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Anatomy of Apophlaea sinclairii—An enigmatic red alga endemic
to New Zealand

Michael W. HAWKES*

Leigh Marine Laboratory, The University of Auckland, Leigh, New Zealand

Hawkes, M. W. 1983. Anatomy of Apophlaea sinclairii—An enigmatic red alga endemic
to New Zealand. Jap. J. Phycol. 31: 55-64.

Apophlaea sinclairii is a curious rhodophyte endemic to the North I. of New Zealand
where it forms thick, tar-like crusts on rocks in the upper intertidal zone. These crusts
usually produce terete, branched upright thalli. The crust consists of a basal layer of
short, parallel filaments which merge with an anastomosing meshwork of thick-walled
filaments that become closely appressed and parallel to each other in the upper region of
the crust. No basal rhizoids are present. Many secondary pit connections are formed.
The anatomy of the upright thalli is similar, consisting of a central core of interconnected
cells and a cortical layer of thick-walled, parallel filaments. Colourless hyphae of the
systemic Ascomycetes fungus Mycosphaerella apophlaeae occur between the algal filaments
throughout the thallus. Tetrasporangial conceptacles are present in both crusts and uprights
and contain zonately divided tetrasporangia throughout the year. Black ascocarps and
spermogonia of Mycosphaerella are often present, embedded just below the thallus surface.
No evidence of a heteromorphic sexual life history for Apophlaea sinclairii was obtained.
In the absence of female reproductive structures the systematic position of A. sinclairii
remains uncertain.

Key Words: Apophlaea sinclairii; benthic algae; Hildenbrandiaceae; marine fungi,

mycophycobiosis ; Mycosphaerella; New Zealand; Rhodophyta; Taxonomy.

Apophlaea sinclairii HARVEY in HOOKER
and HARVEY (1845 p. 550), the type species
of the genus, is endemic to the North I. of
New Zealand (MOORE 1961). The thick,
crustose thallus typically bears short, erect,
terete branches and forms a conspicuous zone
in the upper intertidal on sheltered rocky
shores.

It is apparent from the original description
that HARVEY had seen dried specimens of
only the erect branches (HOOKER and HARVEY
1845) ; however, this oversight was remedied
in BAILEY and HARVEY (1862) where both
an encrusting and upright thallus was de-
scribed and illustrated (pl. II, fig. 1).

The systematic position of Apophlaea has

* Current address and address for reprints : Dept.
of Botany, University of British Columbia, Van-
couver, B.C., Canada V6T 2BI.

been uncertain from the first due to the
absence of sexual reproductive structures.
On the basis of conceptacles containing zonate
tetrasporangia HARVEY assigned his new
taxon to the Cryptonemiales (as Crypto-
nemeae). When Apophlaea lyallii HOOKER et
HARVEY in HOOKER (1855 p. 244), the only
other species in the genus, was described it
was placed in the Chaetangiaceae (as Chae-
tangieae) as was A. sinclairii. Subsequent
workers have either made no mention of the
systematic position of Apophlaea (BAILEY and
HARVEY 1862, HOOKER 1867) or treated it
as uncertain (ScHMITZ 1889, DETONI 1897,
LAING 1926 1939, KYLIN 1956) or provisionally
assigned it variously to the Chaetangiaceae
(AGARDH 1851, as Chaetangieae), Hypneaceae
(PAPENFUSS 1953, with uncertainty), Apo-
phloeaceae nom. illeg. (NAYLOR 1954, no



56 Hawkes, M. W.

diagnosis of the family given), Phacelocar-
paceae (ADAMS 1972), and Hildenbrandiaceae
(DENIZOT 1968, ADAMS et al. 1974, CHAPMAN
and PARKINSON 1974). Placement in the
Hildenbrandiaceae was based on the encrust-
ing habit and the occurrence of zonate tetra-
sporangia in uniporate conceptacles. These
are superficial similarities and there have
been no detailed anatomical studies of
Apophlaea to provide further characters for
comparison.

Vegetative anatomy of the crusts and
uprights and reproductive anatomy of the
tetrasporangial conceptacles of Apophlaea
sinclairii were studied to more thoroughly
characterize this enigmatic taxon.

Materials and Methods

Crustose and upright plants examined in
this study were collected at Tawharanui
Peninsula near Takatu Pt., North I, New
Zealand, 36°22.4'S, 174°51.8’E, and at ‘Pump-
house Reef’, Leigh Marine Reserve, North L.,
New Zealand, 36°16.2’S, 174°47.8’E, both
located on the northeastern coast of New
Zealand.

Freshly collected, unfixed thalli were sec-
tioned by hand or with a freezing microtome.
For more critical light microscope observa-
tions samples were fixed in the field in 1%
paraformaldehyde/2% glutaraldehyde mixture
in seawater for 3-5hr. Dehydration was
done in a graded ethanol series, followed by
infiltration with glycol methacrylate (Poly-
sciences JB-4; O'BRIEN and McCuLLY 1981).
Three micrometer (¢m) sections were cut on
glass knives using a Sorval JB-4 microtome.
For light microscopic observations a Wild
M-8 or Reichert Zetopan photomicroscope
were used. For transmission electron micro-
scopy specimens were fixed as described
above, then post-fixed in 1% OsO, in phos-
phate or Dalton’s buffer for 3 hr, dehydrated
in ethanol followed by propylene oxide, in-
filtrated with Spurr’s resin for up to 1 week,
and sectioned on a Sorval Porter-Blum ultra-
microtome. Sections were stained for 1hr in
uranyl acetate in 50% ethanol (DAWES 1971)

and 10-20 min in lead citrate (VENABLE and
COGGESHALL 1965) and examined with either
a Phillips 200 or Zeiss EM-10. Following
post-fixation samples for scanning electron
microscopy were freeze-fractured in iso-
pentane cooled with liquid nitrogen, dried
with an Edwards EPD5 freeze dryer, mounted
on stubs, gold-coated and examined with a
Cambridge Stereoscan 250.

Representative specimens from this study
have been deposited in the phycological
herbaria of D.S.I.R. Botany Division, Christ-
church (CHR) and the University of British
Columbia (UBC).

Results

Habit and habitat: Apophlaea sinclairii
inhabits rock substrata in the upper intertidal
zone where it is frequently the dominant
alga. On smooth, hard substratum with
adequate space A. sinclairii forms circular
crusts (up to 2mm thick and 100 mm in
diam.) (Fig. 1) which are firmly attached to
the substratum and have concentric growth
lines. Under conditions of crowding or
uneven substratum crusts become irregular
and/or reduced in size. In the southern part
of the North I. only crustose thalli are en-
countered (ADAMS 1972), however; along
more northerly coasts crusts produce erect,
terete, and irregularly to dichotomously
branched growths 2-3mm in diam. and up
to 30 mm tall (Fig. 2). Both crusts and up-
rights have a firm, tough consistency and
are red-brown when wet becoming extremely
hard and black on drying.

Vegetative anatomy: The crustose thallus
is composed of a basal layer of closely adher-
ing filaments oriented anticlinally to the
substratum (Figs. 3, 4). No basal rhizoids
are formed. Above this basal layer is a
region of an anastomosing meshwork of fila-
ments which gradually become anticlinal and
parallel to each other (Figs. 3, 4). Secondary
pit connections are of frequent occurrence
(Fig. 5), but are less common near the sur-
face of the thallus (Fig. 6). Their mode of
formation appears to be via an outgrowth
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Figs. 1-2.

Habit of Apophlaea sinclairii.

T R

1. A particularly well-developed crustose

thallus growing on smooth greywacke rock in the upper intertidal zone. Note concentric
growth rings; 2. Upright and encrusting thallus in habitat.

making contact with a neighbouring filament
(as in the Corallinaceae).

Cells of the filaments are small (5-6 xm
wide X 8-12 ym long near the surface of the
crust becoming more elongate towards the
interior) and have a very thick cell wall
(Figs. 7-9). Hyphae of the systemic fungus
Mycosphaerella apophlacae KOHLMEYER in
KOHLMEYER and DEMOULIN (1981 p. 13) can
be seen growing amongst the algal filaments
(Figs. 5, 6, 8).

The anatomy of the upright branches is
similar to that of the encrusting thallus,
consisting of a central core of highly anas-
tomosed filaments and an outer region of
closely appressed parallel filaments. The
interior of the thallus contains globular de-
posits of an unknown material which appears
chalky white in samples embedded in metha-
crylate (the surface layers of parallel fila-
ments appear clear).

Because of the extremely slow growth rate
of Apophlaea sinclairii it was not possible
to observe many important developmental
features such as whether the thallus is uni
or multiaxial and details of tetrasporangial
conceptacle initiation and development. Spec-
imens are extremely difficult to fix and embed
properly for electron microscopy possibly
because of the thick cell wall of the fila-

ments. Despite the poor preservation of
detail in Figs. 9, 10 chloroplasts containing
numerous plastoglobuli are discernible. Most
cells (including the tetrasporangia) contain
large osmiophilic bodies (Figs. 10, 18) of
unknown composition or function. Floridean
starch grains were not observed in vegetative
cells. Primary pit connections join the cells
of a filament and have a membrane swirl
in their core (Fig. 11).

Reproductive anatomy-Tetrasporangial con-
ceptacles: ‘Tetrasporangial conceptacles are
present in both the crustose and upright por-
tions of the thallus, but are absent from the
apical region of the upright branches (Fig.
12). The black ascocarps of Mycosphaerella
apophlaeae are likewise present in both the
crusts and uprights (Figs. 12, 13). A section
through a conceptacle reveals zonate tetra-
sporangia lining its walls (Fig. 14) and the
cavity of the conceptacle contains numerous
colourless fungal hyphae. A tetrasporangial
initial undergoes division in half followed
by two further parallel divisions to form the
mature zonate tetrasporangium (Figs. 15-17).
Examination at the ultrastructural level sug-
gests that although these divisions are initi-
ated successively they are actually completed
simulataneously (Fig. 18). Maturing tetra-
sporangia contain chloroplasts, abundant



58

Hawkes, M. W.

Figs. 3-7. Apophlaea sinclairii—vegetative anatomy. Transverse sections, light micro-
scopy, 3. The encrusting thallus. d=dorsal surface, 1=region shown in Fig. 6, 2=region
shown in Fig. 5, 3=region shown in Fig. 4; 4. The basal layer (see Fig. 3, #3) of the
encrusting thallus is composed of closely appressed anticlinal filaments; 5. Secondary pit
connections (small arrowheads) between the parallel filaments in region 2 (see Fig. 3) of
the thallus. Hypha (large arrowhead) of the systemic fungus Mycosphaerella apophlaeae
6. Fungal hyphae (small arrowheads) growing between the parallel algal filaments near
the surface of the crust (region #1 in Fig. 3); 7. Morphology of the cells in the surface
layer of the encrusting thallus.
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Figs. 8-11. Vegetative anatomy of Apophlaea sinclairii. Electron microscopy. 8. Scan-
ning electron micrograph of a freeze-fractured surface of the upright thallus. s=outer
surface of the thallus. Note the thick cell wall of the algal filaments and the fungal hyphae
(large arrowheads) growing between them; 9. Longitudinal section of a cell in a filament
15-20 cells from the thallus surface. Despite the poor preservation of cell contents, chlo-
roplasts (arrows) containing numerous plastoglobuli are visible; n=suspected nucleus; cw=
cell wall; 10. Transverse section of a cell in the upright thallus. Arrows=chloroplasts;
n=suspected nucleus. Note the large dark-staining inclusion; 11. Primary pit connection
with dark-staining membrane swirl in its core.
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Figs. 12-19. Reproductive anatomy of Apophlaea sinclairii. 12. Portion of an upright
thallus with tetrasporangial conceptacles (white dots, double-headed arrow, see Fig. 14)
and fungal ascocarps and spermogonia (black dots, single-headed arrows, see Fig. 13).
Note that no conceptacles are present at the apices of the erect branches; 13. Transverse
section through an immature ascocarp embedded in the algal thallus; 14. Longitudinal
section through conceptacle showing zonately divided tetrasporangia; 15. Undivided tetra-
sporangial initial; 16, 17. Division sequence to form a mature tetrasporangium; 18. Longi-
tudinal section of a maturing tetraspore. c=chloroplast, s=starch grains. Note osmiophilic
inclusions similar to those observed in vegetative cells (Fig. 10). Note also the incomplete
cleavage furrow (arrow) which presumably will complete division simultaneously with the
two other cleavage furrows of the tetrasporocyte; 19. Germination of tetraspores in culture.
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starch grains and osmiophilic inclusions (Fig.
18).

Released tetraspores are small (5 #um diam.)
and pale in colour. In laboratory culture
they germinated to form short filaments but
did not develop further (Fig. 19).

Discussion

The presence of a systemic fungus in
Apophlaea sinclairiz was first reported by
HAWKES (1981). KOHLMEYER and HAWKES
(1983) subsequently described the fungal
component of this mycophycobiosis more
thoroughly and showed that it was referable
to Mycosphaerella apophlaeae a species which
was originally described from material of
Apophlaea lyallii. Such a mycophycobiosis
may also occur in some Hildenbrandia species,
for example GARDNER (1917), BAARDSETH
(1941), ARDRE (1959) and PUESCHEL (1982a,
b) have all reported fungal hyphae in the
conceptacles of Hildenbrandia spp.

It is not known what is controlling the
initiation and development of upright growths
from the crustose thalli of Apophlaea sin-
clairii.  Grazers, availability of substratum,
and seasonal scouring by sand and gravel
may be important factors. Both crusts and
uprights are extremely slow-growing (HAW-
KES, unpublished observations) making study
of the developmental morphology and anatomy
difficult.

Despite the new anatomical information
for Apophlaea sinclairiz presented in this
paper the systematic position of Apophlaea
remains uncertain.

In habit and anatomy Apophlaea sinclairii
is more complex than species of Hildenbrandia
which never form upright branched axes.
The anatomy of the basal region of the
crusts and core of the uprights of A. sinclairii
is more elaborate than the simple parallel
arrangement of filaments occurring in Hzlden-
brandia.

Placement of Apophlaea sinclairii in the
Hildenbrandiaceae (DENI1zOT 1968, CHAPMAN
and PARKINSON 1974) was on the basis of
similarities in the following characters: non-

calcareous crustose habit, small zonate tetra-
sporangia borne in conceptacles, small vege-
tative cell size, and the lack of basal rhizoids.
DENIZOT (1968) reported that neither lateral
cell fusions nor secondary pit connections
formed in Hildenbrandia, however; recent
ultrastructural studies of this genus have
demonstrated the presence of secondary pits
(CaBIOCH and GIRAUD 1980 1982, PUESCHEL
1982b) which look similar to those found in
Apophlaea. CABIOCH and GIRAUD (1982) re-
ported that the secondary pits in Hilden-
brandia seem to form as in the Corallinaceae
(i.e. without the formation of a conjunctor
cell. This seems to be the mode of pit
formation in Apophlaea too. Another ultra-
structural similarity between the two genera
are- the large osmiophilic inclusions present
in most vegetative cells. The presence of
these inclusions and abscence of starch in
vegetative cells of Apophlaea is unusual as
is the abundance of plastoglobuli in the
chloroplasts. AHMADJIAN (1982) reported
that electron dense, lipid containing globules
were common in lichen phycobionts growing
under conditions of environmental stress.
The lipid nature of these inclusions in A.
sinclairii requires investigation to determine
if Apophlaea is putting its fixed carbon into
lipid rather than starch.

Recently PUESCHEL (1982a, b) reported on
tetrasporogenesis in Hildenbrandia. He found
that tetrasporocytes formed from transformed
vegetative cells and that while no regenera-
tive stalk cells were present tetrasporangia
were successively initiated by subtending
vegetative cells. This erosive mode of de-
velopment was responsible for formation of
the pit-like conceptacles. Such a mode of
conceptacle development appears to be operat-
ing in Apophlaea, but this was difficult to
follow in detail. Cleavage of the tetra-
sporocyte in Apophlaea sinclairii appears to
be initiated successively and completed si-
mulataneously as reported by PUESCHEL(1982b)
for Hildenbrandia and other reds.

Rhodophycean species like Apophlaea sin-
clairii which produce only tetrasporangia and
apparently lack sexual phases in their life
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histories have been assumed to be apomeiotic
tetrasporophytes, eg. Hildenbrandia (UMEZAKI
1969, DECEwW and WEST 1977) and Rhodophy-
sema (FLETCHER 1975 1977, GANESON and
WEST 1975, MASUDA and OHTA 1975). How-
ever, a recent re-investigation of Rhodopysema
(DECEW and WEST 1982) presents good
evidence that the crusts are actually game-
tophytes producing solitary carpogonia which
divide to form tetrasporangia directly follow-
ing fertilization. Tetrasporophytes are absent
from the life history. An examination of
sectioned conceptacles from both fresh and
preserved material failed to reveal evidence
of such a mode of reproduction operating in
Apophlaea sinclairii.

Another possibility is that Apophlaea sin-
clairii has a life history like other non-
calcified crustose genera which were thought
to produce only tetrasporangia. These crusts
have been shown to alternate with hetero-
morphic gametophytes eg. Petrocelis/Gigar-
tina (WEST 1972, POLANSHEK and WEST 1975,
POLANSHEK 1977, WEST et al. 1978), Cruori-
opsis/Gloiosiphonia (EDELSTEIN 1970 1972,
EDELSTEIN and McLACHLAN 1971, DECEW
et al. 1981), Cruoria/Halarachnion (BOILLOT
1965), Cruoria/ Turnerella (SOUTH et al. 1972),
Haematocelis/Schizymenia (ARDRE 1977), Por-
phyrodiscus/ Ahnfeltia (FARNHAM and FLET-
CHER 1976, CHEN 1977), Petrocelis-Erythro-
dermis/Gymnogongrus (DECEW and WEST
1981a), Haematocelis-Cruoriopsis/ Farlowia
(DECEW and WEST 1981b). During this in-
vestigation of Apophlaea sinclairii no evidence
of a heteromorphic life history such as those
reported above was obtained, however fur-
ther culture study is needed to confirm this.

Despite the similarities between Apophlaea
sinclairii and Hildenbrandia spp. placement
of Apophlaea in the Hildenbrandiaceae should
still be regarded as tentative. It is not pre-
sently possible to suggest where the affinities
of Apophlaea may lie, however; the recent
utilization of pit plug ultrastructure in red
algal taxonomy (PUESCHEL and COLE 1982)
provides a potentially useful technique for
determining phylogenetic affinities of rhodo-
phytes which lack female reproductive struc-

tures. Further studies of the ultrastructure,
life history and pigment biochemistry of
Apophlaea are needed.
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A new species, Batrachospermum nova-guineense (Rhodophyta, Nemalionales), from the
Papuan lowlands is described. This species belongs to the section Moniliformia and differs
from others in this group in having a slightly curved carpogonium-bearing brach with well-

developed bracts issued unilaterally.

Key Index Words: Batrachospermum nova-guineense sp. nov.; freshwater Rhodo-
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In recent years the terrestrial flora of
Papua New Guinea has received considerable
attention (GRESSITT 1982, PAIJMANS 1976);
however, the freshwater algal flora remains
relatively unknown. In the three and a half
decades since the end of the Second World
War, fewer than a dozen publications on the
freshwater algae of New Guinea have ap-
peared (JOHNSTONE et al. 1980). Despite the
wide distribution and diversity of the fresh-
water red-algal flora of South-East Asia
(KumMaNO 1980), only one record for this
algal group had been reported for New Guinea.
This record was for an unnamed species of
Batrachospermum from the Papuan lowlands
(JOHNSTONE et al. 1980). Batrachospermum
is well known from other South-East Asian
areas (KUMANO 1980, RATNASABAPATHY and
KuMANO 1982a, 1982b, KuMANO and RATNA-
SABAPATHY 1982) and northern Australia
(BAILY 1895), and the discovery of Batracho-
spermum in New Guinea was therefore not
surprising. Subsequent study has shown

* Dedicates to Prof. Munenao Kuroc! on the oc-
casion of his academic retirement.

this Batrachospermum to be an undescribed
species. In the present paper this new species
is described in more detail, a holotype for
the species is determined and a specific
epithet and Latin description are given.

Location and Habitat

Specimens were collected in the Papuan
coastal lowlands from Ove Ove Creek, a per-
manent tributary of the Veimauri River
(PNG CMB sheet 8379, edition 1). The plant
communities of this area of Papua New
Guinea have been previously described in
detail (MABBUTT et al.1965). Ove Ove Creek
originates in the virgin tropical rain forest
of the Mount Cemaron Range and flows
through natural forest for its entire length
except for a 1km reach where it passes
through a rubber plantation. Specimens were
collected at the downstream edge of the rub-
ber plantation, where Ove Ove Creek crosses
the main Port Moresby-Bereina Highway, on
9 August 1979 in the middle of the dry
season. The water depth at the collecting
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site ranged from 20 to 40 cm, there was a
steady current (ca. 10 m/min.), water pH
was 8.2 and water temperature was 26°C at
11:00 a. m. (JOHNSTONE et al. 1980). Batra-
chospermum plants were growing in both
shaded and unshaded regions of the stream,
although more plants occurred in the shaded
regions. Plants attached to sunken logs and
the leaves of Aponogeton loriae MARTELLI,
an aquatic macrophyte endemic to the Central
District of Papua New Guinea. Limited
seasonal collections suggest that B. nova-
guineense is a dry-season, from April to
November, annual (JOHNSTONE et al. 1980).

Diagnosis

Batrachospermum nova-guineense KUMANO
et JOHNSTONE, sp. nov. (Figs. 1-11, 12-20)

Frons dioica, 2-5cm alta, 300-550 #m crassa,
plus minisve irregulariter ramosa, valde mu-
cosa, fusca vel galuca. Cellulae axiales
cylindricae, 20-70 ym crassae, 300-650 ym
longae. Verticilli ellipsoidei et distantes vel
plus minusve compressi. Ramuli primarii
abundanter ramificantes, ex 8-18 cellulis con-
stantes; cellulae fasciculorum lanceolato-
ellipticae, fusiformis vel ovoideae; pili nuli.
Fila corticalia bene evoluta. Ramuli secundarii
rari. Antheridia globosa, 6-7 ym diametro.
Ramuli carpogoniferi e cellulis basi ramulorum
priamariorum orientes, 20-100 ym longi, ex
cellulis 2-7 ym doliiformibus constantes, le-
viter curve; carpogonium basi 3-5 ym cras-
sum, apice 4-8 ym crassum, 16-24 ym longum ;
trichogyne ellipsoidea, distincte pedicellata.
Bracteae numerosae, elongatae, unilateriter
evolutae. Gonimoblasti singuli vel raro duo,
globosi, 80-150 #m diametro. intra verticillos
inserti. Carposporangia ellipsoidea vel
ovoidea, 9-12 ym crassa, 12-17 ym longa;
carposporae globosae, 10-12 ym diametro.

Frond dioecious, 2-5cm high, 300-550 #m
wide, more or less irregularly branched, very
mucilaginous, dull-green passing into greyish
blue or grey changing into brown. Axial
cells cylindrical, 20-70 ym wide, 300-650 ym
long. Whorls ellipsoidal and distant from
each other, sometimes more or less com-

pressed.  Primary branchlets abundantly
branched, consisting of 8-18 cells; cells of
fascicles lanceolate-ellipsoidal, fusiform or
ovoidal; hairs lacking. Cortical filaments
well-developed. Secondary branchlets rare.
Antheridia globose, 6-7 #m in diameter. Car-
pogoniumbearing branch, arising from the
basal cell of the primary branchlets and from
the intercalary cells of the branch, 20-100 #m
long, consisting of 2-7 barrel-shaped cells,
slightly curved; carpogonium 3-5pm wide
at the base, 4-8 ym wide at the apex, 16-
24 ym long; trichogyne ellipsoidal, distinctly
stalked. Bracts numerous, elongated, unilat-
erally issued. Gonimoblasts single or rarely
couple, globular, 80-150 ym in diameter, in-
serted within a whorl. Carposporangia el-
lipsoidal or ovoid, 9-12 ym wide, 12-17 ym
long; carpospores globose, 10-12 ym in di-
ameter.

Type locality : Ove Ove Creek (a Veimauri
River tributary), Central District, Papua New
Guinea (147°03’E, 9°02’'S).

Holotype: JOHNSTONE PNG 413a, 9/VIII
1979, Herbarium of the University of Papua
New Guinea (UPNG). Isotype: JOHNSTONE
PNG 413b, 9/VIII 1979, Herbarium of Faculty
of Science, Kobe University, Japan.

Habitat: This species grows on the sub-
merged logs and leaves of aquatic macro-
phytes in a small, permanent, tropical low-
land stream.

Distribution: Known from type locality
only.

Observations and Discussion

The carpogonium-bearing branch of this
species is composed of 2-7 barrel-shaped
cells; it arises from the basal cell of the
whorl; sometimes the bracts also bear car-
pogonia (Figs. 6, 8). In the early stage of
development, the terminal portion of the
young carpogonium protrudes and becomes
the rounded initial of the trichogyne (Figs.
1-4), it then develops into the ellipsoidal or
urn-shaped trichogyne with a distinct stalk
(Figs. 5-8). As the number of cells com-
prising a carpogonium-bearing branch in-
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Figs. 1-11. Batrachospermum nova-guineense KUMANO et JOHSNTONE, sp. nov. l. A carpogonium
initial and a carpogonium-bearing branch at a very early stage; 2-4. Early stages in development of
slightly curved carpogonium-bearing branches with many elongated bracts issued unilaterally; 5-7.
Mature carpogonium-bearing branches with the ellipsoidal or urn-shaped trichogynes; 8. A branch
with mature and fertilized carpogonia; 9-11. The successive stages in development of the gonimoblast
initials. (a: antheridium, b: basal cell of the whorls, cb: carpogonium-bearing branch, cp: carpogonium,

gi: gonimoblast initial, tr: trichogyne)
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creases, the branch becomes slightly curved
and bears many bracts unilaterally (Figs. 3-7,
18, 19). After fertilization, the connection
between the trichogyne and the carpogonium
is closed (Figs. 8, 19). The carpogonium
then enlarges, extends a lateral outgrowth
(Fig. 9) and the gonimoblast initial is pro-
duced (Figs. 12-14, 20) and forms a gonimo-
blast inserted within a whorl (Fig. 17). The
mode of the germination of the carpospore
of this species is of the mediated filamentous
type (Figs. 15-16), similar to that found in
other Batrachospermum species.

JOHNSTONE et al. (1980) assigned B. nova-
guineense to the section Hybrida, primarily
on the basis of gonimoblast frequency per
whorl. However, the carpogonium of Batra-
chospermum virgato-decaisneanum, a species
representative of the section Hybrida, is
borne somewhat laterally on the terminal
portion of the carpogonium-bearing branch
(SIrRODOT 1884, KuMANO 1982) and it becomes
asymmetrical and oriented sideways on the
terminal cells of the carpogonium-bearing
branch (KuMaNoO 1982). This type of car-
pogonium-bearing branch development is
characteristic of the. Hybrida and Contorta
sections of the genus Batrachospermum.
Because of carpogonium of B. nova-guineense
is neither borne laterally nor is asymmetrical,
this species cannot be assigned to the section
Hybrida.

Members of the section Contorta have car-
pogonium-bearing branches that are spirally
twisted or bent like a hook (SKuUJA 1938).
Some taxa whose carpogonium-bearing
branches are curved, such as Batrachospermum
tortuosum and B. tortuosum var. majus, also
have been assigned to this section by KUMANO
(1978, 1982). Although the carpogonium-
bearing branch of B. nov-guineense is slightly
curved, we believe it most resembles that

-JounsTONE, [ M.,

characteristic of the section Moniliformia.
For example, the carpogonium-bearing branch
produces many well-developed bracts whose
cells are more or less barrel-shaped compared
with the ovoid to cylindrical cells of the
other primary branchlets; the carpogonium
bearing branch is only slightly curved and
the trichogyne is symmetrical and in the
plane of the curve of the branch upon which
it is borne. Therefore, B. nova-guineense is
best assigned to the section Monilifofmia.
The characteristics of B. nova-guineense,
however, suggest that there are close phy-
logenetic links between the sections Contorta,
Hybrida and Moniliformia.

As mentioned previously, B. nova-guineense
differs from other taxa of the Moniliformia
in having a slightly curved carpogonium-
bearing branch with bracts issued unilater-
ally. It should be noted that this species
cannot be keyed to the Monzliformia with
the standard key of BOURRELLY (1970) due
to its limitation having mormally only one
gonimoblast per whorl.

The authors wish to express their sincere
thanks to Dr. H. HIROSE, Professor Emeritus
of Kobe University, for his critical reading
of the manuscript.
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Chlorella vulgaris, isolated from scums of efluent sludge produced by palm oil mill-
refinery, has already been reported to overcome the significant pollution load of this agro-
based industry in Malaysia and it has considerably met the requirements of the established
environmental standards. From the viewpoint of economic viability of this SCP, Chlorella
vulgaris, by-product was found to be fairly high in protein; 43.9%, phosphate; 6,000 ppm,
K; 19,600 ppm, Na; 56,000 ppm, Ca; 9,600 ppm, Mg; 13,500 ppm and Fe; 450 ppm, contents.
Fatty acids of total lipids, 2.83%), are also comparable to those reported for unicellular algae,
Dicrateria inornata and Isochrysis galbana. The amino acids composition are also com-
parable to Chlorella vulgaris F & M cultured in the liquid phase of pig slurry for recycl-
ing of nutrients. Steroidal component was 0.019%), and it was composed of three unknowns,
viz. A, B & C, of which unknown C is the predominant species while cholesterol, ergosterol
and S-sitosterol prevailed at 1.722, 123.45 and 111.64 ngs. mg-! crude extract, respectively.

Key Index Words: Chlorella vulgaris; nutritive evaluation; palm oil mill refinery

effluent sludge.

“Palm Oil”, the Malaysian golden crop is
expected to increase its annual production
of 3 million tonnes to four million tonnes by
1985, subsequently surpassing the production
of natural rubber. On the contrary, as of
last year approximately 7.5 million tonnes of
effluent valued at $ 56 millions was indis-
criminately discarded into the aquatic eco-
system creating a facet of agro-waste pollu-
tion problems. If properly managed, these
could be reprocessed into fertilizer, animal
feed, biogas or single-cell proteins.

The production of biogas, based on the
above mentioned figures, is estimated to pro-
bably meet 7% of the national electricity
output at a cost of 14 cents per unit when
compared to the current rate of 17 cents.
Conversion into fodder, on the other hand,
could produce 100,000 tons of beef minimiz-
ing $ 80 millions per year in importing beef.
From the viewpoint of pollution control,

under the Environmental Quality (Sewage
and Industrial Efluent) Regulation of 1979,
factories are supposed to have proper treat-
ment plants, but unfortunately many do not
adhere to this rule and have ultimately de-
stroyed the biota of most local rivers.

The biological approach of propagating
single cell proteins, Chlorella vulgaris, in
palm oil refinery mill sludge as a feasible
means of lowering the B.0.D. load from
1,080 ppm to 40 ppm had been reported earlier
by the author (SIVALINGAM 1980a & b,
SIVALINGAM et al. 1979). This manuscript
endeavours to illustrate the nutritive values
of the harvested Chlorella vulgaris from the
stance of employing them for human as well
as animal consumption.

Materials and Methods
Isolated Chlorella vulgaris cells (Figs. 1,
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Figs. 1-2. Propagated SCP (Chlorella vulgaris).

2) were analyzed for their general min-
eral contents, protein, lipid and steroidal
components.

Minerals were analyzed employing a Varian
Techtron AAI120 atomic absorption spec-
trophotometer while protein content by the
routine Kjeldahl method. The amino acids
components of the protein moiety were de-
tected using a JEOL-JLC-5AH Automatic
Amino Acid Analyzer. Lipids were extracted
with the Soxhlet apparatus and its fatty acid
components subjected to GLC analysis on
methylation with boron trifluoride in metha-
nol. The steroidal components extracted
according to the methods of IKEKAWA et al.
(1968) and ISABELLE CHARDON-LORIANX et al.
(1976) were determined by direct injection
into a Shimadzu gas chromatograph GC-6A,
attached with a hydrogen flame ionization
detector.

Results

Table 1 indicates the biochemical data of
Chlorella vulgaris. Evidently, the protein
content is high with phosphate, K, Ca, Mg
and Fe contents falling in the same category.
Without a shadow of doubt, this reflects the
possibility of utilizing the cultured unicellular
algae as human food and/or animal feeds.
The amino acid composition of the crude
proteins was, as indicated in Table 2, com-
parable to those obtained for Chlorella vulgaris
F & M cultured in the liquid phase of pig
slurry and recycled for animal feed, indirectly

Table 1 Biochemical Analysis of Chlorella
vulgaris Cultured in palm Oil Mill Sludge

Parameters Values
Crude protein (%) 43.9
Crude lipid (%) 2.83
Ash (%) 8.33
P (ppm) 6,000
K (ppm) 19, 400
Na (ppm) 56, 000
Ca (ppm) 9,600
Mg (ppm) 13, 300
Fe (ppm) 450
Cd (ppm) 1.9
Co (ppm) BDL*
Cr (ppm) BDL
Cu (ppm) 7.0
Ni (ppm) BDL
Pb (ppm) BDL
Zn (ppm) 43

* BDL; Below detectable level.

reflecting the suitability of the present pro-
duct.

The crude lipid’s fatty acid components are
given in Table 3. When compared with
those of unicellular algae, Dicrateria inornata
and [Isochrysis galbana (WATANABE and
ACKMANN 1974) they appear to be related
but only that the palm oil mill sludge cultured
Chlorella vulgaris had the saturated fatty
acid 14:0 as its largest component. Since
Dicrateria inornata and Isochrysis galbana are
eXtremely nutritous as supplement of food to
culture oysters, obviously Chlorella vulgaris
does not seem to be deficient in any es-
sential fatty acid moiety from the viewpoint
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Table 2. Amino acids composition of Chlorella vulgaris grown in palm oil mill
sludge and its comparison with those (Chlorella vulgaris F & N) grown in the

liquid phase of pig slurry*.

e Sl G o ol
no present exp. F &N amino resent exp. F f& N

acids %) %) acids p %) p b

% % (%)
Arg 5.13 5.49 Ala 8.03 10. 07
Cys 0.35 0.31 Asp 9.09 8.24
Gly 8.75 6. 82 Glu 9.90 15.16
His 0.89 2.44 Pro 4.93 7.94
Ileu 5.35 3.66 Ser 5.32 4,48
Leu 8.79 7.94 NH,¢ 9.87 —
Lys 3.46 10.89
Met 2.20 0.61
Phe 1.55 3.46
Thr 5.61 4,27
Try 1.64 1.42
Tyr 3.26 2.95
Val 5. 86 3.87

* Cited from:

Kerry Garett, M., John J. Strain and Marion M.B. Allen (1976).
Composition of the product of algal culture in the liquid phase of
animal slurry. J. Sci. Fd. Agric. 27: 603-611.

Table 3. Fatty acids components of the total
lipids of Chlorella vulgaris cultured in palm oil
mill sludge as compared to that of Dicrateria
inornata* and Isochrysis galbana*.

Percent
Fatty
acids Chlorella Dicrateria Isochrysis
vulgaris inornata galbana
12:0 1.5 — —

? - 0.2 — —

? 0.3 — —
14:0 40.5 1.9 10.6
14:1 3.2 — —
15:0 1.5 3.7 1.3

? 1.5 — —
16:0 8.3 30.9 22.2
17:0 — 0.6 1.1
18:0 0.5 2.4 2.3
16:1W9 — 1.5 1.4
16: 1W7 30. 3** 10.2 14.3

? 0.3 — —
18:1W9 3.0** 10.1 3.8
18:1W7 — 4.5 9.3
20:1 1.1 — —
20:1W11 — NSA*** 0.3
20:1W9 — 3.5 TRA
20:1W7 — 0.4 0.9
22:1W13&11 — 1.2 TRA
22:1W9 — 0.5 NSA
22:1W7 — 0.1 NSA

22:4W9 0.1 — —

16:3W3 - 5.8 0.4
18:2W6 1.6 2.5 2.3
18:3W6 0.3 TRA**** 0.2
18:3W3 0.3 3.1 0.4
18:4W3 0.2 0.3 8.0
20:2W9 0.3 —_ -

20:3W9 0.1 — -

20:4W6 — 0.2 0.1
20:5W3 — 0.5 7.2
22:6W3 — TRA 4.3

* Cited from Watanabe and Ackman, 1974.
** Small amounts of other moncenes were in-
cluded.
*** NSA : non-saponificable acids.

of fatty acid components.

Crude steroidal content was ca. 0.019%
and the steroidal components are as indicated
in the gas chromatogram of Fig. 3. These
components separated are made-up of cho-
lesterol ergosterol and B-sitosterol at 1.722,
123.45 and 111.64 ngs.mg™! crude extract,
respectively, along with three unknown clas-
sified as A, B and C. These unknown com-
ponents are of great interest, especially the
unknown C which appears to exist in the
largest quantity, and should be examined to
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Fig. 3. Gaschromatogram of the steroidal
components of Chlorella vulgaris propagated in
palm oil mill effluent sludge.

clarify whether they possess any biological
activity. It should be noted here that the
cholesterol component being in an extremely
low content favours its easier conversion as
a dietary source.

Discussion

It has already been indicated that via SCP
(=single cell protein) propagation the B.0.D
load of palm oil mill refinery sludge can be
lowered to as low as 50 ppm to meet the
local water quality criteria. Recycling of
Chlorella vulgaris for human/animal feed
depends greatly on its food values. Owing
to its high protein content, certain minerals,
suitable fatty acid components and low cho-
lesterol content, this aspect is very encourag-
ing. Hence, if the plant was properly man-
aged, this algal by-product could turn out to
be a killer for the foreign exchange earners
when exported to countries where the demand
for such an algal source is great. Ultimately,
this by-product could augment the earning
of organizations involved in the palm oil
industry while concurrently eliminating the

headache of environmental pollution.

Further, if the unknown steroidal com-
ponents are identified to be biologically active
the value of this by-product would again be
upgraded.
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A new species, Batrachospermum woitapense (Rhodophyta, Nemalionales), from the
Papuan highlands is described. This species belongs to the section Contorta and differs
from B. lusitanicum Reis in having the carpogonium-bearing branch consisting of 4-7 cells
and in the size of carposporangia of 12-20 pm long and monosporangia of 10-15 ym long.

Kea Index Words: Batrachospermum woitapense, sp. nov.; freshwater Rhodophyta;
Papua New Guinea; section Contorta; taxonomy.

The freshwater algae of Papua New Guinea
have received little attention. Exceptions
are those written by a few authors such as
BRITTON (1952), BROOK and HINE (1966),
YAMAGISHI (1975), YAMAGISHI and WATA-
NABE (1979), WATANABE, PRESCOTT and
YAMAGISHI (1979), and WATANABE et al.
(1979). Regarding the freshwater Rhodo-
phyta, JOHNSTONE et al. (1980) and KUMANO
JOHNSTONE (1983) described a new species of
Batrachospermum from the Papuan lowlands.
The present paper deals with another new
species of Batrachospermum from the Papuan
highlands.

Location and Habitat: New Guinea is a
large island situated near the equator in the
southern Pacific. The coastal lowlands in
the Central District of Papua New Guinea
are covered with tropical rain forests, inter-
spersed with mangrove swamp forests, also
there are several rubber plantations. On the
other hand, there are many Sphagnum-
swamps around Woitape, a small villege
situated at about 100 km north of Port Moresby
and about 1,500 m above the sea level. The
specimens of this new species were collected
from a small stream, 1 km east of the airstrip

of Woitape, on 16th January 1974, by Dr. T.
Yamacisal of Nihon University, Japan. In
a small stagnant pool in the Sphagnum-swamp
near this stream, the water pH was 5.2 and
the water temperature was 20°C at the time
of collecting.

Description of Secies

Batrachospermum woitapense KUMANO,
sp. nov. (Figs. 1-14, 15-18)

Frons monoica, 3-6cm alta, 300-700 gm
crassa, plus minusve irregulariter ramosa,
mucosa, olivaceo-viridis. Cellulae axiales cy-
lindricae, 40-150 ym crassae, 150-700 ym
longae.  Verticilli pyriformes pluerumque
contigui. Ramuli primarii abundanter rami-
ficantes, ex 6-12 cellulis constantes; cellulae
inferiores fasciculorum arcuato-claviformes,
3-5 ym crassae, 20-40 yum longae, cellulae
superiores fusiformes vel ellipsoideae, 3-5 um
crassae, 10-20 #m longae. Ramuli secundarii
ex 5-7 cellulis constantes; pili rari. Anther-
idia globosa, 5-7 ym diametro, in ramulis
lateralibus terminalia. Ramuli carpogoniferi
e cellulis basi ramulorum primariorum ori-
entes, 25-40 ym longi, ex 4-7 disci- vel dolii-
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- 50 pm

Figs. 1-14. Batrachospermum woitapense KUMANO, sp. nov. 1-2. Carpogonium initials and car-
pogonium-bearing branches at very early stages; 3-4. Early stages in development of twisted car-
pogonium-bearing branches and carpogonium with trichogyne initials; 5-6. Twisted carpogonium-
bearing barnches with young carpogonia with young trichogynes; 7. Antheridia terminating the laterals
of primary branchlets; 8. Monosporangia terminating primary branchlets; 9. A carpogonium-bearing
branch with a mature carpogonium; 10. A fertilized carpogonium with antheridia; 11. An early stage
in development of the gonimoblast filament; 12. Carposporangia terminal on gonimoblast filaments;
13-14. Young germlings of carpospores. (a: antheridium, b: basal cell of the whorls, cb: carpogonium-
bearing branch, cp: carpogonium, cs: carpospore or carposporangium, gf: gonimoblast filament, h: hair,
m: monosporangia, tr: trichogyne).
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Figs. 15-18. Batrachospermum woitapense Kunmano, sp. nov. 15. Structure of whorls showing

gonimoblasts inserted central part of thallus;

16. A part of thallus showing axial cells, primary

branchlets, cortical filaments with secondary branchlets and a young gonimoblast, in which a fertilized
carpogonium and short gonimoblast filaments are observed; 17. Antheridia terminating the laterals of
primary branchlets; 18. Monosporangia terminating primary branchlets (a: antheridium, m: mono-
sporangium, tr: trichogyne) (Scale bar=100 #m for figs. 15-18).

formibus constantes, tortuosi; carpogonium
basi 5-8 #m crassum, apice 7-10 ym crassum,
40-90 gm longum; trichogyne claviformis,
indistincte pedicellata, ad basim saepe flexa.
Bracteae breves. Gonimoblastus singulus,
globosus vel semiglobosus, 250-700 #m crassus,
150-700 xm altus, in centro verticilli insertus.
Carposporangia ovoidea, 8-10 ym crassa, 12-
20 pm longa. Monosporangia globosa vel
ovoidea, 8-10 gm crassa, 10-15 ym longa, in
ramulis secundariis vel primariis terminalia.

Frond monoecious, 3-6 cm high, 300-700 zm
wide, more or less irregularly branched,
mucilaginous, olive-green. Axial cells cy-
lindrical, 40-150 gm wide, 150-700 pm long.
Whorls pyriform, frequently touching each
other. Primary branchlets abundantly branch-
ed, consisting of 6-12 cell-stories ; lower cells
of the fascicles arcuate-club-shaped, 3-5 pm
wide, 20-40 ym long, upper cells fusiform or
ellipsoidal, 3-5pm wide, 10-20 ym long.

Secondary branchlets consisting of 5-7 cell-
stories ; hairs rare. Antheridia globose, 5-
7 pm in diameter, terminating the laterals of
the fascicles. Carpogonium-bearing branch
arising from the basal cell of the primary
branchlets, 25-40 #m long, consisting of 4-7
disc- or barrel-shaped cells, twisted; car-
pogonium at the base 5-8 um wide, at the
apex 7-10 ym wide, 40-90 #m long ; trichogyne
club-shaped, indistinctly stalked, often bent
at the base. Bracts short. Gonimoblast
single, globose or semiglobose, 250-700 pm
wide, 150-700 #m high, inserted centrally.
Carposporangia ovoidal, 8-10 ym wide, 12-20
pm long. Monosporangia globose or ovoidal,
8-10 ygm wide, 10-15pm long, terminating
the secondary and primary branchlets.
Holotype: YAmAGIsHI No. 52622a, 16/1
1974, Herbarium of the National Science
Museum, Tokyo, TNS. Isotype: YAMAGISHI
No. 52622b, Herbarium of Faculty of Science,
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Kobe Univeristy. Other specimens examined :
YamaGisHI NG 288 (F0188), 16/1 1974, YAMA-
GISHI No. 52623, 16/1 1974.

Type locality: Small stream, Woitape,
Central District, Papua New Guinea.

With the description of Batrachosprmum
procarpum, SKUJA (1931) erected the section
Contorta and named it in reference to the
carpogonium-bearing branch twisted spirally
or bent like a hook. Many taxa belonging
to this section have been described by some
authors, such as JAo (1941), FLINT (1953),
REe1s (1965, 1972, 1973, 1974), STARMACH
(1975), KumanNo (1978, 1982) and so on.
Among those taxa, three species of Batra-
chospermum have been reported to furnish
monosporangia  besides  carposporangia.
Namely, B. intortum JA0 and B. pseudocar pum
REIS are alike in having the monosporangia
terminating the laterals of the carpogonium-
bearing branches. On the other hand, B.
lusitanicum REIS is reported to furnish the
monosporangia terminating the primary
branchlets. B. wottapense KUMANO resembles
closely B. lusitanicum REIS in having the
monosporangia terminating the secondary
and primary branchlets, but differs from the
latter in the size of carposporangia and
monosporangia. Carposporangia are 15-20 yum
long, monosporangia 10-15 ym long for B.
woitapense, while carposporangia are 20-23
pm long and monosporangia 20-27 ym long
for B. lusitanicum. A Kkey to the above-
mentioned species having the monosporangia
of the section Contorta is shown as follow :
1. Monosporangia terminating the laterals of

carpogonium-bearing branches, sometimes
primary and secondary branchlets.
2. Monosporangia 13-23 ym long.
.............. B. pseudocarpum REIS
2. Monosporangia 11-15 gm long.
.................... B. intortum JAO
1. Monosporangia terminating the primary
and secondary branchlets.
3. Carpogonium-bearing branch consist-
ing of 4-7 cells.
.............. B. woitapense KUMANO
3. Carpogonium-bearing branch consist-
ing of 6-14 cells. B. lusitanicum REIS

Monosporangia form a single spore gener-
ally without meiotic division of the nucleus.
Such monosporangia may be found at any
phase in the life history of Rhodophytes
duplicating the parent phase. Monosporangia
have been reported at the gametophytic pahse
for four species of the section Contorta of
the genus Batrachospermum as well as well
as the section Moniliformia and Turficola.
The monosporangea found at the gameto-
phytic phase of Batrachospermum seems to
repeat the parent phase, but nothing is known
about the number of nuclei and chromosomes
of the phase produced by the spore.
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Shuhei Fujii, Mayumi TAKENISHI, Shiro MANTANI, and Hideo TAKADA
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3-Chome, Gakuene-Minami, Nara, 631 Japan.

Fusn, S., Takenisui, M., MANTANI, S. and Takapa, H. 1983. The growth of Dunaliella
under magnesium hypertonicity. Jap. J. Phycol. 31: 81-85.

Six species including seven strains of Dunaliella were cultured in three hypertonic media

containing NaCl, LiCl or MgSO,.

All species tested grew in a NaCl-hypertonic medium,

but none grew in the LiCl-hypertonic medium. Only D. tertiolecta and D. primolecta grew
in a MgSO,-hypertonic medium, however, MgSO, could not be replaced with MgCl,. The
growth of these two species in a MgSO,-hypertonic medium, compared to that in a NaCl-
hypertonic medium, was characterized by their strong dependence on the concentration of

CO; in the air flow.

Key Index Words: Dunaliella; growth; magnesium hypertonicity.

Dunaliella is a halotolerant jor halophilic
volvocalean alga found all over the world.
The genus has created considerable research
interest because it tolerates high concentra-
tions of sodium chloride. Dunaliella may be
classified into two groups, the halotolerant
organisms which can grow in 0.5M NaCl
and above, and the halophilic which do not
grow in media containing less than 2M NaCl
(GINzBURG and GINZBURG 1981). The salt
tolerance or preference of this organism may
be attributed not only to an osmotic effect
but also to a Na* ion effect (FujII et al. 1981).

When the salt tolerance of plant species
are examined, the effect of salts other than
NaCl should be considered. For example,

the marine yeast, Rhodotorula™ glutinis var.”"

salinalia grows normally and endures in both
NaCl- and MgCl,-hypertonic media (JoHO
et al. 1969). On the other hand, a halophilic
species of Streptomyces can grow in only
NaCl-hypertonic medium (KAYAMURA et al.
1973). Furthermore, two other types of
halophytes, chloride and sulphate types, are

recognized in herbaceous higher plants "

(STEINER 1939). .
Little is known of the effects of salts other
than NaCl. We have examined the specific

effect of the Mg ion on the growth of some
species of Dunaliella and the effects of CO,
concentration and partial replacement of
MgSO, with MgCl, on growth of D. tertiolecta
and/or D. primolecta.

Materials and Methods

The six species of Dunaliella, including
seven strains, were obtained from the Algal
Collection of the University of Texas.

Each strain was isotonically grown in hy-
pertonic media with either one of three kinds
of salt, NaCl, LiCl and MgSO,, added to basal
inorganic medium which (Table 1) was steri-
lized by autoclaving (120°C, 15min). Each

" strain was cultdréed in 3 200 m/~ Erlenmeyer
. flask containing 100 m/ medium at 25°C under

continuous illumination of fluorescent lamps
with the light intensity of 10,000 lux at the
surface of the culture flask. Cultures were
aerated with 6% CO,-enriched compressed
air except for an experiment on the effect
of different CO, concentrations.

The ¢cell niumber 'was detérmined by count-
ing formaldehyde-fixed cell suspention aliquots
in a microscope using .a . Thomas cell count-
ing plate. The dry weight of the cells was
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Table 1. Composition of basal culture medium*

MgClg . GHzO 1.5 g
MgS0,:7H,0 0.5 g
KClI 0.2 g
CaCl, 0.2 g
KNO; 1.0 g
NaHCO, 0.043 g
TRIS 2.45 g
KzHPO.; 0.045 g
Fe-EDTA 3.64 mg
EDTA-2Na 1.89 mg
ZnS0,-7H,0 0.087 mg
H;BOs 0.61 mg
COC12 . 6H20 0.015 mg
CuS0,4-5H,0 0.06 mg
MnCl, 0.23 mg
(NH4) 6M01024 '4H20 0.38 mg
H,0 1.0 l

* Medium used by Noro (1978). pH of medium
was adjusted to 8 with HCI solution.

determined by filtering 5m/ of algal suspen-
tion through a weighed membrane filter,
which was dried for 6 hours at 110°C. Then
the filters were cooled in a desiccator and
weighed again. In order to determine the
weight of salts, 5m/ of the medium was
filtered through a separate membrane filter
and treated similarly to the filter with algae.
The dry weight was obtained by subtracting
the weight of the salts from the total weight.

In all cultures, the initial cell density was
0.1 as optical density at 680 nm. Although
cultures were not handled under aseptic con-
ditions, no bacteria were observed.

Results and Discussion

a) Growth in NaCl-, LiCl- and MgSO.
hypertonic media.

Several investigators have worked on the
NaCl tolerance of Dunaliella (FRANK and
WEGMANN 1974; BEM-AMOTZ 1975). How-
ever, little information has been reported on
the effects of salts other than NaCl on growth
of Dunaliella.

All species tested grew in 0.5M NaCl-
hypertonic medium with some differences in
the growth rate (Table 2). D. bioculata, D.
primolecta and D. tertiolecta showed high
growth rates. No growth was observed in
any strain in LiCl-hypertonic medium. Two
species of D. primolecta and D. tertiolecta
showed good growth in MgSO,-hypertonic
medium.

GINZBURG and GINZBURG (1981) reported
that Dunaliella strains fall naturally into the
halotolerant group capable of growing at
0.5M or above NaCl, and the halophilic group
which grow only in media containing more
than 2M NaCl. All of the srtains tested
belong to the halotolerant group. Two types
of tolerance were recognized in halotolerant
group: one which grow in NaCl- and MgSO,-
hypertonic media and the other which only
grow in NaCl-hypertonic medium.

b) Growth of D. tertiolecta and D. primolecta
in Mg-ion hypertonic medium.

Growth curves of D. tertiolecta and D.

primolecta in 0.84M MgSO,-hypertonic

Table 2. Results of growth experiments

Species of Dunaliella

Dunaliella bieculata (LB 199)
parva (LB 1983)
peircei (LB 2192)
primolecta (LB 1000)
salina (LB 200)
salina (LB 1644)
tertiolecta (LB 999)

SESRERSISRS

NaCl MgSO, LiCl Mg (NOy),
+ - — *
+ — — *
+ - — *
+ + - -
+ — — *
+ — — *
+ + - -

* Each strain was cultured for 4 days in 0.5M NaCl, 0.5M LiCl or 0.84M
MgSO, added to the basal culture medium. And only two species of D.
tertiolecta and D. primolecta were cultured for 4 days in 0.36M Mg (NO;),
containing the basal culture medium. [+ : good; +: weak; — : none]
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medium are shown in Fig. 1and 2. In both
speceis, dry weight increased even after the
number of cells stabilized, which can be ex-
plained by the cells, increasing their weight.
The cell volume per 10° cells gradually be-
came larger (Fujil et al. unpublished data).

The growth of D. teritolecta does not
depend on the concentration of MgSO, (Fig.
3). Growth is comparatively constant in
spite of the great variation of external con-
centration of MgSO,.
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Fig. 1. Growth of D. tertiolecta in 0.84M
MgSO, medium.
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Fig. 2. Growth of D. primolecta in 0.84M
MgSO, medium.
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Fig. 3. Growth of D. tertiolecta after 3 days

culture in media containing various concentrations
of MgSO,.

¢) Effect of CO, concentration in air flow on
the growth of D. tertiolecta in MgSO,-
hypertonic medium.

GINZBURG and GINZBURG (1981) reported
that CO, acts as a limiting factor for the
growth of D. tertiolecta in NaCl-hypertonic
medium under fixed temperature, light in-
tensity and air flow rate conditions. Figure
4 shows that growth of the alga was pro-
moted by increasing the CO, concentration in
the air flow in the MgSO,-hypertonic medium
as well as the NaCl one. The pH value of the
medium did not change during the experi-
mental period irrespective of CO, concent-
ration. Thus the CO, effect on the growth
was not due to the pH change of the medium.

8
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— /6
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2 1F / o)
_g' ‘6/ =3i"
< P
-g 6 /-/
[ ° " A
2 /-//
25
3w Al:l/n 5 o air
4 1 " 1 1 1
0 2 3 4 5
Time(d)

Fig. 4. Effect of CO; concentration on the
growth of D. tertiolecta. (O), (A) and (O)
indicate the growth curves in 0.84M MgSO,
medium, and (x) and () those in 0.5M NaCl
medium.
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Moreover, in 0.84 M MgSO, the appearance of
the exponential phase was significantly
delayed by lowering the CO, concentration
compared to 0.5M NaCl. This suggests that
the growth in 0.84 M MgSO, medium is more
sensitive to CO, in the atmospher than that
in 0.5M NaCl medium.

d) Effect of partial replacement of MgSO,
with MgCl; on the growth of D. tertiolecta
and D. primolecta.

The effect of the sulphate anion on D.
tertiolecta and D. primolecta in MgSO, is
shown in Figs. 5 and 6. Neither species
grew in medium containing only MgCl,, but
the addition of MgSO, in concentration
greater than 0.17 M promoted growth. Fur-
thermore, Mg (NOs), did not support growth

9
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S
z
3 6
o
5 1 L 1 'l
MgSO, 084 067 050 034 017 0 (M)
MgCl; o 007 014 022 029 Q36(M)

Fig. 5. Effect of different ratios of MgSO,
and MgCl, on the growth of D. tertiolecta after
3 days culture.
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Fig'. 6. Effect of different ratios of MgSO,
and MgCl, on the growth of D. primolecta aftetr
3 days culture.

(Table 2). Therefore, it appears that toler-
ance to MgSO,-hypertonicity is particularly
characteristic of D. tertiolecta and D. pri-
molecta among the species tested. STEINER
(1939) classified herbaceous higher plant
halophytes into chloride- and sulphate- types.
Although no such classification has been
applied to the algae, D. tertiolecta and D.
primolecta would belong to the sulphate-type
according to Steiner’s scheme.

It is not clear why D. tertiolecta and D.
primolecta can grow in MgSO,-hypertonic
medium. We plan to corntinue the research
into the mechanisms of this phenomenon.
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Hiroshi YABU and Hajime YASUI: Occurrence of a tetraploid in Sargassum

confusum AG.
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Hiroshi Yabu and Hajime Yasui, Faculty of Fisheries, Hokkaido University, Hako-

date, Hokkaido, 041 Japan.

In the course of a recent cytological study
on Sargassum confusum AGARDH, a populous
species along the coast of the Japan Sea,
we ascertained the occurrence of a few
tetraploid plants in Hakodate and its vicinity
by chromosome counts in the antheridia.

On August 2nd, 1982, ten male plants were

Figs. 1-7. Nuclear division in the antheridia

collected at Usujiri in Minamikayabe-Cho,
Hokkaido. When observed on that day all
of them were not sufficiently matured, so
the conceptacles taken from each plant were
kept alive in glass vessels with filtered sea
water at a constant temperature of 20°C, in
the laboratory.

Thereafter, nuclear move-

of Sargassum confusum (n=ca. 64) collected at

Usujiri in Minamikayabe-Cho Hokkaido on August 2nd, 1982. 1-3. Metaphase chromosomes in the first
nuclear division; 4. Early prophase in the first nuclear division, showing chromophilous spherule (arrow);

5. Late telophase in the second nuclear division.

One nucleus is degenerating; 6-7. Late telophase

in the third nuclear division, showing an abnormal number of five (Fig. 6) and six nuclei (Fig. 7).

Magnification; All figures x1,200.
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ments in the antheridia were examined every
day using the smear method with acetocar-
mine. Five to seven days later, metaphase
nuclei at the first division in the antheridia
were encountered abundantly, so the matur-
ing portions of the conceptacles were fixed
with acetic alcohol (3:1) and stained with
aceto-iron-haematoxylin-chloral hydrate solu-
tion (WITTMANN, 1965).

Our observations showed that eight in-
dividuals had a chromosome number of n=
32, as was already reported by ABE (1933),
but the remaining two had ca. 64 loosely, or
tightly paird chromosomes in small but vari-
ous sizes (Figs. 1-3). Additional male plants
were collected to gain more detailed data on
the occurrence of such tetraploid plants, and
to observe the characteristic features of the
thalli. The same method as described above
was employed for twenty thalli from Usujiri,
and twenty each from Anama and Nanae-
hama in Hakodate. Out of those thalli only
two tetraploid plants were obtained, one
each from Usujiri and Anama, none from
Nanaehama.

In the tetraploid thallus, the process of
nuclear division within the antheridium was
essentially the same as that in the diploid
thallus described by ABE (1933). The spheri-
cal body (=chromophilous spherule), which
was observed by him at early prophase in

the first nuclear divison, was also occasion-
ally visible in the same stage (Fig. 4). How-
ever, antheridia with late prophase nuclei in
the third to last (sixth) nuclear division
were frequently found to have one or two
degenerating nuclei (Figs. 5 7), or an
irregular number of nuclei due to the vanish-
ing of a nucleus (Figs. 6, 7). Between
the diploid and tetraploid thallus we could
not find any distinction in both external ap-
pearance and internal structure. As was
listed by ROBERTS (1966) and OHMORI (1975),
the chromosome numbers in the Fucales have
been recorded to be n=32 or less. Such
tetraploid plants with n=ca. 64 described
here have not been reported until now.
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KaTo, S. 1983. On Colacium libellae Rosowsk1 et WiLLEY (Class Euglenophyceae) isolated
from the exoskeleton of Bosmia sp. Jap. J. Phycol. 31: 88-91.

Colacium was found on the exoskeleton of Bosmia sp. collected from a swamp at Suga-
daira, Nagano Pref. in 1976. Three isolates of this alga were obtained by the capillary
pipette method. The three isolates produced highly-branched stalks in four media; AF-6,

Cramer-Myers, soil-water and soil-water-pea.

Stalked cells were cylindrical in shape and

their apices were rounded. On the basis of these characteristic features, the three isolates
were identified with Colacium libellae Rosowski et WILLEY.

Key Index Words: attachment structures; Bosmia; Colacium libellae; culture;

Euglenophyceae ; morphology.

Sueo Kato, Oosone-cho, 3-15-1, Kohoku-ku, Yokohama, 222 Japan.

Colacium 1. 3 ¥ Y » %M (Euglenophyceae) »
FTH—HEY R THET, brETIE, BEET
iz C. arbuscula STEIN (f#7 1960), C. mucronatum
BoURRELLY et CHADEFAUD (N 1981) % X0t C.
vesiculosum EHRENBERG (HnjiE 1982; itk 1982) o
3BTV 5,

EEINT6FELI A RFREFEROBEH HEE
Thi-H%E (Crustacea) o Bosmia sp. O E
&S LT Colacium % Bif « 323 L, iAok
BB LU E RO E BB OV THR, Z0k
B, o Colacium x, Rosowski and WILLEY
(1975) 14 b b v #8 (Zygoptera) o Ischnura
verticalis ¢S DOEMH St C. libellae Rosow-
ski et WILLEY LR—BETHB Z LA HLHIE -
DT, TGyt s,

HHEEFE

AT fiv-7o Colacium C-72, C.73, C-74 o 3 £k
i, 197611 A A RFREFEFROEBELHH L
WK X b ERdE Xt Bosmia sp. D& e 4 L
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(Fig. 2), FEZHBIIIRT, Miabi-b 6 ~12(F, i
aoMflicEs - TREHB L v 2 4 F (inner pyre-
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Fig. 1. Bosmia sp. collected from a swamp at Sugadaira, Nagano Pref. Small cells scattered over
the cell body are Colacium libellae. x125.

Figs. 2-6. Colacium libellae strain C-72 cultured in AF-6 medium. 2. Free-swimming cell. 2-day-
old culture. x1250; 3. A colony with two cells. 2-day-old culture. x500; 4. A colony with some
cylindrical cells. 1-week-old culture. x250; 5. A dendroid colony with many cylindrical cells. The cells
are elongated and their apices are rounded. 4-week-old culture. x500; 6. A dendroid colony with ovoid
cells. 4-week-old culture. x500.
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cushion holdfasts (arrows). x125; 8. Scanning electron micrograph of a disc-shaped brown cushion

holdfast. x2200.

—J7, ks L il iR M
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Oumori1, T. and HasHIDA, J. 1983. An analysis of tetraspore development in Dictyopteris
divaricata VIII. Effects of Ca?f, K*, Mg?* deficiency on tetraspore development. Jap. J.
Phycol. 31: 92-96.

Tetraspores of Dictyopteris divaricata were normally developed in Herbst’'s artificial
sea water (ASW). In CaCl,-free ASW, most of the spores died in 2 days. Cultured in ASW
containing 0.03 g/! CaCl, for 2 days, 40% of the germlings developed into apolar ones lacking
rhizoids. At a concentration of 0.12g// and 0.06 g/! CaCl,, plasmoptysis at the tip of a
rhizoid and the ramification of the rhizoid were seen. In ASW containing less than 0.05g/!
KCI, spores didn’t germinate and died gradually. At a concentration of 0.1 g/! KCl, 32% of
germlings developed into apolar ones. As a concentration of MgSO; in ASW became
lower, the formation of erect shoot was more inhibited. In MgSO,-free ASW, the erect
shoot was formed in only 14% of the germlings. From the cultures of spores in Mg?*-free and
SO%--free ASW, it was proved that Mg?* was indispensable for the formation of the erect shoot.

Key Index Words:

apolar germlings; artificial sea water; Ca®**; Dictyopteris

divaricata; erect shoot; K*; Mg?*; SO%-; tetraspore development.
Takeo Ohmori and Junko Hashida, Sanyo Gakuen Junior College, Hirai, Okayama,

703 Japan.

= VY A~ ADOPEGNAF O R4 B O\ T, INoH
(1936) 35 X O'FEHK « FHEF (1959) A2 L #Hié5 LTWw
%, WiAdEKe CaBry ¥7043% Cal, #ng oy C= v
Y AXOWSIAF 2R T 5 LB ORI MEI S h
(KFk « B » K+ 1977), KCI ¥#43 KBr %inx
KB P TREEAIIET 5 (K « Ki 1977)
Y, TIMIRETH T EERE DML 4 v DR
AR T3,

4[, =¥ ~XOPUSaF % Herbst AT#KT
BELILLEZA, ERBRKOBELLALL I
ETBHZEhbh oD T, CaCly, KCI, MgSO, @
WIhh—2% S EhWATHEK, BIUEhFh
DLTEEREL L ALK CHTFOEEYRAT,
ZDRBIC L - TR LEEHTSE Ca s+ v, K4
AV, Mg A4 vOPHEETARL Z LN TELDOTE
DERYBET 5,

#HHEEFE

AP TIX19824E5 24, 6 A6 A Xui6 A21
BeEUREEFHEIICS - THEIh =V v~ X

(Dictyopteris divaricata) OPus AT % i\ CTRE %
Tl oo HREERBRGE—BBEAMCKE L, THIEA
Bk (SW) &ifitc Lic KB > v —vhic B LTS
TREH IR, 2REUMCEE I h BT 2t
LTED, ER&T %, fiK%X BT normal 7¢
ALK (ASW, Table 1) #{Eb, zodhTlaFxr
K U CIGRHI K D& L HIREBIE Lt KIkZ DA
Tdgkh b CaCly #2134 0.49, 0.25, 0.12, 0.06, 0.03,
0g/l, KCl #3a% 0.4, 0.2, 0.1, 0.05, 0.03, 0 g/! %
Lor MgSO, 7:iFas 1.6, 0.8, 0.4, 0.2, 0g/l :/47c
I ATHEREEY, RTFRECNTHEYH
~Nio

& biz MgSO,-free AT#iK THEE LicHaril,
IEILH (erect shoot) DA ME T hicDT, o
BHEN Mg* 2 S0F b, EFHLLORIMC LB LD
HEB LT B i Mg?t-free, SO2-free DA
Tig/K (Table 1) #fF-> THFDOEHEY T -7
KX BRI TEREE L 17.5+20.5°C Th » 1o 25
RINTPME > —v (B bem) #FERL, BEERIT
HZve—viz Tml FoANt,
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Table 1. Artificial sea waters (ASW).
Component ggéﬁlﬂ Ca®*-free K*-free MgSO,-free Mg?*-free SO% -free

(g/1) (g/0) (g/1) (g/h (g/1) (g/h
NaCl 30.0 30.0 30.0 30.0 30.0 30.0
KCl 0.8 0.8 — 0.8 0.8 0.8
MgSO, 3.2 3.2 3.2 — — —
Na,S0, — — — — 3.8 —
MgCl, — — — — — 2.6
CaCl, 0.98 — 0.98 0.98 0.98 0.98

1m!/ of 4.94% NaHCO; per 100 m/ of ASW is added.

Table 2. Development of tetraspores cultured for 6 days with SW and CaCly,-varied ASW.

CaCl, concentration (g/!) in ASW

SW
0.98 0.49 0.25 0.12 0.06 0.03 0
survival (%) 92.0 86.0 95.0 82.5 77.0 45.0 4.0 0.0
germination (%) 98.0 99.0 99.0 99.5 100. 0 100.0 — —
apolar germling (%) 0.5 0.5 1.0 2.0 0.5 2.5 40.3 —
erect shoot (%) 93.8 90.8 87.5 89.0 76.0 56. 2 — —_

Apolar germling is counted after 2 days culture.

& R

ALk copsfatss . ATfKkpT="+
ANZDWENIA TR L, WAL B L, Kk
H20HEH < B UL THTF IR bR R H LD,
VAT E— 4y BBE A ZEAE o T RN L CiEf o J7 )
SR TRTR 2l sd bhi, ERER
LTI &7 %, TaTFoins 2 ~4filacsrhic
%, FOEMBIEERLTL 5. OGS OMERL
REsC X > T{EoI bR, ZoBMRS AL Yz L
THE L, iz (erect shoot) Wi T %, L LD
X 5 s AT kb CoMp T ORAL, £O4EFER
R, FARER R L ORERE e & T THERTE
KCHAE L& LR LTH -1 (Fig. 3),

CaCl, o/ aTFFedicit3 5 %% : CaCly 25 0.98
(ASW), 0.49, 0.25, 0.12, 0.06, 0.03 3 X 0* 0g/(
ATk ChaT Ak Lz, 0.12~0.98 g/l CiLh%ik
6 A% OARRT 77.0~95.0% THotont 0.06 g/l
CirisEE | B CARRER 785, iR 6 R TARRR
45.0% L, BTOEFICHE LW EELEL 7, 0.03
g/l CI3IEFE 1 A% T 56.0% HFEM L, 0g/l (Ca**-
free) “CI3iE# 1 HETE7.5% A LM L, K2 A
TIREAETRTONIFMNIER LIz, 0.06~0.98 g/!
TIRAEEKR > TV BT ORFRICITKNE LETAD
ik -7o, 0.03g/l Tix 5% 2 AR BRI

Figs. 1-2. Germlings of Dictyopteris divari-
cata cultured in CaCl,-deficient ASW. 1. A
germling showing plasmoptysis at the tip of a
rhizoid in 0.06 g// CaCl, ASW for 3 days. 2. A
germling with a ramified rhizoid in 0.12 g/{ CaCl,
ASW for 7 days.

64.7% L{EL e oTze FLTZOHE, BHFELTWS
T 40.3% (LR ATk Licy apolar a7 i (A TH
o7z, 0.25~0.98 g/l CiriE@igRtb oSG LR L L
51z erect shoot A Siife, §54% 6 A% erect
shoot DIFM=IL 0.12 g/l T3 76.0%, 0.06 g/1 Tix
56.2% &, CaCly 2 f@isic b 725 L& 7e > Ty
7z (Table 2),

0.12, 0.06 g/l TIXR DT BEFEAZHH T
TuwaoNEEshic (Fig. 1), FEAELEEEZ L
TWB OO G 6 AT 0.12g/1 Tix 39.0
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9%, 0.06 g/l Tt 64.0% Th -7 (Table 3), R¥E
AR LBe, FodkiaiE s Uit
WTsXorinsd, ¥, HEXAR bhis, KR
DEBIESFELIE>TVH D LEEIhic, HiR
DAY IBHEK TR L BE T B8R 6 AR
35% & ¥ & b h s, CaCly 0.12, 0.06 g/l TiL
22.5%, 21.5% Lich, CaCly piEMRIC A<D &
BRI LT 5 0h%H L /-7 (Table3), =
oBE, FROLMBTRVELRYES LRI,
i LT BRFEEMNSD 5 DT, HHOLDITHE
FELTLESTEBOREE LT, ERAEIES -
thorBbhs (Fig. 2),

KCl omu{ylaTisac i+5 @E: KCl A2 0.8
(ASW), 0.4, 0.2, 0.1, 0.05, 0.03 s X0* 0g/l DA
THAKTRTFYER L, 0.06g/! LT Tk OE
BELEIRTERTHRTFIAEL O ot BEL, 3,
TRBOAERT 0.05g/! Tk 92.5%, 63.0%, 23.5%,
0.03 g/ 1. 88.5%, 47.5%, 16.0%, 0 g/l (K*-free)
i3 84.0%, 35.0%, 6.0% Lith, HEED Kt 0F
IR ACEIRTOEFECHE LT BT EH

Oumorl, T. and HasHIDA, J.

baicit ot 0.2g/1 BET RFORFLCKEL
BEL A bR teht, 01g/l TR TBRO
RIFR1350.8% LIEL fe b, IRETMHL LK\ apolar
HREMHM 32.0% L% 7c-t (Table 4), erect
shoot DERIL 0.2/l TRREL /ey, 0.1g/l T
i3 erect shoot YR Licd DIZEETH -1, 0.05
g/l PTwind ERENELIMEISh, SEERR
REBOMRLBE IR -7

MgSO, DMENRaFRE #35 FE: MgSO, 28
3.2 (ASW), 1.6, 0.8, 0.4, 0.2 X0t 0g/l DAL
K CRaTF B Lic, 0g/0 (MgSO,-free) mifE T
L1556 AR OEBRIL 77.0%, RIFERIL 94.0% T
Hb, HBEKPTERLLIDOEDE Vb bith
~1z, erect shoot DWHEEIL MgSO, DEEHE L
e ohTFA b, MgSO.free T3 erect shoot
PR L 0B THRL 140% Lirsle
(Table 5, Fig. 4), = erect shoot J4RDMEIAS
Mg, SO DYHbD A4+ VD RRIIDLDH
B INEB fodic Mgtt-free, SO% -free » A I # K
(Table 1) #{E b, laF&¥5%E Lic, H:@%7K, normal

Table 3. Percentage of plasmoptysis and ramification of rhizoids
in culture at various concentrations of CaCl, for 6 days.

CaCl; concentration (g/!) in ASW

SW
0.98 0.49 0.25 0.12 0.06 0.03 0
plasmoptysis (%) 0.0 0.0 0.0 6.0 39.0 64.0 — —
ramification (%) 3.5 0.6 0.5 2.5 22.5 21.5 — —

Table 4. Development of tetraspores cultured for 7 days with SW and KCl-varied ASW.

KCI concentration (g/!) in ASW

SW
0.8 0.4 0.2 0.1 0.05 0.03 0
survival (%) 68.0 68.0 67.5 59.0 54.0 23.5 16.0 6.0
germination (%) 95.5 92.0 91.5 91.0 50.8 6.0 — —
apolar germling (%) 0.5 1.1 1.1 3.8 32.0 — — —
erect shoot (%) 43.5 43.5 36.5 27.5 0.0 — — —

Table 5. Development of tetraspores cultured for 6 days with SW and MgSO,-varied ASW.

MgSO, concentration (g/!) in ASW

SW
3.2 1.6 0.8 0.4 0.2 0
survival (%) 96.0 94.0 61.6 90.0 87.5 80.0 77.0
germination (%) 100.0 100.0 95.7 99.0 98.5 95.5 94.0
apolar germling (%) 0.0 1.8 2.2 1.5 1.5 2.1 1.6
erect shoot (%) 95.5 90.5 73.9 83.0 61.0 42.0 14.0




Effects of Ca®*, K*, Mg®" deficiency on Dictyopteris 95

Figs. 3-5. Germlings of Dictyopteris divaricata cultured for 7 days.

U

3. A germling in normal ASW.

4. Germlings without erect shoot in MgSO,-free ASW. 5. Germlings with erect shoot in SO2-free ASW.

Table 6. Effect of Mg®" and SO}~ on erect shoot formation
in culture for 6 days with SW and ASW.

MgSO,-free Mg?**-free SO2--free
L AW ASW ASW ASW
erect shoot (%) 78.5 78.5 0.5 3.5 82.0

7R NTLHEK, MgSO,-free ATigK, Mg**-free AT
#EK 3 L OF SO2--free A Tk T Fh 6 HINKE %
LichClara@Ed s L, AR, RBHEEK B
Rk L ORI ERADRD 7oA, erect
shoot DRI K Z /e bhtc, erect shoot D
EE L SO -free ATk Tix 82.0% &, i
K= normal 7g A T K D& LR U TH-7end
(Fig. 5), Mg**-free A T#j/KTi¥ 3.5% &7ch erect
shoot #ZRk Licd oi3dkwic i ie»7= (Table
6), Dz Eab erect shoot DILHITIE Mgt A%
BTHHZ Edvbhots,

% 2

EOMMFEATITER A F v DK E R BEE LT
TWwb E#EZ bR T3, ALLEN, JACOBSEN, JoA-
QuiN and JArre (1972) 1 Pelvetia JRod A A 4
VR B Z RS 24 R o T - THIE L7chs S,
Mg?*, Ca?* 3k Ligh ot KTk Cl- L &b
s EmTss e ®ELTVW5, KF XU
Clm oz Fgdnicdic b FH itk L b,
MRNEEE X WINE TS DICEIL->TWBIEAS &

RT3, Fucus 3 L U° Pelvetia PR i Ao
L fEREA 4 v & o B 12 RoBinsoN and JAFFE
(1975) % X ¢ NuccrterLr and JAFFe (1976) 2 &
STHLE IR TE D, Ca2 2Bk oPE TEL H
Mo TWhb 2 ENfERIhTW 2,

0.03 g/l CaCl, o AT#gE/KA T, =V v ~ADIY
AT R 24 LA - LA BB L CLE 5, 2D
R T Clm & RnciET 525, Ca® oL
LDl s> T a0 T, fafodficix Ca?t 2t
DETHD Z LWL -7, iU Cat A3l
faBE g, Mo fFECE R, FRHEH=2=214F
DIRFIEC S 20 £ 4 OEE I EEIAFE > T
Bl THsrEE bR B, H#E2HH O 0.03g/!
CaCl, » ATHEKTIE, EFLEFLTWZEFDS
% 40.3% HMEIR AT Lic\ apolar 78T -
72, 0.06 g/ CaCl, Ti3E 71 (erect shoot) ¥ K%iE
6 12 56.2% DL DONER LIciET THH, HIRE
B erect shoot DIZHIIC b H AHEFELL o Cat 1
PDETHBI L bhols, YNV Y yEIUHA X
F R G Tk T Fucus PxE5ET 5 &, ToEIC
FURE A 2 b b & &% ABE (1969) 25 LT
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W5, AP T CaCly #20.12, 0.06 g/ o AT HEK
FTIMEIR O SR CRBEL AR bR, Thit
Ca®* ORRBIRLY, 4K L2255 FIEH DM
DRFRLHBRUCRER Z LD THDLEELD
5,

KCl miggE» 0.05g/l AT AL#gKPTIE, 5
BRI T OM TR T2 RTFAEML T o,
0.1g/l KCl o AT#gAk Ci33%%% 7 B%FEFRH 50.8
% L1EL, LdEodon 32.0% 55 apolar 7RItk
ThoTz, erect shoot DHE b ELIMEI IR T
oo D Kt 2 i To b IO EHAMET LT
WA Tcdhd LRV,

0.2 g/l MgS0O, ® MgSO,-free ™ A T#iKrh T
B{Tle-1BE, EBRE, BFR, RIEROEK, M
DT Eir 4 IEH TH B A erect shoot 1 ITUR & h
7gm o, Fucus % SO} -free ATHK CHE#ET 5
&, B RERN 10% ©TF245%5 2L (CRAYTON,
WiLsoN and QUATRANO 1974) HR&E I TV 57,
AWFE Tix SO -free ATHKFIR BT B =¥ ~X
DESIFOTPARAECITRE 1X & b h ¥, erect
shoot B KFDOIDELSALIICHK I
oo L2 L, MgSO, ot h iz NagSO, & Fu - Mg?t-
free o ATk TI1E, MgSOfree DFEE LR L &
51z erect shoot XU Ihichot, Thdz,
erect shoot DFHITIE Mg BULETHB = L HH
HThB, =DBE, Mg oxmMc X hRERH
% X711, FOFER erect shoot M I hish -
oD b, BB\ erect shoot DILEE{Lic B Mg?t
Bphbhs THBOPRSEOMEIT L HBABII L

TR EL,

5 A X #k
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TerawakI, T., Nozawa, K. and Suinmura, 1. 1983. Studies on morphogenesis in the

early stages of Sargassum (Phaeophyceae, Fucales). IIl. Sargassum horneri. Jap. J. Phycol.
31: 97-101.

This paper presents the results of studies on morphogenesis in the early stages of Sargassum
horneri cultured in the sea. Embryos developed the linear first leaf. When plants attained
about 2cm in total length, the leaf became linear to spatulate in shape with the pinnatiparted
margin which characterized S. horneri. Stems of this species grew taller than that of S.
piluliferum and S. patens. Leaves developed spirally on the stem. Later, older leaves fell
off successively. When plants attained about 10 cm in total length, dichotomously divided
spines were observed on the surface of the stem and simple spines were observed on the
stalk and midrib of leaves. When the total length of the plants reached about 20 cm, lateral
branches formed from the leaf axil were observed, and the holdfast became scutate discal in
shape.

Key Index Words: Fucales; growth; morphogenesis; Phaeophyceae; Sarassum
Sargassum horneri.

Toshinobu Terawaki, Aquatic Biology Department, Bio-Environment Laboratory,
Central Research Institute of Electric Power Industry, 1646 Abiko, Chiba, 27 0-
11 Japan: Koji Nozawa, Laboratory of Marine Botany, Faculty of Fisheries,
Kagoshima University, 4-50-20 Shimoarata, Kagoshima, 890 Japan; Iwao Shin-
mura, Biology Department, Kagoshima Prefectural Fisheries Experimental Station,
11-40 Kinko-cho, Kagoshima, 892 Japan.

BE B3, kv X7 5B Phyllotrichia WD < #
% v 5 Sargassum piluliferum (TURNER) C. AGARDH
(FWH 5 1982) 3 X0t Schizophycus BIED v v < &
% 7 S. patens (TURNER) C. AGARDH (Fff & 1983)
DIV O\ THes Lic, 4By, Bactro-
phycus BRi IR TBT7HE2 S. horner:
(TurRNER) C. AGARDH IZ2OWTH&ET 5,

#HHEEHZE

ERAER ICEEFERTH (Fho 1982) &
B CEHETT >

R, FRFIS44E5 A15H, BREBHRTOKE
BB RS\ TIRE LT £ 7T, SROERBK
LT, HELLBEY AR 7—5—TRAL
BEREBKERBRBEF LR -1, BEI25 A9

D RRIUTFH OB RBRERERELRIO—HT
560

IRE i Lico B 5 A20R, ZRINLREB/ACS,

P TR, 4P vRETEEL, TA6H (RER
48H) TOBRMEMELTEITAEMENPHLLT, &
A BAtE Lo

= S

2 E R A8
B OREERBY Fig. 1 wR L, HEIIL 8

EoELTH Y, BAREV LIKERL (Fig.2),
30(EMEFH DA Z &H 328 (£27) X271 (+26) pm T
Hotce HH 4 BECIL, SEOTHHLHLEERDK
WAV LT e (Fig. 3), BR#itko 2 v 7 AFEI,
BROFHWELH-T, X, RE, RKEFTHLT
DT LSBESELLY B LD T ieh o, 8

H#% 1.2mm, 17H% 5.9mm % L T40H# 7.8 mm
CELI, LrL, 7H6 o LEMCERED
BER LB LEDbhBEFOEENBDLRICZ LS
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Fig. 1. Growth of Sargassum horneri.

HELTh, HLEDT7 A20H1iz 3.1mm &in-
Tie, LM, IERZAERERL, 9 ATAK 1.8cm
CE L, £OHREY, EEOBEPHL, LEEWH
ARDON, BFICL2RBEHEIh LD, 1A
9 BT« RIS~ Ui, BEBIAEEYREIFEL
ey, T~1AB s, EHMoYhiRE
LD ote, BFEAH T AcHzAS0em iz
L, TOHEFIIEKE LI,

BwoR &R

ERFBBC BT 5 EIFIOHEASET, KT
DY THot

£E#H 1mm: §1EOHEER, LPRE LR
WamRL, HiEH 0.2mm B TH - (Figs. 4,15),
£F 3~4mm: HF 1L, CPREDESVHIEL
#EH 0.2~0.3mm rig-7 (Fig. 5), &£ 5~6
mm: £ 13EHE 0.4 mm BEDCHHLYRL, ToH
AT BEE 2 EATUR I haD T (Figs. 6,16),
2R T~8mm: §3¥EFThrinbhi (Figs. 7,17),
#1IEARE X 6mm, ZEE 0.4~0.5 mm DK TE
BroeR L, #2, #IFETFZARNFRTERCH
7, YIMAZBEDLhD X5t £F 1~2
cm: FERZEEZOLRARCEIIZH, #FLVWLA
LI TRIRGES U (Figs. 8,18), EEMmOMEAIED
L FROGIAZME H bbh T, o

i, RBEL EOEHT THEAL TV, £K
3~5cm: FTPRFEHL, PHuABHpiEEL ¥ C
FELTWwi (Fig.9), o LB EEFHTITFRERH
Zbhtc, ZEORMMDKR ~ LENUR IR, X84
PRECMEL T on@Esbhic (Figs. 10, 19),
£&E 7T~10cm: EX 4~5cm, IEEH 1.5cm DI
iz, ENEL L UATE, ZECIIREEIED
(Figs. 11, 20), %o —R-+5% FuRERA HEL
(Fig. 12), R & FEFZ EHO =R ER2—7
DINED R BRI, EROFEI LbhiBEbhiad
T, £E#H 20cm: EOERME T, EOTH
AR LCHERO S R Ligw (Figs. 13, 21),
D SR AV LTk b, ERBCTIREN T
BIEY LRARCIEE LT\ (Figs. 14,22), 3%
BIERY lem T, LboSWHFEMLEERY R
LT,

PEDX Sk, £R#20micELicboiz, A
BETEIh > EBBRYBRIE, BEOET LY
BxBb LT\, TOREMEC L > T2 50cm
FTHER LD, ERHEBKEM2 RZB i

71

£ 2

ATEY, BE (1947) X B EEHEIIAERE L
BT, SHAMIEEL, KEIH 264x198 ym T
HY, SHEO TS 8ADE L KB HK\T 8 &
D2 RER M T 5700, KM% 6 A BE I
16ADEREYHTH LoD, SEDEEZERED,
ThEBE—F L, ok, MBIk X &H, B
(1947) DU DI BERPRKEL, @A Bl
(1968) D#f U7- 326 x 250 pm 1A - oo

7 hE 7 OMEMRCE LTHA « ElU (1968) 11,
EROmMmBENLLE LENFLLD, F2ELRE
TEGHIVEERYETE L vWE LT 52, #4
ELRRZ W Tiflh TRy, Thlbishe, Zok
DT HEIOVEVBRCETAIREIRYLN X5
ThoHH, AWEC LY, TOEEXYHOLLTTE S
ENTEL, Tiobb, AEOFMMERROEIT
kDX 5ELDBRB,

SEN ORI h I 11z, LORE LcARE
2Rk (1907) 3 XORH (1956) i3, FEOEMNL

WREIhi- it REAL, FHREVWIETELH

WTWith, ABRTH, ThEf- LDl

BaTitotc. TiebbEOTERR,H OB S Wi

BixER, Thedl, £FREHOER» LT

BRIz i L KRBT+ 5,
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old plant after sowing; 4. After 8 days, development of first leaf; 5. After 12 days, development of
first leaf; 6. After 17 days, plant with first leaf and bud of second one; 7. After 40 days, develop-
ment of pinnatilobed leaves; 8. After 202 days, plant with pinnatiparted leaves; 9. After 243 days,
development of stem; 10. Top of stem; 11. After 264 days; 12. Stem with dichotomously divided
spines; 13. After 282 days, development of vesicles at top of stem; 14. Development of lateral branches
and scutate discal holdfast, after 282 days. Leaf(l); lateral branch(lb) ; stem(s) ; vesicle(v).

T, 2R 5~6mm c&#E T35 A0 53R 0.4mm &2
EoEWEitot, F1ENLETHEOIHL, &
2 LR TIREANFRE AT, THAZNED
bhaXsicich, & 1~2cmicEZ Licd DT,
7 N & 7 CHFEBIETREN LIRE RV LABEO
EH, ZECLRARCERIh T3, L% Z0
S bk 2 LEVHR S h, EAKIKECBRT

%, &K 3~bcm TE LR L ERCHRERL LD,

£F T~10cm &35 L EmIZ =X T 5 HuR =,
FrEOPMCIZ=R Lis\h—FIOFUREE TR X
h3, £E20cmics#E+2 &, AEBRIEBRYRL,
EEH LRI IR, EOEMMIETRELS LV
EOTHIWE LSRR IS,
AEOWMPHEH R OBBCIL, =+295 (FH
5 1982), ¥V ~<x%s (FHH 1983) OFh Lo
CRERHEES,NRDOIDE, TOFELFELT, K
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Figs. 15-22. Morphogenesis of Sargassum horneri.
16. After 17 days, plant with first leaf and bud of second one; 17. After 40 days, development of
pinnatilobed leaves; 18. After 202 days, plant with pinnatiparted leaves; 19. After 243 days, top of
stem; 20. After 264 days; 21. After 282 days, development of vesicles at top of stem; 22. Develop-
ment of lateral branches, after 282 days.

BTREOENmM»SET LRSEBR LoD, %A
ENKELMETIORHL, =2 27T Ly

% 7 TIAER 2~3cm it # T 5 L XD MEH#EE

h, TOREEMBERENCEREILILEZLMELT,
FAEVEBRTLEORINMEN lom BIETH 2408
HFbhs, 2 HE LT, AETERIENZCIER
SNFIECER DB EN, =2 2975¢¥ V=2
E 7 DT O BEENIBR E iS850
bha, £0ld, A TRREDOLENMZFEDE
XTELEINBDIERL, 2275 Lv V=227

15. After 12 days. development of first leaf;

o

X5 Thd, FIHELT, =AEVFEYV<RE
7 DG, Ek LB L X RBEOIEETH B4, K &
hbok L1 LS Bis - oW E R i X TV % Dk
L, ATk, % & MR RER DT B & i 2 TV % i hs
HFbhs, LEDERENS, AT 243
TH D, 552, 3 TIXFIR D YIHIAZ 208k < W
Tl b OO, THETZ OMFRIC B3\ T, I S h
DAL EN B L AR HLE) BB L
B - oD T, WIIEEE G S B R HVIeh
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v)fc.o

SDL S, FEOVIMRE] BIC (145 Ry T S A
BHbhd, e, BHF (1947) 2MEBRBROE B
AE (1948) NERERORBTFRABFT O, b, A
DFEYEY FRACKTIBREXB LT3, —F
THAEIDFEZGE Y £ 7 S filicinum 47 h= 7[R
R EBRONEBR I OHELEOZAME LTS L
(RE 1955), X1, v &z 7cEBET 50 4EME
KOMRNRREB L5527 (DL, 7THEZR
ROBFEERTTILS 2 & (RE 1956) Aabh TV 5,
b OEROMMPMETR S 7 » € 7 L EEOEE
FRTLIDOLEBEINEBD, ZOECOWTR, 4%
MR BBETILERD SO, ¥h, THEIE
Bactrophycus BEh CHEREY RTETHB LS
DT, §1%, REBFOMECE L TLHFRYED
KdhilebitwLBbh s,

e, BB T IR WAL K B
BREHEBERLCELS SiLle B LET B, 21, &%
XEfERT B hicY, FRLHENE LHREY 1

KB hRA T EYRE RN R E S ESE
IR IVCRAKBEYBE T REEcHEYET 5,

510 B X #

HERY 1947, @EORLE, JEE F

MARE « Bl FBF 1968. v &7 SEOMAHICH
TEWE-T 7 verblihic X o, o%
IZ2OWT, JKEEHEGFE 16: 87-95.

RIFT&AER 1956. HAMGEIES 2 i, PFHEEEE,

R,

RERH 1955. » #4271+ 5 -=HE, AR
H¥FEiE 15: 71-76.

RARS 1956. v x=7 () BT 28ERVFD

PR, NAEFEEE 15: 541-549.
ARG 1948. F v X v SEOZHIC B T, WM
61: 34-36.

FHFIE « HFRIBKE « it #% 1982. s v ¥ v 55
DI ELRCETsHE—1 —~x22v75,
¥ 30: 305-310.

FHFUE - HIRBE « Hikt #1983, EE—T +

v=xEs, EE 31:38-43.
EEE=R 1907, HEFETE, £EF, FA,

A T e e e i R e e ]

ELERILERIERAR 060 FLRHPREIL47E6 BHILBSEA

FISEBEEERR S 085-04 bz EF SE5 foy ST = SEihRE
BHERFRARKASHE 160 HABMHEEHE 1-20-8 MEAEAARBECALA
BRBRE TERA R AEEERR S ABRT 100 HRET AR HEKAFE 1-6-1

KFHT €L

LEHERFREBAESEAE 108 RRHEXER 2-16-5

K.K. AEREREMER « K B 3B 173 EREHREEAILFE 32-17
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BAEH Y 7 L P R 189 HEHEILATAER 1769
IHAHEPRAT 143 HHEHAHKKHRK 5-2-12

ML EEIE 150 BEEBAXAEE 1-21-9

BLEHRERESE FREHAR 214 )T S EX 4 H 8580-61
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HABLE* - BEEE

IFRA=ae7, F=Th*, TFFEIFTHLOHME

#1  Hirotoshi YAMAMOTO, Shigeki TORII: New records of Laminaria diabolica
f. longipes MIYABE et TOKIDA, Alaria fistulosa POSTELS et RUPRECHT and A.
paradisea (MIYABE et NAGAI) WIDDOWSON in Hokkaido

19824 4 14, FILEs ORI RS BTARRNTIhE |
400m T, 2 v7H{iHr—TEDO 7R~ a2 v T
J& (Laminaria) o 1§t 714 =2 v 5 2@ (Alaria) o
2R LT % % FI RN 14 o 2e5d s KA R
DT 2K DK PE BT AR D% () KA
WAL T h, BAShIcz v 7o LEOHERITII
MBI T B Y >~ 2 v S (Laminaria japonica
var. ochotensis) 1T\ AT E L, ZIRIEH RS
TRV E, X, 7427 H ABITAFYSIRBCH T
LTWwighz &, ek hELHO—A, BECED
FEZKELTEILDTHB,

ChBEARD S b, 2 v 7@o 1fzdER 330cm,
R 21 em, hHFEIE 6em Tavig D BINE, HERE O
L OB EL LT B, IR £ X 39cm,
EE L3em TFRIEAERTH D, R LE
WEC I DRt e & - T b,

ALl YR pE S5 = v TR o C, Ik
MAZDL S EWHEHE LCik=3r2v7 (L
longipedalis), v x = 7 (L. longipes), =7 74 =
2 v 7 (L. diabolica f. longipes) 7\biTuvb,
=FH 2 TSRS LT, e 2=
V7R E b0 T & TAREAR L R T B,
AR T =T Fd=a v 7Dz hE ORI (Miya-
BE 1926, sJF 1936, Tokipa 1954) & (33 —33 7%,

TAZ U AFROWER 2 MR Shi, FoR
O LAEMAR T, & 750 cm, E0E 80 cm, a3 rp
ZET 1o~ldem ZEREEER L TV B, ChbO
Wk b4 = v+ (Alaria fistulosa) TH 2 = b p
BHWCh ot o LRk Thsr, HE 120
cm, HEE 4.5 cm, g E, WHEEIRE X 3.0 cm,
& 0.5cm CTEEOHES MWD L 5B 5 bhs,
CORRFERE LR UFNcE S 7.5em, §F 1.1em, e
I8 > TR BN 7 % il e & e & Baoh
BHR AT T Do REAL 2 O Ot tEI
LH795av vy (Alaria paradisea = Pleuro-
pterum paradiseum) T# % (WIDDOWSON 1971y ¥
HEIh3,

S ACTASY & T8 #3121 - b B 5ilita 23

Jistulosa ;

L, =FHAk=a v A= hr* FFERLYS~
Vv (FER) v o PEABE B fF 3T 2+ B (MIYABE
1926, il 1934, kI 1936, Tokipa 1954), 7w
Fag7h A3 TFEND (Nagar 1940) #ig T
Wa Ay, dLiBER R CAEE AR I RO T T
BBo Ik, A =9N2DEFRILEMZRAS>h 5 X
5T, dh—Y 7RI A@EIhs Loz &
TH (I 1972), X, AEREGNCRHFT» HFIR
B AT TORMBETIT LT M H - -2 LR

l N AT T

Fig. 1. A photograph showing Laminarian
and Alarian specimens collected at Rishiri Island.
A. Laminaria diabolica f. longipes; B. Alaria
C. Alaria paradisea. (Specimens pre-

served in glycerin). x1/20.

* Yexpo (1919) & fiff (1936) 1 pEth & L it
L OGN A BT T B A%, EITHEEKPERERS I,
JBIE=G2 & OFAMRIC L, & kSt
FETIRI WD, WS ETha,



New records of some Laminariales in Hokkaido 103

HINTHY (BE 1969), BABADOHEFTETR
BT84 7 A1I8A KT L EMELAE SR T 5,

YooY v (BER) BERED KB ET2 NEE
MOFELZTT, EFE 18°C DLW ETENB,
REMOTEEEBIRMER T REROERRC L VE
FETH 6~8°C THB L5 (Mivase 1926, TokiDA
1954), FEEEZBMRMHTIE, X 5 KB DO S
b, TELERBOTFECHFTHE N ZOhDER
BiR & bh T 5,

ZOWEEBHI LRAEREYILIA TEARH 100
km iz % 5 FIR B BERIC b 5 e EZE 20°C
PEicsh, ZBJWRIEROEENLIV 2°C &
BWEZETTMNE, CORAERBLT, ~1 i1,
AFEY, »~ZY S EOBRROENEFTTH T,
FH=YE, =AY, ~Fr¥yFsaF)e DX
SHERBOELADN (&F « FHFE 1970), EERH
MAEORARR L\ 2505, REMCIIBERO I
N EEboTwWBI5CRZET OIS,

2D X5 i TR O 4« DB OE{kicoh
THEONHOERIESL LR TFHEIRBLEIAT
1H5BH, ThETHALRA T, - ERROKE
BE2EL 1 RECLTLFABCHR I L3
HUKOMWEADEF % s ETRERTH EE X HBET
BRETH B,

50 B x

BEKER) 1969. HJtimE 0 BARERBCIT ETbhi-
A= HhAEOWT, BE 1T(3) : 126~127.
&F FFEFB 1970. FIRBOHE, LKRA

# 21(5) : 167-178.

JIHBRE— 1972, oIl tlmE (B, JIkolE
), Sk 13: 223-322. $Ekh.

MrivaBeg, K. 1926. On the occurrence of a certain
Behring and Kurile species of Laminariaceae
in a small isolated region off the southern ex-
tremity of Saghalien. Proc. Third Pan-Pacific
Sci. Congr. : 954-958.

EHELE 1934, JtimE R OHER D BEAEHES TR T,
dedgzKeE 61: 15-19.

AFFBKR 1936. A4 == v T Oo—FERE L HEERE
To B 6(11) : 464-466.

Nacal, M. 1940. Marine algae of the Kurile
Islands 1. Jour. Fac. Agri., Hokkaido Imp.
Univ. 46(1) : 1-137.

PR &AEE 1936, AAdEEE. AEEBE, .

TokiIDpA, J. 1954. The marine algae of southern
Saghalien. Mem. Fac. Fish., Hokkaido Univ.
2(1) : 1-264.

WipbowsoN, T.B. 1971. A taxonomic revision of
the genus Alaria GREVILLE. Syesis 4: 11-49.

Yenpo, K. 1919. A monograph of the genus
Alaria. Jour. Coll. Sci., Tokyo Imp. Univ.
43(1) : 1-145.

(* 041-15 LB F M F AT FAR 152 LXKz

SE|ARKESERIT, ** 097 #ANHEX4-5-4 L

EIALHERKERSS)
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RREF: TYEDREEESL Singo NAKAZAWA : Different terms infdifferent
languages for the spherical aggregate of freshwater Cladophora.

wKED=Y = (Cladophora sauteri) ¥ XUVFD
EREORHBEEEIL, BRORLTILT 2V 5,
g—m oyl YRYTRECLAML, FEEEL
REFBC L > TREBEH TIN5, RlLiE
ROEBALILLDTH B, el Lr vy 7EEILOWT
BHEELBAEI I BOLREIL-LDT, KATHS
SPIRIN {4 (VERIET » 7§ —EBABEWRERN) &
BLTHRELTLL SR, ry 7L LTI
W, Bz DB T Cladophora LIS
EIWEDETH -1, ThibHhbeT, AHOH
EBIRAXBRCRTC &L ET5, Rt onTiz

#l. =)V =0RWEF

=) E=RHTHEEC L CMTOBA LAY, b5
MBI S BHOXBD D B T4 FFE2PVTULER
L2BoOXEREFI% LI,

X ik

L mBEEF 1953, 271 2EFNE 1 BEY
Mo BAERILHERN, HiF.

2. DaiLy, F.K. 1952. Cladophora balls collected
in Stenben County, Indiana. Bull. Univ. Bot.
Studies 10: 141-143.

3. ERrikssoN, S. 1936. Om sjébollar. Meddellanden
fran Vérmlands naturhistoriska férening 9:
Karlstad, Sid. 25-27.

4. GoppERT, H.R. 1883. Uber die sogenannte Me-
erballe. 60. Jahresber. d. Schles. Gesell. f.

El % s TR varterl. Kultur, V, 1882. S. 141.
B & B <0< marimo 5. }{éﬁ!rﬂﬂrﬁﬁ 1964, 74 REHEEIM, LWBIE,
=5 « H 1) 7 thcar Ro
[ :: . Z;Z«\Eot(z:;l:anpe i 5 6. KeissLER, K.V. 1901. Beitrag zur Kenntniss
% = lake ball 7’ des Phytoplankons des Zeller-See in Salzburg.
Cladophora ball 2 Arch. Hydrobiologie und Planktonkunde 5:
F 4 v 5%  Seeknodel 6 339-350.
Seeball 9 7. KinDLE, E.W. 1954. Concerning “lake balls
Faselball 9 and coal balls”. Amer. Mid. Nat. 15: 752-760.
Meerball 4 8. SauvacGeau, M.C. 1893. A proposd’une novelle
Wasserkugel 9 note sur les pelotes marines par M. William
25y A= pelote marine 8 Russel. J. Botanique 7:.95—96.
+5 v x5 zeeballon 9 9. ScCHRODER, B. 1920. Uber Seeballe. Natur-
£ %9 —3%  motolino 9 wissenschaften 8: 799-803.
Az 3 sioboll 3 10. SpirIN, A. 1983. Personal information.
5 5 :‘:E pila stagnalis 9 (990 UJMFH’J‘EJHBI 1“4'12 m%*#ﬂ%‘:%é%#ﬂ
m v 7 @ Cladophora 10 %)
—% & 8 5
;A4
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a8
(B) vyr7#% 260 TEMHA 1-12-9-103 0472-46-7897

Foreign Membership Michall A. BorowiTzKA, Environmantal & Life Sciences,
Murdoch Univ., Murdoch, W. A.56150, AUSTRALIA

Dirce Mithico YaAMaokA Yano, Inst. de Botanica, C.P. 4005,
01000 Sao Paulo, S.P., BRASIL
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BASEFELBTHRETAS T4
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HENOKELLFOWTESR
OfE f&* « BT « FRAT® CELEKX, *HRMHA)
A OKEFME ¢ » v+« FILROEEI, FEINOHE
O =« KIFMEE « IUERY « KR - BHESER - AT 6« EHXH (BLEE
X&)
WAt OB RIC ST B M T2 a T 2 D5 E LR
OREFIT* « BEEHEY - GRE N (HEREL B - 44, “E4EW
BB sl 5 LR O L HBREO LR
ORKIL - BF* « FARREAR™ o« KILEEH* « HHZEE* CBRX « &F - 4%, “EEiup)
WRE R R4ET 558 Chattonella antiqua DOREFEAETEMT. FERK L HEHC EEYRIT
THRERT
OEl 15 - PHRES (EiAEH
WP RET D48 Chattonelle antiqua ORFAAEBEMI. V VEEEOER, 7147 Yk
A7 5 2 —EiENER IO YBEIRT COMBOB
OFNEE - #L & (EZAEWN
BIMEEHORPEEOWE (2) Gymnodinium O—FEOATED LS
O¥E Dftse « TR GREX « £98%)
FRAEHBR T2 WEROSEENHEN. B+ v 235 (574 FH) ©OWT
OF B9 « TREHE GBI « £HBER)
Navicula oppugnata Hust. & B#iHECHVCTELUT 2 HEOHERICOWT
OEILIBEE" « PHREER*™ o /MR BL* (VHEEK « 9, *FhRKTHED)
HEEFIREE Y 1 ¥ U Rhabdonema ehrenbergii FRICKE DIz D\ T
ORBYE® « Mk B CEEREBEK « 18 « 44, *HEKX - £%)
FYIFEEE LTIy 1 Y 9 Gephyria media ARN. ORHIHEESIZ DT
OMZE R* - FH B CHAERK 49, “HKHEHRBREREHtv 5 —)
HEEERE Y v 2 & 6 MORMBAIMER O'RE L%
OBEBXA « EBEREE LXK « &)
8HIEY S I £ A (Pyramimonas) s\t % WEKLMER OB
Off M=-E 3. FREHE GUEKX - £WBER)
FERE 7V VeOBTF L B EOME
ORFEIE* « THRXGH (*HiEk « £4, **HBK - LWHER)

00 Bt

& R (FROM

F Y ¥ Netrium degitus complex DYFE2EMBES « A OBRI B h 3>
T

OXBER « FHRE (KEX « B - 4£4)
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Closterium ehrenbergii O AL V1B LRSSk O\ T
LHXHE - OMNEE R « B
BHEMEARE Gonium pectorale DYEFRMEDIE RN & 7K
EHE— CKBOK » #03% - 4:40)
wz)|BED Gonium sociale (FE+ A+ s =7 JB) ©DONT
Hias B
kY =S OERZESH
BINERATF (KBRK « %3 - £%)
2= VFDSY) —= Vv IRBFBEART S AF FOHK
OfHEK - HE % - FHEED - AR R ILEKT - RBEF FEKX - #4)
58 Monostroma nitidum D7 v 7 ; 7—¥4 Ve €2 —BETHHE, b M EABRS =T 4 7
—EERCE JIETHE
O REH « BRA—* « BRRHES CEMAER « £ « 41k, *TEX-E - ER)
F#:# Chattonella antiqua DOHFEE v T 4 F—ER IO TRrT ; F—¥S ve X —DHFE
O uEH" « U 5% (ELAER *4£H - 416, “EERE
BE e A< 2RO= V1 v F OREEIBFHERCOWT
OREHRE « MFER (UnX -« £ - #41)
e A< 2 BB OIIOREE, Rk XiET PEG, EB O #
R F (UK B2 - £9)
Ba #Ic X% 7 24 £ VORBEERLSOWT: %V %, Z/rE, frR, YIALED72I[KY
ELIER HRUZFEX)
A+ A4~k % (Bryopsis maxima) HifRBESEEOWE
OFLhitT - fEER (FEX - E - £1b)
Hi#&¥, Ramaling (5 252 7 |&B) BEDEZEE, Pseudotrebouxia 2o\ T
OHERT « PHRE - REAK (KEX « B - 1Y)
AAE7 ) 7 F BEHOERC X HHE « HRFHTR
OBXEHE - TEXHE KX « £HHER)
WERERE I X 5 < BHEHOMEBENERE
ERERE G - BREERFEL v 2 )
BEEYYIFeH
AR « OFBEE="* (*BX « BBE - £%, “EEX - £%)
BEIVerBoFEy Yy =M 7 ey (HFF) ©onT
OmHKER « TR GEX « EHWHFER)
BEFH~ € BO—FER Acrothrix gracilis KYLIN (£ =+€® X7 : FF) 2T
ONIFHESE « BARME ObX - 2 - %)
1oy DETEL TOFEMRORE
BREH KK 8
EfE, EHEEA L7 Y DEER
HEBALE (FREKEHEHE VX -)
7 4 (18:00—18: 30)
B O#® 4 (18:30—20:30)
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E H (FRIDE)
7 2 ) gD Hus @ “Porphyra variegata” ODMEREMIZ DT
Ok B« BRFH LK« H « %)
HWILmEIER <7 &5 7 (Halymeniopsis dilatata) & IhicfIEIZDOWT
ONNn%s « BAEYN Lk« 2 - %)
WAKLEE Sirodotia WILBICHEWOH L WERFBIHRAC OV T
OFElg | « FHWER CHIK B - &4, BEFHEN - Rbevx-)
vasVy v g ([ME7o<yef) OMRBECIcea sy YO—HER
BRXE (BRX 2 - EiE)
bR RC s B Dinophysis fortii (REFEEER) DS MERR
BEEME GEHERFERE v )
=7 v € ROMERER LI 31} 5 A5 BREREORRMNZIL
OBRATFR* « B k™« FH 4 BE B BEESY (KK - Hll, nE
B, EEEROKEE)
BFET A 7 Y DERBEITE
OR.S. ~vF; — « KFEX (BAK - BEEH LV F~)
Hie b= 7/ OAERBENTRE
KEFEXR (BaK « EHEEH LV 5 -)
K VE T SEIA YV E 7 DAERBERNBIG
wE B (EAkB
B 7 2 =% 7 OYIITIEVR
OFBFIE* « BRIGE « Fikt B CEHHH - 44, “BEREX « K&, *BRE
BITKER « £9)
2 v/ (Laminaria sp.) ©BERHYHOERMEC ST 5EFLSWT (FH)
OJIRIB=* « FOfh** « KFEE*** « FEEAM  (MEIfEEKR,  HALKHE,
PHEERUAR, URBRIEEWE L v £ ~)
BERVEVSED2 VE OB ONWT
FHEL ek - B - #)
FIRBWC BT 5 A2 2 D4R
BHE— GEMHEPIAR)
F=— VIRV LB = v T RBOHRER I OWT
BHE— GEILREPIAKER)
JLEHEEEITIZ ST B4R Y 2 2 ¥ FRBIOWT
O&TF # - HARE « RIUE= « FIFEL Q@Erhiks)
el M BRIBE-RY £ 2 V7 OER LBERICOWT
O » ERBZE « MIUE—= « £F # HEIZFHRAR)

30—13 : 30 Bk

DR AN
—BERORRMRE TOER—

30 (S1) BREHEOKEMEL LOER

SBIEM (X - 2 « g3

00 (S2) BMEHMOLEFR BT %FME

REMEZ GRK « 8« ki)



14:30 (S3) BT & 5 WRE~OHR
HEExR (X - = - )

15:00 (S4) BEHOEE L RMHFEA~ORM
SEFREHEM LR - 5

REES

TH25H 12:00—13:00 S-SV vA®TA
REE3=F

7H258 12:00—13:00 7Y vAkTFA

E R

(1)-(2) 8l B (BIRK « #F « £%)
(3)-(4) : B & RkhX)

(5)-(6) : ATHER GFEKX - H - £1b)
(7)-(8) : PHRE (KEKX « H « %)
(9)-(10) : BetEf= (KERK - & - £%)
(ID-(12) : K B8 (GREK « EWFFER)
(13)-(14) : bk 8L (REEK - 44)
(15)-(16) : BIERAF (KX « #& - £%)
(17)-(18) : HFEE (K - G
(19)-(20) : 31 HE= (HBEK * EWFFR)
(@D-(22) : &8 <F (WK - 2 - £4)
(23)-(24) : BB (LHIUZFEKX)
(25)-(26) : WEH (ELAEH)
(27)-(28) : FEXR= (FBK - H - £%)

(29)-(30)
(31)-(32)
(33)-(34)
(35)-(36)
(37)-(38)
(39)-(40)
(41)-(42)
(43)-(49)
(45)-(46)
(47)-(48)
(49)-(50)

111

CHEAEA (WP - E . B
ISR = GEIZMEEARR)

O G P L L 7))

P ZiEHE GRAX)

(i B 0Kk - B

(PEE R GRK - 8)

B GRERK - Bl v 2 —)
 KFEX (RAK » @lEDe 5 -)
CARHmEY (LBFEEX)

D ERfEEE GEIZHIEEKR)

BRIREES GRBEK - THER: 5 -)

(SD-(S2) : FRIXHE (FBK « EHHFER)
(83)-(S4) | EBEKRER (LXK « KE)
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S B EA

£ $:05]1 FEWHHRITITALEIS &4 : 051 SEBUTTRZZRNET 1 T H13%:#
RWSY v AKT L JedgR A B B SR Y B S AR
T E L 0143-22-5555 TE L 0143-22-2846

“E ki

EWl7) > xhF

E - AL

3436 % (Z mE)

=E 0

=5 DﬁDVQ
“SEEEEn

M/

o &
1. BBEMRTHE, #4559 (BHARKER EEHE» LHESFROHF I HEHR TR D B x FHERA~,
n@&QTEQ%m6%$Lﬁ%545y9:ﬂm®ﬁmﬁﬁﬁ,mOﬁﬂérﬂmoﬁu%mbﬁimﬁf
z

FH#k
2. REBFRD LA AZFIAOTLBH AR & — $ F AR, dhRiT ¥ 23 BWRTICRE, hRITTE, 7
N ORNICEE (#3052, 170F9)
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AFXFEFRE TARREREE

(1) Ofs & . I #HeeF* - FEAF*: S8
DOUFELLXFOFH T

B0 BR)IARERN X bl ofHERFHE T
A8, JI11240 45 ¢19824£12 514, 150 » 1983
385, 6 HRAERT- 1.

BEE (WRR/AK 1m) @A) TR#KE 0.3~
4.4, RF 0.6~571 CLUBRAEYRL L4
14.3~114.0 THADOMJII & LTI EFEDOMETH 5,
FNOBERETIKETE0. 1~16.0, £F1.1~3,711 T,
FANE X > TEAE Y RENEYRT, —BC kT
EWTHZINITHRTERT DLV PNIWETH
%,

LFREHR TNy 7 DEWIRY, FHE, HBE,
BEEE, v+ YSHBEER, ¥ 7 e CIEREHE
LEEZ1T 5, (CH& K » ¥ BEIRATR)

(2) OEB -« XFESE . ILBEKH - LHELE -
BHESEE KT &« BHNH : ) OKEFFE
EINYFE - EUROHEN, FRNDBZE

KE M EE/LRIE T, KB, pH, EHE, NOs:-N,
NO,-N, NH,-N, PO,-P, SO.-S, CO, BOD, COD, —
BB, ABERRUS EARERALhTEL. R
23 EEEO flic AGP (BEBELES) ¥ RED
Selenastrum caﬁricornutum ZEAWTHEN, DO L
THRECOWTKERXFHMHL o (BEANK: 1, g-F
JEKHE : 2, a-hKEE: 3) FHE (WQ) L~
ek 2B, IBRTHOBEKOHAT BHRLIIIELE
L AGP i3 WQ wERERY L, BWHBAR LA
(r=0.88),

K DOFE\BEHELTENE A, FE, #
BN 7 1 &SV, RGBT 3km
Chlcs Tk, BRENELRDAh, $A2VF23Z0
BT BE S i, BAMEE? DAL B & & OKIE Tl

OKIFERA U B~B PEAKETH Y, REREI,

TE:H»Y I =DBMET #HED B 9.0~43.5ppm
0.6~3.1mM) %R LT\ (fid KK Tk 9ppm
HUTF)e XP,S, &onTik, £h%H 0.5~1.3 ppm,
9.5~24.9ppm &g > TWISh B MMOKEL h %5
Too o TERMINCHRTIE, $HYFTRABKER
WL B-HEAKMEET, LabERRLOEBERDS
WEZAREBLTEY, Z0X5hKBEREYRT

BEEWLILD 55 LBbhb, (BILUREKX - &)

(3) OREFT* - BEEHY - GAFTZ* - Bk
HAEOBMEERICKTEM FAaT A0S THELLE

HH AT MHARTOL3,FioRBICsH 5 KiE,
pH DRIE L AR OREA BV, 1 F=2adrE
DDOBRBEDORE L HEFREY AL I HE LRI
BERLTERSCRLRY, BEbEMERELER
B L aREY Lic, TOHE, FHREBRyBER
DOHBREB R X050 LG, KERE/IER, BIER,
R/ BBR BFEBLERIOIAMT=zaTz
Cyanidium caldarium RK-1 B}t kibhsr Ak EX
2~3pm THEREOORROBMIBELIBOhI, D
ZRIBSR, #BEERRM O Chroococcidiopsis (A
Faazgz M-8 H) txdbhBHAEE 3~6pm
THEROORROBMIE,IBOhi, ThbDRE
BN, WThid 35°~40°C ©, pH 1.5~3.0 &\
SR TH - oo RICHEESHE S M B A4 Mg
DF EFAHELDOBMNAR 7 bARAETS E, WTh
bRARBERLELTCI/Irr Ty ra b7 420 T =Y
ELI EMbhot. ¥, ThboMilax ke
3% DAPI (4’6-diamidino-2-phenylindole) T#:fa L,
EHNNE ST TRIEEME THD &, RK-1 i fifia
B ERERICERD R 7 vA A M2, ¥k, M-8H
AR L RGO RTE E DV ELRROR 7 vt A
FARDLR, HEERECHLIRI-TWS L
EDMEE I,

CCEBTEEIA « B - 44, “HAEW)

(4) Ol #* - EZR™ « KILEH - #HE
o BECHIT B LEPORBIEL T HEHO
k4

BEAEFERAFOWELE O, FTREBORERC
DTk, NOs-N DBERBLETIX, BRCID
0~185 ppm BEDKELENDHHOEH LT, —H
PO,-P izowwCit 0.1~0.2ppm BETHBHZ &N
mbhTw% (Cameron, 1972), BFEAh.LEL
TR EREMEOWMBRALOLER I, v AR
ANRVEDRYF VN, B ) — RO OWTHE
HLUARHR,

1) AKEOMEBRILOLETIE, NO-N 2WTiX
0.1~46.6 pg/g, ¥4 9.22 pg/g, PO-P &2 Tk
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0.004~0.25 pg/g, Fi5 0.07 pg/g THHOEHL
T, _RvF VLAY —Tit NO-Nizo\Tix 0.16
~21.73 pg/g, T 4.6 pg/g, POP ok
0.07~16.78 pug/g, 9 2.4 ug/g THHDONRDHL
hice
2) o k>ictiEEho NO-N & B LHRmEcE
ETHHAEERIB 7 v r 7 4 VEEDHEDHEBNL
BHTEL (0.74), —FH+BEAyL 77, 1R E
OB (0.62), +HErhd POP &L o#EE] (0.57)
XL, DX S lekiho NO-N 23, +HEXS
DELERAE L BT 5 LARBI X 2 EhEREE L
ZLVEFRNDHBZ EERE LTV 5,
3) LEPORBEDAF v ANLRDE, KERT
1t NOg/PO, DFigps 131.3, _vF v o, h )~
BT 4.8 BEL I b RiE CIRB@ER, Ik
ECRERIELFFIRERE LT L0310
Rb, Ft, _RVF VL LAY —HHOLEMHIES
F\T-EEBEED Stichococcus X B~ 447 vt
Tk, BOIREROHMBRELDD I,
CEBRX « &F « 4%, “*EILE)

(5) Ol {5 PHRS : BFAEICRETSF
¥4 Chattonella antiqua DIEFEEREN I, RE
RREBHWCHEERETRERTF

HifE S 7 1+ V&, Chattonella antiqua (T ERDI
FREREE AR A RNELBR L, Bl ~F0
KEHEFEx Lo bTRETH D, ABOKMLS E T
PRA474E, 524F, B34E, SAMEL 4[BIREL TV 50,
Th bREAEFETIERESE L KR, #5, DO, Chl-
a, DOP fE» &<, EBEBEFE, BoMRIEFEL
TesTWhd,

C. antiqua OREFAMES MRESE T CREIT L 74
R, AEORROMIEELh 5 &M, KR 25°C,
YR 25%0~41%0, JREE 0.04ly-min~! LI, pH
7.6~8.3Th-1 FhAMi, EXFELLTTVE
= 7RRER, WHEBER, REXFIRTELN, 73
JERIFIATEY, BEE LCERRBELFIR T
BH, BERBELFIRTLC L TERrot, T
Ex 3 VB, ¥V~ ML, ABMOWHCTHNETHD
Z k ﬁ;bf)‘o 7'1’.'0

ZhbOERERBR EBEHORERAROBEBO
T REERE T B - R LR, BB
T35 C. antiqua DFkiE, WEPRFE LT
AKIE2S, REEE U CESEER, ERBER OS>
Ve bERBEEARTE LT TWB Z EAMERX

hic (B ~ED)

(6) OHRSE -0 §: HFABICRETSHK
#] Chattonella antiqua DOREFELEB4EM 1L 1)
CEEDER, TLHAVART7 7 9—EEH G LT
I S EAHIRR T TOMFEDE S

FREDO T4 Bl b B R BER ORI YT 58
i, BHFEEED, ChETOEST, FEERcs
hrEh, BrEVAThEBENSRETEC
HRCFE IR TV B OB bhic Lic b
W

AHBBIT I\ TIL, Chattonella antiqua 0 Y VEE
R, 7AAVHRRT 5 & —EiEE, IO VIR
TCOMEOB HHFE TR EZ L %0

C. antiqua IRHFELET, BETOWIRIZE VT
LIERC Y vEgEy ER L, B\EGEEX Michaelis-
Menten KT RBINB, AFED half saturation
constant (XfEOBTECHEIN TV S HLABET
B»-1-H%, specific maximum uptake rate {:flifEic
HRTELDTNED - T,

Fto, VVYRZEBETREBCTHABITAH ) &
A7y &~ EEY RS, ARY VBB =AT L%
P.source & LTFIATE i\

Y VEBHIR T ORI R CABORIEOB NFEY
BE LA, #5E3 E M lRSBERD cell
quota L HHBIE LTk Y, Fra8 Droop DA T
BINB T ENFHB LI,

U Eo#RysE 2ok, C. antiqua DOFKESR
AR vORERTOWTHREZ ML %,

(B AED)

(7) O - FEXE : SMEBTOREEE
DOWE (2) Gymnodinium O—FIBDEFHRE 4
3]

FA V7~V AEFT A REEENEEE L,
HEOBRETEY 5 Li3kD B ARy ELH46E
KETHE Lo SEIRD B3 BEEEIHZ)IR
SHEERG OB LML hRENBEL - DT,
FEBCIEBROER TR LT oo £BERORR
I XEBRE CHEREREY AV TTie - 7

WM (18x13 pm) T, RSk FISER,
THLYREAET 5. @il BPFRXEDOEN
MAR LTS, FHRITADELM, & - TESR
ik, % LCARBMIE L e %, BB S
e X b 2HOEEMIEEHRT A Lt X %, Bk



SUED BT B L EEOABBRBMIL L T o ShE
FLVERRCBT L, 7~ 8 2 E0EEMN
BaaUE « BT 5285 h bR OBENE & X
KES (25x23pm) LWHELRicH, = OKEAR
BEOW2EHHL, BEDOBEEM L Do
A, MBISBICEETE b fo\ & 35 X OBEYE
REDIRIFhREE D &L & Ea b Gymnodinium (.
REBT%. BAME B ULEE, FETHD N
CHIBA LU, (K + EWRIER)

(8) CR BEH - THRXMH : FHA2ERTIHESR
OHEFHAE IV. B vy bXT (574 F
%) [EoWT

v+ v b 5 (Chattonella) 135REIOFEHREY
D10 & LTHELER T, C subsalsa, C. antiqua,
C. marina © 3SENRER I T 5%, A TIHE?2
EABRAAYRLREFTLTWAZ EAHERIhTY
Bo & ZANBERTL b C. antiqua 17 X B HHMK
WHRRETH2~3BHM L VEEY v » PRTEX
IR MBIV I DRI R TR T 5 =
LHRBEIh T3, ThEBREY v P2 T7HB
BERHAAL RV T EHL, LOREORBIE2DOE
Hohbh TR, UL, ZofEii C. antiqua
DEFERED L RAF—2THBH C. antiqua Li34<
BOBETHBH0 2H ) OBBRER, h, Z0
HEEOF IR E VS e BB E EBECE
- T\WB,

BEKAOEIUERE, EEKRDOEFHEREKDR
HT, ZOBOHEBFEY XE, BEETHL,ICT
HTENTE, fBDTF 7 4 VELEOHBBIEATRE L
Teoto X DR, ZORBYry 271k C
antiqua OHHAT—SDLDTIERL, Y+ v bR
SBRBD GERORTERETHD 2 LB LI,
SR DHF Y v v b3 T OHHMIHEE « THRBIFR
BHENL, ABROSELEOR YTV OVWTERLL
Vo GREEK « EWRIER)

(9) OHIWFEE* « DHEE* « v BL* : Navi-
cula oppugnata Hust. &#{iEEICESWTHL
TIREOHEHICONT

Navicula radiosa KueTtz. form. nipponica Skv.
% Skvortzow X - TEEML VRERI DD
ThbHo 4, BEEPEOR AW BMELELERE
Lick o h, BROBROLMARET B &, pOEO
BAED distaff et DR &, BRND
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BECHTTHE TR CES 2 Y » FROfakD
PIOAROIBZ ET, RARELOHENEDLR
7o Tg¥8 var. radiosa 2o\~ T KrRaMMER (1981,
1982) X AIHEE D—HEBE LT\ 52, HELD
BBELUICAREOCBELRL, ThEABETH- 1,

N. radiosa KUueTz. var. parva WALLACE (358
BETE, EEO2HEMEILLAOHERD LS
TR 5, BMkESx N. radiosa form. nipponica
L2 ERDENDDTH T

N. oppugnata Hust. & FE LI-{BEREL, Hustedt
D 24 7Rk (N17/49) & OFFRIC X 5 It B\ ¢,
A—EBRDOIDLLTELO2BXDRVIDTHS
A, BEAWC X 582l N. radiosa form. nipponica
¥ LY N. radiosa var. parva LE{LI3 5 8HkEE
AL, Zhb3SEMIECEREERBERCH
230LBbh3,

CHREKX » £, *EWHREILFEN)

(10) OREHA* « M 0™ : FEPREF 1V
7 Rhabdonema ehrenbergii Fricke D#i#RiE
HIC2WT
Rhabdonema |8}, {EftEEsE B Diatoma BHZB+

% (SIMONSEN 1979) #g#ED 1 ¥ v T, von STOSCH

(1958, 1962) 1= X 5 —#OPFFRIC & » T, TERETFIC

T B0 F4FE (R. adriaticum KuUETZ.), HBA9 70

KlaFoHs (R. minutum KueTz., R. arcuatum

(Ag.) KueTz.) i AL R, OB EFR

BB T S HEHE LTEERIh TE L,

L Lichis, ZOMMMECB L Tk, HELMCKE

und KrRIEGER (1963) o TEM & X 585eListiciz

RYUbicnXocEbh b,

HEDI, FETERR,» DHERCETCELL
Rhabdonema ehrenbergii FRICKE & [RET& 3R
BaRIRETIEEY b oo ThBORBHILONT
SEM X0 TEM R X5BBERT-1E 5, iR
13 1 FoFLkAaEL (poroid areola) mbicsd T &, &
ORPFETMITRELLE &, BEERCZ > TR
F+54~THOBRERENEOhDZ &, ¥, ¥
Ry, EREER, PEWR, ERTRCKRITE,
EEEBEYBRIAFRIRLON 5 lasix /A e R
(loculus) EBL &2 &, bk, #EER
HRIIMRVBRROBEMIBRADWECHEET S
TER IS TRREEMTAC L, MENHEHLMN LR
Too  CEAREREK - FE - £, EHEK EW)
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(1) OmE ®* - RF B™: TU/HICEEL
TWi=44 )™y Gephyria media Arn. QO#IEE
EICOWT

imigteedi B Diatoma BHJRT % Gephyria media
W7 v/ rORAREETAHERL LTHALATVS
(B5%F, 1961), HEHIX FEEEO AL ) KR
ShieT v 7+ ORECEET 2 ERBC O TR
LUREBEYAV, REMBEDREYT- 1. &
DEBHEEI O\ T3 Cic FrICKE (1902) AR
IBBELT->T50, BEFCEABHYAVT
DIFH LI IR TV,

BEOMER, HEBICKWT7 —FRicEl L
Hl OB OFMCITFEAT ORI LEL B D, &
NHEHWMEShBREWEC L VAELTVBTE, &
Bz F oS R 0.3 pm O IFHBHO 2 FlD )
Fafagr (areola) % doEMAHGETH D, ZTOPIMIX
ThFhAFEH 5 iEAROMn 22 &, ME
fast s UcB o L, R RIBED IRE S b HRUNH
LR OB TAELHI Sha 2 &, Bk
15|DFF % bR R ER UL 1 FI0AF% b2
R, L% VRS XU 1 FI0fLFI%R b od
RHR—0 4 TR (cinglum) AR IA T
5T ENBEEINT,
CEARERIK « £, HKERBREEM v £ -)

(12) OmEAS - EEEAR : MEERHY - TE
6 BORAMMESR VKRB

A OHRIH S ET 2 BEHY v =€ 6 flico
WTEADOREHRMERVUEBOHM EEETFH
METEEE L, FO5 Y v 2R v T 2R
BIaEVes, yvaE, =y var, ¥~Xva
B, 1Y% ) CIREBMRIAM IS A
T XKEMN FHRTH Y EVIZ Fic EFl LT Corallina-
type IKHYTHHWEBER LI, 0wt s
7 SEEL Ehh TREMIIBRET 5 o Ll
IHRYVIEROELY kY v CILELLE
DFEXTEND B Z LMK, chieLTh="
THEIY = THRCBT Y AN 75 =/ FCRERBM
A U B XEARAULSABH Th 1B H LE
WIEEER TV 5, ¥ 0%Micit 7+ 7 SARA L
FEe T CRARESEOBRBIBEETH S, Th
HLOMWEIZ X » TH v = 2 HEOM &L HAK I
Kico KBOFIEHL6METXTRRESRLM, 1Y%
VEVRITI N =) TTRELMI-T HRYAIY

H =7 TOROEMMTITEBHFER LCHBEL, R’
WCIECH LOESR B bh T, Flox=v v
RO BRI VIOWEEFRIBE LA
REXRICELEI - Enb, ThHREDOE
BRI BEDOHRICBRIL > TV B EEL B RS,
ek « KEE)

(13) O #@=.F*t B FEXHE: SEELT
I¥+ X (Pyramimonas) (T 3EERMER
DR

Boff, X 0EARBREROTSI 3 DOELRTIAZE
#BEh, FALOHEERIB TOOEhiBGOIEE
BWThHAO EFHEEND X5l To TEDRHB
HEFEMTHHEDO—2& LT, WEEBMKEHN D
EFohTuw3, $EIEY S 3 =5 ABD 8HEM>
W, ZOHIEEHE % BB L.

8 HDOMWEEIMIE I HOELIR - T 3 EH32,
FOCRETD =R Y — AT EAT2MEL, 1
ERHCEMT 5, Zhut, RUBD 4MEfcE
B EMERHEERD SEOEREMLRA U TH B, H
ik, HEC S LB RIC X > THRED, £
LTEhY=A Y — ARETDPNWTWB, 8D
HTEOKETE, b L1 FDET22ERT]
DI EFIhin THU S 2 DFR O KR TR0
FTohTuvd, ZOMHERE R RIAMTITFE,
BHEROE B RO O EHTITKT D8 KRBl 237
TETB, V=RV —2DEHFREELLTLAD
BANVERRY, 2ARDORMFEC O B2, Zo
O LEEDH L ESPHOBR TR CETT 5, B
EETHONRBLEZATIE, CIRBETHWERER
BENFEEEOP TR IEHL IO TH D,

(BRBEK - £EIER)

(14) OBEFEER* « TEEE™: BREI/EL I F
OOHEFELBELEOME

7 ¥ Vv § Fwu Pseudodichotomosiphon constrictus
RO IR O IR AT T A RAOERETS
5o WM (1932) 3BT = DFE% Vaucheria con-
stricta fEZT7 >+ > I Feg0—BE LT REL
7ond, BiIUm (1934) 135 2 v v 3 ¥ =& Dicho-
tomosiphon L DELMAED, Fiwrsevire
& Pseudodichotomosiphon %I Lt-o BfEZ v
Ve BROSREOMBRBEL TR =20 RN
NHBo —2AIFEDF 2 VF VI FrBEHE SR
5HDT, UO—DXFEFEFEDO 7 v+~ I Fefhic



TBRIEB3DTHB, £ ThhbhiZDEDSH
HEofuEs X vEECT 5 BT, BEELHEVE
D—DTHIEFIROVTEHER T 10

JEVI FeOEBERI3ANS4 BehrdrTtal
AT EEOETHEER I h b, B%HDZ &
2, EEBOHBORTSIBETFCMETH Ecl,
BREOFEHWERL LTRET 5. BBEBROER» DK
HEhBE TR lEOHEESE T, 3~4 pumx 1.5
pm NI, EECRRENCHTHICOUSHFE L
PRERVEFICOVBEEY b2, NERFEEXML
5O FOMBIIHGFOED 7 o7 v 1 FeBOK
FOoZThC X EUT 3, COBBEERL bR
BICHE LB AL (Horl et al., 1979) %
TutaFEMAR (YokoHAMA, et al., '1980) DiER%
BETRHE, 7€V FrREBERBED 7> I F
eI XD DONEYLEEL bR D,

CBEX - £%, “*HEX « EOFER)

(15) OX##ER - pHRB: F U T Netrium
digitus complex DHFFHRRET - HHCHMELER
DBEICROLNABHEICOWLT
7 1) =¥ Netrium digitus complex & 2o\TC, H

HAEOBELT, TOBRBCIAILIE4«DHED

s, BEtefTo e DEBEMRAOKXEE, RILE

DA grouping Thic 4 FT, ThEhBHAERM

YBELI, £TOHTERBT MO IERT

THh, HaTs5L, BRBFORFHRIHIL, L

AR T, RTESIE»ORAIBEEFEHR LI

2) var. digitus wRE & -FHORE#ERITZ homo-

thallic T» 9, BEMBTFIAEMEV-HREERL, #

AEFRBERLLHET, RFESZBIFETH-

o 3) var. lamellosum W RE I hi-BEi, %M

ok % XA 6 Type L-L (k), Type L-M (),

Type L-S (/p) D 3BARRFIS R, BEFIIV

FThifaTFEE 2B Lb¥E LT\, Typel-L

i1 heterothallic 7z Type L-L-A, homothllic 7

Type L-L-C #RH X hiz, Type L-L-C i3#EATF

OENBTEVWHEBYETHI L, BETFHINAL

LERBTFOMTCISVTLHREINDZ Lhb, D

D XA Zhi, Type L-M % heterothallic,

Type L-S (¥ homothallic T#H -7 Type L-S @

SRy var. digitus L var. lamellosum oOrhiE

BB RLIH, BEEFHEEZBCLLEYETSHT

Lok var. lamellosum LRIETHZ EAZMBEEZ

Hhizo 4) Netrium digitus complex BT, X
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Bk, BATOMBIE, AHEEMOBRTRSA
LB, REMROMEL X HEEEL LTEY
ThHHEELDLR D, (UN=>NEE:RF (7))

(16) =H3r#e « OWFEHE : Closterium ehren-
bergii OTEE A L YBLIIERECONWT

C. ehrenbergii DRXEHACET 5+ /72— R-
11-4 (BX 254.0 ym, 1§ 54.2pm) & — 7 m— v M-
16-4b(& X 282.3 ym, 18 57.3 pm) DXRE X SR
TBEETFORFUILKEIFE G5 o - 558 LER
HRETHABT, L~ XTHIBEDOAR LTS
CRBTELBAZ L4 7 v — v (A5-15/A5-16, A5-
17/A5-18) b hi, AS-15 DfifaD & X% 386.3
pm, §Eix 73.2 pm T A5-16 DMIfADE X3 347.7
pm, fEIX 72.8pm Thotee ThbHD 7 r— it
A5-15 & A5-16, A5-17 & A5-18 DX h Fh i Bi—
DEBFNLRFELLIDOT, MOBE—DEETFID
RELI2DD F, 27— vzl A+ E—DXRE
HTH-t-DRH LT, ZhbIEHED—E—DXK
BEAR Ll ABDO+ 7 8~y 77-15-78 L REX
BB EEECESTEED, ThOOEATRIERK
RIFBEELRTRF Lo RFROWBST IR D
BED X SRR RESIROhT—REED
L3 RBEbhBM, RENED LSBT BMhig
FHELVWARDWTRASHEXET 5, BES 2B
I ot e kDB E, A5 7 r— vORBERIL
EBOABOH 2ER > TWWB EBbRhi, A5k
77-15-78 L DD F, B0 4EFXRIL 66~T79% &,
ABDEFD 7 v~ VEDOHE L ELDIh -1, L
M UBHEOE G 7 v~ vii% W X S icBbhic, XA
HOSEEONTIE, B—BETFIVRFLIL2 7R
— VR EALDEE+ L —OXRERMEY R LATOS
L TEbbichot, ¥ F1 70— vOXKEIILRH
HOKE IO TR 2 el R Lo

GEK « B3O

(17) HiEiE— : B4MEE Gonium pectorale O
HHNEOTREE TB M

EREBEDRFE Gonium pectorale (KA £y, 7
AR B AEILEE, WEAREDOKELENCTHEL
foo T OEHE 7 v — VERO KR, EFREOHE
Ehr, B LOREMERE X HERAEOREL 1D,
3ooxEHI, I, IoFELBEDLRI, THIC
ZORBHID 7 r — vEERTEOBEDOEN L,
A, BO29oD s A 7OEENEL BRI,
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SERCOXERICERLT, ChicETs7m
—~ VDY T I e~ vk BEFORFENLIORIY
B — VHRIC L A REER YT e XORR, D2 m
— VIR > TIIELL FDETERENDOHE LTS Z LA
FAbbhiz, DA—sr— YDV T 7 r— VEOHT
g EEsE Ui XEHIDRHFE /-
~ VR X AREER DD, EREOEENEDD
hiz

bR MO R E ZOR BB L
TEBZRASRI (KBK « #88 « &%)

(18) HFIBAZE : WE)IRFED Gonium sociale (iF
E.dFeHF<IUE) 20T

AIED Gonium sociale (DUJARDIN) WARMING
BILTixilED (1982) AU X b ERE L i
MRHBH, FOFEMAMETER LV, KREIX 48
DRIANE N EDHEIEDER THRE L H B OR &
ETHZERBEHE LTS,

EE AR BRRGEILX B & o BEHREKA
Dtk WML 5 G. sociale % 43 HE » BTaEsE
L, TOFREBLERXYBEL IO TTOBRERET
bo M, BEESMRERW 20°C, BE 4000 lux;
14:10LD Tk b, $5ih & HHEEFOF R Nozakl
(1983) » Eudorina elegans EHR. DIREITEE Utec,

(BEIEH)

(19) BIMEATF : kY THYOEXBEHR

B¥eGutei X b Acetabularia calyculus (v =
W) ODEABOBRBSHULERCBETEZ L2T
&1,

A7) OMBIRVERY IO HFLT, BEX
BOHBToWTix, Koor (1979) 2584 HEIC
LDNHUTH BT EHRBERL T B LML EBIEA
LbhTEbLTEL DEMBBEINTH, # 4/ VD
EERYE L COBERIS ORMIBEELYEALT
) BROBEREFEEE DIk AH 3% < OFE
#HOU k%ﬂ—'\'% LTWwW3,

Y = HHOEFERIC ST A BEE Y BV~
TH LT Hicd, HIEHEMEE, BH2-RFK Hx H
WEKBERBE LI, »OREERs L OBk A
IAERIEReTEGE S v L, —BHSD
RUEEUSET CEARLZEBL, /15— 1TrFe
FCEE L, DAPI fufa% d5Z 7n»too #9200 HfkD
BRERGOSMABOREBEOTHEYLOLBZ L
NT&E,

EABONEIH, SHO_KkErE LN KED
HZER L AR BE I hic, —77, EX#H,
LARDOHRR T MBS h D & LR BRciE L,
BERORBIIL X H RN T L EABRGERK L O5D
bV Ihi, CONFOFERRFTOV
TEBELYMNZ 5o (KBRK « %2 - £9)

(200 OmmEER -FE B -FEZTH -BR H-
TIERF - RER : 1—5LFO5 ) —=2J(C
&FBEXRTIFIRF FOHK

Euglena gracilis var. bacillaris % -~ , b —5%
#C3 HREHEESER L, B U B8 it (1.0x104
cells/ml) % U CREAHRERSERZ TS & T205HT 1.2
x108 wis 5o = OfIfaz 150 ft-c o HEBERE L R
B35 LERBOREN S D, KBHEE (0KRH
ke © 75 AF FOBBILFEELILETH- . 18
ERMETE 7S AT VOB R X BRIMCKD (i
5.1), HRSZOK vzt (3.5x10%cells/ml) HU
FOMEEUTIL TN LT, & DR 5 A5 FOMEE
DI EANKHOMB LR U, VIR E—BHK
Ibh 75 AF VORMBEELBRET 5 & 10K/
TR T2 THETANERI NI, 18RRI &
hHEKAXT I AF FIRERT (KX 16 pm) EHILM
a4 1 ~2@ThHoteo EhF T2 FOREDLA
bhi, BXHE, EE ERVYAE BRECIIVEX
FIAFFVOHRIL T 5 AF YRECRMAT LSBT &
AREIhic, KT, XEBEEHSM (Photoorgano-
trophic) TRFELHE L Cell Cycle 1 ToIEFHE D
ByhBE Lo R, I 3 RS EATER MG —RERY
CEIND & L2 » e WThOBACEXE
Lic7 9 A5V, EREVEOBECEE LK, *
DHHUNBINDEBOBR ST RH L,

(REX « #4:)

(21) Opiai™ - HRA—* - ERR®T™: &
#H Monostroma nitidum O A5 4 +—¥( >
EEY—[CHTIHE, £ MERAKRTRT+ F—F
FECHELETHE

v MEBRDO TR 4 F—ERATE TR T 4 F—
HA ve €2 — OB FIF L CHEDE Bk
CRBECHEIRDLT 74 =7 4 —FE4H%ETS
TERAMELSRT 4 —ES Ve ¥R ~HIEHIE
BUHEMTHZ LERRT 5, FOFELIEME L
Te MEEEMRD 7= 7 4 7 —EER T 2EDE
LY, SENREN TR UEEYRA Lok



RE|ET5,

EIRMEMERARaRE HCCM-5 oMifas 37°C, 5%
CO, S5 BPCRHEREE L, B L A & ik
TRT YO ERAS I, FRERLY 4 7Y
VIR, a-H¥A v, FY)RTF FEREE, S-2444,
S-2251 3 XU S-2288 HEE & LTHWTHL - 1o

FROFSAI VM Ve v -G EOGE M
nitidum (e b= 279%) hbil, BHL, hawks
OHE®FAN, ¢ MEEMARC LY v o rT ; F—
ERBIVTSRI VX VYT 7 FR—=20FHELT W3
CEERRVWH LI MESMRCIEEHSELhL
FTIRIVAVEE R — T L - THESENTDLN
T e T~ €3S, EEARDS R
LOMN2EEFEELTV B LB L,

v MEEERERMRC Y v S e T, F—UHE
ELTVBIEAHLMRED, BENGELIER
RHMEER IO ve Y 2 ~DfERRRNBZ Lick
Y7 m— VLRI Lic e MEBRIRa D E A% 55
Z EMATRER g - 1o

M. nitidum i3, SEEOTRT 4 F—¥Sf VL
Ex—PEFEEL, 65°C 0HOBMETIZA Ve
2 —EEOETRED Ll -1

CEEIAEWAEAL, *TEX & - ER)

(22) QifDiatE* - D {5** : 7% Chattonella
antiqua QEHFEETAT + F—E SLTTAT 4
F—E¥4 L eEY—-DOHR
5 7 4+ F# Chattonela antiqua OFIRHEET TD

TSR RE LR, KR 25°C 8, pH7.6~

83T LM T B EAWALIATIK-T C.

antiqua H3GEE CHREEBR T 5 DX KROR R

AL A DHNPREBRNTLOVTWSH D LH#E

BIATW32, RETHHEMACES T sEFBL

TOMBIATIE Y RAZHETHHACBEET 2 L

HEIhBEAHERFE R & BRYCHRE

R TER. REMEYTHHE LTk bE

MR Sh, EAIRROHIE 3 X OERImE

7T F—EE TR —Ef Ve K —N

BELTWBZ EBHLARIRTET 5, SEIL

C. antiqua DOBFER (EAWHINOH 7 BED) EEH
LT B (GRRBANOK 7 BEE) DEthi it

CEOCRNETH R, v T F—¥ETmT 47—

4 Ve g~V TEK L, 10°C DfEREH

FTTia7r7 4 F—EEHIIE LA ERD ORI -

foo 25°C OE&HET T T 4 +—EiEESARDE
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EERTIONRAVHEh, £V vFeF F—ES
VeERX—RIDEENHEIhDZ &b, 207
74 F—E3pEEY) v SR T, F—ETHS O L
HELI, 37°C THWEMYRT T 4+ —€D
FT, Y VYT rTF 4 F—¥S v Ex—CERAE
XI5 RT 4 - EXNIEERVH I, Zh
Lo 7 e 5 4 >+ —¥pt C. antiqua DOIFEIZ X D
IO BE LT B0 BERF T TH B,
(ENLAEDF AR « 41k, iR

(23) ORBERZE - mpHEi : BFe NI RV
1 L7 DBEMEEBTESFEICONT

wROMEEMR AL FS T3 2 LixdE L n
bEIbR, ko= (Fucus) DMMEBTHHEME
BF&H51T 5 Lk, Thuret 1 X b 18454E1cBEic
HBEIhTW5B, ZORBkDHEHFZL, Cook b
DETMBFEIC & b, BEAL BT ERMEY
BAxoWL, EERBFLEIRCEGT 20 E 358
Shic, LaL, 20FEFWECOWTUITHRHEEER
EHHETHAD M EETTTBEDETETH- T,
MULLER Ab2H D% 2 THERER #k OB Fucus
serratus DREMEMB T35S |IEMYE 1L fucoserratene
((BE, 5Z)-octa-1, 3, 5-triene) THBZ L ¥ BH LM
2L, xR FOWREOEE LTV 5,

WEOIL, MEHER B O # % Fucus evanescens,
Pelvetia wrightii z3s\~ T, MEMEEIBFHHEMR
BF2E53 2o FEEDEIFERFCIWE
RAERPE LT D, &2 Ti, fucoserratene %
UBE LA EERAER L, BMED A RMD Fucus,
Pelvetia DREMFRBTFHESE L& BT LI
Xv, RN, FEEEEL STV TRE LS,

((T}=pNEP-XF- ()]

(24) RE F: ENTIRENOINOMRE, REIC
&&EY PEG, EB OE

HY)=FLvrYa—n (PEG) #HAWT, e
SEHEH O RZEN X RIRE W1E) THr2 0
TED, Lichio THIMSHNOR xS =% (51
k~6A%F) Moy (8 A~BELA) Lo/
DORYFRMTEL I Do RYEDHR (e i7xQX
=4 7 8), MREOHEL AL e, RIRDS5
fLizmbhichotc, PEG i1 ¥i, RITHEINOMRA
Ag, MilaBEDBMC L FIATHZ LM TE D,

=AY A7 N~ (EB) 1RZREH205 LIR O MifaE s
RET50T, TEROBHEMECFHATES, ¥,
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EB #ufaic k » TEBIEOE,SHR Ih D, EB Jife
¥ L OEBHEETBROEIIC oW CHRZET 50
(LA « B« 4:4)

(25) E+)IERS : Ba #E(C kB 74 5 ORBEE
[CPWT: x/MYE, ¥0%F, 180, YLEDT
44>

7a4 &L, BHEENEILL T IWZ EA—R
T, SHMTRLEDOEVRERBEEDO—DTH S,
L7 24 £ NP, Ba 7214 E
N OUBEESC LR RHL, chiBElEs L
TEEDBEI, UTREZOEREERTH S,

F: wREEOEhFhXb, CPC ZHWTH
ROHFET—BH7 24 X v RREEL, kel 721
£ VBRERWT, Ba u{ERATARBUOBRELT
IEE#E L, BbhERE i L& L,

ERE BORCEBUFIEROEE L, H721 4V
#—Ba R (0. 1M ¥ ©) kB % BdE O
—K,S0, ¥in (BEH ioxt LToF)—B.SO: D&
ERODEESBEN>=2 7 — VLB 72157,
Litote M7 24 X v bLOWERY OB X
S ThilghRisoTWicdy, BLTH7 244 vE
KOEBYRBALE, v e vBORIGIILEY TiLE
, BM7 24 FVTCREBFTH-1co L LERF
HEEORBE L ERKBID 2~ vVidll7a 15 E
BM7 a4 X v ETRIERETH e UELD, #
Ehh% CPC AuEt Ba EMETHZ Lix, 71
¥FVBLEGHY 7 21 £ VO HMET 5B H
B hBrLELLRB, (H¥R&ZFELX)

(26) OfELHLTF - RiEEMR : AANXE (Bry-
opsis maxima) REZPEDOME

JEerm— AL L TELRERGEED > b,
[H A4~ %= | OHIFEEELHR T 5 S84 BTk
L, BbhicFvs vedibb LicBA0SHomE
FHEREE LT, ZhboMilgsc kit 5 FEasEk
TOWTEELL,
BREGER T v ) ROFE O BB K CHEFRN
By LTHELALBERDEXERTT V) ) R
L, 7ra—1%inx CEESEY B, MKk @RpH
ik, PEDIN 2~ AOFEEXEDB LD, 7
NaxvF VY THASE RicZhich, BE ©1%
AWIcTA A VLT TCOXLVFRZ72re <2757,
~D7 w74 —VTIE, FTFESARTE—T, i
BEF T /N2 —AGERVRIDREDREDOH:

BARADS NI, Fhif, ¥ A FREBKAEIL »
THREBT AR BETHHELXHALT, 7=<t
757 4 —~CE—-HOBVWESELTFY S vEE
to TOF VT VIREREERRL, YAFB7 R b
7574 —XBHEENTEIE, #45,000~48,000C
Hotco Fto, MILDBRBEEVLCTHLRICEESD
S, BREEOSEHEN, XER L o#EER TS
W, fMifbLick v 5 v EBEECHEENBDD R,
CDXB LT M4 x%] OMBEOHRIL, A
Bk XUOMEDOR L ZEWEDOELE L LT, FET
5L0LELZBIB, (HFEK « 2 - 41b)

@7) O#RHT - PHRE - REAR : #HKE,
Ramalina (h59F345R) BiE 0 H4EHE
Pseudotrebouxia [CD\\T

#3338 Pseudotrebouxia |3 ARCHIBALD (1975) &
Y »T Trebouxia @ 5% desmoschisis #1775 fi%
FEDTRIUINICETH Y, MABEOIAERHLE L
THEIR TV 5, BREBEHOKERTH HHKEH
KEWT, HEFFEVREO VAL ETHEIR TV
PlrE LS A7, HERLEDHK 1.5% ofEicoun
TDOLTHbD, Ramalina (H 52+ 25 g) 1o
THHIs<ie, R. fraxinea (Trebouxia xantho-
riae: WAREN, 1918-1919) & R. tisnea (T. meri-
dionalis: WERNER, 1965) K 0" R. sp. (Pseudotre-
bouxia galapagensis: HILDRETH & AHMADJIAN,
1981) CTHABRBIBRESIATVHRTE LV,

HEDI, BARSMT S Ramaling 18D 5
I OV THAERE VK GH,I DB - EEL, &
BHE¥MMELX T DT, TOHERYRET 5. (OH
Bl LTHWIcHL & 813 Ramalina calicaris, R.
geniculata, R. commixta, R. crassa, R. yasudae,
R. subgeniculata, R. roesleri, R. sinensis, R. in-
termediella DIFETH Y, ZhbDihfh HorHE
Iht- #AEFEE 1 Pseudotrebouxia gigantea, P.
simplex RUGHOBEHT & L ShaHERD
KENTRETH 1o (2) R. calicaris, R. geniculata,
R. subgeniculata, R. intermediella |3 Fh K
DEEXIETHRE L TH->T . 2O X5z S
B CRALREIR TV, 3)9&D Ramalina
Db 4T I L b tho—f & BT 5 A BE
o T, (REX « B - )



(28) ORHHm=E - TEXE: AFEY )T M EE
MOBEC L DHE - FEFHOTR

I. 797 v=r ABEECOWT

79 7 P BEEYIRFENCIT I T F N ER
ELTabLRTVBE, FOMMPFIEECRETSH
b, #kRXYHEEOMTRIIE LTV —F7H
KED 7Y 7 BEYOFPEENHF IR ETIRE
AERIRTWIE, BEDIRZ S LIRAEEZEREL,
BRI OB L L > TV B AHEDHO B
IOV SV TOSEHREOBFME 7V 7  BEY
D7rSOFEXAHELT, BEXEDZ ) 7 HED
FEEED T 5,

B, RRELHTORE LS X OCRFEE R
FEoRBhc oW TRET X 2884 T\, HUBER-
PeEsTtaLozzI (1950) & L7=23-» CRIEXHEDTED,
CHETCRUTDO 4 A MR L /o; Cryptomonas
ovata, C. platyuris, C. tetrapyrenoidosa, C. ros-
tratiformis, 4B\ Z h b ORI B % O #E
T3, —HZhbnigshic, HuBer-PEsTaLozzi O
PERE LORRDOIRCEY LA < o
BHEh T35, ThboSEFEMEERV-BLT
BRRODTEHEAD L b2 HCRE D B I DEE
BARET DL E2 B, TEEDLIIBEERMORENC
DULTHEE « BERL T - T35, Fciiiasi -
BHERLIOT v 7 vROSHECE L TEEFE
fkDHRBIBT ENEL, :h&@%%’lﬂ?ﬁﬁ%ﬁ &
LTEYUAE I DIRDOVWTEER LI,

(RBK - £EHRER)

(29) EHARE : HBRERE IXY Y REYOHESE
RS

$ Xx< & (Bornetela) 1zix fIRD L BERD
b s, BERFIBCIMNECETSIORIXx~
(B. sphaerica=B. ovalis), BERCBTH DT
: X &= (B. nitida), vV 3 X 2= (B. clavellina),
FhHER B. oligospora NET %,

BROM LEBBEROERRD 3 A, OWERIBRE
h5EEHORBRRAER : BEOKE, REKOBE
Nz~ &, @ KEREGE GRRE - BERE :
BEOFE, REROWUN, REROSB 15— %,
OFBTEL cyst: JURB, cyst DAXILHE, «©
DWTHMRBEEL, 2207V — 7OREYRAT,
W7 — 7 CREBTENOE, REKTKTHH2
KERIBS ARITEREN LEO HEE LT RHbI
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B0, ThiftotE (EEOCHFE, SHEOKERS
Do EBRE~NOBITHC KT 5854, KELOR
EMEERE, cyst BEEOBIESE) 13, BEROMBIHE
B Thbo cystEEOEFELER L hoER, LA
777 FBOThICRELUT 5, BRREL 757/ &
B & TIERT B A iy,

i, BRLBEARBRETH+Y I X2~%, &
ADED BB LR, FABXr» i Xz~
FRELELTBRS NI D FYLELZ RS,

(BRERK « BiglERlEL v 2 -)

(30) WLEEE* - O FEWE="": BEKEYY I KA
|

BMXEYYIFeBig 2w Tz HRN (1900),
BorGE (1918, 1925), TiFrany (1930, 1937) Hic Xk
%iC# 3 X' GUARRERA & KUHNEMANN (1949)
CEBTNEYF VYELHMT HRKERERD Y R
PEEERTUBBROWTORENZHETDER
bDThHbB, DBEETRELITE L T » fefiEn
RWDT, SEIEELD 1 AXKHEINIBIEI A LD
19824 4 A CRIROBEF» LERE Ly v 3
FrEDSY, 73 CAEDLDITOWTEHE « Kt
LicHERE#|ET %0

(*BK - BEBE - £%, “FEX - £D)

(31) HEPFREP - FENME : BFM VS BOFHIEY
vaq4oes (B [EOWT

17 e ¥Rz BARREFED 1 7 ey (Myelo-
phycus simplex) LIbXFEE, JLKBHEDF £ Y
v ¥ (M. intestinale) 2O T\ B, EE
SIRBRAEFEEEORAND, 17 ey LA
CAEBLALICA Ve ¥YBOFEEL BEbh 3 8EY
BiOTEDOHRB L MRSV THET 5,

COBmOETIMNLARAMTIE3 B~6 B L HEHE
Vo 4A~6 AT THETFO S LHEATABE LS
xDEECabhD, WAERELS >TV KB
(Ex# 30 ym) k2, #HEEHELISCEHRIH
Bo MFD5 (#50x25 um) OFbhicit 1510
Banb bk (BX 100~120 pm) AFRBFICEE I
hd, HEEFBEIIER 80~100 pm ¢, FDOHRE
34 Y A RO hIElS . BAETEMERDERT
12 1 EORRMEY S %,

FELEMO2BERUTO X 5B EhD, 1
7 e ¥ OEEIIRETH VD T OHMBIXEE Lt X
BRE LR Z ERRVOTHREBZEFITE S,
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FRAPLFIABLDLIAR (KX 15~20cm, E
£ 1.5~4mm) Thd, FOHKEEL (150~200
pm), —ER2FIDMRANGB Z L THEELIZHEL
PREBTE S,

Wynne (1969) i3 21 Ve ¥k, 1 7 ¥ LR
T I BBERE b ob D EE L, HE(Melanosi-
phon) B Uiz, Lax L ERD 3BOWIARLE % K
LicfER, TXTHRE CABBER (SFIHR) &
DZERPELNRERSTDT, ThHRBIA 7B
CEEDTRLDBFEYTHD LELZ Do

(HBEK « EBREER)

(32) Oligfissn - BASRE : BFETH<VEHO—
I#EfE Acrothrix gracilis KYLIN (£49=+F
27 1 HFE) [Eo0T

Acrothrix TR h¥ T A. gaacilis, A. novae-
angliae, A. pacifica, A. norvegica O 4 FEHELH; X
hTwY, FPTREEDOS5H A pacifica (=2 X
7) ROBHEIRTWS, 46, JLimlEm Ei
CEWTEBD 21 7ETLHB A gracilis LFRE
IhHBEERE LHBENBRELZT- %

BT HBEORE SN EBEETOE LY
AD EREHMCAEETT 5, EEIRH 20em 2E LAt
Bur=te X7 UUsHE hRE T LB,
i EEEBREFEC Y, BEERTS 1 EA0HD
fkEsk, HMERORAEAREEUEBHOERINS,
LRI ERBREICE D ELIBRERIL S, BILE
WEGETIE L <« THEDBEFERTREY (19418
CET D) Y, BRRALLEG TR T ~12MilaT, @E
FEODODEIMCTEHEFflics S hic BB
bR Shs EAFEHORLRLRbhS, &
FEBREIETFO S IR IS,

EFD= v X7 Lix, =+4EX 7 TXREARNR—
BeSERCIEELAERTHD, ErOMET 54
b Lo RkEVWETRAIhS, Lk« & - il)

(33) EBBIREHA: 1 L/ OBTEL ZOHEEMIBOR
&

BEEA v rRo 1 v Tk, BREBEEE (R,
1936) B TFELBH « KR X - TRRESh TEE
FEARBAY= v 7&K B/, RE =Rt 5]
BB

FRRIUTIOA « FABIER TR > 7 H i £
CEET B, ERO L) hBETEIBEIRT, 81
FE9 ARETFENRSERND THRES i,

BFEREEOREL L LRMOFRHECHRC R &
h, bThrEY EotcX iR b, EEXEHRT
DR MRaZI D L3R 5 ~ 6 Mfus & 4 RAR - ol
FEMCER LEHm» bR 2k Ehb,

WML 7.4~9.8x4.9~6.1 pm OFEPEF ~H
T, 1EOBRAE LBOBHKEEYFHD 2 RXOEELA
£T5, BEEETHIRDORT, FOTERFL
T2~ 3fan—FIfilRE 5. IREMEL, A
WARFEECRE LB BENS 0 R 2
Hhabhb, TSCREHRESBELTEVWREEL
T RBFEBOBRGETRT 5 L0 LRI TRIR
L b TEROBEMEE R OY TRBHFES IS
DD B, Ei-hfEE L LTRREDFRNL Y TR
BT b oCRWEEROR y BT CRRMG R
B LADB DD Rbhic, MR HRE#RIKI8,
BBD’834E 4 B 15°CORALHT TA v ¥ EILE
DOFBLHZ B hico (RK - #)

(34) EEBHIER : EfE, EESEALT7/VOLEF
Ld

HEMEESOEMHCEFTTSM 72 VORK
FrEEL, EEE2TEH IR,

EHEEDA L7 7 VIXBK» LT TR W
10cm OFRBEGSEBOhD, ZDKI VELRIER
FaERE 20°C, B 2000~4000 lux, 14 : 10 (B33 :
FEi) D&M<, GRUND HEEHY AV CEEEYT
2Tlz. ZOFRER, B#28A HicER 1500 pm, EX 60
pm OBRFEFE LY, NSRTEOHEIEEESR
BIhtc, TOKIVELRCESRTFLERTOH
BLACLHTERELILLIA, EHE2Z2HACER
530 pm DERFEFHLILD, hRFHLEILEOR
HARBDO R, TOBEMGIIEELTBECREE
1.5~2.3cm K L, FE»SBEFOKRMLZRHED
RHEFBE S hic, BRT0H BICXBEMNAEOBE XI5
em, M Imm igh, ERIEH L CRRTFOKH
PRDLRI, HED ERE»D, &iE SHEED
A4 +F77 9k Nova Scotia # (EDELSTEIN 1970,
EDELsTsIN and McLACHLAN 1971) o4 FEsB LF U
HERL, BRHTHRE Shi-Z#E (MoroHOsHI and
Masupa 1980) DZh LixRID T & -1,

(FHRBEKEHE v £ —)

(35) OFk #-BAZRE: 7AYHhED HUS O
“Porphyra variegata” DHEEICDONT

Porphyra variegata (7<= V@72 =7~<) Vi



JB) it KiELLMaN (1889) 1ok h il RBEOTE L X
h, HEETHRERIA TS, FAH (1932) x&@EMN
AR DHFET S LHE L, HERK TR TEITH
&Lz TR L (1947)ix BA& D P. variegata
RS 0 R CHEME IR A R BB MERERIBR & L
1o BR (A977) 3FMD 2 1 7EARFROWS X
5 MR TH B L ER L, HAD P. variegata
1% KJELLMAN @ P, variegata LRI U & Lo

—H7 » Y AKFEFERT Hus (1900, 1902) i34 Y
TxN=TEV TV vph P.ovariegata % &L,
o e R BR & LM 2 EE# LAs HOLLENBERG &
ABBOTT (1966) (3= DL P. occidentalis (HE#2\)
REabhTw3) DfffETikicv b TR RN,
&K« Bk (1983) 1z Hus ® P. variegata, P. oc-
cidentalis DEEA RV Monterey THE LT EALH
~XC Hus @ P. variegata |3 KJELLMAN DFh &
TR b P. occidentalis DMtk TH5 LiEH/AYHL
o

4@z o Hus @ P. variegata DifsEdEic o\
T, Monterey TELLBROEBTHIOLRELE
TERGYERLLER, BB E23TE, #f
HRKTHDZ EXFREIDIOT, TOBRLH
&35, ek - 2 - )

(36) ONO%SB - BARE : LBHZBHZILINT
4’54 (Halymeniopsis dilatata) & S hi-iI%
[E2WT
<7 %5y (Halymeniopsis dilatata YAMA-

DA) 1T, BIUAEBEELFRFEL Ihicar T/

YEIDRLETH B GEF 1947), F O DT

DHIRIRF I SWILic, bTIh&BEEHTLID T

I ht-REicEAN 2 Hik (SAP 028654) %X

RTWBICBELI T,

EEREGE, B, %2 BRE&RTREShIH
Blodiz, cO=ART7ES57EEZLRBIORRE
WL, EROEAREEERHLCER il
A—ThsdZ L¥HRL, TOEORELEMBET
DOWTHELWEEY TR ENTELDOTI I
&35,

ABLBHIZEARO, HAEKROD S 5 TVEER
DEGEYEL, ROEMECHDBROMERLHIC
D AHNB, BEE T, HEOME LS Teb R
FoO5 % KB EpRERRtEORA, by, HiPiz
¥R BT B KT O BRMAAGE R O Rk DRI A
bhb, BRELPERIEERT, ThZhilick
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BLHEWTHEET S, EARTFI, EEOMME,S
BeyhlHah, +ERFEL, GlET 5,
AEDIIUBEEPEL ORI CHFETHB &
Bbhsd, ChiFRBRTHENENCOWTLE
Bt Th s, dex - & - )

@7 OFE 3" - FHBEF : YWkKiTE Sirodo-
tia [LEREEMOH LVERERER(CONWT

HIEAEEY $ Vv 2 vAEHIRBETERCEL
TERLCERB L VEESRAEZRE L, Bfilax
Yol WHEHTHD, WVEYIRHEY SV A v
HEBL, AT irE s B RBOERLEHT S
Batrachospermum 3 v &V 7 |& L IR AEH OLE
B4 oL B Sirodotia =27 HvEJ 7 BD 2 @B
bhTuwb,

&E, FHRETARFENO/NIT)IITHRELIeH Y
=Y 7 B0 1 oSS, AMBEL L TERERE
BRKDO LS Tho, EMETFMETHS, 2)KE
HAEMBERRERDOEMBTIE T 5, ) ERKILEH
ERORTHRL hAEL, 3~6MBEFIL VK bihS,
BRBEOL L BREDEMEH L@ ERY £
Uho )ZREERB L) 3I~4BOERARXEL,
BRGRIIBEROMER » THESIET 5, 5k
IERAE R DML KB R OMR L &5 4 TRIE Ligat
LHEL, RATHRECH > CRIETELXE LS,

1)~4) D3 Sirodotia DB EHBRETHH DT
HBHH, 5) DL Sirodotia X RBI1EH D Tixil,
WAy I Vv A VAROHRBRTAZ LEFFIND
DTHb, H7EY 7 DEREHE Lichib Z OfEY
DHMEREL, HbETHAFHMNBELEET 5,
CHIPKA < B o Y, MV EETHER - Blbevx-)

(38) BFHXB:E3IVYIRE FTEITZVER
OHEXTICL I Y ID—FER

7 h A FRXFREAEREOET, LE OB
BRI E T B, HEMRPABIET TiX 5 B AL
AN Ry i &h, ABECHERENCERR
DR R RO S —laE Y VL, BTE
Bl ET R, LIS e L SR 4
W BR Y, FORRMCEVCEBEYETS 140
EHEERO 3~ 4 EMa,» 55 L EOHMiaR &
Y ET 5, SRERERRI 2ECEKMREZTI VL,
B A ST 5 LML EL L EOERARSE—
Wt U, FoE—MlanbEA0ERAYET B,
PR ORI A L, Sk it RaE
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L, FOEBMRLETIRERORIETFDO 5%,
R E WA T 5. BALLD I RiL7 7
AT, BEERBCEEL, 1EORHLALR
*ET 5o WHRTFD 5 3EM T O 5 FERcET
b, AEORELMBORE=, F=ALMRTHhE
h2EDHETO > BEMRLET S, AORKML
L EOmES AT O 5 RUWMRE TR T 5. RicikH
Bz glaF o > HMikay 1 EY » 4, 2 ToRME
AW TE_ROE=ZAOMiar s LEORFD
5% 43 2 H R OBEHIEIER BRI 5 A mE e
Fo 5 RGBS IRTF O 5 OBRFNL+FRE
piil el k-7 -2 (BARA - B - B

(39) TEEM= : Jt B BARICET S Dinophysis
fortii GRYEER) DHHIRAE
ZOFER, tiERETREE TV A KADEL
ik, FRERREE TRMRE DD, MTi#ER &<
POERHRIELBETC2HDTH Y, RFEED
Protogonyaulax BOENERTH 2, HBEITREE
DEENTRINI=bDTH Y, Dinophysis fortii
NEDEFRRTHBZ ENETH (1980) k- ThE
BB ER TV 5,
#2319805E A 519824 ¥ T, JLiBBIRFIC BT S
D. fortii OHAENEELZFHE LIce D. fortii (34 A
TALEEE RIS D THBL L, 5~6 BCiiH A
Rz, 7T~8 Bzt~ 7#EHl~, TOHHE?
BETAEA ED R, AEOHBABE XL 0%
&, 1,000 g1fa/! AT TH - 1o A 50 i/l LA
rFoFEETHELBOKEIX 8~16°C TH-1,
A& L Ok~ 2t s D. fortii
OBBIDOHENE, KB  EHOEH DR THERK
KohoKEe—HKT 5, LarLEMEE, 6~7H
2, REBBRKCED DR T B A BRI b H
Bt (B HERERE €V 5 ~)

40) OBARH® - B HX™ . 85 & w4
R* BEES*: T T CREOHE B L
T .

BEY : =7 v cof@EEECHE 1L, #AOH
FRERLECER LT A4 ERRNEY, #AORE
RUAMMCHER S h 3 —RBERE L DBCHR IS
ZREEHECHT TV B, TOZKRERIL, SEE
BOWMPRERIC & - TOFFE IR E ZRTV 5, &
WRR, ThOooBEMOMEYH LT3 HENT
Tleoteo

FEE  ERE» EPEFICR\WT, =V 77 EHR
wAE SR ER & AE Sl ER EO M ERER
HEERAOCHEL, COMcERLUCHEEROR
ELERE AR,

B PR Ficit, Licmophora abbreviata, Ach-
nanthes javanica f. subconstricta, A. kuwaitensis,
Navicuca ramosissima var. ramosissima, Nitzschia
closterium, N. acicularis 7 v cHEB 2 E 25
R SR HBL L, ANRERELR L (—
KER), 77 CHAORAR LT, Thbhofl,
WA, W%k L, Cocconeis costata, C. scutellum var.
scutellum, C. sublittoralis, Myrionema spp. »\GF
dlic, Thboffi, —RERNEFCIEHERL
teny, 77 ERERDOBRATCHMEL, BiRECESEL
TEET S FEMWBEBELYER L CRER.
B BRI B UL RS 0 — R HIT,
7V EHREMAE SV BARIE, ERIMTG 45
AR FfEL, ZREERELOFENMECELTS
[P35 9792508 i
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0k 3 5al: o1
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W, AT it A B8 & O CEM
FEREAR I, MFRIKESCRELERL, £
BREABEYThIXBLh, ATHEBEIASTH KRR
B X b by—icfifdrTEi,

HBINTDOACT A7 ) DERR, EEIRLMHD
1o TIERIL, 45 56. 0cm, BRI 408.8g (D. W.)
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TA 7Y CRARFE) LHORBOEY T+, Y (A
THE) TOWTERET-Te ACTH /7 VIR
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(D.W.)/m? THY, £Y 74/ VidBb MO
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BARAOMEG A R AT a0 b
=V HRIBEHOMNBIC, tr/ b b=/ 2 AT
FE B LORREHE Lo BB 1982E1ILAN L RE
Lice ZALDORFZOWTKE, HEE, BE, $%
Bic FORBER LA EBGROLT, EHoLE,
smm 7 aBlBFERYEMOCHEE L. AT
FH LRI RARE Lcd 0 L b L S EGE %
<, BFEFBE T 2EG D KB, BEER
10.1kg (D.W.)/* » b (427.3gD.W./m?) T b,
KRBEEOR L 2.65~6.20kg (D.W.)/x o F &
h BTl - TERIDL R, KR BHREEC
L2.0°CHIBETHERIBRC L > Thkh AKELE
BLich, BRIEBCRWEEBY 52 -, HONE

Tk, MENOBEBTRARE Licd DEBI L,

ERL, MENRS I LEL, BEeT, L LES
AEWEARR D W, HOPREI, HEIRE L
BT 5 LBEREL, EEENE L THYE D
Holeo THOLDOEEEROEVWFEFTCERY S
TEBbhs, (R&K - EHEEY v 2 )

43) HE F:RYITRMVEIOLREHH
%®

BEEAVE Y SEA vV = 7 2 BHE/EE 1980
FEOANLIVIESAFTHEALERELTED &
AN, FELSEET, ZOEV-EnD 1.4
(£0.6)~4.3(£0.9ADEHEXHL, £D 5% 10cm
DErELR 0.7(£0.6)~2.6(£1.0) A2T4E6

AEIXT BEHTER%ET 5, #1ETHIECRET,

oL bEL, 25060~0%H5, THIZTHAEL
T8 B EREREEYD, 30cm L hici s kA H
o £LT, ¥FEO6AFTHEHEMET B, 10cm
UToERRECLEEREED2~80%% Ld 5, 9
Awiz30cm LA kD Dix13.6%, 115izix 40cm L)
todoix21. 1%, BE1 iz 50em L Eo 3 ot
24.1%, 3 Ricix29.6%, 6 Bicit25.6% & EVxH
PN 5, HERKT, HEOEHARIERILTSH
5o Rk - 8)

44) OFBHS* - BRCAA™ - Fikt @ : 8%
74 TET DT RER B
BEEDLIXBER VvV SHOYHREEAE I,

WhTEFTIRBHZ LI, FOWMHERR 2
WTHRRTH B, SEIL7 2= 7ITOVWTHRE
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7%,

7 2= 738 1 PIENPRLRE LALF T,
Ligg, ARicv LBH CREODIMEY R Lice £
B 1~2cm w@ET5 L, WHEE XKV LEET
ReHBL, BUCFECEREYETEED L1
BIgR 5~10cm &+ &, TPELLER -
LIS CTHAR DI, BOCEEEYHE LTV,
THELOSRAEF R LU TR IhLH, £k
S THEVWIOLLIERBE LT &, £820cm i
LI DTREBEAEZLRT, RBLENFR I
T XS THoT

2R 3em KETBH AL, EOEBICITIILZE
> TERMPER I hihdi, ERCHRINBE
BREAEL, BECAEOALEK LETIKT, Lo
SEENREIL LS TR BB~ ERE LT,
2R 20cm iET S L RBRPAEIBES R, RiED
TR EE A R LTV i,

ERHRBCIIEROBEINBATSH Y, £E30~
Ocm CELBEHEOZEDOE XL lem UFTHo o
¥, BAE1FERL, BRESCEEBRKIEES
h, —7%, KEOFEL AEBNEEEBEOR—~7
(B 4.2mm) %, FEFTRRALI5RE LTV

(CESIHB - &8, EREK « KE,
RS RIIKR - )

(45) OJNgRB=> . sOfMt** « XMEFE*** - Rz
IEA** : 327 (Laminaria sp.) ® QRS HD
BE#HCHST3EFCONT (FH)

bHED 2 v7 (Laminaria) o RS HOERIC
2T OkaMURA (1896) 383k E L, +DoHE—, —
DEFIDHBLDERBIIFBA ETHDOEFETH 5,
BEHEOLWIRIE, BERVOLETHROADE, ME, B
DR, BE, ROFE, X, MR ROZMTEF
TR L, BKBERASTADIIRIRERE OH
MRA%BL, ThODEFHEMIV-ThIEEADR
BE, $8CTH, FA, BMAr - cBbh, —8
THENCEFTREACILANE DS,

hbDa v 7OEFBITELETRAENES L, 2
~ 3 ACHBMEGLESEEB LERDO R EEIRT
BEEE3ImARCKD, FOBRFOIHERLIT
BRLTIA»SRE]L BEHE TITMIET 5, LirLE
REGALICEFEDORILD EELLRBEEND -
T, 3AKXTY 1.5~2m L EDERZFILOL L
DHEFT S, ChHOFRIRTFOIHEHFD, i
BEBEREVCAERTLONERERDOLR, F
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BOREDBATH DI ERRDOTHR Bk 1976) X
DEM I EER R FEOLTFRERS, ThbD= v
DEZEDONTIL LSRN LE L T5,
(EITREEAR, HEALKE *EERIIKR,
M ERRIBLEE R E € v & )

(46) FHBL : BERSYISROILEIHOE
(21T

2 vE 7 ROFRIC EZD fltk v £V 58 Bac-
trophycus BEDOHF THEROLS V- HELHEHTH 5,
ORI OLITIIHFRCHTIREAIE TR T
%o

AAEDOZDO FEH O LDk LT Turner, C.
AGARDH, FhicHi\ T KUuETZING & HARVEY T X
> TR I hicEO b DARIND B, ThDDEFNT
DWT M FTEARBEETHE LD, FHERE K
EBEROBRF 2 1Tc - 7

Z OOV TRINCE B & hic Dk Fucus
siliquatrum TURNER T#H 5, [A] U TURNER ® F.
scoparius, C. AGARDH O F. tortilis 3 [@—4 @D
Bigo A BRI T DL Bbh b, KuETZING
o Halochloa macracamtha, H. polyacantha, H.
pachycarpa, H. tenuis {1y OfE L T HHEDENE
BHhitve ThHIIMFERTH D, 2o
BEE LUIASERMESRY S, EXLEHETS
E, FRLBLTRCH S 5K, EHOET, &
WOErLBZ, EHOEIH-EHEE DL, ~FRD
AR FE DECHT TRBI B HEHCED
BT ENTED, ThHTHIELWARNL Sargas-
sum siliquastrum (TurNER) C. Agardh ki3,

HIMURE, EDOE LT, BRI L EFBROTE
TRAIhBHEEN2 vE 2 AR DL N,

(JeX - # - 1)

@4 HEE—: HRBCHTBIRSADLRE

AL AFABERBCELS AL, 2 v TRBTO
EEEINTVBD, FEDE & F - e EBHMRIE
xR (1978) DEAEARAY 2 BT8R END DI
FTER, BEIXY SV 2 v T OEBRFRO—EL L
THRE TABEOLRBEYRAE+HTH B, = & Tik1980
~19B2E DEEGDOEHIMTE R & RBO MR % e
$ET 5,

AL AEKE 0. 1~1m TiRI2B IR RFENZ SR,
ZDH2 A ¥ CERITIREN LR, 3~5 Ak
b EL< i FERIT 120~130cm e L, 5 B LR

BRIRET 5 —HEREhBRE LSk, IALGTRE
WEAEREBRTIETER-T, TARIKZEALR
Gelitco FOOIBULE AR I, 6 ACIKE
CXAHRRAOEI AL i »lce AV 2 DRIF
Piz=zv7r01~2nA8L, 2 v/ ORFREC
TA Y A DI 10~20cm TETBDT, AU AR
EHTBTEBERELIETTSEELbh, ¥
AL A RHRHERHOKEH 2m e Ty VY a v
7 LIFR UKRREE L, BROBEL 120 &/
m? ThH- T,

Tokmpa (1954) IIFFHEKED AL AL 2FETH
BEBELTVBH, FIREED b DOIXME 4K (1978)
DHL L izITRAE, 12~9 A ¥ TH102-A 0HRY

BT 1 EEEETHY, BREIY 1~20AF<

B Lo GESZHEPIAKER)

(48) HimEE—: Fr—RYICLB AL THRIBDM
BEREICONWT

2 VRO EEER Y BENE LTARE
LavIV—Lte Ty, 7RARENTORTELN,
MHEROBRIC L » T 5~ 6 FETERHENERT S
1edERbXRETHILEROL USBENE . #
wEBRE (R oFEREEThsH, BEHETS
KRB TV T Db EETFIRE TR T
WhF = —VIRDENRE LTHRELRESTH %,

F = — ViR Y REWIE OB R FIH T 5 BRI T,
11~ 2 Bihid Tiibh T\ 5, 1981 4EE 11496 A%
BHL, 15»choBEEEL9.2H, BRIZLS
HHBEREEEIITm? CThoto Thh bRBRER
% 7.8ha, RERERY 650 m2/ A, BIEESHI D
DOBREEEY 461 F/m? LFE L, BRENOBRE
HEI2 0.8~7.9kg/m? T, = V¥ ~Xe 7 RATE
ZenkHF)aFe e AFEHRENEL, Th
b OEANEOWEINEE LT\ iz, BREED AR
TR « BRTRELRBEIZ LA LR Tk,
b ENARKEENBEN 1% TREL TV,
BEFCEELE1EB2 v 7OBELT A 178~
962 4/m? T, 24EH = v L T~584&/m? Th- oo
—HBRBD X 57c s 2 HTIRERBREDL =2 v TOF
EnRZBRed e, BRERE L BEEER» DR
HRYHE L, (B HERAKER)
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Jb¥gil B A g B OWEATTL977, 197806 AT
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NMETH BB OB A (St. B), BHRI;2 K
St. A,C) Th\\WT, w22 v7/DEELBEEERY
19824£ 1 ~118 ¥ CHRE L1,

RV A2 VTR, BRWTKE, BEOHEY, B
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feo i, EEBEHERORKMEL, St. C THL, 4
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