative assimilator. 3. Fertile plant with protoplasmic networks, one day before
liberation. 4. Protoplasmic network in fertile assimilator. 5. Liberation tube on a ramulus. 6. Biflagel-
late male gamete (arrow). 7. Biflagellate female gametes. 8. Copulation of gametes. 9. Heart-shaped
planozygote and completely copulated quadriflagellate planozygotes (arrows). 10. Settled zygote, after 3
hr copulation. 11. Spherical body, after 15 days. 12. Spherical bodies increasing cell volume, after 24
days. Scale: (Figs. 1, 3) =20 mm, (Figs. 2, 4)=>5 mm, (Fig. 5)=1 mm, (Figs. 6-10)=10 gm, (Fig. 11)=
20 ym, (Fig. 12)=50 gm.
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one month after the beginning of the
laboratory culture, vegetative plants from
the field (Figs. 1 and 2) became fertile
under 25.0°C, 1.0-3.0 klux, 14L/10D con-
ditions. Although the light intensity was
far lower in culture than in the field, the
plants produced gametes.

In the southern part of Japan, C. bra-
chypus (Mivake & Kuniepa 1937) and
C. okamurae (KajmMura 1969, IsHiwARA
et al. 1981) became fertile and produced
gametes during July and August. Our
results suggest that C. racemosa var. laete-
virens also becomes fertile in summer
(June and July). GoLDSTEIN & MORRALL
(1970) observed an apparent correlation
between gametogenesis in some Caribbean
Caulerpa and the period of extreme spring
tides during full moon. Our study does
not provide information on whether there
is a similar correlation in C. racemosa var.
laetevirens.

2. Gamete formation: The first sign of the
incipient maturation of plants was rec-
ognized in the evening of the third day
before the liberation of the gametes as a
loss of homogeneity of protoplasmic dis-
tribution throughout the thallus except for
rhizoids. In the evening of the second day
before liberation, protoplasmic streaming
slowed down and numerous small trans-
parent spots appeared in the protoplasm.
Subsequently, the spots in the protoplasm
enlarged and the protoplasmic masses
formed an irregular network (Figs. 3 and
4). In the evening before liberation, the
upper portion of the protoplasmic network
of each ramulus changed in color from
green to dark yellowish-green, while the
networks of lower portions of ramuli, up-
right shoots and rhizomes remained green.
Just before liberation, the contrast between
the colors of the network increased. By
dissection, it was confirmed that the male

gametes were formed in the green portion,
while the female gametes, each of which
had a reddish stigma, were formed in the
dark yellowish-green portion. Such a sex-
ual localization in a frond has been re-
ported in C. cupressoides, C. serrulata (GoLD-
sTEIN & MOoRrraLL 1970) and C. okamurae

(IsuiwARra et al. 1981). It seems that the
difference in color of the protoplasmic
networks is caused by the reddish stigmata
in female gametes.

GoLpsTEIN & MoORRALL (1970) observed

that in some Caribbean Caulerpa a large
cytoplasmic mass of the erect frond cleaved
into numerous smaller cytoplasmic units,
each of which developed into a spherical
gametangium bounded by a thin gametan-
gial membrane and containing either male
or female gametes. During our investi-
gation, such spherical gametangia were
not observed. '
3. Gamete liberation: The formation of
liberation tubes (papillae) started in the
evening of the second day before liberation
at the apical portions of upright shoots,
the upper surfaces of ramuli and rhizomes.
At first they appeared as tiny whitish
outgrowths. The outgrowths elongated
swiftly and developed into fine cylindrical
liberation tubes, 170-220-250 yum in diam.,
1.0-1.5-1.8 mm in length (Fig. 5). No
trabeculae were observed in any liberation
tube.

Liberation did not occur during the
dark period, but always occurred about
1-2 hr after illumination in the early
morning. When the apices of liberation
tubes burst, the protoplasmic network
broke down rapidly into dark green viscous
The viscous material liberated
through the liberation tubes and precipi-
tated on the bottom of the vessel. Libera-
tion continued for about 15 min, the mother
plant losing its contents and fading. Nu-

material.
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merous gametes swam out from the viscous
material with a slight agitation of the
medium.

Liberation in the early morning was
reported also in C. brachypus (Mivake &
Kuniepa 1937) and C. okamurae (IsHiwARA
et al. 1981). It was possible to postpone
liberation two or three hr by extension of
the dark period. These facts suggest that
illumination probably triggers liberation.
4. Male and female gametes: Two types
of gametes were recognized. One (male)
was relatively small, 4.5-6.0 gm in length,
and 2.0-2.5 ym in breadth, and lacked a
stigma (Fig. 6). The other (female) was
larger, 5.5-7.5uym long and 2.5-3.0 yum
broad, and contained a reddish stigma
(Fig. 7). Both sexes of gametes were
biflagellate, 7.5-10.0 um long, and tear-
drop-shaped or slender pear-shaped, being
pointed at the anterior and rounded at the
posterior. They showed a weak positive
phototactic response. The motion of the
female gamete was rather slow, while the
male gamete was more active. The swim-
ming period of female gametes was shorter
than that of male gametes.

The present alga always produced both
sexes of gametes on the same frond and
therefore is considered to be monoecious.
Other monoecious taxa of Caulerpa that
have been reported are C. racemosa var.
uvifera (IYENGArR 1940), C. mexicana, C.
racemosa, C. serrulata, C. sertularioides, and C.
taxifolia (GoLDSTEIN & MORRALL 1970),
and C. okamurae (IsHIWARA et al. 1981),
while dioecious taxa include C. clavifera
(Ernst 1931) and C. brachypus (Mivake &
Kuniepa 1937). Concerning C. prolifera,
Scuussnic  (1939) reported that the
Mediterranean plants were dioecious, while
GoLDSTEIN & MOoRRALL (1970) described
the Caribbean plants as monoecious.

5. Copulation and zygotes: When the gam-

etes swam out from the viscous mass, males
copulated with females and became quad-
riflagellate planozygotes, each with two
chloroplasts and a stigma (Figs. 8 and 9).
The planozygotes had a weak negative
phototactic response and swam vivaciously
at first, then gradually slowed down and
came to rest on the substratum, becoming
spherical (Fig. 10). Within a few hours
after settling, zygotes had become com-
pletely spherical and their flagella had
disappeared. Twenty-four hr after set-
tling, zygotes had developed into spherical
bodies, 3.5-4.5 yum diam., surrounded by
thin cell walls and containing two chloro-
plasts and a stigma. The swimming period
of planozygotes was shorter than that
of uncopulated gametes, which contin-
ued to ten hr after liberation.
Twenty-four hr after liberation, uncopu-
lated gametes followed the pattern of
zygotes in settling and becoming spherical
on the substratum, but faded away within
a few days. No parthenogenetic repro-
duction was observed.

swim

6. Germination and development of zygotes:
The spherical bodies did not immediately
produce germ tubes, but continued to
enlarge for about one month. Five days
after settling, the number of chloroplasts

200}F
1501
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Days after settlement

Diameter of spherical body (pm)

Fig. 13. Growth curve and germination time of
spherical bodies of C. racemosa var. laetevirens under
25.0°C, 3.0 klux, 14L/10D hr cycle. Bars represent
standard deviations. A. Beginning of germination.
B. Beginning of secondary germ tube formation.
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had increased to 3-6, and the stigma had
disappeared. After 15 days, the spherical
bodies had enlarged further, contained
numerous chloroplasts, and appeared to
have a distinctive cell wall (Fig. 11).  After

24 days, they attained a diameter of
55-65 ym (Fig. 12). The chloroplasts and
other organelles were distributed along the
entire inner surface of the spherical bodies.

After about 35 days, the spherical bod-

'20

Figs. 14-20.  Germination and development of C. racemosa var. laetevirens. 14. Primary germ tube
formation, 35 days after settling. 15. Primary germ tube elongation, after 37 days. 16. After 39 days.
17. After 42 days. 18. Germling with a fine primary germ tube and a thick secondary one, after 47 days.
19. Protonema-like plants with thin and thick filaments, original cell shown with an arrow, after 2 months.
20. Erect shoots from creeping filaments, after 3 months. Scale: (Figs. 14-17) =100 um, (Fig. 18) =200

pm, (Figs. 19, 20) =5 mm.
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ies had attained a diameter of 115-140 ym
and began to germinate. Almost all of
them germinated within five days. The
growth curve and germination time of
spherical bodies are shown in Fig. 13. At
first, spherical bodies produced a primary
germ tube on the side away from the light
measuring 30-40 ym in diam. (Figs. 14
and 15). The primary germ tube elon-
gated (Figs. 16 and 17) and no septum
was observed between spherical bodies
and germ tubes (Fig. 17). After about
one week, a secondary germ tube was
formed on the side facing the light. It
was thicker than the primary one and
measured 90-130 ym in diameter (Fig. 18).
Both tubes elongated and branched. A-
bout one month after germination, germ-
lings developed into creeping, filamentous,
protonema-like plants which consisted of
branched thick and thin filaments (Fig. 19).
Trabeculae and vigorous protoplasmic
streaming were observed inside the thick
filaments.

In spite of many culture studies of the
spherical stage of Caulerpa zygotes, their
germination was not reported until re-
cently. In C. serrulata (Price 1972) and
C. okamurae (IsHIWARA et al. 1981), zygotes
germinated bipolarly about seven weeks
after settling. The zygotes of the present
alga also germinated bipolarly, five weeks
after settling. Because the spherical bod-
ies continued to increase their cell volume
prior to germination, this pericd is not
considered as dormancy, but as a pre-
paratory step for germ tube formation.
In the present alga, a fine primary germ
tube was formed on the side away from
the light, whereas a thick secondary one
was formed on the side facing the light.
The developmental sequence, as in the
present alga, has not been clarified in
other species of Caulerpa, but has been

observed in Halimeda tuna and Udotea
petiolata, which are also members of the
Caulerpales (MEeiNesz 1980).

Two months after germination, creeping
filaments increased their diameter and
produced primary shoots which measured
300-500 yum in diam. (Fig. 20). Most
of these shoots continued to elongate,
becoming creeping rhizomes which either
developed directly into upright shoots or,
more usually, produced upright shoots
later. An upright shoot produced ramuli
at its apical portion
became an assimilator.

successively and

The shapes of
ramuli and their arrangement on the
upright shoot varied with different culture
conditions. Under 20.0°C, 5.0 klux, cy-
lindrical ramuli with obtuse heads were
formed in a radial arrangement. The
form of well-developed assimilators was
similar to that of the mother plant (Fig. 21).
By contrast, under 25.0°C, 1.5klux, a
shield-form ramulus was formed at the
tip of each erect shoot, the fronds being
similar to those of C. racemosa var. peltata
(Fig. 22). Moreover, under 20.0°C, 1.5
klux or 25.0°C, 5.0 klux trumpet-form
ramuli were formed alternately on an
upright shoot. The well-developed as-
similators were not similar to those of the
mother plant, but were intermediate be-
tween the laetevirens-type and the peltata-
type (Fig. 23).

When zygotes were inoculated in high
density, they did not differentiate into
thick rhizomes, upright shoots and ramuli,
but developed into tufty, sometimes branch-
ed, filamentous plants which were similar
to Derbesia or Chlorodesmis (Fig. 24).

Price (1972) pointed out that a germling
of C. serrulata produced a pinnate branch
(assimilator) which was very different
from the mother plant. IsHIWARA et al.
(1981), on the other hand, reported that
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Figs. 21-24. Plants of C. racemosa var. laetevirens cultured under different conditions. 21. Laetevirens-
type plant, cultured under 20.0°C and 5.0 klux, after 6 months. 22. Peltata-type plant, cultured under
25.0°C and 1.5 klux, after 6 months. 23. Intermediate-type plant, cultured under 20.0°C and 1.5 klux,
after 6 months. 24. Tufty filamentous plant, cultured under 25.0°C and 5.0 klux, after 3 months. Scale:
(Figs. 21, 23) =10 mm, (Figs. 22, 24) =20 mm.

the new plants derived from zygotes of C.
okamurae were similar to the mother plant.
In the present alga, germlings derived from
the same mother plant produced three
types of assimilators according to different
culture conditions. It seems that these
morphological variations are not caused
by genetic polymorphism, but depend on
culture conditions.
assimilator formation and analysis of the
morphological variations

The whole process of

under various
conditions will be detailed in a subsequent
article.

7.  Reproduction of cultured planis: About
six months after inoculation, germlings
developed into mature plants and became

fertile. They produced biflagellate male
and female gametes on the same plant,
which copulated with each other. The
process of gamete formation, gamete liber-
ation, and developmental sequences were
similar to those of the mother plant.
Quadriflagellate or stephanokontic zooids,
which have been reported in the sporo-
phytes of some members of the Bryop-
(Hustepe 1964, Rietema 1972,
vAN DEN HoEek et al. 1972, TATEWAKI
1973, 1977, KoBara & CHiHara 1978a,
1978b, 1984, and Oxupa et al. 1979), were
not observed.

8. Life history:
zygotes derived from wild plants developed

sidales

In the present alga, the
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Iig. 25.  Life history of C. racemosa var. laclevirens.
C. Male gamete. D. Female gamete. E. Planozygote.

toplasmic networks.

A. Vegetative plant. B. Fertile plant with pro-
F. Settled zygote. G.
Spherical body, 3 weeks after settling. H. Enlarged spherical body, after 5 weeks. 1. Germination, germ-

ling with a primary germ tube, after 6 weeks. J. Germling with a primary and a secondary germ tube.
K. Protonema-like plant. L. Creeping filament with erect shoots. M. Juvenile plant with assimilators.

directly into macroscopic plants which also
produced both male and female gametes.
The resulting zygotes also developed direct-
ly into macroscopic plants. SCHUSSNIG
(1939) demonstrated meiosis in gameto-
genesis of C. prolifera.

ent study lacks cytological observations, a

Although the pres-

scheme showing the succession of somatic
stages in the life history of C. racemosa var.
laetevirens can be drawn (Fig. 25). GoLrp-
sTEIN and MorraLrL (1970) suggested the
possibility of an alternation of hetero-
morphic generations in Caulerpa, but the

present study does not support this idea.
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Morphological variation of C. r var. laetevirens under various culture conditions. Jap. J. Phycol.
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The effects of temperature and light intensity on the morphogenesis of Caulerpa racemosa var.
laetevirens from southern Japan were investigated in unialgal culture under 25 combinations of 5 tem-
peratures (20.0°-30.0°C) and 5 light intensities (0.5-8.0 klux). The morphological variation of
the present alga is correlated with environmental factors. The laetevirens-type assimilator observed
on the mother plants was formed under combinations of low temperatures (20.0°, 22.5°C) and high
light intensities (5.0, 8.0 klux). By contrast, under combinations of low and high temperatures (20.0°-
30.0°C) and low light intensities (0.5, 1.5 klux) the peltata-type assimilator was formed. The interme-
diate-type between these two types of assimilators was formed under the remaining combinations.
The results suggest that C. 7 var. laetevirens and C. racemosa var. peltata are morphological
variations (ecophenes or ecads) of a single species.

Key Index Words: Caulerpa, Caulerpa racemosa var. laetevirens, Caulerpales, Chlorophyceae,

culture, morphogenesis, morphological variation, plasticity, southern Japan alga.

The genus Caulerpa LAMOUROUX is a large
group of coenocytic siphonous marine
green algae exhibiting a remarkably high
degree of morphological variation (plas-
ticity). The thallus is characterized by
having a prostrate cylindrical rhizome
with branched filamentous attachment rhi-
zoids and assimilators. The assimilator
consists of an upright shoot bearing nu-
merous ramuli (branchlets).

The occurrence of intermediate or transi-
tional growth forms between various taxa
of Caulerpa has often been reported. More-
over, different parts of the same thallus
sometimes have features characteristic of

two or more taxa. Many investigators

* Present address: Laboratory of Phycology, To-
kyo University of Fisheries, Konan, Minato-ku,
Tokyo, 108 Japan.

have suggested that this morphological
variation may be strongly affected by
environmental factors (WEBER-VAN BossE
1898, SvepeLius 1906, BoerGesen 1907,
GiLBerT 1942, Eusank 1946, TAvLOR
1950, 1960, NizamuppiN 1964, REnm and
ArMopovar 1971).

Tanoy (1934) made field transplant
experiments on several taxa of Caulerpa
and offered evidence that C. peltata and
C. fastigiata were only forms of C. racemosa.
GiLBerT (1942) and Ecerob (1975) em-
phasized that the use of cultures should
prove a most valuable aid to systematic
studies in the genus. However, there have
been few culture studies on the relationship
between morphological variation and en-
vironmental factors.

PeTersoN (1972) transplanted and cul-
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tured wild plants of several taxa of C.
racemosa in a light-controlled aquarium.
He demonstrated that
specimen of C. racemosa var. uvifera was

when a single
exposed to different light intensities, it
formed new assimilators that were char-
He stated that
the ability of C. racemosa to change growth

acteristic of other taxa.

form in altered light environments provides
evidence for an environmental control of
this kind of merphological variability.
Moreover, he suggested that the varieties
of C. racemosa, such as var. peltata and var.
lamourouxii, should be considered ccological
phenotypes (ecophenes or ecads). Car-
VERT (1976) confirmed these results, show-
ing that when five taxa of Caulerpa were
transferred into aquaria and cultured with
a light intensity lower than that typical of
their natural habitat, their newly formed
ramuli changed in arrangement from radial
to bilateral.

As mentioned above, Caulerpa racemosa
shows an extreme degree of morphological
variability, which has led to taxonomic
confusion. In a previous paper on culture
studies of reproduction and development in
C. racemosa var. laetevirens (ENomoTO and
1987), the authors briefly men-

tioned the morphological variation of this

OHBA

alga. The present paper provides details
of assimilator formation under 25 combi-
nations of temperature and light intensity
regimes and offers some taxonomic dis-

cussion.

Materials and Methods

Plants of Caulerpa racemosa (Forsk.) J.
Ac. var. laetevirens (Mont.) WEBER-VAN
Bosse (Figs. 1A, 1B) were collected at
Murcto-misaki (33°16'N, 134°14’E), Shi-
koku Island and Ayamaru-misaki (28°
28'N, 129°43'E), Amami-6shima Island

in the southern part of Japan. Collections

Fig. 1. Wild plants of Caulerpa raeemosa var.
laetevivens.  A. Typical plant from low tidal mark
at Muroto-misaki; B. Morphologically complex
plant from 3.0 m depth at Ayamaru-misaki, with
laetevirens-type assimilators (single arrow) and peltata-
type assimilators (double arrow). Scale: 10 mm.

80 |A(S)|B(5)|C(5)|D(5)|E(5)

50 [A(4)|B(4)[C(4)|D(4) |E(4)

30 |A(3)|B(3)[C(3)|DI(3)|E(3)

15 |A(2)|B(2)]| C(2)|D(2) [E(2)

Light intensity (klux)

os [A(1)[B(1)|C(1)|{D(1)[E(1)

200 25 250 275 300
Temperature (°C)

Fig. 2. Schematic representation of the temper-
ature and light intensity gradients used in the present
culture experiments. A symbol is given to each com-

bination.

were made during May and July of 1981
1985.
wild plants and isolation of zygotes are

The procedures of pre-culture for

detailed in a previous paper (ExomoTO
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and OmBa 1987). All experiments were
conducted in wunialgal culture. Zygotes
were cultured under the following condi-
tions: 25°C, 1.0-3.0 klux, L:D=14:10hr
in screw-capped glass tubes (18X 130 mm)
with 15m! of Provasorrs ES medium.
After about two months, zygotes grew to
filamentous  germlings  (protonema-like
plants) which were about 10-20 mm long.
These germlings were used for the present
experiments. Culture strains A and B
were isolated from thalli collected at
Muroto-misaki and Ayamaru-misaki, re-
spectively.

For the analysis of morphological varia-
tion 25 sets of culture conditions were used
by combining 5 temperatures (20.0°, 22.5°,
25.0°, 27.5°, and 30.0°C) with 5 light
intensities (0.5, 1.5, 3.0, 5.0 and 8.0 klux).
These combinations are represented sche-
matically and each is given a symbol in
Fig. 2. A daylength of 14hr (06:00-
20:00) was employed. Toshiba daylight
fluorescent lamps (6100 K; FL40SD-SDL)

were used as the light source. Light
intensity was measured at the beginning
and the end of an experiment. When

germlings reached about 10 mm in length,
each was transferred to a separate glass
vessel (90X 90 mm) containing 350 m! of
the same medium (PES).
were placed under each set of conditions
above. The
changed every two weeks.

Three vessels

medium  was
After 4 montbhs,
the germlings were analyzed as to assimi-
lator morphology.

mentioned

The wild plants of C. racemosa var. laete-
virens from Muroto-misaki (Fig. 1A) and
Ayamaru-misaki were found to agree well
with the description given by OxaMUrA
(1913, 1936). The rhizome is cylindrical,
branched, and intricate, 1.0-3.0 mm in
diameter, 10-30 (-50) cm in length. The
upright shoots are cylindrical, simple or

rarely branched distally, 20-60 (—100) mm
in height, bearing 20-70 (-100 or more)
imbricate ramuli. The ramulus is cylin-
drical with an obtuse or somewhat swollen
head, 1.2-6.0 (-8.5) mm in length, 0.5-
2.0 mm in diameter at its head, 0.3-0.9
mm in diameter at its base.

On the Pacific coast of Japan, this alga
is common between B6s6 Peninsula (35°N,
140°E) and Amami-6shima Island (28°N,
129°E), but is rare on Okinawa Island
(26°N, 128°E) (Secawa 1935, OxaMURA
1936, Yamapa and Tanaka 1938). It is
usually found on sunny rocks in the lower
intertidal zone, but sometimes it grows at
a depth of 4-5m on the waveswept outer
margin of the reef where light intensity is
relatively high.

Sometimes morphologically complex
plants were found (Fig. 1B) in which
laetevirens-type assimilators were produced
by rhizomes exposed to the sun while
peltata-type assimilators were produced in
the shade. Such plants grow at a sun/
shade interface, as in hollows and on the
undersurface of overhanging rocks in shal-
low water.

Results

Experiments on strain A
1. Cross-gradient experiments:

The germlings that had been cultured
for two months under 25 different sets of
conditions began to form assimilators.
After four months, the assimilators were
sufficiently mature to allow a morpho-
logical analysis to be carried out. The
morphology of assimilators varied with
the culture conditions (Figs. 3 and 5A).

Three aspects of the assimilators were
considered for morphological analyses:
shape of the ramuli, arrangement of the
ramuli on the upright shoot, and overall
appearance. In all instances the rhizomes
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Light intensity (klux)

and upright shoots were cylindrical.
Three types of assimilators were rec-

ognized:

1) Laetevirens-type: The ramuli are cy-

lindrical with obtuse heads and are arranged

in a polystichous pattern (tristichous, de-

25 30
Temperature (°C)
Fig. 3. Morphogenetic response of strain A to the cross-gradients of temperature and light intensity. Scale: 2 mm.

cussate, or spiroscalate phyllotaxis) on the
upright shoot. These two characters ap-
pear to be linked. The overall appearance
of the assimilators is similar to that of the
mother plants. This type developed under

3 sets of conditions, A(4,5) and B(5), 1.e.,
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(klux)

Light intensity

low temperature and high light intensity.
This type is shown in IFig. 3 and is rep-
resented by the symbol L (CP) in Fig.
SA.

2)  Peltata-type: The ramuli have the
form of a shield, with flat discoidal heads,

25 51
Temperature (°C)
Fig. 4. Morphogenetic response of strain B to the cross-gradients of temperature and light intensity. Scale: 2 mm.

and are arranged in a monostichous pattern
(solitary or secund) on the upright shoot
or the rhizome. The shape of the ramuli
was linked to their arrangement on the
upright shoot. The overall appearance
of the assimilators was similar to that of
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L: laetevirens-type C: cylindrical P: polystichous
I: intermediate-type T: trumpet form D: distichous
P: peltata-type S: shield form M: monostichous

Fig. 5. Diagrammatic representation of the morphogenetic response to the cross-
gradients of temperature and light intensity. A. Strain A, B. Strain B.

C. racemosa var. peltata. This type de-
veloped under 13 sets of conditions, A(l),
B(1,2), C(1,2,3), D(1,2,3) and E(1,2,3,4),
i.e., from low to high temperature and
low light intensity. This type is shown in
Fig. 3 and is represented by the symbol P
(S M) in Fig. 5A.

3) Intermediate-type: are
trumpet-form with obconical heads. The
arrangement of the ramuli on the upright
shoots or the rhizomes varied with the
culture conditions, allowing the recognition
of three kinds of intermediate-type as-
similators, as follows:

(a) Intermediate-type assimilator with
polystichous arrangement of ramuli. This
kind developed under only one set of
conditions: C(5), i.e., moderate tempera-
ture and high light intensity. It is shown
in Fig. 3 and is represented in Fig. 5A
by the symbol I (T P).

(b) Intermediate-type assimilator with

The ramuli

distichous (opposite or alternate) arrange-
ment of ramuli. This kind developed
under 4 sets of conditions: A(3), B(3,4)

and C(4), i.e., low temperature and
moderate light intensity. It is shown in
Fig. 3 and is represented in Fig. 5A by
the symbol I (T D).

(c) Intermediate-type assimilator with
monostichous arrangement of ramuli.
This kind developed under 4 sets: A(2),
D(4,5) and E(5), i.e., low temperature
and low light intensity or high temperature
and high light intensity.
Fig. 3 and is represented by the symbol I
(T M) in Fig. 5A.

The formation of assimilators was in-
hibited at 30.0°C, the assimilators being
dwarfed.

2. Transplant experiment:

When a thallus that had formed /laete-
virens-type (polystichous arrangement) as-
similators under 22.5°C, 5.0 klux was trans-
ferred and cultured under 20.0°C, 0.5 klux
for a month, it formed intermediate-type
assimilators on its rhizomes and upright
shoots (Fig. 6A).

Experiments on strain B
1. Cross-gradient experiments:

It is shown in
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Fig. 6. Transplant experiments. A. Plant (strain
A) with laetevirens-type assimilators (single arrows)
produced in culture under 22.5°C, 5.0 klux after be-
ing transplanted to 20.0°C, 0.5 klux. Note newly
formed intermediate-type assimilators with trumpet-
form ramuli (double arrows). B. Plant (strzin B)
with a laetevirens-type assimilator (single arrow) pro-
duced in culture under 20.0°C, 3.0 klux after being
transplanted to 22.5°C, 0.5 klux. Note newly formed
peltata-type assimilators (double arrow). Scale: 10
mm.

The form and arrangement of ramuli
and the overall appearance of assimilators
produced in strain B under each of the 25
sets of conditions corresponded essentially
with those of strain A, but with several
minor exceptions. Laelevirens-type assimi-
lators occurred under six rather than
three sets of conditions and typical peltata-
type assimilators appeared in only three
rather than eight sets of conditions. Re-
sults are shown in Figs. 4 and 5B.

2. Transplant experiment:

When a thallus that had formed laete-
virens-type assimilators under 20.0°C, 3.0
klux was transferred and cultured under
22.5°C, 0.5 klux for a month, it formed
peltata-type assimilators on the original
rhizome (Fig. 6B).

Process of assimilator formation

The development of assimilators of laete-
(with  dis-
tichous arrangement), and peltata-type is
shown in Figs. 7 and 8.

virens-type, intermediate-type

A conical erect shoot
was formed on a creeping rhizome (Fig.
8A-a). After 5-7 hr, a pair of tiny whitish
outgrowths were formed opposite one an-

1) Laetevirens-type:

other a little below the apex (growing
point) of the shoot (Figs. 7A, 8A-b).
After about 10 hr, each outgrowth elon-
gated and became an acute, cylindrical,
lateral branchlet which curved upward
slightly (Figs. 7B, 8A-c,d).
it continued to clongate, attaining a size
of 0.5 mm diam.x2.0-4.0 mm long (Figs.
7C, D, E, 8A-e, f). After about 60 hr,
its tip enlarged and developed into a

Subsequently,

cylindrical ramulus with an obtuse head
(Figs. 7F, 8A-g). About 4-5 hr after the
appearance of the primary pair of out-
growths, a secondary pair was produced
a little below the apex of the upright shoot,
re., a little above the primary pair. It
was formed at an angle of 60°-90° to the
primary pair in a horizontal plane (Figs.
7B, 8A-d, e). After about 60-70 hr, the
secondary pair of outgrowths developed
into ramuli (Figs. 7F, 8A-h). The for-
mation of successive ramuli proceeded in
the same sequence (Figs. 7G, 8A-1). About
one week after the appearance of the erect
shoot, the assimilator had grown to a
height of 1020 mm (Fig. 7H). After
2 weeks, it had grown to 25-30 mm.

2) Intermediate-type with trumpet-form
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Fig. 7. The process of assimilator formation. A-H. Laetevirens-type, 1-M. Peltata-type. Scale: 2 mm.
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Fig. 8. Schematic representation of the process of assimilator formation.

A. Laetevirens-type,

Intermediate-type with trumpet-form ramuli arranged distichously, C. Peltata-type.

ramuli: An erect shoot was formed on
a creeping rhizome and elongated (Fig.
8B-a). When it grew to a length of 2-3
mm, it produced laterally a tiny whitish
outgrowth a little below its apex (Fig.
8B-b). The outgrowth appeared in the
morning (around 08:00). After about 10—
12 hr, it elongated upward and became a
cylindrical protuberance which measured
0.5-1.0 mm in length (Fig. 8B-c). Sub-
sequently, its apex expanded and became
an obconical head (Figs. 8B-d, e). After
36-48 hr, it developed into a trumpet-form
ramulus which measured 2-3 mm in di-
ameter (Figs. 8B-f, g). During the forma-
tion of the primary ramulus, the apex of
the erect shoot (growing point) continued
to elongate, producing a secondary ramulus
in the same sequence (Figs. 8B-e, f). A
tertiary ramulus and successive ramuli
were formed in the same way (Figs. 8B-

g, h, i). The ramuli are arranged alter-
nately or nearly opposite one another.
After about two weeks, the assimilator had
grown to 20-25 mm in height.

3) Peltata-type: First an erect shoot was
formed on the upper surface of a creeping
rhizome (Fig. 8C-a). When it grew to
about 2mm in length, a tiny whitish
outgrowth was formed a little below its
apex (growing point) (Fig. 8C-b). This
outgrowth appeared in the morning (a-
round 08:00), after which the erect shoot
After about 7-8 hr,
the outgrowth had attained a length of
0.5-1.0 mm (Figs. 7I, 8C-c). Subsequent-
ly, it thickened (Figs. 7], 8C-d) and its
apical portion began to expand into an
obconical head (Figs. 7K, 8C-e). The
head continued to expand horizontally,
becoming a disk measuring 2.0-3.0 mm
in diameter (Figs. 8C-f, g). After about

ceased to elongate.
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36 hr, the outgrowth had developed into
a primary peltate or shield-form ramulus
and its head measured 4.0-5.0 mm in
diameter (Figs. 7L, 8C-h). Sometimes,
when a primary ramulus was completed,
the apex of the erect shoot began to elon-
gate again (Figs. 7M, 8C-h, i), producing
a secondary and a tertiary ramulus in the
same sequence (Figs. 8C-i, j).

Discussion

The present experiments reveal that the
form and arrangement of ramuli in Caulerpa
may vary considerably with temperature
and light intensity. They prove that the
morphological plasticity of the present
alga is correlated with environmental fac-
tors rather than with genetic polymorphism.
All cross-gradient experiments were car-
ried out using thalli derived from the same
plant at the same time. As shown in
Figs. 6A and 6B, when a thallus was
transferred into a different set of conditions
it developed assimilators of a different
shape. The fact that the results of the
cross-gradient experiments in strain A are
almost identical to those in strain B sug-
gests that morphological plasticity is not
the expression of a single genotype and
that similar results could be expected if
other populations of C.
laetevirens were investigated.

PeteErRsoN (1972) reported that when
wild plants of several taxa in C. racemosa

racemosa var.

were transferred into an aquarium, they
changed their form in response to different
light conditions, and that C. racemosa var.
uvifera f. intermedia, after being transferred
to high light (21.0 klux), produced laete-
virens-type assimilators, which were not
found on the original plants. CALVERT
(1976) also showed that when wild plants
of five taxa in Caulerpa were kept under
low light, the arrangement of their ramuli

varied from radial to bilateral. In the
present study, at 20.0° and 22.5°C, the
assimilators varied in form with increasing
light intensity from peltata-type with shield
form ramuli through intermediate-type to
laetevirens-type  with cylindrical ramuli.
These results suggest that the laetevirens-type
assimilator is adapted to high light intensity
and that the peltata-type is adapted to a
lower light intensity. SveberLius (1906)
thought that radial arrangement was adapt-
ed to high light and bilateral arrangement
to low light. In the present study, a
polystichous arrangement was favored by
low temperature and high light intensity.

In the field, laetevirens-type assimilators
were observed on typical plants of C.
racemosa var. laetevirens growing on sunny
rocks in shallow water and on morpho-
logically complex plants growing on sunny
rocks in hollows. Peltata-type assimilators,
on the other hand, were found on typical
plants of C. racemosa var. peltata in deep
water and on morphologically complex
plants growing on shady rocks in hollows
and on the undersurface of overhanging
rocks. Light intensity is probably a factor
affecting vertical distribution of the three
types of assimilators.

In the present experiments, the laete-
virens-type assimilator appeared at rela-
tively low temperatures (20.0°, 22.5°C),
but did not appear at relatively high
temperatures, whereas the peltata-type ap-
peared at low and high temperatures
(20.0°-30.0°C). These results correspond
with field observations that plants with
typical laetevirens-type assimilators are com-
mon in relatively cold water at Muroto-
misaki and Ayamaru-misaki, but were not
observed in warm water at Okinawa
Island. Seawater temperature is probably
a factor in the geographical distribution of
these two types of assimilators. The exist-
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ence of morphologically complex plants
and the results of the present experiments
suggest that C. racemosa var. laetevirens and
C. racemosa var. peliata are probably eco-
phenes (ecads) of a single species.
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Developmental process of the gametangium in Pseudobryopsis
hainanensis Tseng (Codiales, Chlorophyceae)
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Okupa, K., ENnomoTo, S. and Tatewaki, M. 1987. Developmental process of the gametangium in
Pseudobryopsis hainanensis TsENG (Codiales, Chlorophyceae). Jap. J. Phycol. 35: 189-200.

The developmental process of the gametangium in Pseudobryopsis hainanensis was investigated by
synchronized culture using light- and electron-microscope. Cytoplasm in ramelli periodically mi-
grates upward and downward in the vegetative stage, accumulating at ramellus bases during dark
periods. In the reproductive stage, the cytoplasm aggregates by upward streaming at the site where
gametangium formation is expected. Gametangium formation starts by protrusion of the ramellus
wall near the aggregated cytoplasm. The gametangium continues to expand for 12 hrs after pro-
trusion. During this period many interphase nuclei migrate from a ramellus into the developing
gametangium. A papilla is formed at the distal end of the gametangium. The wall around the
papilla is stained by dyes identifying proteins. A plug which isolates the cytoplasm of the gametan-
gium from that of the ramellus is formed in the orifice present in the basal constriction of the gametan-
gium. When a large vacuole occupies the basal portion of the gametangium, nuclei begin to divide

for gamete formation.

Key Index Words: coenocytic green alga; g

L.
gium

synchronized culture.

Ultrastructural investigations have con-
tributed to our understanding of reproduc-
tive differentiation in coenocytic green
algae (Burr and WEest 1970, MARCHANT
and PickerT-HeAPs 1970, 1971, WHEELER
and Page 1974, Hor: and Enomoro 1978).
These investigations deal only with those
species in which the vegetative cells directly
differentiate into the reproductive organ.
For instance, when the thallus of Bryopsis
hypnoides attains reproductive maturity, the
side branch is converted into a gam-
etangium by itself (Burr and WEsT 1970).
The ramellus in Pseudobryopsis is morpho-
logically similar to the side branch in
Bryopsis but the former produces a gam-

etangium on its outer surface. However

development; Pseudobryopsis hainanensis;

the ultrastructure in developmental stages of
the aforementioned gametangium remains
obscure.

In Pseudobryopsis hainanensis the main axis
is clavate-cylindrical in shape and is
surrounded by dense radially arranged
ramelli. It originates from rhizome-like
creeping filaments at the basal portion.
The gametangium born near the proximal
portion of the ramellus is provided with
a papilla at the distal end and a plug at
the base (Okupa ¢t al. 1979). Therefore
it is assumed that several morphogenetic
regulatories such as positional control of
gametangium, local differentiation for
papilla and plug formation proceed. The

present study clarifies the developmental
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process of the gametangium in P. hainanensis
through light and electron microscopic
observations.

Materials and Methods

Experimental organism

Gametophytic plants of Pseudobryopsis
(mainly clone MK-065%*) were used in the
present study. This strain, clone MK-065,
was obtained at Ayamaru Point, Amami
Oshima, Japan on June 2, 1977 and then
maintained as unialgal stock culture grown
in artificial medium ASP,, (Provasori,
1963) at 22°C and 14:10 hr L:D cycle at
the Institute of Algological Research, Hok-
kaido University at Muroran. The gam-
etophytic plants in some experiments were

* Although this strain has been reported as Pseudo-
bryopsis sp. in our previous papers (OKUDA el al.
1979, Oxupa and Tatewaxr 1982), we describe
here our strain as a synonym of Pseudobryopsis
hainanensis 'Tsenc (1936) in accordance with the
opinion of KoBara and Curnara (1978), working
on the specimen from the same habitat where we
collected the material.

a

newly collected at the same habitat on
May 22-23, 1985 (Fig. la). The thalli
from these cultured plants were morpho-
logically quite similar to those of the clone
MK-065 grown in culture (Fig. 1b).
Culture

Methods of culture and induction of
gametangium formation were essentially
the same as those described by Oxupa and
Tartewakr (1982). Briefly, plants, pre-
cultured at 22°Ci and 14:10 hr L:D cycle
for 3-4 weeks, were re-cultured in a fresh
modified medium at 24°C and continuous
light. Groups of plants under the same
preculture condition synchronously formed
gametangia (Okupa and TATEwak: 1982).
Developmental stages of the gametangia
were defined by hours after the beginning
of light regime independent of the time
In the
present study, plants were fixed and observ-

when the plants were induced.

ed at 3 hr intervals, commencing at the
beginning of continuous light regime.
Specimen preparation

Plants were fixed in 0.59%, glutaraldehyde

1cm

Fig. 1. Pseudobryspsis hainanensis Tsex.  collected at Amami Oshima Island in 1985 (a) and some of

them cultured for a month (b).



Gametangium development in Pseudobryopsis 191

in 10 m/ culture medium for 5 min. This
was followed by 59, glutaraldehyde treat-
ment in 0.1 M sodium cacodylate at pH
7.2 with 509, major salt solution (0.451 M
NaCl, 0.052 M MgSO,, 0.018 M MgCil,,
0.008 M KCI and 0.009 M CaCl,) for 25
min at room temperature, and subsequent-
ly for 1.5 hr at 5°C. After rinsing briefly
in 50% major salt solution, the specimen
was washed in a series of 50, 40, 30, 20,
109, major salt concentrations. Then the
plants were postfixed with 29, OsO, in
0.05 M sodium cacodylate buffer at pH
72, tor 2 hts

cut off at the base with dissection scis-

The lateral ramelli were
sors in cold pure water. These ramelli
were dehydrated slowly with an acetone
series by 109, increments until 809, at
5°C, then placed at room temperature
which followed complete dehydration with
dehy-
drated in fresh absolute acetone was first
added dropwise to 1/10 resin diluted with
acetone for 2hr to prevent collapse of

absolute acetone. The material

cells. Then it was put in a small vial
(15 mm x40 mm) containing 3 m/ of 1/5
concentration of resin and placed in a
sealed box containing 3-4g well dried
Silica gel on a rotator (Penetron Mark 1V,
Sunkay Laboratories Inc.). After com-
plete evaporation of acetone from this resin
mixture, several changes of 1009, resin
were followed to obtain proper penetration.
Finally the resin was polymerized at 70°C
for 1 day.

Thin sections were cut with a diamond
knife on a Solvall Porter-Blum MT-1,
mounted on formvar-coated slot mesh
grids, stained with saturated uranyl acetate
solution in 509%, ethanol for 5 min, and
then with lead citrate (REy~NoLps 1963) for
7 min, and examined in a Hitachi H-300
electron microscope.

Some materials were preserved in 509,

ethanol solution at 5°C. for several days
after fixation with glutaraldehyde and
subsequent brief rinsing. These were then
stained by either 19, acid fuchsin, 19,
amidoblack or 0.59%, fast green FCF on a
glass slide. Some were treated with 19,
pepsin or 19, protease for 30 min before

staining.

Result

Gametangium formation

The first visual indication of gametangial
differentiation in Pseudobryopsis hainanensis
is a local accumulation of the cytoplasm
around the central vacuole below the apex
of a ramellus at 0-9 hr (Figs. 2¢, 4a and 4b).
Many chloroplasts are seen in this area,

Fig. 2. Changes of cytoplasmic distribution in
ramellus. Ramellus bases during light (a) and dark
period (b) in vegetative stage. Arrowheads indicate
accumulation of cytoplasm during dark period.
Ramelli at 9hr (¢) and 18hr (d) of reproductive
stage. G, gametangium protruding at the lower part
of ramellus.  Scale bars in a and ¢ apply to b and d
respectively.
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but the number decreases toward the base.
They contain no starch or small grains,
if present, until 3 hr (Fig. 4a), but large
Then, at
12-15 hr the aggregated cytoplasm grad-

ones at about 6 hr (Fig. 4b).

ually migrates downward and accumulates
at ramellus bases as that during the dark
At
18-21 hr, the cytoplasm (Fig. 3a) migrates
a little above the ramellus bases where

period in the vegetative stage (Fig. 2b).

gametangium formation initiates (Fig. 2d).

The surface view of the initiation of
gametangium looks like a hyaloid circle
(Fig. 3b), and its lateral view like a convex
lense (Fig. 3c).
portion is fenestrated due to ER (endo-

The cytoplasm of this

plasmic reticulum) and vacuolar evagina-
tion (Fig. 4d) and contains many nuclei (Fig.
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4c).
to the regions adjacent to a central vacuole.

Most of the chloroplasts are limited

At about 21 hr the gametangium initial
begins to protrude upward (Figs. 3d and
5a), many small vesicles are produced in
the cytoplasm just below the wall of the
At 24 hr, vacuoles
in the cytoplasm gradually enlarge (Fig.

gametangium (Fig. 5d).

5d), concomitant with the expansion of
(Fig. 3e) which
At 27 hr,

a large vacuole occupies the center of the

a gametangium initial
develops a stalk (Figs. 3f and 3g).
gametangium and its ramifications in-
trudes the peripheral cytoplasm (Fig. 5b).
At 30 hr,

expands

the gametangium completely
(Fig. 3g)
central vacuole shifts towards the

part (Fig. 5c).

and a gametangial
basal
The cytoplasm is divided
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Fig. 3. Light micrographs showing developmental stages of a gametangium. Numerals at the
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Fig. 4. Electron micrographs of longitudinal sections of ramellus. Apical portion at 03 hr (a) and
06 hr (b), cytoplasmic aggregation (¢) and reticulated cytoplasm (d) at the site where gametangium
formation is expected at 18 hr. Arrow indicates direction of ramellus apex.
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Fig. 5. Electron micrographs showing the developmental stages of a gametangium. a, early stage of
gametangium formation at 21 hr, showing reticulated cytoplasm containing many nuclei. b, gametangium
at 27 hr.  Note the vesiculate cytoplasm located at the distal portion, from where chloroplasts are excluded.

¢, gametangium at 30 hr. d, many small vesicles and dictyosomes in peripheral cytoplasm of gametangium
at 24 hr.
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into two parts by the gametangial vacuole;
a large portion which is later differentiated
into gametes and a small one which is
later involved in plug formation.
Plug formation

By 30hr the cytoplasm migrates into
the gametangium through the orifice which
is plugged at 33-36 hr (Fig. 6e). At 30
hr, many electron dense, fine granules
appear in vacuoles present in the stalk
(Fig. 6b). At 33 hr, the plug material is
deposited centripetally on the inner side
of the stalk (Fig. 6a). It is successively
deposited on both gametangium and ramel-
lus side of a plug (Figs. 6¢c and 6d) and
eventually results in separating the gam-
etangial cytoplasm from that of the ramel-
lus at 36-39 hr (Fig. Ge).

The forming plug contains electron densé -

granules and bubble-like globules (Figs.
6c and 6d) which overlie successively and
form some ordered arrays (Fig. 6a). Dense
vesicles are present in the cytoplasm near
the plug (Figs. 6¢c and 6d), but their role
in plug formation is unknown.
Papilla formation

At 27-30 hr, a papilla differentiates at
the distal end of a mature gametangium
(Figs. 3fand 3g). Sooner or later it becomes
more translucent, because the inner side
of the cell wall of the papilla is dissolved
into a loosely disorganized layer of granules
and the ramifying cytoplasm containing
many vesicles and multivesicular bodies
intrude it (Figs. 7a and 7b). At 33--36 hr,
the cytoplasm retracts from the wall of
the papilla (Fig. 7c) and the apex becomes
somewhat flat (Fig. 3h). Finally the papil-
la changes to a pore for gamete liberation

(Fig. 3i).

The papilla wall is stained by either
acid fuchsin, fast green or amido black
(Fig. 7d), but not when treated with
pepsin or protease before staining (Fig. 7e).

A diagramatic representation of the
gametangial given in
Fig. 8.

development is

Discussion

It has been suggested that the photo-
synthesis-dependent accumulation of a large
amount of starch is prerequisite for the
induction of sexual cell division in Closte-
rium (IcaMura 1971). The accumulation
of starch grains in chloroplasts of the
ramellus seems to be essential for the
cytoplasmic aggregation and subsequent
induction of gametangium formation in
Pseudobryopsis hainanensis.

In the vegetative stage of P. hainanensis
and Bryopsis hypnoides (BurRr and WEST
1970) the following periodical changes
occur due to cytoplasmic streaming: most
of the cytoplasm accumulates at ramellus
bases during the dark period, while it is
widely distributed in ramelli during the
light period, though being more aggregated
at ramellus apices. In the reproductive
stage of P. hainanensis the cytoplasm at the
ramellus bases gradually migrates towards
the site where the gametangium is to be
formed, possibly by upward cytoplasmic
streaming. After that, the change in
cytoplasmic distribution differs from that in
the vegetative stage, because the cytoplasm
seems to be trapped at the site where the
gametangium is formed so that this cyto-

Fig. 6. Formation of a plug. a—e show electron micrographs of longitudinal sections of gametangial
stalk. a, centripetal growth of plug resulting in constriction of cytoplasm at 33 hr. R, ramellus side of
the stalk. b, dense granules (arrows) in cytoplasmic vacuole at 30 hr. W, stalk wall. ¢ and d, growing
plug (P) at the side of gametangium (G) and ramellus (R) at 36 hr, showing bubble-like globules (arrows)
and dense vesicles [(arrowheads). e, a plug formed completely at 36 hr. V, gametangial vacuole; R,

ramellus side of the stalk.
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plasm may be subsequently supplied to
the developing gametangium. In Acetabu-
laria the cytoplasm in the stalk migrates
into cap rays when the cap attains a
maximum diameter (ScHuLze 1939). This
is similar to the migration of the cytoplasm
into gametangia in Pseudobryopsis, but the
gametangial development in Pseudobryopsis
is accompanied by the cytoplasmic migra-
tion, whereas the cap is already formed
prior to the migration.

The role assigned to the cytoplasm
varies depending on the developmental
stage of gametangium and the position of
cytoplasm. Thus for non-septate cell dif-
ferentiation, like gametangium formation
in Pseudobryopsis, time- and position-de-
pendent functional change of the cytoplasm
seems to be important.

In P. hainanensis the gametangium can
be produced only on the ramellus but not
on the main axis. The ramellus hardly
produces branches, so that it is functionally
different from the main axis. Further,
both the main axis and the ramellus never
transform into the gametangium. Two
steps of differentiation, ramellus formation
and gametangium formation, are necessary
in reproduction stage of P. hainanensis.

Caulerpa okamurae is an example of zero
step differentiation. In this alga the entire
protoplasmic content of the highly differ-
entiated vegetative thallus is converted
into gametes (ISHIWARA et al. 1981).

Derbesia and Bryopsis are algae which are
endowed with one step differentiation.
In D. marina the sporangia are formed on
indistinctive, vegetative filaments, being
separated by a double walled septum

(Sears and WiLce 1970); while in B.
hypnoides the side branches separated by
a plug from a main axis are transformed
into the gametangia (Burr and WEsT
1970). In these species the sporangium
formation or the side branch formation is a
differentiation step. However such spo-
rangia and side branches often revert to a
vegetative stage (SEarRs and WiLce 1970,
Burr and West 1970). Therefore, the
differentiation of the reproductive organs
of these two algae does not seem to be an
elaborate differentiation. In Codium the
gametangia are formed on an utricle
which is produced on the tip of medullary
interwoven siphons through two-step differ-
entiation, though the gametangia often
revert to vegetative daughter utricles in
C. giraffa (S1Lva 1979).

WEeRz (1970) noticed the appearance of
ER and small vesicles in the early stage
of the development of whorls or cap rays in
Acetabularia. According to him, ER is
specifically associated with the region of
the cell wall where hydrolysis takes place.
In P. hainanensis ER is well developed in
the aggregated cytoplasm when the gam-
etangium formation starts. Subsequently,
the gametangium protrudes and many
small vesicles which seem to contribute to
the cell wall formation appear in the
peripheral cytoplasm. This suggests that
expansion of the gametangial wall follows
hydrolysis of the ramellus wall.

When expansion of the gametangium is
almost complete, two kinds of local differ-
entiation occur in the gametangium: papil-
la and plug formations.

WueeLer and Pace (1974) reported

Fig. 7. Formation of papilla. a-c show electron micrographs of papilla at the distal portion of
gametangium. a, many vesicles and dictyosomes in cytoplasm at 27 hr. b, dissolved papilla wall at 30 hr.
¢, swelled papilla wall at 39 hr, showing change in wall structure from homogenous transparent material
to granular nature. Gametangium stained with acid fuchsin solution after treatment with protease (e) and

without protease (d).
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Fig. 8. Diagram showing changes in the distribution and function of cytoplasm during gametangium
formation. Cytoplasm absorbing light energy for gametangium formation at upper part of ramellus (a)
migrates downward and accumulates in ramellus base (b). Then the cytoplasm migrates upward to the
site expected for gametangium formation. c—e. Distribution and function of local cytoplasm. ¢, cytoplasm

softening ramellus wall at definite point (xed area).

d, peripheral cytoplasm (small circles) synthesizing

wall of developing gametangium. e, apical cytoplasm (oblique lines) degenerating papilla wall and basal

cytoplasm (dotted area) secreting plug material.

that in Derbesia gametophytes, the degrada-
tion of the papilla wall takes place prior
to gamete discharge and that many cluster-
ed small mitochondria and ER appear in
the cytoplasm adjacent to this portion.
They have considered that some hydrolytic
enzyme is produced in the region and
contributes to the wall degradation. In
P. hainanensis the papilla wall is disorganized
and can easily break down at gamete
discharge. The papilla wall stained with
dyes identifying protein, suggests that the
wall contains such protein enzymes.

The development and fine structure of
the plug have been described in detail in
Bryopsis hypnoides (BurRr and WEesT 1971)
and Acetabularia acetabulum (MENzEL 1981).
The developmental pattern of plug forma-
tion and the ultimate fine structure of
plugs differ from species to species, although
the plug of siphonous green algae may be
homologous in structure on the basis of
the occurrence of peroxidase (MENZEL
1980, 1981). The branch plug in Bryopsis
is usually composed of three layers: a
middle proteinous derived from
vacuolar protein bodies and two poly-

layer

saccharide layers, which are structurally
similar to the thallus wall (Burr and WEsT
1971).
consists of a voluminous, sponge-like struc-
ture, gaps between which are filled with
condensed material (MENzeL 1981). Un-
like Bryopsis and Acetabularia the gametangial

The cap ray plug in Acetabularia

plug in Pseudobryopsis consists of electron
transparent material with many dense,
bubble-like globules. The cytoplasm in-
volved in the plug formation remains near
the plug and is never converted into
gametes.
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Fusion of protoplasts from thalli of two different
color types in Porphyra yezoensis Uepa and
development of fusion products*
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Fupita, Y. and Micrta, S. 1987. Fusion of protoplasts from thalli of two different color types in
Porphyra yezoensis UEpA and development of fusion products. Jap. J. Phycol. 35: 201-208.

Protoplasts isolated enzymatically from thalli of wild type and green type mutant in Porphyra
_yezoensis were fused by polyethylene glycol (PEG) treatment. Many heterokaryocytes (up to 12.0%,)
were formed soon after the addition of washing medium to the protoplast-PEG preparation. Fusion
products involving one wild type and one green type protoplast grew to form a mass of cells after
regenerating cell walls. When cultured in aerated medium, the masses of cells grew as a callus-
like cell aggregate. Cell aggregates differentiated into a number of full-grown thalli. Those thalli
were microscopically chimeral thalli irregularly variegated with greenish cell and reddish purple
cell groups. Carpospores released from mature chimeral thalli grew into greenish conchocelis, and
the greater part of F; thalli produced from the conchocelis mostly consisted of greenish cells.

Key Index Words: Genetic engineering; polyethylene glycol; Porphyra yezoensis; protoplast fusion;

Rhodophyceae.

Protoplasts produced from different tis-
sues in higher plants and the resulting
induced callus have been used as tools in
physiological and cytological studies as
well as in the research of protoplast fusion
to produce somatic hybrids in the field
of plant genetic engineering (GaLun 1981,
AHulA 1982, Potrykus et al. 1983). So-
matic hybridization by protoplast fusion
offers great promise for achieving wide
crosses between species that are difficult or
impossible to hybridize conventionally, with
the hope to produce new crop varieties.
There have been a large number of suc-
cessful intraspecific and interspecific so-
matic hybrid experiments in higher plants
reported to date (Evans 1983, GLEBA

* This study was supported in part by a Grant in
Aid for Scientific Research from the Ministry of
Education, Science and Culture, Japan.

and SyTnic 1984).

Protoplast researches in algae have been
limited so far to those of fresh water and
marine unicellular algae (ApamicH and
HemmingseN 1980, BERLINER 1981, BRADLY
1983), and only a very few dealing with
marine multicellular algae (so-called ‘‘sea-
weeds”) (CHENEY 1986). In the last few
years, however, the isolation of protoplasts
from seaweeds has been increasingly re-
ported, and CHENEY (1986) listed a total of
15 species (nine genera) from which
protoplasts have been isolated. The num-
ber of algae in which successful protoplast
fusion has been reported is very limited;
Polyphysa (=Acetabularia) cliftonii (PRIMKE
et al. 1978), Zygnema extenue and Spirogyra
gracilis (Ouiwa 1978), Chlamydomonas rein-
hardi (MATAGNE ef al. 1979), Ulva linza
and Monostroma angicava (ZHANG 1983), and
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Porphyra yezoensis and Enteromorpha intesti-
nalis (SAGA et al. 1986).

The red seaweed Porphyra “Nori” is
being extensively cultured in Japan as one
of the important edible seaweeds. Re-
cently, however, Porphyra cultivation has
frequently suffered from damage due to
pathogenic microorganisms and unusual
hoped that
cultivated Porphyra can be improved by
means of genetic engineering. We have

weather. It is strains of

already reported on the isolation and
culture of the protoplasts in Porphyra
yezoensis (Fujita and Micita 1985). In
this paper, we will further report on the
fusion of protoplasts isolated from wild
type and green type thalli in P. yezoensis,
and on the development of fusion products
cultured in vitro.

Materials and Methods

Vegetative thallus of Porphyra yezoensis UEpa
Two kinds of specimens were used in
the present study, one of wild type (normal
color) and the other green type (color
mutant). They were both collected from
“Nori-nets” experimentally set at the cul-
ture farm in Kashima City, Saga Pre-
fecture, Western Kyushu, Japan. Two
kinds of shell-living conchocelis filaments
for making nursery nets were prepared by
using free-living conchocelis filaments kept
in our laboratory. The thalli, about 10
cm long, were collected from the “Nori-
nets”’, washed with sterile sea water,
drained to semi-dry condition (30-409%,
moisture content) and stored at —20°C
until used. After thawing, the thalli were
used for isolation of protoplasts.
Preparation of bacterial crude enzyme solution
Protoplasts from the thalli of the two
different types were produced by using
a crude enzyme prepared from the cultured
supernatant of Pseudomonas sp. strain P-1

which causes “Green spot rotting” on
Porphyra thalli. The crude enzyme solu-
tion was prepared by a slightly modified
procedures reported by Fujita and Micrta
(1985).
200 m!/ Erlenmeyer flask containing 50 m/
of ZoBeLL 2216E broth and precultured
for 3 days at 20°C. All of the preculture
was inoculated in 1/ of medium which was
composed of 0.19%, potassium nitrate,
0.019%, yeast extract, 0.019, potassium
phosphate (dibasic), 0.001 %, ferric chloride,
0.19  tris(hydroxymethyl)aminomethane
and 0.2% “Nori” powder in 759, sea
water (pH 7.5) in 2 [ Erlenmeyer flask and
incubated with stirring for a week at 20°C.
The culture was centrifuged at 12,000 x g
for 30 min. sulfate (809,
saturation) was added to the supernatant.
The precipitate was collected and dis-
solved in 50m/ sea water containing
0.019,

(pH 7.2).
lyzed with the same sea water for 12 hr.

The strain was inoculated in a

Ammonium

tris(hydroxymethyl)aminomethane
The enzyme solution was dia-

Protoplast isolation

Protoplasts from the vegetative thalli of
the two kinds were produced separately.
Basal parts of the thalli were removed in
advance and the remaining parts washed
several times by shaking in a semi-solid
agar layer, then in sterile sea water. After
washing three times in sea water, thalli
were cut into small pieces (1-2 mm?)
with a razor blade. About 0.2 g (fresh
weight) of the small pieces was incubated
in a test tube (10X 150 mm) containing
10 m/ of the bacterial crude enzyme solu-
tion containing 0.8 M mannitol, 6,000 IU
penicillin G potassium and 10 mg strepto-
mycin sulfate. The incubation was car-
ried out at 18-20°C on a reciprocating
shaker, shaking it at about 120 cycles per
min. After 3—4 hr incubation, the enzyme-
protoplast mixture was passed through a
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nylon mesh (25um opening) to remove
undigested cell wall clumps and cell wall
debris. The pellet was washed three times
with sterile sea water containing 0.8 M
mannitol. The washed cells were re-
suspended at the concentration of 10°7¢

cells per m/ of the mannitol/sea water.
Protoplast fusion and culture of fusion products
To induce protoplast fusion the modified
method of Kao and MicrayLuk (1974)
was used. Approximately 100 u/ of each
protoplast suspension was placed on a
cover slip (24x24mm) in a Petri dish
(9X2 cm) and allowed to settle for 10 min
then 200 ul of polyethylene glycol (PEG)
solution [309, PEG 4000 or PEG 6000
(Wako Pure Chem. Indust. Ltd., Osaka,
Japan) 0.2 M mannitol in sea water] was
slowly added. After the protoplasts were
incubated in PEG solution for 20 min,
10 m! of washing medium (KaMEYA et al.
1981) was added to the protoplast-PEG
preparation. The mixture was then dilut-
ed with 10ml/ of modified PRrovasoLr’s
enriched sea water (PES) medium (Pro-
vasoLl 1968) containing 0.8 M mannitol,
1,200 IU penicillin G potassium and 2 mg
streptomycin sulfate. The Petri dishes
containing protoplasts were maintained
under continuous light (1,000 lux) at 15°C
for a period of 24-48 hr.
of protoplast fusion was examined micro-

The frequency
scopically. Identification of heteroplasmic
fusion was easily possible, since the hetero-
karyocytes contained both reddish purple
chloroplast(s) from the wild type proto-
plast(s) and green chloroplast(s) from the
green type protoplast(s). Fusion products
were transferred by using a fine pipet to
Petri dish (6 X2 cm) containing 12 m/ of
PES medium, and the cultures were
maintained at 4,000 lux, 12:12hr LD,
18°C. After 1-2 months plants developed
from fusion products were transferred to

flat bottom flasks containing 200 m/ or 1/
of PES medium, and the cultures were
maintained at 6,000 lux, 12:12hr LD,
18°C and aerated. All cultures were
changed to fresh medium weekly and
placed under the ‘“daylight” fluorescent
lamps.

Results and Discussion

Immediately after the addition of PEG
4000 or PEG 6000 solution to the suspen-
sion of protoplasts of two types, adjacent
protoplasts began to aggregate and the
number of aggregates increased with time
(Fig. 1A, B). Aggregates tightly adhered
to the surface of the cover slip. As long as
protoplasts were being incubated in PEG
solution, however, very few fusion occurred.
The greatest number of fusion occurred as
the aggregates began to leave the surface
of the cover slip soon after the addition of
washing medium to the protoplast-PEG
preparation. The cells that fused had
initially oval or irregular shape (Fig. 1C,
E), but gradually became spherical (Fig.
ID). The constituents of the chloroplast
mixture intermixed very slowly even 48 hr
after the addition of washing medium,
so there was little difficulty in identifying
the fusion products which held two different
chloroplasts. The frequency of hetero-
karyocyte formation due to PEG 4000 and
PEG 6000 were 10.49, and 12.09, respec-
tively. The fusion products involved two
to four or more protoplasts. Seven fusion
products which involved only one wild
type and one green type protoplast were
selected and transferred to PES medium
in separate Petri dishes for cultivation.
The two different chloroplasts in the
fusion products became yellowish brown
through the gradual mixing. Four of
seven fusion products perished after a few

days. The reason for the death of four
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Fig. 1. Freshly isolated protoplasts and fusion events.
. Mixture of wild type and green type protoplasts.
. Aggregated protoplasts 15 min after the addition of the PEG solution to protoplast mixture.
. Fusion cells (F) 20 min after the addition of the washing medium to protoplast-PEG preparation.
. Nearly spherical fusion product (I') involving four or more protoplasts 12 hr after stage C. Scale bar=
20 pm.

gowp»>

E. Progressive stages of fusion between one wild type and one green type protoplast: a—c; 10, 25, 45 min
after the addition of the washing medium to protoplast-PEG preparation. Scale bar=10 gm.
Arrows in A, B and E indicate wild type protoplasts. Scale bar in D applies also to A, B and C.
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Tig. 2. Various stages in development of fusion product involving one wild type and one green type

protoplast.

A and B. 20-day old and 30-day old germlings “masses of cells” from fusion product cultured in Petri dish.
C-E. Thalli differentiated from “callus-like cell aggregate™ (arrows) induced after transfer “mass of cells’

stage in B to aerated culture. Cj; 25 days, D; 65 days, E; 125 days after transfer to aerated culture.
Scale bar: 20 ym for A; 150 ym for C; 1 mm for D; 10 cm for E. Scale bar in A applies also to B.

fusion products may be the increase of
bacteria in the culture medium. The
remaining three fusion products divided
very slowly after regenerating a cell wall
and grew to form a mass of 10-30 cells
after 20-30 days (I'ig. 2A, B).
were composed of greenish and reddish

The masses

purple cells of various diameters. The
masses grew as callus-like cell aggregates in
medium with continuous aeration. The
callus-like cell aggregates are similar to
the callus-like clumps of cells induced
from the isolated cells of Porphyra perforata
by PoLNE-FULLER et al. (1984).

By maintaining the aerated cultures,
a large number of young thalli differenti-

ated from the callus-like cell aggregates
(Fig. 2C).
in aerated culture to the length of 2-5 mm

Those young thalli grew well

after two months (Fig. 2D) and the largest
of those attained to about 60 cm in length
after four months (Fig. 2E).
microscopically chimeral thalli irregularly

They were

variegated with greenish and reddish pur-
ple cell groups.

Four months after the differentiation of
young thalli, some chimeral thalli matured,
forming carpogonia and spermatangia (Fig.
3A). Carpospores released from mature
thalli grew into greenish conchocelis-phase
filaments which formed conchosporangial
(Fig. 3B).

branches The conchospores
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Fig. 3. Further development of thallus differentiated from “callus-like cell aggregates”.
A. A portion of mature thallus in Fig. 2E showing carpogonia and spermatangia.
B. Conchosporangial branches formed on the conchocelis filaments derived from the carpospores.

C. Conchospores released from the conchosporangia.
D. F, thalli arisen from the germinated conchospores.

Scale bar: 20 gm for A-C; 1 cm for D.

(Fig. 3QC)
sporangia of wild-like type and that of the

released from the concho-

greenish type could be distinguished by
the difference in their color. Cloncho-
spores attached to synthetic fibers (“Cre-

mona’”  monofilaments) of about 4 cm

length grew into thalli (F;) of oblanceolate
or linear oblanceolate shape in aerated
culture (Iig. 3D), similar to germlings
from conchospores of original wild and
green types. The greater part of those
thalli was mostly composed of greenish
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cells, while in thalli derived from the
conchospores of wild-like type only a few
cells at the basic part appeared reddish
purple. There was no appreciable differ-
ence in color and morphology between
the plants arisen from the three fusion
products.

The phenomenon of chimeral thalli
regenerated from the protoplast fusion
products is regarded as a result of the
occurrence of two type of cells with pa-
This may be traced back
to the gradual process of segregation of
two different colored chloroplasts that had

rental colors.

once undergone fusion. It is hypothesized
that during the cell-divisions in the thalli
and the growth of the conchocelis-phase
the green type chloroplasts gained pre-
dominance over the wild type ones. As
a result, in the F, thalli the greater part
was replaced by cells of green type. The
segregation to one or the other parental
type of chloroplast has been often observed
in regenerated hybrid plants and in the
progeny of somatic hybrids of higher
plants (cf., GLEBA and Evans 1983, Cock-
NG 1983).

OuME et al. (1986) reported that the
heterozygous conchocelis from the sexual
cross of the green and wild types in P.
yezoensis were all the wild type, and fre-
quently produced sectorially variegated
chimeral thalli composed of parental color
sectors. The difference between their re-
sults and ours suggests that the mechanisms
of the formation of chimeral thalli and the
presentation of colors in the progeny are
different in the protoplast fusion and
in the sexual cross between the green type
and the wild type.

In the present study, only distinct green
plants were obtained.
fusion products had been successfully re-

generated, it might have been possible to

If many more

find some that gave the intensive wild
type color. We plan to engage in con-
tinuous research on further details of new
fusion products and their regenerated
plants with respect to the behavior of
chloroplasts, nuclei and chromosomes and
to the biochemical characters (e.g., con-
stituents of pigments).

The PEG method has
principally for the fusion of protoplasts to
produce somatic hybrids,
higher plants.
to accomplish algal protoplast fusion based
on PEG treatment have been successful in

been used

especially in
In recent years, attempts

Zygnema extenue and Spirogyra gracilis (OHIWA
1978), Chlamydomonas reinhardi (MATAGNE
et al. 1979), Ulva linza and Monostroma
angicava (ZuANG 1983), and Porphyra yezo-
ensis and Enteromorpha inlestinalis (Saca
et al. 1986). We have shown that the
PEG method is also suitable for producing
intraspecific parasexual hybrids of Porphyra
by means of protoplast fusion.
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After liberation, the tetraspores of Padina dubia secreted an adhesive which firmly attaches them
to suitable substratum. The secretion started immediately after their liberation around the spores
and the rhizoids. This secretory substance is of mucopolysaccharide type. It is suggested that the
synthesis of the bioadhesive has some ecological and physiological importance. Histochemical stud-
ies were carried out to examine the nature of the extracellular bioadhesive by using specific stains
like alcian dyes, periodic acid Schiff’s (PAS) and toludine blue (TB). From the staining reactions
it was found that the spores contain large amounts of both acidic and sulfated polysaccharides, while

the extracellular bioadhesive contains only a sulfated polysaccharide, probably fucoidin.

Key Index Words: Bioadhesive; Dictyotales; histochemistry; Padina dubia; Phaeophyta; poly-

saccharide; tetraspores.

Padina dubia Hauck is a common inter-
tidal alga belonging to the family Dictyo-
taceae of the order Dictyotales. It is a
tropical alginophyte found plenty in the
intertidal regions of the Gujarat coast of
India. The tetrasporic plants produce
enormous number of spores and only a
very few of them may get a chance to
settle and adhere to suitable substratum.
The attachment of these non-motile spores
to the substratum against the tidal current
is one of the most important events in the
life history of an intertidal alga (Harpy
and Moss 1979). Only a very little infor-
mation is available on the nature of the
extracellular bioadhesive secreted by the
spores at the time of germination.

Harpy and Moss (1978, 1979) studied
the attachment of the zygotes and germ-
lings of Halidrys siliquosa and Pelvetia canali-

culata by using specific stains. Forses and

Havram (1979) investigated the nature of
the bioadhesive secreted by the zygotes of
Hormosira banksii at the time of germination.
The histochemical studies on the extra-
cellular substance in brown algae have
been carried out by a few researchers
(McCurry 1965, 1966, 1970; FuLcHER
and McCuLLy 1969) and these substances
were identified as non-sulfated acidic poly-
saccharide (alginic acid) and sulfated poly-
saccharide (fucoidin).

Materials and Methods

Tetrasporic plants of Padina dubia were
collected from the Porbander coast of
Gujarat on 21 December 1982. The plants
were transported to the laboratory in
plastic buckets containing seawater, and
kept in the culture room at 20°C. The
next day the fertile portions were removed
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and rinsed with sterilised seawater several
times. The upper portions of the thallus
with mature bands were cut into pieces
and they were placed on glass slides in
petri dishes containing sterilised seawater.
The slides with the spores were fixed in
59, formaldehyde at 10 minute intervals
for two days. The spores were stained by
using different stains for histochemical
studies. Alcian  dyes were  prepared
according to PArRkER and Disorr (1966).

Periodic acid Schiff’s (PAS) stain was

<

Figs. 1-5. Padina dubia tetraspores stained in toluidine blue.

used after the method of McManus (1948).
The spores were also stained with toluidine
blue (McCurry 1970). Cultures were
maintained at 20°C, 14:10hr LD cycle
and 1500 lux. The stained spores and
the germlings were observed under a light
mMICroscope.

Results

The spores started secreting an extra-
cellular substance after 1-2 hrs of libera-

Fig. 1. One hr old spore. Fig. 2. Three hrs old spore with bioadhesive of extracellular polysac-

charide. TFig. 3. Five hrs old germinating spore.

Fig. 4. Six hrs old germinating spore. Fig. 5.

Eight hrs old germinating spore. All with extracellular polysaccharide around the spore and the

rhizoid. Bar=25 gm.
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Table 1. Different stains, their staining reactions on the tetraspores of Padina dubia and

the polysaccharides identified.

: Regions Reaction Staining sk :
Stains stained colour reaction Polysaccharides identified
Alcian Yellow SP Yellow + Non-sulfated
(AY) pH 0.5 EM — —
Alcian blue SP Blue + Sulfated
(AB) pH 2.5 EM Blue + Sulfated
AY and AB SP Green + Carboxylated and sulfated
Sulfated
EM Blue + (PARKER and DiBoLL 1966)
Peridic acid SP Red + With hydroxyl groups
Schiff’s (PAS) (McCuLLy 1965)
EM — — -
Toludine blue SP Red + Carboxylated and sulfated
EM Pink + Sulfated (McCuLLy 1965)
SP=spore, EM=extracellular material, + =positive, — =negative.

tion (Fig. 1). They adhere to the slide
firmly after 34 hrs and the secretory
substance was about 2um in thickness
(Fig. 2).
that it was difficult to remove them even
by applying a jet of water. After 5-6 hrs,
the spores started producing a lateral
rhizoid (Fig. 3). Gradually the rhizoid
elongated and firmly attached on the
slides (Figs. 4 & 5) by secreting an adhesive
around it. The results of the staining
reactions of different stains are presented
in Table 1. The accumulation of alcian
yellow (AY) was found only in the spore.
The blue colour of alcian blue (AB) was
found both in the extracellular bioadhesive
and the spore. When stained with AY
and AB the spores remained greenish,
while the bioadhesive was bluish in colour.
When the spores were treated with 19,
NaCO; to remove the carboxylated al-
ginic acid, prior to staining AB accumula-
tion was found in the extracellular bio-
adhesive and the spore.
with TB occurred both in the spore and
the bioadhesive, the former being reddish
and the latter pinkish in colour. An
intense PAS positive reaction was found

Their attachment was so firm

Metachromasia

only in the spore, while the bioadhesive
remained PAS negative.

Discussion

The spore alone was stained bright
yellow with AY. This is due to the pres-
ence of a non-sulfated acidic polysaccharide
(alginic acid). The AY at pH 2.5 readily
complexes only with a non-sulfated poly-
The AB at pH 0.5 complexes
only with sulfated polysaccharide, its ac-
cumulation and blue staining both the

saccharide.

spore and extracellular substance indicat-
ing the presence of polysaccharides with
sulfate groups. Histochemical studies have
already shown that sulfated polysaccharide
in the brown algal tissue is fucoidin (PAr-
kER and Disorr 1966, McCurLLy 1970,
ForBes and Hariam 1979). When the
stains AY and AB were used simultaneously
the spore was stained green, showing the
occurrence of both sulfated and carboxy-
lated polysaccharides, and the blue colour
of the extracellular substance further con-
firms that it is a sulfated polysaccharide.
When the germinating spores were treated
with NaCO; solution to remove the non-
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sulfated polysaccharide, the spore and the
adhesive were stained blue, indicating
the presence of sulfated polysaccharides.
The AY staining substance was removed
from the spore, which is a carboxylated
polysaccharide (alginic acid). The PAS
positive reaction occurred in the spore,
while the bioadhesive remained PAS nega-
tive. The PAS positive reaction is quite
specific for polysaccharide having free
hydroxyl groups on 2 vicinal carbon atoms
(Jensen 1962). The alginic acid has free
hydroxyl groups and therefore PAS posi-
tive, however fucoidin lacks hydroxyl
groups and it is PAS negative (McCuLLy
1966). From these staining reactions it is
clear that the bioadhesive may be a sul-
fated ester of fucose. The bioadhesive
stained with TB was intense pink, while
the spore was reddish. The metachromatic
pink colour of TB is very characteristic
of sulfated polysaccharide (Lison 1936),
while the reddish and blue colour are
generally produced by reaction with car-
boxyl groups (McCurrLy 1965). This
staining reaction further confirms that the
bioadhesive is a sulfated polysaccharide
(fucoidin). The spore contains both sul-
fated and non-sulfated polysaccharides.
At the time of germination the zygotes
of brown algae secrete a sulfated poly-
saccharide for firm attachment (Moss 1974,
Harpy and Moss 1978, ForBes and
Harram 1979). This bioadhesive is sec-
reted by the spores and the rhizoids. For-
Bes and Harram (1979) observed the
presence of polyphenols during the growth
of the rhizoids of Hormosira zygotes. Such
a secretion during germination may have
some ecological and physiological signifi-
cance in the establishment of benthic
marine algae. The extracellular bioad-
hesive probably suppresses the growth of
bacteria ~and  other  microorganisms

(CraiGiE and McLacHLAN 1964). From

the histochemical studies it is clear that
the bioadhesive may be fucoidin and it
may possibly contain some polyphenolic
materials having antibacterial activities.
Thus the bioadhesive is meant for adhesion
and protection of the developing germling.

Acknowledgements

The authors wish to express their sincere
thanks to Director, Prof. M.M. TAQUIKHAN
of the Central Salt and Marine Chemicals
Research Institute for the facilities given.

References

CRrAIGE, J.S. and McLAcHLAN, J. 1964. Excretion
of coloured ultra-violet absorbing substances by
marine algae. Can. J. Bot. 42: 23-33,

ForBes, M.A. and Harram, N.D. 1979. Embryo-
genesis and substratum adhesion in the brown
alga Hormosira banksii (TURNER) DECAISNE. Br.
phycol. J. 14: 69-81.

Furcuer, R.G. and McCurrLy, M.E. 1969. Labo-
ratory culture of the intertidal brown alga
Fucus vesiculosus. Can. J. Bot. 47: 219-222.

Harpy, F.G. and Moss, B.L. 1978. The attachment
of zygotes and germlings of Halidrys siliquosa
(L.) LyncgB. (Phaeophyceae, Fucales). Phycol-
ogia 17: 69-78.

Harby, F.G. and Moss, B.L. 1979. Attachment of
zygote of Pelvetia canaliculata (L.) DoNE. et THUR.
(Phaeophyceae, Fucales). Phycologia 18: 203-
212.

JEnseEN, W.A. 1962. Botanical histochemistry, W.H.
Freeman and Co., San Francisco. 408 pp.
Lison, L. 1936. Une reaction micro et histo-
chimique des esters sulfuriques complexes, la
“reaction metachromatique”. Bull. Soc. Chim.

Biol. 18: 225-230.

McManus, J.F.A. 1948. Histological and histo-
chemical uses of periodic acid. Stain. Techn.
23: 99-108.

McCurry, ML.E. 1965. A note on the structure of
the cell walls of the brown alga Fucus. Can. J.
Bot. 43: 1001-1004.

McCurrLy, M.E. 1966. Histological studies on the
genus Fucus. 1. Light microscopy of the mature
vegetative plant. Protoplasma 62: 287-305.

McCurry, M.E. 1970. The histological localisa-
tion of the structural polysaccharides of sea-
weeds. Ann. N.Y. Acad. Sc. 175: 702-711.



Attachment of the tetraspores of Padina dubia Hauck (Phaeophyta, Dictyotales) 213

Moss, B.L. 1974. Attachment and germination of
the zygotes of Pelvetia canalicutala (L.) DcNE. et
Trur. (Phaeophyceae, Fucales). Phycologia
13: 317-322.

Parker, B.C. and Dieorr, A.G. 1966. Alcian
stains for histochemical localisation of acid and

sulfated polysaccharides in algae. Phycologia
6: 37-46.

Ampili, P. - Panikker, M.V.N. - Chauhan, V.D.: Padina dubia
(BEEYPMH 7ITCJUYR) OMSRFOMNE

Padina dubia OPIFMFRIMHBEN7th, HFEHEOMBEENIWL, ThICK > THEELU-DOFET S, T
DAY BFHHESD SHFERROTH Y THE 5. CONWHTIL IZHBEROEDTHS. TOHE
W& Y E (bioadhesive) D& TE L DAL MBIAEBINEEREZ O EHWTRBINS, CoMIEMCELESN
AEYMEEMEOWBATEREID, TV T Y Ax0—, TAYTY - Tw—, PAS, b4 TV - Tu—
12 EEFOTHEBLFMTIRAEITIL - 720 ROER S, MUAKT I3RS SR & B A6 S & pdkicd
RICEENBH, SEENEEDLEYHEMEICIHBRE b OFHE (Bo 724V V) 0sdEENETE
MU

O OR N

#H K- XBEX - NAABRE BREFEMEY.
IKEEZERES PSR 10, BEH, WH, v+2+354 pp.
GEfIE 5,500/9)

ABRIIIED SIS, B I HEIHROERRE LT
OHFEE ; BUE 3 N - BE - HLS 0 BREEREA
£ - EH QU B FUE 3 /M - sk -
¥l EIRA - (LRI 2o - TR,
Z DR BVERBEEX I A7 R O 5
LAER, BOEAD FEO WAL 20 BEO i
& B VERIEGICZ OAEL KU Z OERR % 7
FHUT, HliH OIS CORMOBEM L Hifli, 20
B 5o SR & IR 5 SEVIE R EEO BRI S L

P B R 5 SEVIEE (3 IR D FEEHIX I & 72 1351
ICHIBROBUR 5 BRI EERHEFO BRI~ DM
BB ; BXEIREYH - MERTFEORKA
g~ S AR
A3 AA RO R oo BB IR & B BURZE Rk
WA SEHRMCHD it FIcHO T WEMETHD,
RFEOHEFREE LT, TABMICHD 2 f3EE DKE
TBERME QLD R TH 5. BHAORIDE D
MM OEEERST IS N, 70D DERERE
DH3 U, BRICIHMREZ BB LI HFREHS -
THEDHEBZIRI T 5.
fiEls 3 GUK - B - At



Jap. J. Phycol. (Sérui) 35: 214-217, September 20, 1987

Scanning electron microscopic studies on
Cyclotella obliquata Q1 et YANG®

Yu-zao Q1* and Jing-rong YaNG**

* Biology Department, Jinan University, Guangzhou, China
** Nanjing Institute of Geology and Paleontology, Nanjing, China

Q1, Y.Z. and Yang, J.R. 1987. Scanning electron microscopic studies on Gyclotella obliquata Qr et

Yanc. Jap.J. Phycol. 34: 214-217.

Scanning electron microscopic studies were carried out on Gyclotella obliquata Qi et Yanc. The
species occurs in early Pleistocene deposits of Miyi, Sichuan Province, southwest of China. It is
similar to the Cyclotella bodanical comia complex, but best distinguished from this by having only strut-
ted processes scattered in the central part and the marginal zone of the valve. The striae of the mar-
ginal zone are divided into 5-7 fascicles by the broader hyaline areas.

Key Index Words: Cyclotella obliquata; fine structure; morphology; taxonomy.

In a previous paper (Qr1 and Yanc 1985)
the authors reported a new species, Cyclo-
tella obliquata Q1 et YANG, and gave just a
short diagnosis on its characteristics. In
the present paper we will focus on the
scanning electron microscopic structure of
this species in detail.

Materials and Methods

The fossil materials were collected from
fluviolacustrious facies diatomaceous earth
of the Xigida Group, Miyi, Sichuan
province of China and the period is con-
sidered as in early pleistocene.

For scanning electron microscopy, speci-
mens were either cleaned of organic
matter by oxidation or simply washed free
of preservative and then mounted on
stubs.
gold to suppress charging, and observed in
different ways and magnitudes.

The preparation was coated with

1) This work was partly supported by the Science
Fund of the Chinese Academy of Science.

Results

External valve structure: The cells of
Cyclotella obliquata are solitary and drum-
shaped (Figs. 1, 2). The marginal zone
of the valve is divided into five to seven
areas by radial broader hyaline areas
(interfascicles). Striae are fasciclate, of
unequal length, parallel to each other and
composed of two or rarely three rows of
poroid areolae (Figs. 1, 3, 4). The areolae
are round, simple openings on the surface
but not of the same size (Fig. 4).

The central area is smooth or verrucose
and tangentially waved. In the central
part of the central area, several outer
openings of the strutted processes are
scattered (Figs. 1, 3, 5). A ring of the
openings of the marginal strutted processes
is located along the margin of the valve
mantle. These are quite apparently seen
on the end of every radial interfascicle
(Figs. 1, 3, 5, 8).

Internal valve structure: Figure 6 shows
the whole outline of the internal valve



Scanning electron microscopic studies on Gyelotella obliquata Q1 et YANG 215

Figs. 1-4.  Cyclotella obliguata Q1 et YANG
Fig. 1.
showing the strutted process on every costa.

External valve with tangentially waved central arca.
% 5000. Fig. 3. Valve margin showing the fasciclate

Internal valve

% 5500. Fig. 2.

striae and radial interfascicles with an outer opening of the strutted process near the marginal end.

> 15000. Tig. 4. Enlargement of the outer valve

view. A ring of strutted processes is
located along the mantle on every costa.
All valves observed were eroded, so that
the exact structure of the marginal and
central strutted processes was inconspiquous.
However, the internal tube of a marginal
strutted process is short and with three
struts. The number of these processes
per valve varies from 14 to 16. The
internal tube of a central strutted process
is very short but has clearly three struts

(Figs. 2, 6, 7).

Unfortunately we have

margin. > 30000.

unable to find a labiate process, however,
finding this can strongly expected.
Gurdle:

appears to be composed of two bands,

As seen in Fig. 8, the cingulum

valvocopula and pleura both without orna-
mentation, though complete frustules are

very scarce in the materials.

Discussion

We placed this species in the genus
Cyclotella, hecause it shares the basic diag-
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Figs. 5-8.  Gyclotella obliguata Q1 et YanG

Fig. 5. External valve with slightly waved and verrucose central areca.
valve showing the central arca with scattered strutted processes.
of the internal valve margin showing the marginal and central strutted processes.

Girdle view showing the valve copula and pleura. % 7000.

nostic characters of the genus (Lowe 1975,
HAxansson 1986, X1t and Q1 1984). The
difference between our species and those of
the Cyclotella bodanical comta complex lies
in; (1) central zone of our species has
only strutted processes and no arcolae with
(2) the mar-

ginal zone of the valve is divided into five

domed cribrum internally.

to seven fascicles by the broader hyaline
arcas (interfascicles). However, Gyclotella
curvistriata CHEN et Znuu (CHEN and ZnHU
1985) has curved striac but arranged in
different Cyclotella

fashion. Meanwhile,

% 6000. Fig. 6. Internal
»4000. Fig. 7. Enlargement
> 15000. Fig. 8.

kuetzingiana Trwartes has shorter and
longer striae in the marginal zone of the
valve but not the same structure as in
Cyclotella obliquata.  Moreover, SERIEYSSOL
(1984) described Cyclotella iris complex with
many pictures showing a lot of striae
structure of unequal length and curved,
but it still differs from Cyclotella obliquata
in the number and arrangement of striac.
Such a striac arrangement has never been
observed before in the genus Gyelotella.
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of Sarconema filiforme (Sonper) KyrLiN (Rhodophyta)
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The male reproductive organs of Gigarti-
nales have been studied by a number of
investigators (Kyrin 1932, Hewrrt 1960,
Min-TrEIN and WoMERSLEY 1976, GABRI-
The de-
tailed pattern of development of the male

ELsoN and HoMmMERsaND 1982).

organs in most of the species is still un-

Figs. 1-5.

Sarconema filiforme.

known (MIN-THEIN and WOMERSLEY 1976).
Often it seems to be difficult to separate
male plants from female and tetrasporic
ones. In general, spermatangial sori are
scattered on the surface of the male plants.
The peripheral cells are cut off two or

more ovoid or spherical spermatangial

Fig. 1. A male plant. Fig. 2. Surface cells showing carly stages of spermatangial development.
Figs. 3 & 4. Sections of the thallus with early division stages and the liberation of the spermatangia.

Fig. 5. Surface view of the spermatangial sorus.

Bar=>50 gm.



Male organs of Sarconema filiforme (SonpEr) KyLiN (Rhodophyta) 219

mother cells, each of which cuts off two or
(Min-THEIN  and
WoMersLEY 1976). However the actual
pattern of the spermatangial development

more spermatangia

may slightly vary in different species.

Sarconema filiforme taxonomically belongs
to the family Solieriaceae in Gigartinales.
It is a tropical carrageenophyte, which
contains higher percentage of phycocol-
loids (Hoppe 1979). The taxonomy and
reproductive morphology of female and
tetrasporic plants have been studied by
Papenruss and EperLsTeiN (1974). The
male plants and the development of the
male organs have not been described so
far. Considering its economic importance,
as a part of thorough investigation of the
species, the male plants and the sper-
matangial development were studied sepa-
rately.

50 pm

Figs. 6-11. Stages of the spermatangial de-
velopment in Sarconema filiforme.
Fig. 6. A peripheral elongated cell. Fig. 7. In-
itials of the primary spermatangial cells. Fig. 8.
Upper small primary spermatangial mother cells
and lower large basal cells. Fig. 9. Cap like
primary spermatangial mother cell and the basal
cell with elongated upper region. Fig. 10. Two
spermatangial mother cells. Fig. 11. Four sepa-
rated spermatangia.

Male plants of Sarconema filiforme were
collected in September 1982 from the
Porbander coast of Gujarat. They were
18-25 cm in height and branched dichoto-
mously as the tetrasporangial and female
plants (Fig. 1).
slender with a pale yellow colour. The

However, they were

spermatangial sori were found as patches
on the branchlets and the main axis. By
close observation rough dot like appearance
of the sori could be very easily recognisable
with the naked eyes. The sori were
localised irregularly on the surface. The
observed pattern of spermatangial develop-
ment is summarised below.

The peripheral cells are elongated and
they measure 25.5-29.5x14.5-17.5 yum
(Fig. 6). Each of these divides longitudi-
nally to form two cells (Figs. 4 & 7), and
they function as the initials of the primary
spermatangial cells (IPSC). Each divided
cell cuts off a small upper primary sper-
matangial mother cell (PSMC). The low-
er cell elongates and presses the upper
PSMC towards outside, and often comes
out of the cuticle (Fig. 8). The basal
cell has a swollen base and an elongated
upper region, while the PSMC remains
as a cap-like structure (Figs. 2, 3 & 9).
The latter divides longitudinally to produce
two cells (Fig. 10). Each of these func-
tions as the spermatangial mother cell
(SMC), and cuts off 2-3 spermatangia
which liberate outside (Figs. 4, 5 & 11).
Each spermatangium measures 2.5-3.5 yum
in diameter.

The developmental pattern of male
reproductive organ in Sarconema is slightly
different from the typical pattern as
described in Hypnea (Hewirt 1960), in
Callophycus (MIN-THEIN and WOMERSLEY
1976) and in Solieria (GABRIELsON and
HomMmEeRrsanp 1982). However, the gener-
al pattern of development and the size of
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the spermatangia are almost similar in
all the members of Gigartinales.
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Oxkupa, T. 1987. Monoecism and autumn-fruiting of Sargassum horneri.  Jap. J. Phycol. 35: 221-225.

Although Sargassum horneri was reported to be strictly dioecious, the author chanced to collect on
the coast of northern Kyushu a few fragments of this alga with androgynous receptacles. The re-
ceptacle is lance-shaped at its base and male conceptacles are exclusively found here, and the rest
of it is predominantly occupied with female conceptacles. The proportion of male to female part
in a receptacle is variable even in a plant. Hermaphrodite conceptacles occur in rare cases. Some
plants have male receptacles along with androgynous ones.

Though S. horneri generally liberates eggs in April and May around Fukuoka, northern Kyushu,
a population was confirmed in the western Seto Inland Sea to become fertile around November.
Same was the case in Yanai, Yamaguchi Pref. where the population flourished in autumn instead of
spring. Receptacles of this population are much more slender, and some of them produce leaves,
vesicles, and vegetative areas with no conceptacles.

Key Index Words: fruiting; monoecism; Phaeophyceae; Sargassaceae; Sargassum horneri; sex-

uality.
Takeo Okuda,
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1-4, androgynous; 5-8, autumnal.
2, variable proportion of male to female part;
5, holdfast; 6, a

8, female receptacle with leaves,

Figs. 1-8.  Sargassum horneri.

1, androgynous receptacle with cuneate base;
and androgynous receptacles; 4, egg liberation from an androgynous receptacle;

part of branch; 7, female receptacles with verrucous appearance;

vesicles, liberated eggs, and vegetative areas.

3, male
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Hiroshimao

Map 1. Locations of autumnal Sargassum
horneri in the western Seto Inland Sea. A, Yanai,
habitat; B, Kuroshima (uninhabited islet), habitat;
C, Iyo, beached fragments.
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Table 1. Occurrence of thalli and of reproductive organs in autumnal Sargassum horneri.
Date Locality Thallus Receptacle Discegg:ged

1982

Nov. 6 Yanai ++ +4+ ++

Dec. 2 Kuroshima ++ ++ + -+
1983

Mar. 19 Yanai — — —

Sept. 22 Yanai +4+ — —

Oct. 21 Yanai ++ + —

Nov. 9 Yanai + 4 ++ +
1984

Apr. 4 Yanai — — —

Oct. 22 Yanai 44 + +

Nov. 5 Yanai ++ ++ ++
1985

Jul. 12 Yanai + — —

Oct. 25 Yanai ++ + —

-+ <+ present in common, -+ present a few,
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Micrta, S. and Fujita, Y. 1987. The life history of Ulva fasciata DELILE (Chlorophyceae, Ulvales)

in culture. Jap. J. Phycol. 35: 226-230.

The life history of Ulva fasciata, collected from Nomozaki, western Kyushu, was studied in labo-

ratory culture.
at Nomozaki.
phototaxis.

The formation of gametes and zoospores was observed almost throughout the year
The gametes are pear-shaped, with two flagella, one eyespot and showing positive
The gametes from different sex conjugated anisogamously.
germinate and developed into lanceolate thalli, having single and lobed blades.

The zygotes began to
Parthenogenetic

germination of female and male gametes was also observed. The dentate cells began to form along
the marginal parts after the thalli attained to length of 1-2 cm. They were abundant on young

thalli, but scarce on fully grown or adult thalli.
ed from zygotes.

and behavior closely resemble those of the gametes.
ed to be nine in haploid phase and eighteen in diploid phase.

The zoospores were produced on the thalli develop-
The zoospores are bigger than the gametes and have four flagella, but their shape
The chromosome number of this alga was count-

The results show that the life history

of Ulva fasciata consists of an alternation of isomorphic generations.
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Figs. 1-9.  Ulva fasciata.  Gametes and development of zygotes.
1. Female gametes. 2. Male gametes. 3. Fusion of gametes. 4. 3-day-old germling from the zygote.

5. 7-day-old germling. 6. 25-day-old germlings.

culture. 8. 45-day-old sporophytes, forming lobes.

blades.

7. Young sporophytes from the zygotes after 35 days
9. 2-month-old sporophytes, having deeply lobed

Scale: Figs. 1-5 10 gm; Fig. 6 100 gm; Figs. 7-9 1 cm.
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tate cells on the cultured thallus.
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Figs. 10, 11.  Ulva fasciata. Formation of den-
Scale: 50 gm.

Figs. 12-18.  Ulva fasciata. Zoospore formation and development of zoospores.
12. Zoospore formation on the cultured sporophytes.
16, 17. 30-day-old (16) and 45-day-old (17) gametophytes.

old germlings from zoospores.
old mature gametophytes.

Scale: Figs. 12-15 10 gm; Figs. 16-18 1 cm.

13. Zoospore.. 14. Settled zoospore. 15. 7-day-

18. 2-month-
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Figs. 19, 20. Ulva fasciata. Chromosomes in
somatic cell division.

19a. Chromosomes at late prophase in the gameto-
phyte. 19b. Drawing of Fig. 19a (n=9). 20a.
Chromosomes at late prophase in the sporophyte.
20b. Drawing of Fig. 20a (2n=18).

Scale: 10 gm.
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Shoji Kawasama: Drifting records of alien species of the Laminariales (3).

Laminaria diabolica MiyAase f. longipes MivABE et ToKIDA
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Fig. 1.
on the sea of 5.5 nautical miles off Rausu (¥#[-1),
Shiretoko Peninsula, Hokkaido. October, 1971.
(6 m in length)

Laminaria diabolica {. longipes, drifted
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Fig. 2. Laminaria diabolica f. longipes prox. The
driftage was entangled on rope of crab fishing cages
set on the sea bottom at a depth of 110 m at about
8 nautical miles off Esashi (f#5), the Okhotsk Sea
coast of Hokkaido.

August 27, 1984. (6.3 m in length)

HoFIx B ohic. JER ”'JEGDJEPF@%—W’??/ ic

DI IR D ARIBIT I AL, T FHED LIy
P32 D R U0 fHAsiEe) anUﬂ(i)\ x
IREHE S - 720

BRI LR 6.3m, 205 BXEH 90 em 25D 5
BT ~ 8 [\ L, 3~5 mm K, “'(iﬂ""ﬁlilff'l
R, 8 2.8cem By, EICREICENACEY, B
I3 TRITFEIRIEEAEREIL LTV B, Jé(i‘li
& 5.4 m, PPN IKD 5  STIRT Liicw 5
MITIRIE L 720, 5Kl 21 em D HHRE T S0 'l'
MR D 2 230 11 ETIERITAIIE, JBEE 2.5
~3mm, BFIFIIKEL HSRY, JEZ(F 1.5~2mm
THIFRREHE DL STV FhREEEIZR, L b
T 5,

COEH Y T IKBARD T+ HA =2 v T L
D3t PSR b e T8bh b, EMIERICES
A‘F{@ 10 1 %5, K, FEAERENL D’CW

Yo FHTHEDFEIBAHP LM { SORT AT

L, R RUORET A =
R s DRV N T (ISP

O3 Y7 O, BEENTEA ) VPO PY
HE A 5 F s 110 km 12 E OITHERECH O, i
TR DR X A 57 2T b [RINTH AT R A H G
Wﬂom&MmMMcﬁﬂ%th%ﬂ#%wob#
L, H#EOMBMRY TRINSOHGEEZDTH Y
VAR ZDOAOIITIEHEM S D X513 VT
FIEEEIN TR, Fio, ) YRR T ES
FRSRE A 20 BT 9 2 LR E RSP EE A 1T b
Z O 5 AR b 7 SIS,

IR LIz Zo0EEa v 705 b, Hil#E Ml
TN T+ A A =37 LHMTE 508, #BER LI
Wte kS IEB VORI - TWB. LnL, o
Rl 3 2 B ITEC 73 5 & TREFEDORHMA BT

TrHA=avTEL, ZOIEATLRENLUED
AR E LTI W, R ST iEfiE 2 U 72
Wo F 7z, NI (IME1986) 1ITibtzicA =7 A #
hEMFELE LT “Laminaria sp.” Sl3cpa v
Thsb T EEidT 5,

W5 o v TR R o JoNA R & Y BRFE
Kic, it?”“fx.duﬁm%)\@ﬂﬂab\ﬁ_tb\tJtﬂl}L_
RV PERP )T YEPYRREBARIT O B B 4LH L LT 5

=D ) QL g

51 B X ™

JIESIA—. 1986, AHEREE 2 » 7 HFE¥ DA iCE-(2)
A =7 HhAITDNTo #iM 341 332-333.

HEE 1902 AR, 1~601. ILifiEkEE A
s, A=, RAGERINGE, JuimdE i Bk eE

n

ﬁmﬁﬁ 1936. kiR C A SFHiE. 283-3005.
RS ORHE,  FASHEAAGEE, PIREEHG, S

I 1936, A =2 v 7 O—ZRIEL & AR L
To FI 6 1 464-468.

Nacar, M. 1940. Marine Algae of the Kurile
Islands I. Jour. Fac. Agr., Hokkaido Imp.
Univ. 46(1): 1-137.

Tokma, J. 1954. The Marine Algae of Southern
Saghlien. Mem. Fac. Fish., Hokkaido Univ.
2(2): 1-264.

AL - FOEMERY 1983, =) HA=av7, 4=
TAA, TOF 2V T A OFEN. HH 31
102-103.

(042 Baffilig 1T b
Bssy)

VR KRR



745 Jap. J. Phycol. 35: 233-234. September 20, 1987

mEREAT:

BABBERECHEITEIRALLTORVTTISETHES

Koji IKEHARA: Sargassum (Sargassum fulvellum and S. hornert) as a food in the

coast of Japan Sea
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Fig. 1. Commercial dried specimens of Sargas-
sum fulvellum (right) and S. horneri (left).
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