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Amphiroa itonoi® (Corallinales, Rhodophyta), a new species
of marine algae from Japan

Vithya SriMaNoBHAS and Tomitaro Masaki

Laboratory of Marine Botany, Facultr of Fisheries, Hokkaido University, Hakodate, 041 Japan

SriMANOBHAS, V. and Masaxi, T. 1987. Amphiroa itonoi (Cotallinales, Rhodophyta), a new species
of marine algae from Japan. Jap. J. Phycol. 35: 1-9.

Amphiroa itonoi (Corallinales, Rhodophyta), a new species of articulated corallines, is described
from Japan. The plants are minute and semi-endophytic on Amphiroa dilatata Lamx., Amphiroa misaki-
ensis YENDO and Amphiroa rigida Lamx. by crustose holdfasts with processes from the lower surfaces

projecting into host tissue. Genicula are made up of two tiers of cells which are unequal in length
and join each other by oblique cross-walls. Reproductive structures in tetrasporangial, male and
female plants are typical of Amphiroa. Amphiroa itonoi bears a resemblance A. rigida, especially as

regards genicula and holdfasts.

Key Index
taxonomy.

While studying articulated corallines in
southern Japan, a small species of Amphiroa
was discovered growing as a semi-endo-
phyte? in Amphiroa dilatata Lavx., Amphiroa
misakiensis YENDO and Amphiroa rigida LaMx.
This is somewhat unusual, since most spe-
cies of Amphiroa are epilithic. However,
some species are epiphytic, such as Amphiroa
currae GANES. on Gelidium serrulatum J. Ag.
(Ganesan 1971)., and some are semi-
endophytic, such as Amphiroa verruculosa
Kuorz., A. rigida Lamx. and Amphiroa sp.,
which grow in crustose corallines (CABIOCH
1969, 1972). Some non-articulated coral-
lines, such as Clathromorphum parcum (SETCH.
et FosL.) Apey in Calliarthron sp. (ApEY
and JoHANSEN 1972) and Choreonema thuretii
(BorNET) ScHMITZ (WOELKERLING, in press)

1) The species is named for Dr. H. IToNo of Kago-
shima University, who is a specialist on the Cera-
miaceae of southern Japan, and has for more than
five years encouraged the first author in studying
coralline algae.

2) The term semi-endophyte is used according to
CaslocH (1972) and applies to plants which are
partially embedded in host tissue, but without
cellular connections with the host.

Words: Amphiroa; Amphiroa itonoi; Corallinales; Rhodoyhyta; semi-endophyte;

in species of Jania, Haliptilon and Cheilo-
sporum are also semi-endophytic in other
corallines. Most species that grow in
other corallines are anchored to the host
by peg-like structures that have developed
in conjunction with growing host tissue.
On close examination, the small plants
from southern Japan are recognized as
constituting an undescribed species of
Amphiroa. The purpose of this paper is
to describe the vegetative structures and
reproductive organs in a new species of
coralline algae, Amphiroa itono:.

Materials and Methods

The observations were based on materials
from: (1) Ushinohama, Kagoshima Pref.
(the type locality), 1 June, 1984 and 26
February 1985; (2) Shiraiwazaki, Reihoku
Town, and Tsujishima, Itsuwa Town,
Kumamoto Pref., 2-3 March, 1985; (3)
Akasaki, Yoronjima, Kagoshima Pref., 25
May, 1983; (4) Okitsu, Kubokawa Town,
Kochi Pref., 28 March, 1978 and (5)
Nabeta Bay, Shimoda City, Shizuoka Pref.,
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19 April, 1981. Freshly collected speci-
mens were preserved in 109, formalin-
seawater. The holotype of Amphiroa crusti-
formis Daws. in AHFH (herbarium of the
Allan Hancock Foundation, University of
Southern California) was also examined.

Materials for sectioning were decalcified
in Pérényi’s solution (Mason 1953) and
embedded in paraffin. Sections were cut
6-8 um thick and stained either in Dela-
field’s hematoxylin and counterstained with
29, aqueous eosin, or in phosphotungstic
acid hematoxylin.

Diagnosis

Amphiroa itonoi sp. nov. (Figs 1-19)

Plantae parvae, usque ad 6 mm alt. e
3-6 frondibus erectes e hapteris crustosis
enascentibus constitutis; haptera circularia,
4-7 mm diam., superficies superiores con-
vexae, superficies inferiores in telis inter-
genicularibus aliarum specierum Amphiroae,
protrusionibus  claviformibus, ex parte
inclusae; frondes dichotome semel ad bis
ramosae; intergenicula prorsus cylindrica,
0.2-0.3 mm diam., aut supra compressa
facta et in partibus superioribus 0.4-0.5
mm lat.; medullae intergeniculares multi-
zonales, strata cellularum plerumque alti-
tudines duas differentes praebentia; strata
brevia 10-30(-37) um alt. atque strata
longa (27)35-100 um alt. ; genicula e duobus
stratis cellularum altitudine inaequalibus
constituta, strata superiora 15-35um alt.,
strata inferiora 75-155 ym alt., dissepi-
mentis transversis inter strata plerumque
obliquis; conceptacula tetrasporangialia
100-125 ym diametro interiore, tetra-
sporangia in periferiis centrisque concept-
acularum reperta; conceptacula mascula
80-145 um diametro interiore; concept-
acula feminea 65-87 ym diametro interiore;
conceptacula carposporangialia 100-155 ym
diametro interiore, cellulae coalescentes
5-7 ym crass., 63-83 ym lat., filamenta
gonimoblasti e marginibus atque super-
ficiebus superioribus cellularum coales-
centium enascentia, regiones centrales cel-

lularum coalescentium sine filamentis;
carposporangia 10-12 ym diam.; omnia
conceptacula conspicue protrudentia.

Holotypus: Plantae semi-endophyticae
in Amphiroa misakiensis YENDO in saxis 1 m
infra planitiam mediam maris colentes;
in loco Ushinohama, 6 km south of Akune
City, Kagoshima Pref., Japan dicto. 26 m
Feb. 1985. In loco Laboratory of Marine
Botany, Faculty of Fisheries, Hokkaido
University, Hakodate, Japan dicto de-
positae.

Plants small, up to 6 mm high, consisting
of 3-6 erect fronds from crustose holdfasts;
holdfasts circular, 4-7 mm in diameter,
upper surfaces convex, lower surface
partially embedded in intergenicular tissues
of other species of Amphiroa by peg-like
protrusions ; fronds branching dichoto-
mously 1-2 times; intergenicula cylindrical
throughout, 0.2-0.3 mm in diameter, or
becoming compressed above and 0.4-0.5
mm broad in the upper parts; inter-
genicular medullae multizonal with cell
tiers mostly two different heights, short
tiers 10-30(-37) um high, long tiers (27)
35-100 um high; genicula of two cell-tiers
of unequal height, upper tiers 15-35 um
high, lower tiers 75-155 um high, trans-
verse walls between tiers mostly oblique;
tetrasporangial conceptacles 100-125 um
in inner diameter, tetrasporangia in the
peripheries and centers of the conceptacles;
male conceptacles 80-145ym in inner
diameter; female conceptacles 65-87 um
in inner diameter; carposporangial con-
ceptacles 100-155 gm in inner diameter,
fusion cells 5-7 ym thick, 63-83 um broad,
gonimoblast filaments arising from the
edges and upper surfaces of the fusion
cells, central regions of fusion cells lacking

filaments, carposporangia 10-12um in
diameter; all  conceptacles protruding
prominently.

Japanese name: Itokagari

Holotype: Plants semi-endophytic on
Amphiroa misakiensis YENDO growing on
rock, 1.5m below M.S.L., Ushinohama,
6 km south of Akune City, Kagoshima
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Pref., Japan, 26 February, 1985. Housed
in the Laboratory of Marine Botany,
Faculty of Fisheries, Hokkaido University,
Hakodate. Isotype in the National Sci-
ence Museum, Tokyo.

Distribution: From the central part
of western Honshu south along the Pacific
coast, south coast of Shikoku, south and
west coasts of Kyushu and Yoronjima of
the Ryukyu Islands.

ti'.!’il"l'?‘il«.. g

Observations

Vegetative anatomy: Each plant of Am-
phiroa itonoi is embedded in the cortex of the
host plant, Amphiroa dilatata, Amphiroa
misakiensis or Amphiroa rigida, by a wedge-
shaped projection extending downward
from the cushion-like crustose holdfast
(Figs 1, 2, 14). As seen in vertical sections
through the holdfasts, the filaments are

Ll

0

\ 8

gﬁoo&/o 000 C%%
m mﬁmﬂ/]ﬁ? ﬁQogg

Figs 1-6. Habit and anatomy of Amphiroa itonoi sp. nov. Camera lucida drawings. Fig. 1.
Habit of young plants on A. misakiensis YENDO and young holdfast (arrow) before producing erect
fronds. Scale bar=1mm. Fig. 2. Habit of the holotype element on A. misakiensis. Scale bar=
I mm. Fig. 3. Longitudinal section of an intergeniculum, showing medullary cell arrangement
and trichocytes (arrows). Scale bar=>50um. Fig. 4. Detail of trichocyte with its hair. Scale
bar=20 um. Fig. 5. Longitudinal section of a geniculum. Scale bar=50,m. Fig. 6. part of
vertical section of a geniculum, showing oblique cross-walls between upper and lower cells. Note

the presence of primary pit connections (arrow).

Scale bar=>50 ym.
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anticlinally organized, spreading out radial-
ly in a fan-like fashion from the bottom
of the wedge. A hypothallium and a
perithallium are indistinguishable. The
cells divide more or less synchronously;
they are 7-48 um high and 7-12 ym wide.
The holdfasts are covered by single layers
of epithellial cells (Figs 12, 16).

The intergenicular medulla consists of
alternating tiers of long and short cells
7-11 ym in diameter (Figs 3, 14; Table 1).
The intergenicular cortex is thin, consist-
ing only of one or two layers of cells near
the branch tips and three or four layers
in older parts (Fig. 3). Trichocytes are

present in the cortex (Fig. 4). Secondary
pit-connections occur between adjacent
cells in medulla and cortex. The epi-

thallia are single-layered, as in the holdfast.
Each geniculum consists of two tiers of
cells, with those in the lower tier much
longer than those in the upper (Figs 5,
13). Each cell in the lower tier connects
with two cells of the upper tier by oblique
walls containing primary pit connections
(Fig. 6). The heights of genicular tiers
are given in Table 1. Cortical tissue
covers the genicula in early stages of their
development, and, unlike the medullary
cells, it does not become decalcified during
development (Fig. 5). Eventually these
genicular cortices are mostly sloughed, a
process possibly facilitated by wave action
or animal activity; occasionally fragments
of cortical tissue remain attached to the
mature genicula (Figs 13, 14). Cross
walls are sometimes secondarily formed in

genicular cells, especially in those near the
periphery of the genicula (Figs 5, 13).
Secondary pit-connections are present be-
tween adjacent genicular cells.

In order to compare A. itonoi with
A. crustiformis, vegetative features of the
holotype of A. crustiformis were studied.
The crust has a massive hypothallium of
upward and downward curving filaments
consisting of 1-2(-3) rows of cells 45-100
um long alternating with single rows of
cells 8-35um long. A perithallium of
several layers of subquadrate or elongate
cells 10-35 um high and a monostromatic
epithallium of cells 3-5um high are also
present. The intergenicular medulla con-
tains repeating sequences of one or two
tiers of long cells 40-125 um long alternat-
ing with single tiers of short cells 8-35 um
high. The cortex is up to 16 or more
layers of cells thick in lower parts of the
fronds. The epithallium consists of a
single layer of cells 2-5 ym high and 5-10
pm in diameter. The genicula are made
up of 7-8 tiers of alternating long and
short cells the same size and arrangement
as in the intergenicular medulla.

Reproduction:  Amphiroa itonoi produces
conceptacles on the intergenicula as well
as on the holdfasts (Fig. 16). In young
tetrasporangial conceptacles, sporangial
initials are produced at the center and
periphery of the conceptacle floor. Cavity
cells (JoHANsEN 1968) occupy the rest of
the incipient chamber. Some of the ini-
tials divide transversely into a premeiotic
sporangium and a stalk cell; meanwhile

Table 1. Quantitative data (um) on various structures of Amphiroa itonoi
Range Mean S.D. No. of measurements

Length of intergenicular 10-30 (-37) 19.6 6.2 84
medullary cells (short tiers)

Length of intergenicular (27) 35-100 63.6 17.2 84
medullary cells (long tiers)

Length of genicular cells (short 15-35 24.1 4.5 22
tiers)

Length of genicular cells (long 75-155 105.6 18.7 22
tiers)

Inner diameter of tetrasporangial 100-125 110.1 8.7 18

conceptacles
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Figs 7-11. Microscopic details of Amphiroa ilonoi sp. nov. Camera lucida drawings. Fig. 7.
Tetrasporangial conceptacle at an early stage of development. Note the premeiotic sporangia at
the center and peiiphery of conceptacle. Scale bar=25;m. Fig. 8. Three stages (A, B, and C)
in the development of spermatangia, taken from three conceptacles. Note the elongated cells (e).
Scale bar=15um. Fig. 9. Partof mature male conceptacle. Scale bar=15ym. Fig. 10. Female
conceptacle. Scale bar=25um. Fig. 11. Detail of young cystocarpic conceptacle floor with
gonimoblast filament initials (arrow). Scale bar=25ym.

the cavity cells elongate and successively
divide at their distal ends thus contributing
to the formation of the roof (Fig. 7).
Finally the cavity cells atrophy and a
chamber forms (Fig. 15).

Female and spermatangial conceptacles
occur in separate plants. Prior to fertili-
zation, a supporting cell typically bears
a two-celled carpogonial filament com-
posed of a hypogynous cell and a carpo-
gonium; occasionally a sterile cell may
also be present. The central fertile cells

in the female conceptacle reach maturity
whereas the peripheral ones only give rise
to slightly elongate cells in which further
cell divisions do not take place (Fig. 10).
Early stages in the formation of carpo-
sporophytes were seldom encountered. Pre-
sumably following fertilization, a disk-
shaped fusion cell is formed at the bottom
of the conceptacle (Fig. 11). Gonimoblast
filaments are produced from the edges
and the upper surfaces of the fusion cells
except in the center (Fig. 19). Ripe
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gonimoblast filaments consist of eight to
twelve cells. In male conceptacles, the
fertile areas are limited to the floor (Fig.
18). Two or three spermatangial mother
cells are formed on each basal cell and
spermatangia are cut off successively from
their mother cells. The fully developed
spermatangia are elliptic or rounded (Fig.
9). Weakly staining elongate cells (6-12
um long) that may be paraphyses are
present in the early stages of sper-
matangium production. A precise inter-
pretation of the initiation of these cells
can not be made at present; they seem to
be cut off from the mother cells before
the formation of the spermatangia, but
they subsequently disappear (Figs 8, 17).

Discussion

Superficially Amphiroa itonoi resembles
Amphiroa currae. However, they are mark-
edly different in habitat and internal
morphology. Plants of A. currae are at-
tached to Gelidium serrulatum by crustose
holdfasts complete with hypothallia and
perithallia; they are not embedded in
host tissues. In addition, the intergenicu-
lar medullae consist of repeating sequences
of 2-3 tiers of long cells separated by
single tiers of short cells. The genicula
consist of two or three tiers of cells. These
features are clearly different from A. ifonoi
as described above.

The erect fronds of Amphiroa crustiformis
are only 4-7 mm high and, except for the
extended crusts, they strongly resemble
A. itonoi. However, the holotype of A4.
crustiformis has a basal crust anatomically
similar to that of A. currae and its genicula

are made up of 7-8 tiers of cells. Thus
A. crustiformis can by no means be con-
fused with the present species.

On the other hand, Amphiroa rigida and
Amphiroa verruculosa appear to be more
closely related to A. itonoi, especially as
regards genicula and holdfasts. The genic-
ula of A. itonoi and A. rigida are very
similar. They are always made up of two
tiers of cells with oblique cross-walls
between them. However, they differ from
each other in that the tiers differ in height
in the former whereas they are the same
in the latter. Yenpo (1904 p. 17) stated
that “In Amp. rigida the genicula ...always
formed of a single zone, the cell being
often interwined at the equatorial
points...”. This is a misinterpretation;
it was shown later that the genicula of
A. rigida are made up of two tiers of cells
(Suneson 1937, SEcawa 1940, HaMEL and
LemoINE 1953 p. 41, Norris and JOHANSEN
1981). The genicula of A. verruculosa
Ktz., which has been treated as a syno-
nym of Amphiroa cryptarthrodia Zan. by
certain authors, also consists of two tiers
of cells (Sorms-LauBacH 1881 p. 28),
and the fine illustration in WEBER-VAN
Bosse (1904 pl. 16, fig. 14) shows that the
cell-tiers are unequal and meet each other
by horizontal cross-walls. On the con-
trary, HAMEL and LemoiNe (1953 p. 43)
described the genicula of A. cryptarthrodia
as made up of only one tier of cells jointed
with the upper intergenicular cells by
oblique cross-walls. The genicula of this
species, especially the type, need to be
reexamined.

The peg-like holdfasts of A. itonoi closely
resemble those of A. rigida and A. verru-

Figs. 12-19. Photomicrographs of sections of Amphiroa itonoi sp. nov. Fig. 12. Vertical section of
holdfast (H). Note the fan-shaped outline of lower surface in host tissue (h). Scale bar=150um. Fig. 13.
Median section of a geniculum. Scale bar=50ym. Tig. 14. Vertical section of a whole plant through
branches and holdfast (H) in host tissue (h). Scale bar=250 um. Fig. 15. Median section of mature
tetrasporangial conceptacle. Scale bar=50um. Fig. 16. Vertical section of basal crust through male
conceptacle. Scale bar=200 ym. Fig. 17. Median section of young male conceptacle. Note the presence
of elongated cells (arrow). Scale bar=50 yum. Fig. 18. Median section of mature male conceptacle. Scale
bar=50 uym. Fig. 19. Median section of carposporangial conceptacle, showing gonimoblast filaments
developing on upper surface of fusion cell. Scale bar=50 um.
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Table 2. Some important characters of Amphiroa itonoi, A. crustiformis, A. currae, A. rigida and A. verruculosa

A. verruculosa

Characters A, itonot  A. crustiformis  A. currae A. rigida (A. cryplarthrodia)

Host plant A. dilatata — Gelidium Neogoniolithon  Pseudolithophyllum
A. misakiensis serrulatum notarisii expensum
A. rigida

Holdfast outline in Wedge-shaped Not wedge- Not wedge- Wedge-shaped Wedge-shaped
vertical section shaped shaped
Height of fronds (mm) 6 4-7 1-5 10-30 20-40
Number of intergenicular 2 2-3 3-4 2-3 2
medullary tiers per series*
Number of tiers per 2 7-8 2-3 2 2(1)
geniculum
Height of genicular tiers Unequal Unequal Unequal Equal Unequal

* A series is a set of medullary cell tiers repeatedly expressed in a branch.

culosa, which grow on the crustose corallines
Neogoniolithon notarisii (Durour) Hawm. et
Lewm. and Pseudolithophyllum expansum (PHIL.)
LeM. respectively (CaBiocH 1969, 1972).
However, 4. itonoi may readily be dis-
tinguished from A. rigida (cf. SEcawa 1965,
Norris and Jomansen 1981) and 4. ver-
ruculosa (cf. KUrzine 1858, pl. 39, fig. 2,
Funk 1927 pl. 9, fig. 3, pl. 10, fig. 1) by
of the smaller habitat and different internal
characteristics of A. itonoi (Table 2).

The development of reproductive organs
is basically the same as in other species of
Amphiroa. Tetrasporangial conceptacles
are the same as in 4. rigida (Suneson 1937)
and 4. zonata YENDO (MURATA and
Masak: 1978), but slightly different from
those of A. ephedraca (Lam.) Dec.
(Jonansen 1968) in that in 4. ifonoi the
mature tetrasporangia are located both
at the center and periphery of the cham-
bers. Paraphyses in male conceptacles
are common in the tribe Corallineae
JouanseN 1969, MuraTta and Masakr
1978) but this is the first report of their
presence in Amphiroa.

Conceptacles of all reproductive types
occur in both the holdfasts and fronds in
A. itonot, A. currea (GaNEsaN 1971) and
A. rigida (personal observations), and tetra-
sporangial conceptacles occur in each struc-
ture in A. crustiformis (DawsoN 1963).
This supports the contention that articu-
lated corallines, at least Amphiroa, evolved

from crustose corallines.
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Growth of transplanted Laminaria japonica ARESCHOUG
in Tokyo Bay far from its natural habitat

Kathleen C. Torkko, Teru Ioriva, Yusho Aruca and Kozo Iwamoro
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Torkko, K.C., Iorrva, T., Aruca, Y. and Iwamoro, K. 1987. Growth of transplanted Laminaria
japonica ArescHouG in Tokyo Bay far from its natural habitat. Jap. J. Phycol. 35: 10-18.

Laminaria japonica transplanted from Hokkaido for cultivation in the western part of Tokyo Bay
was studied for growth rate and maturation. Eighty-one plants 50-230 cm in blade length were
tagged and studied for a 14-week period from 16 January to 23 April 1982. The blades of nine plants
were cut back to 10 cm in length. Growth was determined using the punching method. Blade
length and width were measured, surface water temperature was recorded, and water samples were
collected for NO; -, NO; - and NH;-N analyses. The blades increased an average of 4.5 cm/day
in length and 1.2 mm/day in width for the run of the study. The maximum growth rate (5.7 cm/day
in length and 3.3 mm/day in width) occurred for a period of 1-10 February and gradually decreased
thereafter. The growth rates of the cut plants were always lower than but parallel to those of the
uncut plants. Inorganic nitrogen levels in the surface water remained high and were not limiting
to growth. The number of plants up to 15 per bunch growing on the cultivation ropes did not affect
the growth rate greatly. Eighty-eight percent of the plants produced sori. Sori production did
not seem to affect the growth rate.

Key Index Words: Cultivation, growth rate, Laminaria japonica, maturation, Tokyo Bay, trans-

plantation.

Laminaria japonica ARESCHOUG is one of
the valuable seaweed crops in Japan and
China (Tsene 198la). A new cultivation
technique was developed over 15 years ago
(Hasecawa 1971) which increased greatly
the harvest of this seaweed (KawasHIMA
1984). The new techniques have been
applied to the transplantation and culti-
vation of L. japonica in areas outside its
natural habitat in order to increase pro-
duction. One of these areas is Otsu Bay
off Yasuura, Kanagawa Pref., on the
western shore of Tokyo Bay. The area is
situated about 500 km south from the
southern limit of L. japonica’s natural
habitat. We attempted to study the
growth of this transplanted population in
the nutrient rich Tokyo Bay.

Material and Methods

From 16 January to 23 April 1982, nine

samplings were made of the Laminaria
Japonica plants at the Yokosuka City Fish-
eries Co-op, Yasuura cultivation ground
in Otsu Bay (35° 16" N, 139° 42’ E) in the
western part of Tokyo Bay (Fig. 1). The
plants used in this study originated from
seed strings transported from the Ishizaki
Fisheries Co-op in Hakodate, Hokkaido.
A total of 81 L. japonica plants were tagged,
nine of which were cut back to 10 cm in
blade length to observe the effects of
cutting on growth. The plastic tags were
numbered and attached to the stipe of
each plant with thin, plasticized wire.
When tagged between 16 January and 10
February, the plants ranged from 50 to
230 cm in blade length. The length of
the blade and the width at the widest
point were measured for each plant at
each sampling trip.

Growth was measured using the punch-
ing method developed by Park (1948),
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Fig. 1. The location of the study site in Tokyo
Bay. Natural range of Laminaria japonica is indi-
cated by dots along the coast of northern Japan.

as has been used for Laminaria spp. by
many researchers (ANDERSON ef al. 1981,
CuarMAN and Craicie 1977, CHAPMAN
and LinpLEY 1980, GAGNE and ManN 1981,
Kanw 1979, Sasakr 1973). This required
punching a small hole in the blade along
the median line above the stipe-blade
junction where the zone of new growth is
located. The growth (elongation) rate
(cm/day) was determined from the dis-
tance the punch moved away from the
stipe-blade junction as the blade grew.
Each plant was punched 20cm above
the stipe-blade junction during each mea-
surement. Forty-five plants were used for
determining increases in length and growth
rates. The presence of sori was recorded.
Surface water temperature was also re-
corded. Surface water samples were col-
lected and carried back to the laboratory
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Fig. 2. The cultivation apparatus for Laminaria

Japonica at Yasuura. A. Side view. B. Close-up of
the upper portion of side view. C. Overview.

in plastic bottles on ice. Upon return to
the laboratory, the samples were Millipore
(HA) filtered and frozen for later NO;™-,
NO,™- and NH,*-N analyses using the
methods of StrRickLAND and Parsons
(1968).

Results

Of the 81 plants tagged from 16 January
to 10 February 1982, only 609, remained
by the end of the study on 23 April 1982.
Loss was mostly due to handling. The
tags sometimes weakened the stipes which
would then break during measurement.
Sometimes the tags would slip down and
off the blades. Kain (1975) also reported
problems with tagging her plants and
found that nylon tape worked best.

The increase in the total blade length
over time and the growth rate calculated
from the blade lengths are shown in Figs.
3 and 4, respectively. As can be seen in
Fig. 3, the blade length increased linearly
to reach a maximum of 420cm on 16
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Fig. 3. Growth (average blade length) of
Laminaria japonica (solid circle) and surface water
temperature (open circle) of the Yasuura cultivation
ground in Tokyo Bay from lc January to 23 April
1982.
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Fig. 4. Average rate of increase in blade length
(solid circle) and the percentage of total number of
plants with soral development (open circle) for
Laminaria japonica in Tokyo Bay from 16 January to
23 April 1982.
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Fig. 5. Average growth rates in blade length
with standard deviation for uncut (solid circle) and
cut (open circle) Laminaria japonica in Tokyo Bay
from 16 January (cut) or 1 February (uncut) to 23
April 1982.

April, after which there was a decrease in
length. The cm/day increase in length
was rather erratic with a high of 5.0 cm/
day for a period from 10-22 February and
a low of —0.8 cm/day for a period of 16-23
April (Fig. 4). The growth rates deter-
mined by the punching method are
shown in Fig. 5. The rates of the punch-
ing method are higher than those of
total blade length. As can be seen in
Fig. 5, the average growth rate of uncut
plants decreased over time starting with
a high of 5.7 cm/day for a period of 1-10
February to a low of 3.3cm/day for a
period from 16-23 April. The average rate
obtained by the punching method for all
uncut plants over the study period was
4.5 cm/day compared to a value of 3.6
cm/day on the increase in total blade
length. The greater reliability of the
punching method is apparent from these
figures. There was also great individual
variation in growth rates. Individual rates
varied from 1.5 to 7.4 cm/day with indi-
vidual plant, and the average over the
study period varied from 2.7 to 6.0 cm/day.

Fig. 6 shows changes in the average
increase of blade width with time. Plants
attained an average of 10 cm in width and
the average rate of increase in width over
the study period was about 1.2 mm/day;
the heighest average rate of increase was
3.3 mm/day for a period from 16 January-
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Fig. 6. Average rate of increase in width with
standard deviation for Laminaria japonica in Tokyo
Bay from 1 February to 23 April 1982.

10 February and the lowest, —0.1 mm/day
for a period from 12-23 March. Again
there was great individual variation. The
greatest individual average increase over
the study period was 2.1 mm/day and
the lowest 0.5 mm/day.

The average growth rate of the plants
which had been cut back to 10 cm in blade
length is shown in Fig. 5 along with the
average for the uncut plants. The average
rate of cut plants increased at first but
then decreased with time. The average
for the study period was 3.5 cm/day which
is less than that of the uncut plants. The
average rate for the cut plants was always
lower than but parallel to that of the
uncut plants. By 23 April the cut plants
had only grown to an average of 3 m in
length compared to 4.1 m for the uncut
plants. Fertility occurred in some of the
cut plants but only by 23 April.

By the end of the present study, almost
909, of the uncut plants had produced sori.
Fig. 4 shows the time course of soral
development. There was a sudden in-
crease in the percentage of fertility around
the middle of February; with a slow
development during March plants with
sori increased to reach a maximum of 889,
at the end of the study. The blade length
did- not seem to be a determining factor
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Fronds per Bunch
Fig. 7. Comparison of the growth rate of
Laminaria japonica to the number of plants in each
bunch growing on cultivation ropes in Tokyo Bay
(refer to Fig. 2). Each point represents the average
growth rate over the experimental run for each plant
for the study period.

for fertility. Some of the plants in the
study produced sori at a frond length of
only 1.5m while others reached a length
of 4 or 5 m before any sori were produced.
The plants in the present study had a
fairly large amount of epiphytes, and
particularly bryozoa, growing on the blade
surface.

There were 1 to 20 plants per bunch
(cf. Fig. 2, B) in the present study. They
were used to examine the effect of crowding
and shading on the plants on the cultiva-
tion ropes. The average growth rate of
individual plants for the study period was
plotted against the number of plants per
bunch (Fig. 7). There only seems to be
a trend of slight decrease in the growth
rate with increase in the number of plants
per bunch. However, the number of
samples over 15 plants per bunch is too
small to draw any conclusions from.

The surface water temperature in the
cultivation field varied from a low of
9.7°C on 22 February to a high of 15°C
on 23 April (Fig. 3). Inorganic nitrogen
(nitrate, nitrite, ammonium and total
nitrogen) concentrations in the surface
water of the cultivation field are shown in
Fig. 8. The levels of nitrate and ammo-
nium nitrogen and, consequently of the
total inorganic nitrogen, were consistently
high with total values varying from 26
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Fig. 8. Inorganic nitrogen concentration in
the surface water of the Yasuura cultivation ground
in Tokyo Bay from 16 January to 23 April 1982.
Total N is the sum of NO3~-N and NH,*-N.

to 72 ug-at. N/I. Nitrate and nitrite nitro-
gen concentrations remained fairly con-
stant while the ammonium nitrogen
concentrations varied greatly during the
study period. Variations in the total
inorganic nitrogen concentration were ap-
parently dependent on the ammonium
nitrogen concentration.

Discussion

Laminaria japonica (“Ma-kombu”) is one
of the major seaweeds harvested in Japan.
More than 15 years ago, in order to stabi-
lize and increase production of this valuable
seaweed, a new cultivation technique was
developed by Hasecawa (1971) in Hokkai-
do, the northernmost island of Japan and
the main Laminaria cultivation district.
This technique, as known as “Forced
Cultivation”, produces commercial quality
“Ma-kombu’ in one year instead of the
two years required for natural L. japonica
to reach the same quality. KawasHiMA
(1984) gives description of this technique
precisely.

At Yasuura, the seed strings of L. japon-
ica used for cultivation are transported
from Hokkaido. The sporophytes are
placed in the field by mid-December when
the water temperature falls down below
18°C. The water temperature in Tokyo
Bay off Yasuura is above 18°C for about

six months of the year. This limits the
cultivation time of L. japonica to about five
months from mid-December to the end of
May in this area. At Yasuura, however,
the harvest of cultivated L. japonica is at
the end of April, a month before the
natural conditions would be limiting to
growth. The reason for this early harvest
is that the fishermen must dismantle the
cultivation apparatus and devote their
time to other fisheries. During the course
of the present study, the water temperature
varied only from about 5 to 15°C (Fig. 3)
and remained within the levels suitable
for the growth of Laminaria (KawAsHIMA
1984). At Yasuura, the highest growth
rate was seen at around 10°C (Figs. 3
and 5). In Korea, the best growth rate
was seen around 12°C for L. japonica (Baix
and Pyen 1973).

During the course of the present study
the total inorganic nitrogen concentration
in the surface water at the cultivation
ground remained high as shown in Fig. 8.
Though there were some variations in
inorganic nitrogen concentrations, even
in the short term, during the period of
study, the levels never fell to concentrations
that would be limiting to growth of L.
Japonica.

The first experiment in transplanting
L. japonica outside its natural habitat was
in 1966 in the Seto Inland Sea off Hyogo
Pref. west of Osaka (I1 e al. 1966). Other
experiments in transplanting L. japonica
were also attempted in Ariake Sea off
Nagasaki Pref. (Yorur and NisHIKAwA
1968) and in a sea area of Sado Island,
Niigata Pref. (Sakar 1968). The tech-
niques and the principles of cultivation are
basically the same for the Yasuura plants.
During a 4.5 month cultivation period at
Yasuura, the plants grew to blade length
of 4 to 6 m. The average length for Hyogo
plants was only 2.5m over a five month
cultivation period (Ir 1967).

Growth rates in Laminaria species have
been investigated by many researchers.
As to the maximum growth rate were
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reported 8.15 cm/day for L. angustata
(Hasecawa 1962), 6.8 cm/day for L. an-
gustata var. longissima (Sasaki 1973), and
4.5 cm/day (Hasecawa 1967), 3.45 cm/day
(Bairk and Pven 1973) and 3.6 cm/day
(Funano and Ismikawa 1974) for L.
Japonica. Such conditions as water tem-
perature and available nutrients were
possibly not the same for these populations
which could account for the different
rates. There could also be specific and
genetic differences between the popula-
tions. In addition, methods of growth
measurement were not the same in these
investigations. It would therefore seem
to be difficult to compare growth rates of
plants reported from different areas even
if they are of the same species.

The interesting point is the great indi-
vidual variation found in the growth rates
(Fig. 5) of Yasuura plants which all came
from the same stock in Hokkaido and were
subjected to the same conditions. INDER-
caap and JEnsEN (1981) also found very
pronounced individual variation in the
growth rate of seemingly identical plants
of L. digitata. They suggested that this
variation can be used to improve the
cultivation of Laminaria by selecting the
best and fastest growing plants for use as
genetic stock. DrueHL and BoaL (1981)
also suggested genetic control to improve
product quality and uniformity by pro-
ducing superior clones. Workers in China
have wused inbreeding and selection of
superior L. japonica to produce stocks of
plants with desirable qualities (e.g. high
iodine content) for use in cultivation
(Tseng 1981b). Through experimentation
it should be possible to choose plants
superior in growth and quality which could
be maintained as gametophyte stock cul-
tures for use in producing plants for culti-
vation.

The decrease in growth rate of the
Yasuura plants with time (Fig. 5) is rather
difficult to explain. It is doubtful that
the inorganic nitrogen concentration was
responsible. During the present study,

inorganic nitrogen levels never decreased
enough to affect the growth of L. japonica.
Perhaps the 5°C increase in water tempera-
ture influenced the decrease of growth rate
of the Yasuura plants with time. Another
possible factor influencing the growth rate
is plant age. Sasakr (1973) reported that
in L. angustata var. longissima second and
third year blades increased in length
faster than first and second year blades.
All the plants at Yasuura were, at the
most, eight months old by the time of
harvest, not enough time to pass through
even one yearly variation. To check if
there was a possible relationship between
plant age (roughly corresponding to
length) and growth rate, a graph was
made of these two factors (Fig. 9). This
figure takes the individual growth rates of
all the uncut plants used for determining
the average growth rates in Fig. 5 and
plots the rates in 50 cm blocks (based on
total blade length) as the plants grew.
There seems to be an increase in growth
rate from below 50 cm in blade length to
reach a peak at 100-150 cm in length
with a decrease thereafter. Since most of
the plants were 100 cm and over in blade
length when the growth rates were deter-
mined (Fig. 3), it is said that the decrease
in the average growth rate is superficially
related to the length (or roughly age) of
the plant. However, only from these
results, it is difficult to deduce specific
relationship of the growth rate to water
temperature and/or plant age.

Irregular change in the rate of increase
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Fig. 9. Relationship of growth rate to blade

length of Laminaria japonica cultivated in Tokyo Bay.
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in width is also difficult to explain, partic-
ularly the negative value of growth rate
for a period from 12-23 March (Fig. 6).
Such decreases in width are possible and
have been reported to be related to the
time of year in L. saccharina (PARk, 1948).
Funano and Isnikawa (1974) also reported
the decrease in blade width of L. japonica.

Kain (1975) reported that the presence
of epiphytes on the blade inhibited soral
development  somewhat. Perhaps the
fertility rate at Yasuura would have been
higher than 889, had the epiphyte and
bryozoa coverage been less. The develop-
ment of sori on a plant did not seem to
affect the growth rate of the plant (Fig. 10).

In commercial cultivation of Laminaria,
seed strings 5 cm long, on which young
sporophytes are growing, are inserted at
regular intervals into the cultivation ropes
in the field. Numerous plants grow out
from each length of seed string, forming
bunches of plants (Fig. 2, B). Excess
plants are cut away by the fishermen in
order to improve light exposure for those
plants remaining. In Hokkaido, where
most of the Laminaria cultivation is carried
out, only 5 plants are left per bunch
(KawasHmMA 1984). In the present study,
however, the relationship of the average
growth rate to the number of plants per

Growth Rate (cm/day)

---0--- No Sori

—e— Sori Present

110 22 12 23 29 16 23
Feb. March April
Fig. 10. Comparison of average growth rates
with standard deviation for fertile (solid circle) and
unfertile (open circle) Laminaria japonica cultivated

in Tokyo Bay from 16 January to 23 April 1982.

bunch could not be clear within the range
of 1-20 plants per bunch (Fig. 7).

While the plants which had been cut
back to ten cm recovered, grew and even
became mature, the growth rates and
lengths were always less than those of the
uncut plants (Fig. 5). This is counter-
productive to cultivation purposes. In
China, however, they practice what they
call the ‘tip-cutting method” where as
much as one-third of the Laminaria blade
is cut away (Tsene 198lb). TsEnG
(1981b) reported that cutting the blade at
certain intervals improved the growth
conditions and product quality by improv-
ing the light conditions of the fronds and
water movement around them.

The L. japonica population at Yasuura is
unique in many ways, as a transplant
outside its natural area of distribution and
as an experiment in aquaculture. The
plants are able to grow and progress
through  maturity. Unfortunately for
aquaculture purposes, the quality is not
as good as the Hokkaido plants. Com-
mercial quality of L. japonica is mainly
valued for its thickness; the Yasuura plants
are relatively thin and ‘‘tender”. This
word was used by a person at Yokosuka
City Fisheries Co-op to describe the quality
of the Laminaria plants produced in the
district. Apparently, this tender and deli-
cious (quoting the Coo-op member) L.
Jjaponica is distributed in Kanagawa Pref.
and has become popular in five to six
years since L. japonica cultivation began at
Yasuura. In 1981, 12 tons (dry weight)
of L. japonica were harvested and sold
through the Co-op, however, it was only
about 0.19%, of the total yield of cultivated
Laminaria in Japan.
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Typification of Streptophyllopsis kuroshioensis (SEGAWA)
Kasmura (Phaeophyta, Laminariaceae) *

Mitsuo Kajmmura

Marine Biological Station, Shimane University, Kamo, Saigo, Oki-gun, 685 Japan

Kajmura, M. 1987. Typification of Streptophyllopsis kuroshivensis (SEGawa) KajimMura (Phaeophyta,

Laminariaceae). Jap. J. Phycol. 35: 19-21.

A lectotype was selected from syntypes for the basionym of Streptophyllopsis kuroshioensis (SEGAWA)
Kajimura which is a deep-water species of Laminariaceae in Phaeophyta endemic to Japan.

Key Index Words: Deep-water species; endemic

Streptophyllopsis kuroshioensis.

The basionym Hedophyllum (?) kuroshio-
ense SEGAwA was reported by Secawa
(1948) from deep-waters off Izu Province
in Shizuoka Prefecture on the Pacific coast
of Honshu. However, he could not collect
sufficient specimens of this alga to make a
detailed study. I was fortunate enough
to discover this alga growing in the deep-
waters in the Oki Islands, Shimane Pre-
fecture, and I collected abundant speci-
mens upon which I made a detailed study
and proposed a new generic name Strepto-
phyllopsis (Kajimura 1981). However, no
validated type specimen has been chosen
for S. kuroshioensis (SEcawA) KAJIMURA.

Materials and Metheds

I have chosen a lectotype from among
the three syntypes of the basionym collect-
ed by Secawa off Téji, Izu Province on
April 29, 1938 which are deposited at the
Institute of Fisheries, Faculty of Agri-
culture, Kyushu University, Fukuoka,
Japan. I have followed Article 7 and the
Guide for the Determination of Types
(Voss et al. 1983).

* Contribution No. 30 from Oki Marine Biological
Sation, Shimane Universtity

species; Japan; Laminariaceae; Phaeophyta;

Typification

In 1948 SEcawa described the basionym
of Streptophyllopsis  kuroshioensis (SEGAWA)
KajmMura as a result of his observations
on the four sterile specimens collected from
deep-water off Izu Province on the Pacific
coast of middle Honshu. He considered
it as a possible new species of Hedophyllum,
H. (?) kuroshioense SEGAwA. SEGAWA re-
marked that, “The reason to place provi-
sionally the present new alga under the
genus Hedophyllum is that it has some
resemblance to H. subsessile in the advanced
stage bearing the bifurcate arms. The
present plant, however, differs distinctly
from the latter by having the bifurcate
arms characteristically metamorphosed as
shown above. Namely, H. subsessile has
the arms which are decumbent, somewhat
long, much concave. In H. kuroshioense
such portion is very compact, metamor-
phosed into two parts, a short, compressed
stipe and a globular protuberance. More-
over, the secondary blades of H. subsessile
split into many segments and are much
concave near the base, while in H. kuroshio-
ense they are undivided and slightly con-
cave. Though there are such distinct
differences existing between these species,
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Fig. 1.
6, 1939 without indication of locality and selected by SEcawa for the “type” in 1956.

The specimen of Streptophyllopsis kuroshioensis (SEcawa) Kajmmura cellected by TaNAKA on June

Tig. 2. The designated lectotype of Streptophyllopsis kuroshioensis (SEcawa) Kajimura collected by Secawa

off T'gji, Izu Prov. on April 29, 1938.

it seems that the general appearance of
such advanced form bearing secondary
arms is the same between these species.”
On the basis of my observations of numer-
ous specimens of this alga collected from
deep-waters in the Oki Islands, I consider
this alga to be fundamentally different
from Hedophyllum (SEtcHELL 1901) not
only in not having a longitudinal bifurca-
tion in the blade, but also in having both
a perennial prostrate branch with perennial
haptera and an annual blade (KajmMura
1981).

I considered this alga distinct to the
allied genera Streptophyllum (Nacar 1940)
and Laminaria (Lamouroux 1813).  Streplo-
phyllopsis has a perennial prostrate branch
and haptera whereas Streptophyllum does
not. Rhizome-bearing Laminaria (e.g. L.
longipes Bory), which have this perennial

system also have several distinct, perennial
stipes (SercHELL and GARDNER 1925).
On the other hand, this alga resembles
Streptophyllum  spirale (YENDO) MIYABE et
Nagar in the decumbent condition of its
weakly stipitate blade which suggested the
proposed name Streptophyllopsis (KajiMuRrA
1981).

Three of the four specimens of the
basionym cited by SeEcAawa in his proto-
logue were all collected by himself off
Toji, Izu Province on April 29, 1938 but
I could not find the one of these four
illustrated by Secawa (1948, fig. 1-C).
I found that Secawa had failed to
designate the holotype of the basionym,
but Secawa chose a specimen collected by
Tanaka on June 6, 1939 without indica-
tion of its locality, for the “type” which
was indicated on its herbarium sheet by
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a Japanese stamp that means ‘“‘type speci-
men’ in 1956 (Fig. 1). It was considered
to be chosen by SEcawa probably for the
lectotype of the basionym, but I could not
consider it to be validated as the lectotype
because SEGAwaA apparently did not cite
it in his protologue (SEcawa 1948). Con-
sequently I have chosen the lectotype
from among the three syntypes and it is
deposited in the phycological herbarium
of Institute of Fisheries, Faculty of Agri-
culture, Kyushu University, Fukuoka, Ja-
pan.
Streptophyllopsis kuroshioensis (SEcaAwA) Kajr-
MURA, Mem. Fac. Sci., Shimane Univ.
15: 75-87, figs 1-27, 1981.
Basionym: Hedophyllum (?) Fkuroshioense
SEcawa, Jour. Fac. Agri. Kyushu Univ.
9(1): 59-63, fig. 1, 1948.
Japanese name: Kuroshiome.
Lectotype: Institute of Fisheries, Fac-
ulty of Agriculture, Kyushu University
(Téji, Izu Prov., Apr. 29, 1938).
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Supa, M. 1986. Marine algae from the coast of Iwaki City, Fukushima Prefecture. Jap. J. Phycol.

35: 22-33.

The list of the marine algae presented contains 118 species known from the coast of Iwaki City
in Fukushima Prefecture on the Pacific coast of central Honshyu (Main island of Japan), of which
13 species belong to Chlorophyceae, 24 species to Phaeophyceae, 80 species to Rhodophyceae and
one species of Phanerogamous sea grass. 22 species having asterisk (*) in the list are newly known
from the present area. Among the above 22, 3 species recorded the southermnost limit and 4 other
species recorded the northernmost limit at Iwaki City on the Pacific coast of Honshyu.

Key Index Words: marine algae; sea grass; systematic list; Iwaki City; Fukushima Prefecture.
Masahiro Suda, Nakoso Technical High School, Do-no-saku 10, Ueda, Iwaki-shi, Fukushima-ken,

974 Japan.
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Fig. 2. Sea watet temperature at the coast of

Iwaki City in 1983-1985 (Onahama Meteorological
Station data).

BAKE (6~7C) icisd (Fig. 2)o 1980FDHEZFEL
BIIEEORE (BRIVKERBS, RERER &
Bbh s LNEKERENA LN, ESIKEDOH
hOERMICHEY T 23 A~T AiIcBEETH-7- (&
BIRUKEERERS, 1984),

BEROWHETAROBEAR
IR OD ETHTH R INELTRY,

CHLOROPHYTA iR
Chlorophyceae #R#EH
Ulotrichales bt I Fua g
EE: Fof
Ulothrix flacca (DiLLwyn) THURET in LE JoLis
| A N =
Noda (1964).
Ulvales 744 H
Monostromataceae

Ulotrichaceae

= S A
Monostroma angicava KjELLMAN T/ k& b = 7'
Noda (1964),

Monostroma nitidum WITTROGK bt b T 7 4%
IN&EE (J8H, Arp. 18, May 6, 1985).
Kornmannia zostericola (TILDEN) BLIDING £/
*Eebx

/INMBEE (ZAM, Apr. 21, 1985),

Monostroma zostericola TILDEN ; Noda (1964).

5.

10.

11.

Protomonostroma undulatum (WrTTROCK) ViINO-

GRADOVA YTk b/ ¥

Monostroma undulatum WrrTROCK ; Noda (1964).
Ulvaceae 74 4t

Enteromorpha compressa (LINNAEUS) GREVILLE

E37A4A/Y

ME CAM, Jul2, 1985), /& (FEH,

Mar. 31, Apr. 18, 1985).

Noda (1964).

Enteromorpha crinita (RotH) J. AGARDH K Y/

IETA/Y

Noda (1964).

Enteromorpha intestinalis (LINNAEUS) LINK K7

TAY

& GEHE, Jul 2, 1985), /NEiE (GAH,

Mar. 26, 1984 ; Apr. 18, 1985).

Noda (1964).

Enteromorpha linza (LINNAEUs) J. AGARDH ¥

RINTA /Y

P9E (FEMH, Nov. 20, 1983), /&R (FAH,

Aug. 9, 1984).

Noda (1964).

Enteromorpha plumosa KtrzING F X A4 b TH

/Y

Noda (1964).

Enteromorpha prolifera (OEDER) J. AGARDH R

ITAIN*

P4E (3HH, Dec. 4, 1983 ; Apr. 6, 1984),

T4 (HH, Apr. 8, 1984).

Ulva pertusa KJELLMAN T F T & ¥

AZi% (AH, Aug 20, 1984), ME (HE’

Sept. 24, 1984 ; Jul. 30, Aug. 3, 1985), ik

% (ZEM, Feb. 16, 1985), /& (AHH,

Apr. 15, 1984 ; Aug. 9, 1985).

Noda (1964).
Cladophorales ¥ # 7' H

xR

Chaetomorpha aerea (DiLLwyn) Kttzing £V

WA 2 XE

Noda (1964).

Chaetomorpha crassa (C. Acarbn) KuTziNg 7k

Cladophoraceae

VY A RXE

AZi& (FFH, Aug. 15, 1984), MUE (FFEH,
Jan. 4, 1984).

Noda (1964).
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15.

16.

19.

20.

21.

22.

23.

Supa, M.

Chaetomorpha moniligera KJELLMAN X =Y o

ZXE

PUB CEHM, Jul 2, Aug 3, 1985), /BiR

(481, May. 26, Nov. 17, 1984).

Noda (1964).

Chaetomorpha spiralis OKAMURA 7 + I 2 X E

Az GHH, Aug. 12, 1984), WM& CHEH,

Nov. 13, Dec. 16, 1983), sk (ZEH, Nov.

10, 1984), /hgik (%M, May. 26, 1984),

[#+ (1936). Noda (1964).

VX FOVATY

Cladophora glaucescens HARVEY ; Noda (1964).

Cladophora sakaii ABBoTT TH I F ) v A4 74

Cladophora densa HARVEY ; [fl4f (1936), Noda

(1964).

Cladophora stimpsonii HARVEY & R &/ 4 7'+

Noda (1964).

Cladophora utriculosa KurziNG

Noda (1964).
Codiales
Bryopsidaceae

Cladophora opaca Saxar

IH
~xER
Eryopsis maxima OKAMURA # A /N3 €
Pu4& (JAMA, Jul. 30, Aug. 3, 1985), /N¥ R
(%8M, Dec. 1, 1984 ; Aug. 10, 1985).
M4t (1936). Noda (1964).
NP7+
Codium adhaerens (CABRERA) C. AGARDH /
43I
IN#IE (JEM, Dec. 15, 1984).
Noda (1964).
Codium fragile (SURINGAR) HariOT 3 )1
P& (AH, Oct. 14, Nov. 4, 1984).
Noda (1964)
PHAEOPHYTA ##EMEYM
Phaeophyceae #3HiiH
vAIFoH
vAIFef
Ectocarpus penicillatus (C. AcarpH) KJELLMAN
I7FYAIFm
Noda (1964).
Ectocarpus yezoensis YAMADA et TANAKA T/
YAIFm
Noda (1964).
Streblonema evagatum SETCHELL et GARDNER
AT7¥YFYIFm

Codiaceae

Ectocarpales

Ectocarpaceae

10.

11.

12,

13.

Noda (1964).
Ralfsiales

Ralfsiaceae

A4vH77H
AVHT 7R
Analipus japonicus (HARVEY) WYNNE </ E
Az (AM, Aug 12, 1984), pug (M-
Apr. 5, Nov. 20, Dec. 16, 1984), 14 (&
[, Apr. 8, 1984), skis (GHH, Jan. 16,
1985), /i (M, Dec. 8, 1984 ; Jan. 12,
1985).
Heterochordaria abietina (Rupr.) SETCHELL et
GARDNER ; Noda (1964).
Chordariales +# <=V ®H
Chordariaceae #+ = &F}
Papen fussiella kuromo (YENDO) INAGAKI 7 1O E
P98 (ZHH, May 27, 1984 ; May. 3, 1985),
NG (GEM, Apr. 29, 1984).
Noda (1964).
Tinocladia crassa (SURINGAR) KyLIN 7 | £ X 7
Noda (1964).
Elachistaceae + I <=7 5 F
Elachista globosa TaAkaMATSU + <7 5
Elachista fucicola (VELLEY) AREscHOUG ; [}
(1936), Noda (1964).
Elachista taeniaeformis YAMADA bV F 3= 5
Noda (1964).
Leathesiaceae # /%Y €F}
Leathesia difformis (LINNAEUS) ARESCHOUG
RUE
PYE (FEH, May 27, 1984 ; Jul. 2, 1985),
ki (M, Sept. 25, 1984).
Noda (1964).
Myriactula sargassi (YENDO ) FELDMANN I/ 4
/Y
Noda (1964).
Petrospongium rugosum (OKAMURA) SETCHELL
et GARDNER V77 / /177
P& (HE, Jul 30, 1985), /g CEM,
Apr. 21, 1985).
Noda (1964).
Myrionemataceae I Y A % =F}
Myrionema corunnae SAUVAGEAU
Noda (1964).
Scytosiphonales H ¥ €./ Y [
AveEs VF

Colpomenia bullosa (SAUNDERs) YAMADA 77 & &

Scytosiphonaceae
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15.

16.

17.

18.

20.

21.

22.
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Noda (1964).
Colpomenia sinuosa (MARTENs et RoTH) DERBES
et SOLIER in CASTAGNE 7/ 1 /)
Pa& (EHMH, Jan. 7, 1984 ; May 3, Jul. 2,
1985), 1145 (M, Apr. 8,1984), ki (M,
Feb. 16, 1985).
Noda (1964).
Endarachne binghamiae J. AcarbH / /3 )/ V) ¥
pyA& (GHH, Nov. 20, 1983), /e (GHH,
Jan. 12, 1985).
Ilea Petalonia zostericola Nopa
Noda (1964).
Petalonia fascia (O. F. MULLER) KUNTZE + 4
ERyRAVAWR) R
P9A (HH, May 3, 1984), sk (M, Feb.
16, 1985), /N\%iE (%8, Feb. 16, 1985).
Scytosiphon lomentaria (LyNGBYE) LINk /1 ¥ €
/Y
pug& (ZHH, Apr. 6, 1984 ; May 3, 1985), L
% (EHH, Apr. 8, 1984), /% ¥x (GEH, May
26, 1984 ; May 6, 1985).
Noda (1964).
Dictyosiphonales w7 4 F 3 v €[]
Asperococcaceae I E V7 7 of}
Myelophycus simplex (HARVEY) PAPENFUSS 4
ey
P& CGAME, Jul. 30, 1985).
Myelophycus caespitosus (HARV.) KJELLMAN ;
Noda (1964).
Punctariaceae /~/NE F & F}
Punctaria latifolia GREVILLE /~\/NE N F
Noda (1964).
Sphacelariales 7 o4~ 7 [H
sufivIF
Sphacelaria subfusca SETcHELL and GARDNER
NV Y
Noda (1964).

Desmarestiales

Sphacelariaceae

DI =
gy 7Y F

Desmarestia ligulata (STACKHOUSE ) LAMOUROUX

YT

Az (HH, Aug 12, 1984), P4& (HH,

Apr. 7, 1984 ; May 3, 1985), /i (ZHM,

May 26, 1984 ; Jun. 1, 1985).

A (1936). Noda (1964).

Desmarestiaceae

28.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Desmarestia tabacoides OKAMURA #3523 J 4
ffE (1936).
Desmarestia viridis (MULLER) Lamouroux 4
NI
J9& (M, May 5, 1984).
fift (1936). Noda (1964).
7Y EH
ryy e
Carpomitra cabrerae (CLEMENTE) KtTzINe 4
F A HH
fke (1936).

Laminariales

Sporochnales

Sporochnaceae

av7H
FHAVE
Alaria crassifolia KjJeLLMAN in KJELLMAN et
PETERSEN F 4 V*
PagiciTEY (A, Dec. 18, 1983).
Undaria pinnatifida (HARVEY ) SURINGAR 77 77 #
Az CHAM, Aug 20, 1984), ME CAMH-
Oct. 21, 1984 ; Jul. 30, 1985), 1% C&EH,
Sept. 25, 1983), /it (GAH, May 26 , Aug.
20, 1984 ; Mar. 31, Jun. 1, Aug. 10, 1985).
Noda (1964).

Laminariaceae

Alariaceae

avIR

Eisenia bicyclis (KJELLMAN in KJELLMAN et

PETERSEN) SETCHELL 7 7 A

P9& (M, May 5, Nov. 20, 1984 ; Jul. 30,

1985), L% (Z8M, Sept. 25, 1983), 7kitF (%H

[H, Aug. 25, 1984), /MagE (GAH, Jan. 12,

Aug. 10, 1985).

Noda (1964).

Laminaria japonica AREscHouc << 21V 7¥

PIE CHH, Jul 2, 1985), ki CAH, Nov,

25, 1984), /h#EE (A, Apr. 18, 1985).

Laminaria religiosa MtyABE in OKAMURA kY

»av7

Noda (1964).
Dictyotales 7 I Y 74 H

TIVIHHE

Dictyopteris divaricata (OKAMURA) OKAMURA

/YK

VYA (40, May 3, 1984 ; Jul. 30, 1985), /s

#iE (GAH, Apr. 29, 1984).

Noda (1964).

Neurocarpus divaricata OkaMURA ; RS (1936).

Dictyotaceae

Dictyopteris undulata HoLMEs ¥ 7 v/~ X
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33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
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Noda (1964).

Dictyota dichotoma (HupsoN) LAMOUROUX 7

IVITY

P4Z (HM, Sept. 16, 1984).

Noda (1964).

Dilophus okamurae DawsoN 7 7 ) VT I Y

A& (EM, Nov. 20, 1983), /& (FHH,

Dec. 8, 1984 ; Jan. 12, 1985).

Dilophus marginatus (non J. Ac.) Okawm. ;

(1936).

Pachydictyon coriaceum (HoLmes) OKAMURA

FETHY

Noda (1964).

Spatoglossum pacificum YENDO 3 E YV J 4

A2k (CAME, Aug. 12, 1984), & (HH

Nov. 4, May 5, 1984 ; Jul 30, 1985), /\%

#= (JAM, Apr. 29, 1984 ; Aug. 10, 1985).

Noda (1964).
Fucales b/ x742H

v/ EIR

Cystoseira hakodatensis (YEnpO) FENSHOLT

HEs

vaE (HE, May 27, 1984), X CGHH,

May 6, 1985).

Cystophyllum hakodatense YENDO ; [Fff (1936)

ez 2F )

Fucus distichus LINNAEUS ssp. evanescens (C.

Cystoseiraceae

Fucaceae

AcArRDH) POowELL E/N= &%

POBICETRY (HH, May 27, 1984).

Pelvetia wrightii OKAMURA L' 4 V4"

Noda (1964).
Sargassaceae F V&7 7§

Hizikia fusiformis (HARVEY) OKAMURA bk ¥ &

Az (AH, Aug 15, 1984), PUg CHH,

Nov. 20, 1983 ; Jul. 30, 1985), T4 CEHH,

Apr. 8, 1984), /g (55H, May 26, 1984

; Mar. 31, Apr. 21, Jun. 1, Aug. 10,

1985).

Noda (1964).

Sargassum ammophilum YosHIDA et T. KoNNo

ZFEFES

Yoshida (1983).

Sargassum confusum C.AGARDH 7Y AV EJ

Noda (1964).

Sargassum horneri (TURNER) C. AGARDH 7 77

44.

45.

46.

47.

48.

€7

Pug (%M, Apr. 7, Oct. 21, 1984 ; Jul. 2,
1985), /i (AHE, Dec. 8, 1984 ; Apr. 21,
1985).

Noda (1964). Yoshida (1983).

IY~REZ
Sargassum kjellmanianum YENDO ; Noda (1964).

Sargassum miyabei YENDO

Sargassum muticum (YENDO) FENsHOLT & = /™
NFET
Yoshida (1983).
Sargassum siliquastrum (TurRNER) C. AGARDH
IVEJ
Yoshida (1983).
Sargassum tortile C. AGArDH ; Noda (1964).
Sargassum thunbergii (MARTENs et Rota) O.
Kuntze U3 b5 /4
pug& (6, May 5, 1984 ; Jul. 30, Aug. 3,
1985), /14 (EHH, Sept. 25, 1983), /Mg
M, Apr. 15, 1984 ; Apr. 21, Jun. 1,
1985).
Noda (1964). Yoshida (1983).
Sargassum yamadae YosHmA et T. Konno 7
o S/
Yoshida (1983).
RHODOPHYTA #I#HE¥FY
Rhodophyceae HL#&HA

v/ ) Hif
Ty Rawi 4 RH

Y ZRBRVT 4 R

Bangiophycidae
Erythropeltidales
Erythropeltidaceae
it

Erythrotrichia incrassata TANARKA AV 1) K

Erythrocladia subintegra RoSENVINGE ; Noda

(1964).

Erythrotrichia carnea (DiLLwyN) J. AGARDH

+w¥ /A4 b

Noda (1964).

Erythrotrichia reflexa (CROUAN) THURET = 3

HEaxy /4 b

Noda (1964).
Bangiales v <4 /Y H

vvr/VE

Bangia atropurpurea (Rotn) C. AGARDH 7 ¥/

7/

g CAM, Nov. 20, 1983), iR (M,

Jan. 12, Apr. 3, 1985).

Bangiaceae



10.

11.

12.

13.

14.

15.

16.
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Bangia fusco-purpurea (DiLLWYN) LYNGBYE ;
Noda (1964).

Porphyra pseudolinearis UeDA %7 o 704 /)
Noda (1964).

Porphyra purpurea (RotH) C. AGARDH F ¥ =
sua/l)

Porphyra umbilicalis (L.) J. Ac. ; Fff (1936).
Porphyra suborbiculata KJELLMAN < )V/NT =
/Y

Noda (1964).

Porphyra tenera KJELLMAN T4 274 /)
Noda (1964).

Porphyra yezoensis UEDA RH & /)

L% (AM, Apr. 8, 1984), /hEi CHEH,
Dec. 5, 1984 ; May 6, Jun. 1, 1985).

P+ (1936). Noda (1964).

Floridiophycidae B IFAL #imH A
viVYysAVH
T/urFu s
Auduinella terminalis (NAKAMURA) GARBARY

Nemalionales

Acrochaetiaceae

Rhodochorton terminale Nakamura ; Noda
(1964).
Helminthocladiaceae ~N=%&X7f
Helminthocladia yendoana NARITA KV X=%
z7
Noda (1964).
Nemalion vermiculare SURINGAR v V' %V
PdE (A, Jul. 30, Aug. 3, 1985), sk i
(/HH, Sept. 25, 1983).
fAft (1936). Noda (1964).
¥y VH
Bonnemaisonia hamifera Hartor #¥ /Y
Asparagopsis hamifera (Harior) OxaM. ; fEff
(1936).
Gelidiales 5 v 74 H
Gelidiaceae 7 ¥ 7 4%}
Gelidium amansii (LAMOUROUX) LAMOUROUX
%7y
P9 (GEH, Jul 2, 1985), ki (AH, Feb.
16, 1985).
Noda (1964).
Gelidium divaricatum MARTENs & x5 v 7 4%
P& (ZEH, Oct. 21, 1984 ; Jul. 30, 1985),

i (M, Nov. 10, 1984).
Gelidium japonicum (HARVEY) OKAMURA A =

Bonnemaisoniaceae

18.

19.

20.

21.

22.

23.

24.

25.

26.

7 *
g (AM, Oct. 15 @, 1984 ; Mar. 31,
Apr. 18, Jun. 1, Aug. 10, 1985).
Gelidium pusillum (Stacknouse) LE JoLis -~
A7y
P4E (M, Jul 30, 1985), sk (ZHH, Nov.
10 @, 1984).
Noda (1964).
Gelidium subfastigiatum OKAMURA F ¥ 7 74
Ay (1936).
Gelidium vagum OKAMURA 3 L 74
Noda (1964).
Pterocladia capillacea (GMELIN) BORNET in
BorneT et THURET A /N7 4
Pterocladia tenuis OKAMURA ; Noda (1964).
hsv4+H
JavEVYYV IR
Neodilsea yendoana TOKIDA T /1N
AZix (AH, Aug. 12, 1984), & CHEH,
Nov. 3, 1983 ; Oct. 21, Nov4, 1984 ; May
6, Jul 2, Aug. 3, 1985), /NZiE (ZHH, Aug.
10, 1985).
Noda (1964).
Pikea californica HARVEY I FH TV T
P4& (GEM, Nov. 4, 1984 ; Jul. 2, Aug. 3,
1985), 714 (AHMH, Sept. 25, 1983), ikif
(YAM, Nov. 10, 1984) /i (GAH, Now.
10, 1984).
MiAE (1936). Noda (1964).
A7/ H7F
Peyssonnelia caulifera OkAMURA T %V £ 7/
H7*
k% GAH, Jan. 16, 1985).

Corallinaceae 4 I €}
Amphiroa echigoensis YENDO T F I A=/ T
Noda (1964).
Bossiella cretacea (PosTELs et RUPRECHT)
Jouansen AV F)*
pag (GEH, Nov. 20, 1983 ; Apr. 6, 1984 ;
Jul. 30, Aug. 3, 1985).
Calliarthron yessoense (YENDO) MaNza TV

Cryptonemiales

Dumontiaceae

Peyssonneliaceae

ana

p4& (48MH, Nov. 3, 1983 ; Apr. 6, Nov. 20,
Oct. 14, 1984 ; Jul. 30, Aug. 3, 1985), i
(FAM, Sept. 8, 1984), /NZ¥ (FH, Feb.
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28.

29.

30.

31.

32.

33.

34.

35.

36.
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16, Mar. 31, Jun. 1, Aug. 9, 1985).
Cheilosporum yessoense YENDO ; Noda (1964).
Corallina of ficinalis LiNNAEUS 4 = &*
PY& (%8, Apr. 6, 1984 ; Jul. 2, 1985), I
% (ZEM, Sept. 25, 1983).

Corallina pilulifera PosTELs et RUPREGHT E)
=2

P4 (M, Nov. 3, 1983 ; May 5, 1984 ;
May 3, Jul. 30, Aug. 3, 1985), L% (AM,
Sept. 23, 1983), /NZix (YA, Feb. 16, Mar.
31, Aug. 9, 1985).

Noda (1964).

Fosliella zostericola (FosLIE) SEGAWA in
YosHIDA & H ¥

P4Z (ZEM, Nov. 3, 1983 ; Jul. 30, 1985),
kg (ZEH, Nov. 17, 1984), /A (R,
Jan. 12, Mar. 31, 1985).

Lithophyllum okamurae FosLik f. japonicum
=2

Noda (1964).

Marginisporum aberrans (YENDO) JOHANSEN et

FosLIE

CHIHARA In JOHANSEN 7H%h=/7F
Amphiroa aberrans YEnDO ; Noda (1964).
Melobesia pacifica MasAkl T /N2 & 4%
Vg (M, Dec. 3, 1983 ; Jul. 30, 1985).
Serraticardia maxima (YENDO) SiLvA F A4 ¥ 2
n

P& (%M, Nov. 3, 1983 ; Jul. 30, 1985),
& e CGHME, Feb. 16, 1985).

Cheilosporum maxima YEnDO ; Noda (1964).
Tenarea tumidulum (FosLie) AbEy /Y <%
p4& (%M, Nov. 4, 1983 ; Oct. 10, 1984 ;
Jul. 30, 1985), kif (HH, Sept. 8, Nov. 10,
1984), /hzEE (4, Feb. 16, Mar. 31, Jun.
1, Aug. 9, 1985).

Dermatolithon tumidulum FosLie ; Noda (1964).
LAT 7 UVE

Carpopeltis affinis (HarvEY) OKAMURA </
/Y

Az CGAH, Aug 15, 1984), 4& CAH,
Jul. 2, 1985), /g (JAH, May 27, Aug
20, 1984).

[+ (1936). Noda (1964).

Carpopeltis cornea (OkaMURA) OKAMURA Y/ /

LAT

Halymeniaceae

37.

38.

39.

40.

41.

42.

43.

44.

ff (1936). Noda (1964).

CGarpopeltis prolifera (HoLmes) KAWAGUCHI et
Masuba 2 % /)

Jkids (ZHM, Feb. 16, 1985), /& (GEH,
Apr. 29, 1984 ; Feb. 16, May 26, Jun. 1,
Aug. 9, 1985).

Carpopeltis flabellata (Houmes) OKAMURA ;
Noda (1964).

Grateloupia filicina (Lamouroux) C. AGARDH
LHT /Y

Az (GEH, Aug 15, 1984), & (GEH,
Oct. 7, 1984 ; Jul. 30, Aug. 3, 1985), /N3
i (HM, Dec. 1, 1984 ; Jan. 12, Aug. 10,
1985).

Noda (1964).

Grateloupia latissima OKAMURA

Noda (1964).

Grateloupia lividla (HARVEY) YAMADA t J A
A7

PY& (AM, Dec. 4, 1983 ; May 3, Oct. 7,
Nov. 4, 1984 ; Aug. 3, Jul. 30, 1985), /1%
(Y8H, Sept. 25, 1983), /&t (3HH, Dec.
8, 1984 ; Aug. 9, 1985).

Noda (1964).

Grateloupia okamurae YAMADA F 5% / &%
T CGHEM, Aug. 22, 1984 ; Aug. 10,
1985).

Noda (1964).

Grateloupia sparsa (OkaMURA) CHIANG & )
AV

Azt CAH, Aug. 12, 1984), P4&E (HH,
Dec. 18, 1983 ; May 5, 1984), T4 (EHH,
Apr. 8, 1984), /NZiE (JAH, May 26, Dec.
1, 1984 ; Jan. 12, Apr. 21, 1985).
Cyrtymenia sparsa OxamMURA ; fAFT (1936),
Noda (1964).

Grateloupia turuturu YAMADA Y )V )V

Y& GEM, Jul 30, Aug. 3 9, 1985), I%
(M, Apr. 8, 1984).

Noda (1964).

Pachymeniopsis elliptica (HoLMES) YAMADA in
KawaBata # /3 /Y

Az (AH, Aug. 20, 1984), /NE ¥ (HH,
May 26, 1984 ; Jun. 1, Aug. 10, 1985).
Noda (1964).
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54.

55.
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Pachymeniopsis lanceolata (OKAMURA) YAMADA

in KawaBaTA 745 7

Noda (1964).

Endocladiaceae 7 / ) §}

Gloiopeltis complanata (HARVEY) YAMADA />

+7/Y

g CAMH, Jul 2, 1985), /M CAH,

May 26, 1984 ; Aug. 10, 1985).

FE#+ (1936). Noda (1964).

Gloiopeltis furcata furcata (PosTELs et RUPRE-

cHT) J. AGaRDH 7717 /)

PUE (HM, Nov. 13, 1983 ; May 3, Jul 2

Q, Aug. 3, 1985), I# CHM, Sept. 25,

1983), /Mg (CAM, Mar. 31, Aug. 10,

1985).

Noda (1964).
Callymeniaceae Y A4/ ) Ft

Callophyllis adnata OkAMURA XY / 4 A

EFF

Noda (1964).

Callophyllis crispata OKAMURA b T /~/ b3

AEFF

Noda (1964).

Callophyllis palmata YAMADA Y VT H 2 b4

AEFF

N Ee CAHE, Aug. 10 2, 1985).

Noda (1964).

Callophyllis rhynchocarpa RUPRECHT E x b+

hEFF

Noda (1964).
Gigartinales ¥/ Y H
Nemastomataceae t A% /4 M}

Nemostoma lancifolia OKAMURA ¥ R ¥ X

ffs (1936). Noda (1964).

Schizymenia dubyi (CHAUVIN in DuBy)

J. AcaRDH ~N=Z2F T

fiFs (1936). Noda (1964).

FI/F8

Chondrococcus japonicus (HARVEY) OKAMURA in

MATSUMURA et MrvosHr F I / /~F*

AZ8E GHH, Aug 12 ¢, 1984), ski#f (5

[, Feb. 16, 1985).

Solieriaceae I Y V§}

Rhizophyllidaceae

Turnerella mertensiana (POSTELs et RUPRECHT)

Scumitz in ENGLER et PRANTL T V' F 4 ¥

56.

57.

58.

59.

60.

61.

62.

63.

Noda (1964).
Caulacanthaceae 4V € A5
Caulacanthus okamurae YAMADA A Y & V7Y
PUZ (%EMH, Nov. 4, 1983 ; Jul. 30, 1985),
T4 (M, Sept. 25, 1983 ; Nov. 17, 1984),
I (JAM, Dec. 1, 1984 ; Jan. 12, Aug.
10, 1985).
Noda (1964).
Plocamiaceae =7 Y&}
Plocamium recurvatum OKAMURA <+ 174
PYZ (EH, Nov. 3, 1983; Jan. 4, 1984;
Jul. 30, 1985), 7k (ZEH, Nov. 17, 1983),
N4 (YAH, Apr. 29, Dec. 1, 1984 ; Mar.
31, Aug. 9, 1985).
ity (1936). Noda (1964).
Plocamium tel fairiae (HARVEY) HARVEY in
Kiurzine 4V
AZE (EMA, Aug 12, 1984), P4E (HH,
Nov. 3 ¢, 1983 ; Jan. 4, 1984 ; Jul. 2,
1985), ki (M, Sept. 8, 1984), /i
((AH, Apr. 15, 1984 ; Mar. 31, Jun. 1,
Aug. 9, 1985).
Noda (1964).
Hypneaceae 4-~x7 /) §t
Hypnea charoides Lamouroux 4 /3% /)
Y& (GEM, Nov. 3, 1983 ; Sept. 16, Oct.
14, 1984), /% (M, Dec. 8, 1984).
Noda (1964).
Hypnea saidana Houmes H A4 £ A /375
[+ (1936). Noda (1964).
Hypnea variabilis OKAMURA Z F A4 /375 /Y
fmrd (1936).
Gracilariaceae A2/ )t
Gracilaria bursa-pastoris (GMELIN) Siva ¥ 7
€
Gracilaria compressa (Ac.) GREVILLE ; Noda
(1964).
Gracilaria verrucosa (Hupson) PapEnruss 74 =
/Y
PUB (M, Oct. 10 9, 1984 ; May 3, Jul
2, Aug. 3, 1985), /N%i#t (PHH, May 26,
Nov. 17, 1984 ; Aug. 10, 1985), /L% CGHH,
Apr. 8, Nov. 17, 1984).
Noda (1964).

Phyllophoraceae A+ / Y}



30

64.

65.

66.

67.

68.

69.

70.

71.

72
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Ahnfeltia paradoxa (SURINGAR) OKAMURA /»

) H*

P4E (GHH, Nov. 3, Dec. 16, 1983 ; Apr. 29,

May 3, Oct. 10, 1984 ; Jul. 30, 1985), 114

(%M, Apr. 8, 1984), ki (GHH, Sept. 8,

Nov. 10 ¢, 1984), /hZ#e (5HH, Apr. 15,

May 26, Dec. 8, 1984 ; Mar.31, Jun. I,

1985).

Noda (1964).

Gymnogongrus flabelliformis HARVEY in PERRY

AFV /Y

P98 (M, May 5, 1984 ; Jul. 30, Aug. 3

Q, 1985), T4 CHH, Sept. 25, 1983 ; Apr.

8, 1984), /M= CGEME, Apr. 29, May 26,

1984 ; Aug. 10, 1985).

Noda (1964).

Gymnogongrus japonicus SURINGAR Y/ LI K& F

YEFV /Y

Noda (1964).
Gigartinaceae Z¥/ ) F

Chondrus elatus HoumMes 2 b Uy ) = 4%

/hEEe (GHH, Oct. 16, Dec. 8 2, 1984;

Mar. 31 ¢, May 26, Jun. 1, Aug. 9 @,

1985).

Chondrus giganteus YENDO A A /XY /= 4%

P98 (HM, Nov. 13 @, Dec. 16, 1983 ; Jul.

30 @, 1985), 7ki% (ZHH, Feb. 16, 1985),

/Mg (H, Apr. 29, Aug. 20 2, Dec.

8, 1984 ; May 6, 1985).

Chondrus ocellatus HoLmes Y / < &

AZiEE (AH, Aug 12, 1984), g (FHH,

Nov. 20 @, 1983 ; May 3, Jul. 2@, 1985),

INgEe (AH, Aug. 9 @, Dec. 8@, 1984 ;

Jan. 12 @, May 26 @ 2, Jun. 1, Aug. 10

@, 1985).

Noda (1964).

Gigartina intermedia SURINGAR H 4 /Y

P9& (FHHE, Oct. 7, 1984 ; Jul. 2, Aug 3,

1985), /% &= (JHH, May 26, Aug. 9 ¢,

1985).

Noda (1964).

Gigartina teedii (RorH) LAMoUROUX Y &V /

Y

Noda (1964).

Rhodoglossum japonicum Mikamt 7 H/8¥ v/ F

73.

74.

75.

76.

77.

78.

79.

A/

T4 CGHH, Apr. 8 @ ¢, 1984).

Iridaea pulchra Kutz. ; [T (1936).

=S TYNYH

7Y FFV IR

Champia parvula (C. Acarbpu) Harvey 7%
F¥Fvy

PU& CGEM, Oct. 14, 1984 ; Jul. 2, 1985),
Nt (GAH, Sept. 8 @, 1984 ; Aug. 9,
1985).

Noda (1964).

Gastroclonium pacificum (DawsoN) CHANG et
Xia A1v=Y

JU& (Z2H, Sept. 15, 1984 ; Jul. 2 @, 1985),
Mgt GAHE, Aug. 9@, Dec. 8, 1984 ; Jan.
12, 1985).

Gastroclonium ovale (Hups.) Kuz. ; fijff
(1936), Noda (1964).

Lomentaria catenata HARVEY in PERRY 7 ¥
> F

Azik (HH, Aug 20, 1984), W& CHH
Apr. 7, 1984 ; Jul. 30 ® ¢, 1985), L% CH
M, Sept. 25, 1983), ski% (GEM, Sept. 8,
1984), /e (ZHM, Apr. 15, Aug 20 @,
Dec. 15 @, 1984 ; Feb. 16, May 6, Jun. 1,
1985).

Noda (1946).

Lomentaria hakodatensis YENDO 33 XY 7V F
ES

Az (AM, Aug 12 @, 1984), WE (H
[, Oct. 10 @, 1984 ; Jul. 30 @, 1985),
ML (GHE, May 26, Dec. 15, 1984 ; Jan.
12, Jun. 1, 1985).

Noda (1964).

Rhodymeniaceae

Rhodymeniales

Champiaceae

24 TYNYE
Chrysymenia wrightii (HARVEY) YAMADA £ %
Y¥vy
AR (1936).
Rhodymenia intricata (OkAMURA) OKAMURA ¥
Ha )
Noda (1964).
Ceramiales 4 ¥=Z[H

A F2F
Antithamnion defectum KyLIN F XA 742
' *

Ceramiaceae
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AZix (FH, Aug. 12, 1984), /it (HHI,
Aug. 25, 1984).

Antithamnion nipponicum YAMADA et INAGAKI
72 HYx

Mg (AM, Jan. 12 @, Apr. 15, Aug. 25, 89.

1984 ; Jun. 1 @, 1985).
Noda (1964).
Callithamnion callophyllidicola YaMADA 3 X A

b7y 90,

P& (JEH, Nov. 4 &, 1984).

Callithamnion furcellariae J. AGARDH

Noda (1964). 91.

Campylaephora crassa (OKAMURA) NAKAMURA
ZrA4FR

AZiEE (AH, Aug. 15, 1984), & (FHH,
Nov. 4, 1984 ; Jul. 30, 1985), % (EH,
Apr. 8, 1984), /hEEE (M, Jan. 12, Apr.
29, May 27, Aug. 25, 1984).

Noda (1964). 92.

Ceramium crassum OKAMURA ; [iF (1936).
Campylaephora hypnacoides J. Acarbn 3"/ )
pU& (HME, Sept. 16, Oct. 10, Nov. 4 ; Jul

30, Aug. 3, 1985), ki (HH, Sept. 8, 93.

Nov. 10, 1984 ; Feb. 16, 1985), /N&ik (H
H, Dec. 1, 1984 ; Mar. 31, Jun. 1, Aug. 9,
1985).

Noda (1964).

Centroceras clavulatum (C. AGARDH ) MONTAGN
FAFR

P4& (ZHH, Nov. 20, 1983).
Noda (1964).

Ceramium japonicum OKAMURA
AzigE (HH, Aug. 12, 1984), P& CHH,
Nov. 27, 1983 ; Apr. 29, May 5, 1984 ; May
3, Jul. 2, 1985), /A (GHH, May 27,

1984 ; Mar. 31, 1985).

Noda (1964).

Ceramium kondoi YENDO emend. NAKAMURA

4 F= 95.

Az (HH, Aug 12, 1984), WA (EH,

Nov. 27, 1983 ; Apr. 7, May 5, 1984 ; Jul. 30, 96.

1985), /& (YHH, Dec. 1, 1984 ; Mar.
31, Apr. 18, May 6, Jun. 1, 1985).
Noda (1964).

Ceramium paniculatum OKAMURA /1) f ¥R

INFALFER 94,

PY& (M, Oct. 7, Nov. 3, 1983 ; Oct. 10,

1984 ; Jul. 30, Aug. 3, 1985), /g GGAMH,

Dec. 8, 1984).

F4$ (1936). Noda (1964).

Ceramium tenerrimum (MARTENs) OKAMURA 4~

4F=

/4& (M, Nov. 4, 1984).

Ff (1936). Noda (1964).

Griffithsia japonica OKAMURA H1 ¥ ¥ 74

Mg (B, Apr. 21 @, Aug. 9, 1985).

PFt (1936). Noda (1964).

Herpochondria corallinae (MARTENs ) FALKENBERG

in ENGLER et PRANTL. =/ %I 4X

J9& (AM, Nov. 3, 1983 ; Jul. 30, 1985),

g (JAH, May 26. Aug. 20, 1984 ; Mar.

31, Jun. 1, 1985).

Microcladia corallinae (MART.) OKAMURA ;

Noda (1964).

Herpochondria elegans (OkaMura) IToNOo H T

g

puE (FH, Dec. 4, 1983 ; Sept. 15, Oct. 10

®, 1984 ; Jul. 2, Aug. 3, 1985).

Psilothallia dentata (Oxamura) KyLIN ~X=Lt

IN

AZE (EH, Aug 12, 1984), ME (FEH,

Oct. 3, 1983 ; Nov. 14, 1984 ; Jul. 2, 1985),

ki (M, Nov. 25, 1984), /gie (EHM,

Apr. 29, May 26, 1984 ; Mar. 31, Apr. 21,

Jun. 1, Aug. 9, 1985).

Ptilota dentata Oxamura ; [f44 (1936), Noda

(1964).

Reinboldiella schmitziana (ReinBoLD) DE Tont

FVEIY

WA CEH, Jan. 4, 1984), /& (RAH,

Apr. 29, 1984 ; Jan. 12, 1985).

Carpoblepharis schmitziana (RBp.) OKAMURA ;

Noda (1964).
Dasyaceae # Y TH

Dasya sessilis YAMADA T F VXTI T

Noda (1964).

Heterosiphonia japonica YENDO A V NF

Az (GAH, Aug 12, 1984), ki CEH,

Nov. 10 @, 1984 ; Feb. 16, 1985), /% #x

(M, Apr. 29, May 26, 1984).

Mfd (1936). Noda(1964).
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103.

104.

105.

Supa, M.

Heterosiphonia pulchra (OxAMURA) FALKENBERG
V=EIT

Az (HH, Aug 15, 1984), Mg (I,
Nov. 13, 1983), /g (JAH, Dec. 1, 1983
; May 26, Aug. 9, 1985).

fft (1936). Noda (1964).

a/nN/y ﬂ

Acrosorium flabellatum YAMADA ¥ L 77 XN/ )
Noda (1964).

Acrosorium polyneurum OKAMURA R Y 77 AN
7

Azte (EH, Aug 12, 1984), Mg (ZEH,
Nov. 20 ¢, 1983 ; Jan. 4, 1984 ; Jul. 30,
1985), /& (8, Apr. 15, May 26, Aug.
9, 1984 ; Mar. 31, Jun. 1, 1985). .

Noda (1964).

Acrosorium uncinatum (TurNer) KyLIN A ¥w
Z/N/ Y

AZEE (AH, Aug 12, 1984), PUE (EH,
Nov. 13, 1984).

Noda (1964).

Acrosorium yendoi YAMADA

Delesseriaceae

NA T AN/

PU& (M, Nov. 13, 1983 ; Apr. 7, Sept.

15, Oct. 14, 1984 ; Jul. 30, 1985).

Noda (1964).

Erythroglossum pinnatum OKAMURA X F 7 R

~N=

AZ& CAH, Aug. 12, 1984), & CHH,

Sept. 16, 1984 ; Jul. 2 @, 1985), /N&ZiE (H

[, Apr. 29, May 27, Aug. 9, 1984 ; Mar.

31 2, 1985).

f# (1936). Noda (1964).

Polyneura japonica (YAMADA) Mikamr /R Y

F =

P9 (M, Sept. 16, 1984).

Nienburgia japonica (Yamapa) Kyrin ; Noda

(1964).
Rhodomelaceae 7Y <= EF

Benzaitenia yenoshimensis YENDO NV F V&

Azix (GAH, Aug 12, 1984), ME CHH,

Nov. 4, 1983 ; Jul. 2, 1985), /MZiE (ZHMH,

Dec. 1, 1984 ; Mar. 31, Aug. 9, 1985).

Noda (1964).

Chondria crassicaulis HARVEY =4

Az GHH, Aug 12, 1984), g CEM,

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Nov. 3, 1983 ; Apr. 5, 1984 ; Jul. 30, 1985),
Mg (AN, Aug. 20, Dec. 1, 1984 ; Mar.
31, Jun. 1, 1985).

Noda (1964).

Chondria dasyphylla (WoopwaRrD) C. AGARDH
YFr¥E/Y

Noda (1964).

Chondria stolonifera OkamurRe Y LY FF /)
Noda (1964).

Herposiphonia fissidentoides (HoLMEs) OKAMURA
b x4 I H4*

UE (FEHH, Jul 2, 1985).

Herposiphonia subdisticha OxaMURA 7 O b X
o

Noda (1964).

Laurencia capituliformis YAMADA =LY V'™
PYZ (JEM, Sept. 8 @, 1984).

Laurencia intermedia YaMapa 27 v/

Noda (1964).

Laurencia nipponica YAMADA % 5 /'

AZ¥E (FHE, Aug 12, 1984), UE (HH,
Sept. 8 @ @, 1984, Jul 30, 1985), sk I&
(/HMH, Feb. 16, 1985), /Ngik (GEHI, Apr.
29, Aug. 9 ¢, 1984 ; Jan. 16, Mar. 3l,
Apr. 21, May 26, Jun. 1, 1985).
IVFEVYS

VY (GEH, Oct. 21 @, Nov. 20D &, 1984
; Jul. 30, Aug. 3, 1985).

Noda (1964).

Laurencia pinnata Y AMADA

Laurencia okamurae YAMADA

NFZS

Azix GAH, Aug 12, 1984), MNE (GEH,
Nov. 27, 1983 ; Apr. 7, Sept. 29 @, 1984 ;
Jul. 2, 1985), ki CGHH, Jan. 16, 1985),
INEEE (AH, Apr. 15 @ ¢, May 26, Aug.
25 @ 2, Dec. 1, 1984 ; Mar. 31, May 6,
Jun. 1 &, 1985).

Noda (1964).

Laurencia undulata Yamapa a7V

Noda (1964).

Polysiphonia japonica HARVEY F 7Y 4 + /"4
PYB (M, Nov. 27, 1983 ; Apr. 29, Nov. 4,
1984 ;5 Jul. 30, Aug. 3 @, 1985), I# CH
[, Nov. 17 ¢ &, 1984), /%= (¢AM, Dec.
15 @, 1984 ; Jan. 12 @&, Mar. 31, 1985).
Noda (1964).
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Polysiphonia morrowii HARVEY o A b 44
Noda (1964).

Polysiphonia urceolata (DiLLWYN) GREVILLE
YauIauh /)

Azi#x CAH, Aug. 20, 1984), WM& (HH,
Nov. 27, Dec. 4, 1983 ; Apr. 6, May 3,
1985), /i (FEH, Apr. 29, May 26,
1984 ; Jan. 12, Jun. 1, 1985).
Noda (1964).

Polysiphonia scopulorum sensu SEGI
74

Noda (1964).

Polysiphonia sphaerocarpa BerGESEN k& F 4 + 7
q}-

Polysiphonia pulvinata J. AGARDH ; Noda(1964).
Polysiphonia senticulosa HARVEY LY 4 b 74
Noda (1964).

Symphyocladia latiuscula (HARVEY ) YAMADA 4
AN AR

Y& (M, Nov. 13, 1983 ; Sept. 24, Nov.
20, 1984 ; Jul. 30, Aug. 3, 1985), /% i
(M, Apr. 29, 1984 ; Jan. 12, Mar. 31,
Jun. 1, 1985).

Noda (1964).

Symphyocladia linearis (OKAMURA ) FALKENBERG
kY avFre

VYA (EME, Jan. 4, 1984 ; Jul. 2, 1985), 7k
W (EM, Oct. 16, 1984), /4 (R M,
Apr. 29 2, May 26, 1984 ; Jun. 1, 1985).
[# (1936).

Symphyocladia marchantioides (HHARVEY in

A9 4 b

Hooker) FALKENBERG in ENGLER et PrANTL

Y4 E

PUE CEH, Sept. 15, 1984), /i CHEH,

Jun. 1, Aug. 10, 1985).

Noda (1964).
SPERMATOPHYTA F-rHE#M
Angiospermae ¥ FHEMHE A
Monocotyledoneae i T-XEiEHIR
Helobiales # € % #
Zosteraceae T v EF

1. Phyllospadix iwatensis MAKINO AN &

PYB (M, Jul 30, Aug. 3, 1985), /iR

(%4M, Apr. 21, May 6, Jun. 1, 1985).

Noda (1964).

COWIICHIc - T, #Kin, EHEECIEE, B
bb - rolbhEE R KEERORE BELIESL
\EERL LS, $BEREHEBESINER
FUKERBRSOKN [EK, KEBOBEERIt IO
KGN ERABEFTCEHT %,

Elliba

RS BARE 1929, YREEMEMOMBEMII . A B
L85

PfSRAEE 1936,  HAMG#iEE PIHERE, o

FEEIEA 1975 PIRRRROMEHEH. BE, 23
99-110.

Noda, M. 1964. Marine algae in the vicinity of
Shioyazaki Cape, Fukushima Prefecture. Jour.
Fac.Sci., Niigata Univ. Ser. II, 4: 33-75.

BRIVKERBRS 1984 RiEO [REHR] &4
HORBEULICDWNWT, 1-15.

Yoshida, T. 1983. Japanese species of Sargassum
subgenus Bactrophycus (Phaeophyta, Fucales).
Jour. Fac. Sci, Hokkaido Univ. Ser. V
(Botany). 13(2): 99-246.
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Maecawa, M. and Kipa, W. 1987. Studies on the production structure of Eisenia bicyclis and Eck-
lonia cava communities. Jap. J. Phycol. 35: 34-40.

Production structuer of Eisenia bicyclis and Ecklonia cava communities was studied with the strati-
fied cripping method in the coastal area of Shima Peninsula, Mie Prefecture, from June to July 1984.
Three characteristic types of production structure were found both in the Ei. bicyclis and the E¢. cava
communities. The first one was the “herb type” observed in fully grown communities in which
most of the blade biomass was distributed in upper layers of the community and large fronds domi-
nated. The second one was the type in which the blade biomass was not conspicuously distributed
in any specified layers of the community and small fronds dominated. The third one was the “grass
type” in which most of the blade biomass was distributed in lower layers and height of the community
was low. The last type was observed in communities regenerated after all the fronds were cut down
about a year before. Relative light intensity on the community floor was lower in the herb type
than in the other two types. The density of small, young fronds was dependent on the light con-
dition in communities which was related to the density of large fronds. C/F ratio of the commu-
nities of both species was characteristically low as compared with that of terrestrial plant commu-
nities. It was concluded that the different types of production structure obtained in the present
work represent different phases of regeneration of the communities rather than the differences due
to physical factors of the environment.

Kep Index Words: Community; Ecklonia cava; Eisenia bicyclis; Phaeophyta; production eco-
logy; production structure; regeneration; relative light intensity; seaweeds.
Miyuki Maegawa and Washiro Kida, Faculty of Fisheries, Mie University, Edobashi 2-80, Tsu,

Mie, 514 Japan.

WIS v 7RNCBT BT 5 # Eisenia bicyclis U
#1Y A Ecklonia cava |3, AFREBHFHICIEL DT 5
REBETDHY, REBOTE L —REEEZE LT,
FICMEOIER T 2 INEREI OB EED Y &
LT, KELEBESRIERILTWS, 772K
NV ABBEETHY, ZOBEKIERE O X R
& - THERF, BEFEh T3, LHL, BEFOBERD
BREICBET A B L N TOWIIRD 12 £, BiF
(1971) 3419 » BEEIC DO TIRIEEE & AR D 1%
2t SEBBIZROBBERE U, T F-#H1977),
B (1979), B - nE (1984) & BOIZEOM
D DAEERHEE DI 21T > TV BITT E120,

HE LI, B GEH - Al1985) icsnT, T
2 ROV 2 BE DX CEMBEOEHELH
CEHOBBEWSHICT B EMTEIH, S5k
EHOWMEEZZ S LT, ChoBEOMELHS%
Bl 2 RROERIIFEPMOAEIRIC b 5 & ik

TBLESTo ZTTHAPIETI, 77 A REAY #
BEOIIA S & B L OBRE RT3 BT,
JEBIAEL D # (Moenst und Saexr 1953) ic k0, HE&
R GER) LIEMERR (FEH) OEMNIHE
NGB EEDIHERNOBRBTORITEREL, B%E
DIFEHIHE L U TOEEBBC OV TRHEEZT -7
DT, ZTIHET 5,

mEEHFE

=EREEEN B OMHIRE R U R B IV 2 WIS 58 &
Utz (Fig-1)o TOKEETIE, KE 5m (EHHT,
UTRL) LEICT 7 255, #5m »5 25m fHEE
TICA Y A DB EKEL, BELHAKEERLTH
% (- B 1982, 1983),

WEIII8HE6 A5 7T AITh i TiT - too FA D
RiE, 77 A0 TRBELRERZLABESRONS
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Fig. 1. Maps showing the location of surveyed
areas. A, Eisenia bicyclis community; B, Ecklonia
cava community.

B HIFEOKERY Sm OBER LI, AV AICON
THABICERBHADOKES 8m ofEiceh £
N6 yFmEEL, ImXImDaFJ7— &AL
#%aF7—tiE, TEBRRYA—EERHFEDOTT, %
EMENRLAHAERE UTHEB Uice 72, BA
UL-BEIC OV THRET 7%, 19834E10)]ic2A|
WO EFfF-1BicbAEDa Y-t %, 77 4K
CHY 220 T1 r e OHE Lo
BENONEEEA 5120, ¥ — F I/ 8EE
(MINOLTA T-1) 2HOTHREIEHME D 20 cm R
THBOBEEZHET S & & bichETHRKICHBE
AR5 Uico MEOHIEMIIM Lo BICstit B
B 3057 R— 2T L a—4%) iICk-Titst Ui
HBICE T B IS REERY, B L% 100%
E LT HNBETE Lo ChoDHER, BRDH
ZRU, VhWAHIGRED & & THT- 1o
KBS TOBRINELY (Monst und SAEkr 1953)
BELLREETHZDT, ROFIETEGICDT 1.

BENEE OES, £ TOMEEER TEL» DA
D, ZEAEKEFRRKERRIICR DR, %
BRUETRERBRONEEZTT - /o, #EkEA
RORBICTEBRY T VIRICEZ, 10 cm FRICY)
Wi L7co BEREBMEGERITHG, YKTHEL, B
W THBREIKNERRE LIk, #985°CT 8 XA
L, RERERDI

- #

HO A RUOT 7 A BEOEENENE Fig.2 XU
Fig. 3 ICRT. %1, EEREH SEMEHEL G
JIl - B4H 1984 2, b), EMZNE LZEERK b HD
®HTRR Lo

HY A BKIcOWTHBE (Fig.2), Sil, 2,3°T
13, BUEIMISEER O ERE AR L, EERONT
I3EX 30cm »5 110cm OJICER L, 70—80 cm
BTzhEh 251, 178, 140g DBEAEETR Lico %
#HEL, 10cm UTFoETROAEL, LEICAD -
THAICHD Utz HXNREIL, B LT DERD
B - TRBITHEAD L, 50 cm LT OE TR
—5 (10%) &1 -7ce EABRBETHICHA T
Wiy 2 H3, Hic 80—60 cm KU 20—10 cm DET
KECHMLTO, ChEEEER,LOHBE, T
ICEE 50cm LI bEd 3 — 4 BB EE S REHE
L, 0cm LIFD 1 — 2 BEEN Tk & 72 5/ BB 2
BTHRIN TV

St.4, 5 T, hIoLEMERIRELY, EEROD
AR, 20—90 cm E T 30—80g DHET
ZhH L, BERSEARIRS SRS T HNEED
FETOSEISERAOIRD SNTEEIELHIL,
BEBTHTHI3BHHKE St.1, 2, 3 ITHAPPH
WEER L. ¥ERRB EETOKEIHMIA SN
¥, FTRICK 3ic>n T4 icmL, & TETIRIR
48¢g (St.4) KUt 131 g (St.5) OFAMEER Lo ¥
EHRELD &, KEMAEMSDIEL, ER 10cm Ll
To/NEMRRAAZY 2 5, EABITZh 0133,
1214/m? CHBIETHY, 1 —2EH0/NEEHNE S
LT\

St.6 {3, 19834E10ICAIELD 1T~ 1<K 1 8 D
BAEULBETHD, 1 FPRICGEOVEEREEZRL
7o EERIZ 0cm YUFICOGL, 30—40cm OF
T 153 g OB AfEE D Ulco HIMIRE L, 20 cm {3
* TABICHD L, BSRTHTIINIETH -7
XEHMRTIE, 5 20cm LT 2#HESROKN &



36

Makecawa, M. and Kipa, W.

L NS

L NS
o 50 100 0 50 100 150 50 1000 50 100 150
100 - st. 1 st. 4
-~ 4
SL
! 4
¢ 4
sot
?
;
| 3 . s
5 2 9’
: 1
olh . , . . 1 2 (|
) 130
:
K
100+ st. 2 st. 5 .
|3
H 3
,” 4
7’ 4
50!
i s .
H , 3
H !
: 3 /
° $
| !
ol . . X 201 { ] 2. 1 ]
‘ 100
100 b - st. 3 st. 6
H ,°"
4
¢
S0 ! 3
¢ 3
: -
H .
3 2 4 L[ﬁ\ FLLW
;
i ] ;
0 : P .1 : . B 1
300 200 100 0 50 100 300 200 100 0 50 100 150 O 20 40 60

150 0 20 40
F C NF

Fo (o} NF

Fig. 2. Production structure diagrams and the frequency distribution of stipe length and age of Ecklonia
cava communities at Stations 1-6. H, height of community (cm); L, relative light intensity (%) ; NS, number
of stipes; F, photosynthetic organs (blades) (g dry wt.); C, non-photosynthetic organs (stipes) (g dry wt.);
SL, stipe length (cm); NF, number of fronds. Numerals 14 in diagrams of the frequency distribution of

stipe length show the age (years).

RHGZELED T, BE, COMRBHETRT I #
H 1 EEKRAE LT,

T 7 ABEKOVWTHSE (Fig.3), St.7, 8 T
BB IS [RER D EERE A D, EERIIHE
o EBICHfmL, Bic 710—80cm BT, £hEFh
788g, 517 g DRAMEZER LIz EEEII, 90—50 cm
BETEmL, 2hUToRBTRIEE—EERD, B
TRTREKEN - o HIRHRER St.8 TRIESN
o 1chs, St.7 TR, WEROMINCPE - TEET

Shaded parts for Eisenia bicyclis.

AR L, 80cm BETHEIC10% LIR&EED, 60
cm UTOETREIE T—EEN -To EABUD,
LRSS 40 cm T TRBMAE LD, St 7 TRHE
X 40cm UTOREIZRONT, 5.8 TH 20 cm LA
TOEGBETED ONIBETH - o EEMBRD
bbb, ChOORETCHER 40—60cm D 4—5
DREEEBFESE L THEC ENPESHTH S,
5.9 Tid, LEROLEREIRLY, EEROIY
fild 120 cm A SHETEE TREHICh 558, 70—
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Fig. 3. Production structure diagrams and the frequency distribution of stipe length and age of Eisenia
bicyclis communities at Stations 7-12. H, height of community (cm); L, relative light intensity (%); NS,
number of stipes; F, photosynthetic organs (blades) (g dry wt.); G, non-photosynthetic organs (stipes) (g
dry wt.); SL, stipe length (cm); NF, number of fronds. Numerals 1-5 in diagrams of the frequency distribu-
tion of stipe length show the age (years). Shaded parts for Ecklonia cava.

80cm BT 280g, 30—40cm BT 170g D 220D

MH LN, TNEZEMBRNOSH5 L, TORER
%E 70cm LoD 4 —5BOKREBEEE, 40cm LIFOD
3B RO E LI/NIBE L O 2 BETHIRE TV B

T EMbhotc. ANBERIEEID 60cm £TO
EFAARENN, ZRUTOBTRESCHTHD, B
UBTHTIR I BETH 1o iz, St.10, 11 T
i, EERONHIRLBEICOI M, REBLRTHE
<412, St.10 TiF 50—215g, St. 11 Tid 60—124

g OETEDL, BREHBARASNIED > HN
MWL 60cm BHEE TOETRREVD, Zhil
ToOBTIRIZZ—EELY, BFE TR 10—-17% T
Hotco XEMREABE, EE 40cm LD 4—
S5EWBALEICEIEL, %8 0w UTD1—3 i
D/NEEEDEL LT

St.12 7 5 A BWEIZ, St.6 OH Y A BE LA
I, NELD #39 VAEOBAERE TH 5o HFEMEIRA
FHENCELLL, 20—30 cm JETHEERERD 200 g DK



38

KEER LTz XBERRIBTET 22g BETH-1:
H, BEI3224/m? EPPED T FEH R 3B
BFRTCINBTH -0 XEMEESHB L, 10cm U
T2 @ESEE LT\ i, St1l, 12 TEA
U xpszhzEn | @E3T2BREL T,
HEEMEEHE LA S OEERER, XER, BF
B RO % Table | TR Uiz, BERIT 7 4 8%
OBBEPIEDEL, BCENZhORKEGERZRL
fo St.1 & St.7 OHEETIE, 77 A BEEHY A
DR 4 {5 TH - T00 ThiTH LEKEE I3 Y 2 B
EDHHE L, BT St.4, 5 T, 1 —2H#o/N#E
HOEBEICET LT, C/F b CEEREBEICH
TEIHENRARBEORER L. C C TRIEEMCER
TR 2O A & 5 720) 12 0.06—0. 66 OFEFHIC
0, HY A DHERPPBNHELSS SN

% ®

HEERER ISR MR T 5% 2 ORYEDERAN
EE, RUZEREBERRICRTOT, HEOLERP
B PNCET T 5 A OB FBER R ORE O EHE
BE b IBEEBNCHS LB LB TE B LU,
HE BRI DA FEMNEIC BT IR TH2L, &
0 - (1978) dsv¥ = 2 €7 Sargassum patens
O/ ax) s S.serratifolium QOEEEICDOWOTEBIA]
Y 2170, EROEEIHOEHNE L o EMM
HEERAHEE L, b (1986) BHEEHEERED
Y ABEIC OV TEERE & T IO T 506540

Table 1.
cava and Eisenia bicyclis communities.

Maecawa, M. and Kipa, W.

OEWICOVWTHE LTV ARETH D, b LiEi
P TR IC B 1 B AR R IR IR I3 Ly
BT,

75 ARG H Y 4 BWEOEEMER (Fig. 2, 3) 13,
HAMICIIE L EBED 2 ERLLITEBYD, [LHE
B (St.1-3, 7, 8) &4 AFHE (St. 6, 12) BR.6N,
Zofc ABEOERMIZEBITOI > THHT S
% (St. 4, 5, 9-11) BB Shtc. LU, C/F Hik
B OEERE T 1 —10, FHHETIZ20—50 (Monst
und Saexr 1953, HH 1973) BETHS0Icd L, 7
5 RO H Y A BETREIMED B | EOBEREE
[ %0.18—0.66 (Table 1) L {Ed 720 HAD
(1984) OHRTAETHRRO A Y A BECONT O
EHETH, 6 Ad S8 Qichd TRABED [\ C/F
He (0.24—0.33) DB SNTWVB. ThE, KO
FRKOFEICH LTHRRTH TI0 S EVID, K
WHFIHOBE COERE T AR ERI (LR
TRITHICEERRTEHDTHB. TOREIMHE
MITKERHETHAONTEYD (Ikusma 1966),
NRKHFICERT 2 REEYO—BRIVREE & W2 &
Do

F 1z, K TONELIELOSFICHNE LR
1%, B, BETERBEEANTOERICLEXDOR
IUIFEA SR T X 3D L, K TikBHFIC X
BHOBNBHED TRENVDTH D, ARRICE T
BUETIE, KrkEH» OBE EERICET S FTIK,
T 5 A BETRINY, 7Y A BETRNT0BDNH
WRENTEY, BDONLEERUBEER DR KIC

Standing stock (dry wt.), G/F (stipes/blades ratio), and density of the Ecklonia

Standing stock (g/m?)

: Density
Stasion Blade Stipe Total o (fronds/m?)
1 793 448 1241 0.55 32
Ek. cava 2 612 295 907 0.48 38
3 431 285 716 0.66 31
4 532 137 669 0.62 133
5 544 297 841 0.55 121
6 438 59 497 0.13 92
7 3764 1146 4917 0.30 19
Ei. bicyclis 8 1745 573 2318 0.33 11
9 1735 563 2298 0.32 20
10 1238 229 1467 0.18 12
11 889 214 1103 0.24 17
12 470 26 496 0.06 22
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W& 3T Eiciss,

Y BETIE, St.1, 2, 3iIcAELNBLEDIC, K
TR DBIATERE A LB B OB T BB 7S IR
BIOEEREETR T CORREECIERBEROL
BTARENSEN XN, 50 cm LUTORICE T 5HNH
EiZ10%d LSRZNUTRETERLTWS 1,
SEGKO/NBEOEENE L HFIEh T3 D
EEZIONB, Thitl, St.4, 5 d&kSic, ¥R
BLEE» S TEETL HHT 8% T, LEATD
HDOENAADIE K, BEE T T & AT I213—20%
EHIE D - oo CTORRIEHBRENTREIICET 2
BENEBROERETEICLTHEbD b h
%o tAH (1986) HHETEBRFD H Y A BEICOV
T, BAEDREGREDRKIC E &IOEAD EEEIE
NEPTHERELTED, AFIROMEE K —F
LTW3, 77 2BEICOWT ARk, [RER (St
7, 8) RUIESLMBILL A I HE (St 10, 11) 3% 5
Nihs, 77 ABERIH Y A BEICH~EERNHI
D% (cf. Tablel), HKIBZ LETIHICHO L,
BT TRENRENSI%S L RZNUTIKETE
TFU, MNIBOHBRCEENSE L MFE T,

B - a0l (1985) &, 77 A BXUHY * DIl
BB OV T OER R UERBKRO ZMZ %1982
FE—198H4EIChc > THRE LN, 1Y ABEICBD
TIZI9BUER TR AGAESL L, St 1, 2, 3 &K<
Ll BHBBA Oz, FI1983EFEICITH  DKFY
REEDSTHEEL, Db > TEROFERE BB,
St.4, 5 LIFZABOEEMRMNA Shice 19844EIC
FATEICHIB U B SER L, BUORMBSESLL,
INEMEED VIS OB &8 5 1o TORGIT, KBRS
INEBE OIS X BIMICET LTB Y, Bl
HEBRAEBEOBKEICK > Tl EAINE T EMH
LMICINTN S,

—7, BABERRBEEEICE bBVWELtTsCc e
MBHISNTHY, Kaw (1963, 1977) ic &, Lami-
naria hyperborea [ {ARED AR AR IZBIR D@E MK
Bk ->TEHL, £/-5% (1985) ickhud, 77
AR AT » OFFED  RITITFEICH HOR & [EH
KENCTE, BIOBRBOXIDHMNC EBUBETHS
LS. UL, AT TRIZZA—KER, FA—KE
DEM LICABHEERE LALOT, BIEISLVAEE
BYITDT 7 x RUOH Y xBKICOWVT, AR
b BHEDHETHEE 0T 5. LEMH-T, K
WETH SN EEMERUEEHROBOIZ, %
DOEFABORILIBEER LTI EDLEEL LN

%o

A, BETEHOMARPENE L NRICEET S
fedicid, X SICEENEG BB NEEOBR, Ric
WEERICE T 2 hFEOMB, SR EAREE OBR
BERDOT, HLLSHE, MREEDL LE N D
5o

351 B X W

PREISCER 1977, HErbkiAREE /7 ¥ 2 DR & AERIC
DIVTo HKEE 43 : 1043-1051.

PRHISCER 1986, 71 ¥ x OBEABEMIBIE—IIL #
Y A BEOMEICOWT, WA FICEESER
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Mirzuta, S. 1987. Structure and generation of cell walls in cellulosic algae I. Microfibril arrange-
ment patterns and cell wall formation. Jap. J. Phycol. 35: 45-59.

The present review concerned with cellulosic microfibrillar structures and their genesis in the
cell walls of certain algae. The microfibrillar orientation patterns so far reported are generally of
three types: (i) Boergesenia, (ii) Boodlea and (iii) Oocpstis types. In the Boergesenia-type, longi-
tudinally and transversely-oriented multifibrillar layers are present along with two transitional layers
between the two crossed multifibrillar layers. The microfibrils in each layer change their orienta-
tion by a unit angle of 30°.  Valonia belong to this type. In Boodlea-type, multifibrils are also arranged
longitudinally and transversely to the longer cell axis but thin transitional layers are oriented sym-
metrically with the longer cell axis. Algae belonging to this type are Ch doris, Dictyosphaeria,
Microdictyon and Chaetomorpha. The Oocystis-type wall consists of only two kinds of multifibrillar
layers oriented symmetrically with the longer cell axis. Glaucocystis belongs to this type. Micro-
fibrils constituting thallus walls are generally generated from the apex toward the base to form helices.
Completed layers become thin as the cells continue to grow but their microfibril arrangements do
not change. Fibril orientation patterns in the aplanospore or aplanospore-like cells which have
developed from the protoplasm of these coenocytic algae are generally the same as those of the thalli.
The outer surface consists of a wall matrix and randomly-oriented microfibrils. The layers each
thicken to about 0.2 um during 3-6 hours of culture at 25°C in a temperature dependent manner.
Following completion of the outer surface, crossed polylamellate walls begin to form. Fibril orien-
tation changes in the walls are aflected by both light and temperature but not antimicrotubule
agents.

Key Index Words: cellulose microfibril orientation; cell wail lamellation; cell wall deposition; cell
wall structure; coenocytic green algae; microfibril arrangement patiern.
Shun Mizuta, Department of Biology, Faculty of Science, Kochi University, Akebono-cho Kochi, 780

Japan.
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Figs. 1-4.  Cell walls and microfibrillar arrangements in Boergesenia thallus (Mizura and Wapa 1981).
1. Longitudinal section of the thallus wall showing a crossed polylamellate structure. The section was
shadowed with Pt-Pd after embedded resin had been removed. Mex, outermost matrix-rich layer; TLex,
randomly-oriented fibrillar layer; T, transversely-oriented multifibrillar layer; L, longitudinally-oriented
multifibrillar layer; M, transitional layer. The arrow with a circle indicating the acropetal direction along
the thallus cell axis. 2. Outer surface of the wall of the thallus. Layers comprising the outer part of the
wall were separated from the layer underneath and the outer surface was scratched in water with forceps.
The arrow with a circle indicates the longer cell axis. 3. Thin wall lamellae separated from a piece of
Boergesenia thallus wall after being swollen in water. The arrow with a circle indicates the longer cell axis.
4. Microfibril arrangement on the inner surface of the thallus wall. A, fibril of the layer lying at an angle
of about 30” with the longer cell axis (arrow X); B, fibril of the layer on that of A at an angle of 30°; C,
fibril from the uppermost layer lying on that of B at an angle of 30°.
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Fig. 5. Distribution of fibrillar angles with
longer cell axis, as measured in the square shown in
Fig. 4. A, group of fibrils belonging to the under-
most layer in Fig. 4; B, group of fibrils lying on A
at an angle of about 30°; C, group of fibrils in the
uppermost layer of the figure. The ordinate fre-
quency indicates the number of fibrils counted.
(Mizuta and Wapa 1981)
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EFFERICBY 3707 0 7 ) vORATGH &M
ORISR (REIX) ORXTAE () 2R 5 &
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Fig. 6. Inner surface replica of the polar area of the Boergesenia thallus wall showing fountain-like

structures (a) and illustration of the major fibril arrangement of the fountains (b). Arrow A, major fibril
arrangement direction of a fountain crossing at 30° with the underlying fibrils (arranged B direction) of an

another fountain.
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Fig. 7. Inner surface replica of the Boergesenia
side wall. Arrows A and B indicate the major
directions of fibril orientation. Arrow X, acropetal
direction of the cell; arrows, microfibril terminals.

B D M

A e
e f g

Fig. 8. A model of cell wall lamellation in a
Boergesenia thallus. a—g show the inner surface of
the side wall as observed from within the cell. a,
lamellation of a T-layer; b and ¢, lamellation of
transitional layers; d, lamellation of a L-layer; e,

and f, lamellation of transitional layers; g, lamella-
tion of a T-layer.

(2) T A &7 BN

T A€/ Boodlea coacta O VEIRALUEELLD Gk
Witz 0k & Ao IETEE T 5 &, WER AT
37w 747 ) ) R IEFIC P T A 2=
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BIEVEE (TROL) Ik OHREN, BITEED
7 4 7Y IS O D ARG F A S S0 Ml
M D BREATPEN R BRI AU~ L2 S, #L7s

Iig. 9. Diagramatic representation of the
growing wall structure of a Boergesenia thallus (Mr-
zuta and Wapa 1981). Mex, outermost matrix
layer; TLex, matrix-rich layer whose microfibrils
are arranged almost at random; L,...Ly, longitu-
dinally-oriented multifibrillar layers; T,... Ty (Tn
not shown in the figure), transversely-oriented mul-
tifibrillar layers; Mj...Myp_;, transitional layers.
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T4 7NV bS5 LD, ZOMMN S RO T EAHE
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ITB VT HUEE TR & 0 LI - TIERE NS .
F7, BIIRIZL ST ~ORIZmD & X ;& s
ENBEDTH 5 LAOEHICTEE LT & HIE BN IS )3
SEBAhTiIcB LTSNS (Mizuta and Mkt
1985),
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Fig. 10

Fig. 11
Fig. 10. Inner surface replica of the thallus wall of Valonia ventricosa (Mizura et al. 1985b).  A-D show
the major arrangement direction of microfibril group. Arrow X, acropetal direction of the cell.

Fig. I1.  Cross sectional view of a Boodlea thallus wall (Mizura and Mikr 1985). Mex, outer surface
matrix layer; TLex, laminated T- and L-layers; T, transversely-oriented multifibrillar layer; L, longitudinallv-
oriented multifibrillar layer. The arrow with a circle indicates direction of the longer cell axis.
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IRITE S (c)o T LTHOBITHDIZMRME 1% (d) L
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WX TLex ZIEKT %o

178747 Y vOERZHICE U T3 RoELOFSEN
4 (1953) Az MO REMEN TR 2 55
“multinet growth hypothesis” ZHUE L, “DH%% <

OMEITHE SN T &7 (RoeLorsex 1958, 1965,
Warbpror 1969, Warpror et al. 1979, ScHNEPF and
DercHGrABER 1979), Z41i12%f L Roranp 4 (1975,
1977) 133 7 8 7 ¢ 7' ) L DEAIZEHIZ Z DRI IC
Y, MOKREICY#ERZ T 5 6DTRIEN, &
V5 “ordered fibril hypothesis” Z 15 U7co il
VTN FEREPIC OO T T d 2 D358 L E v
MR S NS & LTWD. FHfEN LTS
LD RIS 2 < 1 4 = & & 74 T /7 FilikiIc
BUOBHEE 7 « 7)) v ORI, LI SMIEORE
T B MAZ T TOIENT EMbhb. #E-TC
NSOHEHTIZ Rorano FEOFMSZ T AN SIS
TAESY LFARkE R TACBICT 4 7Y VA
23 AWHEBIEE TOMETIE 2 £+ Y Chamae-
doris orientalis, 7 3 & = vy Microdictyon japonicum, % -
a vy 74 Dictyosphaeria cavernosa, % < o A% Chae-
tomorpha moniligera Ny (==Y & o 7€ Chaetomorpha
crassa TdH s (Mizuta et al. 1985 b)), =#H %4 =&, s3
o=7ARGHIc NS OMOERE, 7+ 7Y Vil
Zodanid0Ing T, LEEEKE UTHIEK
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Fig. 12. Inner surface replica of the cell wall of a Boodlea thallus taken from various parts of the apical
area (Mizuta and Mixr 1985). a and b, portions with a 50 gm base from the tip. Arrow X, longitudinal
direction of the cell; arrow A, major direction of microfibrils of transitional layer covering the underlying
L-layer; arrow B, major direction of the microfibrils of another transitional layer lying on the former sym-
metrical to the longer cell axis; arrow C, a microfibril assumed to be the most newly-formed and to cross
at about 90° the longer cell axis. ¢, a portion of a thallus with about a 150 gm base from the tip. Arrow
X, longitudinal direction of the cell; arrows A and B, major directions of fibril orientation of transitional
layers. d, a portion of a thallus with about a 400 gm base from the tip. Arrow with a circle, longer axis

of the cell.

HNITIER S NG T ETH Do ITHLMD S HIZE
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o b7 72 ERY, HMELTABERAERD,
& HICHE U TRIARIC R 9 5 — Rl 2L asnetE e 7R
T ENHISNTVS (Exomoro and Hirose 1972,
INREEL976)0 & OARTNETARIAD HIIEE D it B i
BHERAEICET 20 EFEAERLETHS (Fig. 15),
Lipl, IbRFEHETE2ETREREL LD D 13
W, BRIEOIRETHEFF SN A O THEEFEOE X 3EZ
AU THBo Fig 15 @ a 3wHx<E, b idAAIN
0 =T THbo DI NI ISACRIGE 278 U
D7 4 7 v ofidfZitat b kAo zh (Fig 4,
Fig. 10) &[ifkT, #LEMD 7 ¢« 7Y oviidi 13 30°
Wi T&Hd 3 (Mizuta et al. 19852a), CHUTH LT
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Fig. 13. A model of cell wall lamellation in a
Boodlea thallus (Mizuta and Mikr 1985). a—f show
the inner surface of the side wall as observed from

within the cell. Arrows indicate the major orien-
tation of microfibrils. a and b, lamellation of
transitional layers; ¢, lamellation of a T-layer; d,
lamellation of transitional layers; e, lamellation of
a L-layer; f, lamellation of a transitional layer

identical to that of a.

Fig. 15. Crossed polylaniellate structures in

aplanospore-like cells developed from the proto-
plasm of (a) Boergesenia forbesii (Mizuta and WAapa
1982), (b) Valonia ventricosa and (c) Boodlea coacta
(Mizura 1985a).

Fig. 14. A model of a growing cell wall of a
Boodlea thallus (Mizura and Mixr 1985).  L;...Lnp,
longitudinally-oriented multifibrillar layers: T;...
Th, transversely-oriented multifibrillar layers: M;...
Mon -, transitional layers; Mex, outer surface non-
fibrillar matrix layer; TLex, laminated T and L

layers.
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Fig. 16. Appearance of herring bone structure in the cross section of a crossed polylamel-
late structure. Arrows 1-3 in a show the sectioning direction of the wall. Circles within
the structures indicate the cross section of each fibril. L, and L, longitudinally-oriented
multifibrillar layers; T, transversely-oriented multifibiillar layer crossed with I; and L, at
about 90°; M; and M,, transitional layers. kb, a herring bone structure appear in the case
of sectioning direction indicated by arrow 1. ¢, a cross section appears when the sectioning
direction is that shown by arrow 2. d, a herring bone structure when the sectioning direction
is that indicated by arrow 3.

Fig. 17.
of Chaetomorpha.  Protoplasts from Chaetomorpha moniligera were fractured after 3 hr (a), 8 hr (b) and 10 hr (c)
of culture, respectively.

Freeze-replica of plasma membrane (a) and cell wall (b and c) in the aplanospore-like cells
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Fig. 18. Polylamellae formation and thickening of the walls of new Boergesenia cells
(Mizura and Wapa 1982). Cells were cultured for 1 to 7 days at 25°C in either con-
tinuous light (a) or dark (b). The number of lamellae (—@—) was counted and total
thickness of the wall (—(O—) was measured with five cells in each experiment. Vertical

bars indicate standard errors.
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Table 1. Effects of cytochalasin B, colchicine and griseofulvin on the shift of microfibril
orientation and wall thickening in Boergesenia aplanospore-like cells (M1zuta and Waba 1982).
Reagent Cone. Shift Oforiepadion  Phickening
None 7.0+1.3* 0.58+4-0.15*
DMSO 1.59% 4.34+-0.9 0.214-0.05
DMSO 0.5% 6.04-0.6 0.484-0.07
Cytochalasin B 50 pg/ml 42410 0.254-0.07
in 1.5% DMSO
Colchicine 1072m 6.74-0.8 0.474-0.08
Colchicine 1073 m 6.5+0.8 0.5540.1C
Griseofulvin 10-4m 4.04+0.5 0.304-0.04

in 0.5% DMSO

Cells were cultured for 3 days in ESP medium containing each inhibitor at 25°C under

continuous light illumination (2W/m?).
* Standard error.
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Change of Office and Editor

The new Editor of the Japanese Journal of Phycology for
1987-1988 is Yoshihiro Tsubo of Kobe University, Starting in
January 1987, manuscripts for publication should be submitted
directly to the Editor, Prof. Y. Tsubo, Department of Biology,
College of Liberal Arts, Kobe University, Nada, Kobe, 657
Japan.

Membership dues should be sent to The Business Center
for Academic Societies Japan, 4-16, Yayoi 2-chome, Bunkyo-
ku, Tokyo, 113 Japan and all other inquiries should be made
to The Japanese Society of Phycology, c/o. Division of
Tropical Agiriculture, Faculty of Agriculture, Kyoto
University, Kyoto, 606 Japan.
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IHEIW 20cm K3 D, EFEEEL Do S 1BICE
BEARETCREFREEL S, ETHOMRIZM
HEH ST £ TEic & T,
UEOR#MI AT Y A+ 2 vEH, Stictyosiph-
on BIKBT 5 EEZoN5H, ILE (1953) D& L
TWABY 2 X749 (Kiellmania arasakii) & &3ROS
BHONDB. L L, ETFEORIR, HEMEOWH
REETRIZR[LDD, X LICRFEET 5,
ek - - HED

(4) NgeEE= : JtiBEAE BEDE R Laminaria
saccharina (L.) LAMOUR [CD(\T

B CERR O R BB RICAIE T 2 ¥ (B
BH 65km, TEH 50 km?) T, NHFICES M OMHET
KB 10m H5H, HREBES I ABHUNDKEI T
Im LEL, BEEBRETT v EBEET 5, 1985
ETH, HABKXUI986ES Ho 3 EH, HiHLD 6 —
7 km OFEEAHED I A (BL 150m, X 4—
5m) WICEBTE2v72 N Ly FIREL ZOTERE
RN EENERETE 1o AV TRINRTTY
) RIS &0 AW BHERIRTRE LT3, B
127 AR T, ERVHI4 (BRU—F/NI) cm,
BE141 (192—112) cm, ZEEI0O (12—8) cm H -
7eo SAENARTALHKRUTERIZIZZAL, E
B3N 40cm &<, HEELFII5 A1 (18—9)
cm EBRBIED - To ZZPPRE, B 4—7Tmm,
¥ 3—5mm HY, FEFICHEBEDK . HEid
BIREEEHE, AL, MR, &8, FEE
IBEERD 3 3D 1 35 2 H3ED TR, RICZ DM
flicias 250 iZHH Y, L.5—2mm EL, &TiZ



BREE S, HEARICHRBED S 5o FREBE LR
WEICHRORBEASBERICE T, £HE b5, HE
BHB. HERODEXHLET, ILFIKKAED 5 HidE
WD LI IHEDRF 2T 50 EAEH Y v,
HFEVER, 77 VR, WAV IRED Laminaria
saccharina & HBHRET U7-#& 5, Helgoland BE 8 A
B, ¥/ Turner (1811) ORIICE—H L7
de¥gEEfEAER)

(5) EBFENE: BIESE Gymnothamnion cle-
gans (SCHOUSBOE) J. AG. (I3, 4 £2&) (C
21\ T

e ARSI E LR D EHHBR AR IC 2 12 U TIR &
N5 HEHRABOERET, $hickE 3 ioBEific
TahnTHERE N, R O 1
X 2 EE L, TAOSE 1 BOME,sRE L TR
MERED, ZOTA» S 4 ISR, LA
B UlcE BEE | T 5. EHRBIEIH 604m
DHEHBRNIEZHEELET 5. SRS RO IC X H
Mfah SRl E | BEST 5, co ML
WICRE Y TR, BBOEEZ1XEBL, TOEX
I 40 pm ICEET B0 Rk, ITFEHMINED S ARH D
S B Z | A L, R EEEIC
& - TBIMIf S IR T 5o BRI ICHEE LT IM
HWEBEOT =0 - JEK{AMICEL, T=€o—
TRERREA LT, BB ERL, Z0% | i3
R EMBEAERZE 15~40 pm ORIEFD S L7125,
D S BICHERIZIT. (BHX - H - B

(6) =ik #: 3EORERBEOVJEEMHRD
SEDS 1, BOSLEMRR

FABLIAT, /~7 A D Laurencia /' JBHEY) TRiZ BB
ShIC Uicds, 205 b4 A A2 STAEPEER
CHETETENHLLIE STzDIT, T2 Afllicd
ETacingohTninid | BrZgiE -k, &
SEENH D, ABOEH~OFHIEK EFED LT
TLTESDTRELA I, EEZAHEDI. &5
Kb 7 4 ) AKERERICIE, ~"TAPHEDY VBE
AERENE LLEL, REGEBOR 7 22 2
HovvRIEMAONEC L, ZORRISTEMBICH
BRAPBREEOEE HRISEND L pinnatifida HsK ¥
PRI T B T EESRID T [FH~DOHHIEA
O] DRPIEE ST DD EE LT BEE
Bl L. pinnatifida Z3ERLUI-TEBDFE L. hybrida {¢D
WTIRZ T TEE LIS, A 77 Y AD MacnNe
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(1980), ¥ = * X x5 ® Robprjcuez-de Rios (1981)
5 OEE U U faFBFEIED YT i U5 13 AEREr
WOBER LT, ZOBINITTRHTHD IS0 OHE
MEHEEMICFIEEERERLS 28, b -T
(G, 1973) H#EZFE L LDH BN TFE
LA fh, EMOm A i) D g boas 1 E, - L
MICT T A XL T ICHE LT & D4, (RoprIGUEZ-
de Rios, 1981) 2% TRADEZZBHELIVWHD &
B, ek - KkeE)

(7) OEH ®*- xv > 40.,Ir.*: Batracho-
spermwm macrosporum MONTAGNE D23
FHORELRBFORIF

TIIn 7 FM, pystgal, TevF R
Mo E N Jo BAIT ESWT, Batrachospermum
macrosporum MONTAGNE DRI EDIT B8, RigF
HhoRZE, z LU TRIEBTORFLEE LI

HFREMEE o€y MRICEET 5, BERELH
TREMIE & OO ERESRHICEETH B,

EIRIIRE LIS RB X DTN U, RIETFHEH
35, RBTREKRT, RETENL/IZZOHT
FHET B0 2 — 3 HIBDOFEZEHAT, Chantransia HD
WEIR, £<1, FEEED 1 REOMKE» S, BHC?2
FH, Wic3 — 4 RHOMIAD SFEHT 50 5 —144
fad» 513 % Chantransia #lD gk Eic B F hsBIg &
N

Batrachospermum macrosporum & B. hypogynum {C %
o5N5, oty MROBTREMEZEOEEIRA Y
/7 BOMO EDHIC A LNIEWEETHS. &
VK, 2h 5 2EORDOF LOEINEL N5,
CRER - B - B, ¥oey ) 22K CHE - B

(8) OFMy ®W*- GEEFE™: JKIBELIFZ
S/ UDEERE L RBFERAAERE

FRY ) EVIHELBEBEATEX I HF RV /
VRO # vox—T, R - BEE & BEE IR
L, 8—10E%EEt, RIEiiIFRY /) (Thorea
okadai YamADA) &, ¥ = F 2 Y / V) (Thorea gaudi-
chaudii C. AGARDH) DJEBBHI LN TV B0 FELE, T
HRIERBRENMMGZRLOBIFAY /) Ol
WA E &, RETHERERETHELOMIC L. &
[, BHESRMERAETENTEOW Yy =FRY Y
) OEFEBE L, RETFAEREREEZHLO,ICTSC
EBTELDTILRWEET 5. BEMRBIIRDO L
STHB. DEMER, HEHREREREL S522HH
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BMThD, DBBETRRIIFEREI N, AL
REBErE, KIB20CULETZDOMEBR OGN, MR
BTh3, IBFRIBVAROELTT  ITE L
FORILRICHRIRIE L 3, SIERBIEIMENE -
DEITHD, 6)RHtk, HRESL OEBEERRELED
%, DEKRIIBIEIICID - THRET 528, b
TRIERDEER - TRE L, BRI ORI
FHEERT 5. ULOBEREF 2V /Y OBEER
CHBT B, $1B/ BEDTFRY /Y OEFERED
ZEMEEIC VT bib~5,
CFBRERA - H - 428, YEEK - KEE)

(9) OXHxie* . mAHGE" : #8%E Closte-
rium ehrenbergii DEEMEORHE L TEHE

I AV FE C.ehrenbergii Ti3, REREOEST%
REIEEE, FROEFERRIBDTEN. LhbL
MICERT 2N ORER & 3R B HE
L, BREFEHT 2RI ELLNS
2, ThETIRRD SHEERIIE LA TR, B
MNieB 13 2 HREEMOFHE IC I B/ RER O MHEON
BEOHUELWHICT I LENDH S, ZC TRER
A, B, HOZHKOHEASEOBERELEF, Boh
7o BT O BRI O W T2 O B £ 3
o MMM L THIkE D K& L, MBEORTAK
BEROY A ZOFHECZ5bDbH -0 ABRK
U AHREOMRERIT, ABO—HOMHHET podoli-
cum REDMISCEEIR Uico B HEDHEREKIZ, M
DOEBMIELIL TV 3 IR/ Lic X 3IBOE L
BREDONEL - 1ehs, EBSOSE b MBOBHhE
BT EASA N, choDT &3, HEMT
REHOREENES N, REEKKIELLOHL
DHEIDBLBIDNOTNBZEEZRLTNS EEZ
bz, Zhizd, MEESTORESHTIRGED
DEMEREHERY, FHRANDOHELRELEDIEHIED
o EBHONTOED, RESHEORIBED
YRR R 5 ICBE X DRSPS EFGEHEDS
WHEFET ZAREENE WD THAS EEZ OB,
BoNIHERORERIZ 1 037 5 X T 7 #id
TAFRATHoTco AETIRYM1 F 2ORERBET
BEMEEIONZ DD, BORBERLDERY
DYetEfRhiS 13 2B OSBRI~ 4 F RS
AHERNEL LD, COBBRRENERMLTNE E
Bbhz, CKESLAEDF, B - IHHHT)

(10) E3U%4 38 : Volvox carteri STEIN & Go-

nium viridistellatum M. WATANABE (fR3%-
FAEFTOVE) OREZEMBOXHESFO
HEBICDIVT

AFRDRILBEHICEIT B Volvox carteri (AZAKEY
ZOES0EIAEFESE) & Gonium viridistellatum (HZA
BEFAEIOEASTER) OTRBIIZER IIEBEHIIE
MBRONIDT, EHEORMEBRERL .

V. carteri T3 STREREE DHE & W28 REED M & DY
PZOICRM AT TE B EHHBBA LIz CDES
TIIBREN BRI TIRIZER B KRB D R
LicdbDEissd, LirL, ThERERHKKTIE,
6 HLINICI %D b DHsBED D I E %I - s
IHB, SHBDOODRFEEET B, TOHEFIIL
A

G. viridistellatum D MHBIEEEDRE & M) 1R © &
LD BOEMAETD KIGIIBRERIIENS bOD,
ZIZIERICET U, MEEE S ORIBEAFELB,
LU, ZLOREEATFIRZOT TRBEOMIL
b Lidiod, KIEE2 HE» S, HRKROFE
ZRE LAY, REROICIIMEEES b BT 5,

L EORISRMEST ORI, BRI (313
ERBIIC) REES N RO BEMZERD, AR
REEEDVIFRICK-THISHEINALBER EEZ S
N, b 2HOREZEMETE, BIZPRHIZR
WHDEHEREN B, (BEHEERER)

(11) O R.J. HAROUN* - H{REFSEY « I HhES*
N AERBOEFTHI I

DHEAFTAEERRED SIUNRRICH T B ic
EETEHY OREFRIT, BRERAERYD, £F
ICRNETE B8, THIRERBOFMHE/LIcE ST
Whe #1Y BRI D LERD H2E Y 4 7 v (annual
growth cycle) 2B OhiCd 372, HFETFHOHA
Bies\WTEA | BI0EEORRIZRR L, NED
o, BX, RUBNERSY ORERZHE L.

HHESERUL-BRIC OV THIE D DIEGESTR
B ohtchs, BEHOBEEKIC OV TESEE KD 7o &
B, RO &S SHEADE ST - foo MIZERIZT~
28TH 708, BX 10cm IGRUBNEOHIZED ¥
B0~7THEILOEICH - TP, BhSRIC
M->THL I o tce HIERREI~ITETRAEER
L (22~56cm), 7 Qic@K, 12HICBR/NTH - 7120
BALHiBE S - b OREENT, NBEDOERICHYE-TE ~
19mg/cm? LML, FEELSERINIES (T~



12A) itid 15~25mg/cm? &1, R~FIIEL,
FHERZE S DE~KICE L 1o U EOBRICES
&, hYABRBOEBF Y1 7 v, (VFLOHEED
TERMBBA IS, QUEBEDQEREDBA N, 31
FICFEESERS MIEEHE LD, @RE LU
HEOTHEDOR RKERRDTECEZ RS 120
CRFUKBER - 1Y, Pk - B v 2 -)

(12) BA {£:H(REAEORERYZIALILDNT
D—EE

FREGBOTA I FolgkTid, 25 ORBYT
PESTERRE, 2 DOKIIBBLBORIEIER 4
DEETND ETANTORTHID 2D % 42 TY
BRI MG L L30T, TTOR BT 2 K HEM
JAZDOED B TH -/ Hic! s (Haraba &
Yamacisur 1984), BBET A4 I Fo T, [CERLE
#i3 2 7, EREZEDERD D HBE Y (Gopwarp
1966), XENFEAER DB TETIRNBHEBTTH S,
ULOBERETHLE2EEDTA I FrRBOTIE
BTFREL Y XZLKILZ SO EBIEF M ICHE BHK
5. HILRICHID 2EMAT R 2 ) AL THA+E—
DBETFEEOPEEE 2 5 30FTBEE (+i+2&
—1—2), BEAHMOREARENERTHEATOHRT
AHIICRB B2 DBT +1+1 & +ota, —1—1 & —2—»
MBREL, TNOORMBKRBEETT-> T ol
%o B 1 BraRHENINTo THMIKIEE
+1te —1—2 OREREFFOBKDI2 7K, B 2850
DB, +1—1, to—2 T +1—2 +o— HWEDK
MHEZHITIZD, WFRICLTH +HkE —BRkDH¥E
DOYREGEE | 7 3OROBIIED, ~Taz )AL
BHERFHEIT O, RRBTH~ATF o2 ) XL6RBHB &
Bbhad, ZORZ, FEMBOPREBERIITHT
PEPBEICONTANIF AT — P TREBVDPEELD
3, (FLIEEK - £8)

(13) OMEETE - Ik 8L : Nitzschia obtusa
W. SMITH O 3ZE®E(CDI\T

VanLanbpingam (1978) ¢ Catalogue of Diatoms |C
5L, Nobusa W BUEEL 1 REBERIOATO
A0, WELIE, ch oD 5B var. schweinfurthii
GruNow, var. scalpelliformis Grunow, I XUSHZ
BLEbLIh2 bDEEUHEES,

SEELE S, BENIKIT, BREBONABNAITHRD
FOTRINCH > TRE S EH->THRD, NARADH
fliciZ il & Dk & TRORBIINERET 5 &
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WS DR STz, var. schweinfurthii 12, BB
300 im, REFH 8 um, DARIEDBRE S B, FHEUT
10 pm 37 DH30T, ML 78> BZE Do D
Wi, PPFRBELL SAKLERET, BEIIRD
RENCRTREFZR LD BIEVMEBETHRIC X > THE
ENTWizo var, scalpelliformis |3, HREXK 90~100
pm, RIER 8 pm, FEBIIH0TRICTIN o R E
b5, EARROPICRTHERI D bECIET
HEICk > THEXN T, ¥z, HusteDpT (1921)
H3 A. Scumipt Atras T 336, £-22 {C var. scalpellifor-
mis LLTHFTVEbDLERAUFRED DL, Fakl
OWTELSHERE LTE D, BT, BORBICRTIE
2RISR E R U THMIC X > THESR TV S
CGREEK - &1p)

(14) OFRHEA - I 3h: Gyrosigma spen-
ceri (QUEK.) GRIFF. & HENTR. & G. pro-
cerwm HUST [CD(\VT

G. spenceri & G. procerum D 2 FiZ, BIEIZPPR
b, HHERIPPHDEVIBNESH-TH, BOKE
&, FHBGHCEVICL K BT THETRIFRICX
ALicd vk, LELRHESRBELTHE T 5 0
T, BEOUGTALVEREEZ 5. 4RIEE SHH
Wk, BERRBEERSMAROERHEE LU
BERERILTOBKEL LFHELILODTHS
B, ZDELLIHBELTHBE L

G. procerum |3 Hustept Lk - TRBEINLFS
o (1956) T, FHEZ®D Hustept &, G. kuetzingii
(=G. spenceri) LI ERICELPBELTNB XD,
SEM TOBEIBNTH, 0 2EIFEICLIL
TED, REROHE ICETOBVMBRONSICIE
% 57

Fixb b, W@ Gyresigme BTRBREED S 551
ORHHIEIERFINS D, X SITRERIC—FID/NFLF
MHBo BORMDSAT, G.spenceri TIREBIHK
R BIIMMTI L, BigIasSIEI 2 DI L, G
procerum CREEMII/NE L, BREEEFIEIS X5
T ERITV, BNMIIIZE B LIS Rohico

(GREFEK - £#9)

(15) O/NREF - 1\#k 3L : Navicula crypto-
cephala & N. veneta DERCDIVT
Kurzing |3, 18444F, Die Kieselschlagen Bacillari-

en oder Diatomeen T, Navicula cryptocephala, N.

venete % JR AR U 720 % D%, Hustepr (1930),
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Patrick (1966) 73 &%, N. veneta % N. cryplocephala
DEREICHE & U, Lance-Bertaror (1979) 13, ¢h
ZEEEIETVS,

KIBTIL, N.cryptocephala LRETESH DI,
%2 BRH, BoM, FOFKM, BERIEETR2D -
720 N. veneta LRIET &5 b0DIE, Bk, B
B, BRI, =), fEmotrvz24 Vs &
T, ¥, HKOBHRTENENHELEMB U .

AECD2EOVT, 7 v 7 = OFULTL, SR
Rohz/MLoFl, FminisEicEE LT SEM itk
BBEET 7L T B, N.cryptocephala 13, HIRINE
T UITEEHE > TWOicds, N. veneta TRIBLVWER
BED LN LHL, MEDOHEICIZHESHIEENA
RoN/DT, N. veneta {CHN.DFEE T EDHBHY L&
BbhBo N. veneta TiZ, HKED b DIIABTHIK
ED D EABEMTRIKRES R -THZIED, ZDE
nbhs, ROIDR 2 o 7 IR ER DI
EDIBHNED NI BB, cD 2L D, valvo-
copula {Z, BE 2¥®D band TTEXTWIH, TOD
FEIR, choi28T—BoNERICR OIS RN
BEEEZL bN 5. CREK - &#p)

(16) Fl B : FPFEORKEETSS VI bVD
1§ Coronastrum lunatum (&%, s001
v ALR) [CDNWWT ‘

Coronastrum J&|3, Tuompson (1938) (T & - THL
Ih, RES/7onay 7 LAHICHRT % 4 Mil8%ER
fLET5Y /9 6XDISBHIETHBo type species
LTI, TV H, h Y XED C. aestivale }3
HoNTHY, €0 Forr (1947) FHR~I¥hb
C. ellipseudeum OEEW%E, X HiT Funr (1950) 34
FY2ZMS Canglicum DEHEREELZ LTINS, %
D%, Tuompson (1950) 137 x Y #ITRF B C. ellip-
seudeum DEEHEBEDZLEBICHE E LT C. luna-
tum 2RI TNB05, TOHABEICONTIZ type
locality ZISAH 5L ASNTOIEN,

HER, BEBBRRTO=ELURERD S C. luna-
tum EEZ GNBEHERI.OT, BRO=FELAHE
& OB BF AR R OVWTHET 5,

(BIRK - #HE)

(17) OB#k:A* - J. HILGERT** - V. ALEXAN-
DER*** : 75 Z hFEDBRSE

19854E 8 H26H > 529H, 75 2 Atk B ic % 3
TOOLIK #iiEaE (68°30"-68°45'N, 148°50’-149° 407

W) ick 1) 2 BBHORERT - e 77 X HIAHEE
HEEEIX, 1961 FEH 5 1971 4£% TD HiLLiarD R
Asuunp (L& B BHEEMALIPIRICL-T, vrE
F 2RV /) 7) A VEIREO18/E 119 BTSSR
NTW3o I9TIHEURICESBONEIL, *7EV £
F ZBOFEINDOFKER L/ T Y T+ 2B DAIFRP
FEIZZUAC =7 20 F RABORIFTERE]
HERBESI. AHOREER, 77 2HEFEHEOFRE
ZHME Ulco TOOLIK D AID120H» 5,
HEHwoTF AP E T EY TS 2O 6 RI6HES
ZRH Uz 203 BT 7 ZAAFEDRIL 2 © Spini-
Sferomonas & Polylepidomonas ; 7 FETEIZ Spiniferomo-
nas 10, Paraphysomonas 5, Polylepidomonas 1, Mallo-
monas 1 Dt 4 BITEHE TH ~7co CHEK -H - 4
W, ¥*7 35 X WEHE, T I Z2HK)

(18) HEBARESL:HIBEEOY FOEE

IR =TT B PIT19864F 4 A 14 HICHEE X O
feevny FO#ED O RMTEBTEREELT-
fel A, FHEEZBRESD, NSRFEEERL
feo HoTEE DY FOAEFBRRE A Loy FER
REICTEM 9 2 i Rk OB E A & RO Py e Tk
HREZRT S Lo - 7o

FEFESE IR 25°C, IR 2000 lux—4000 lux, Y&/E
JA14nSRARAA, 10RFRAMSIN & Uico BEB M GruNd
HE R VT, 1BRC &Itk Ui,

oy FORKBF (EE 11.0—17.8 um, i
14.1 pm) BRELTRIRELD, FKEKG6ER,
HoOEZR 1—2mm, BRHENEHITIZH 70 um,
8 ~ 9 EMIBRICRE Lz, FE3% 8 BA, HEoRED
MBSO~ 1 95 B8 7 8 (12.0—15.5%15.3—19.3
um) DFERAED Dhvlce B X hi-aETF (EE
8.8—9.6 um, ¥ 9.2 um) BHRELT, BT
A LAROFRERBEERL, MR O FREEKLEZ -1
B3, PESIRTHRE®6ER, REKORBME X
GO B SENADFRHHED dhic. B
RiIFEHE 4 BRICEHIH 1om KL, KEIOET
BDERHBD bhice TDH 3 BREZE LT, ik
HEIH L5cm KB L, BTEERORD SNZH
BRICHHEEE R O ME R 03D S,

(EHRRKERE v 2 —)

(19) OfRMHEX - BIER : REREFIIFID
EFEREBFEBREDO_RIEE

PEERRHET 7 2 ¥ Y Blastophysa rhizopus REINKE ( 3



VB, F—rr 7478 BEERPIELAEL, #
R IIRICNAET 3 2 ERMON TN D, AATIRI
H-EE (1948) MEREICONT, THN, Yy
W, R=ZFIICAET IREREE LTHEL T
3, TATORERERIT Sears (1966) ASALKMET
BEERE L, 2R 4EEOMEETICE 5 mikAER
DHDEFELEEZRE LTV 3,

AR, BMHET7 I FYVICOOCHERCE 4
DOHFEEE O B E NG, B & EEEORR
MBS M B3 biciTbiz, EiEFRILKED
bOE—HL, ILEBREERER (5C) TRE
KHESN2EE (18—220C) THELLE#SNh S
RERBESH S hicshic, ZWEOREDORREE
By nvDdTHBH, ZEERTIR LB
LTOHHPMICELEL, MBADEANL LN, ¥
BEOALECH L TR EPRBIE#HO 2 RENED SR
7eo LHL, tho£ < 0lEOMMICIZEL BALE
Bot, COTER, AR POBIRRMELH
BT EERBLTVE, k1, KBRIBIToY LYV
EZOBBEEBHEPEHA—BLTHBTEND, FHN
ERERLE REEBLEOBREERT B,

bk - 22 - dEnT)

(20) MAAER: RINANFEIDRBERICRITT
BELESOHE

BE (10~25C @ 4 B), 45 (12.9~58.3%0 S
DISEE) BENEFNRIEBEMTTr =32
DZFEWEERL, ChoBEBoRE, ME, &
{RIBOFRRIC KIZ T BT OOTHE L.

{RIRFEIE © FEZEI210, 15, 20, 25°CODERE & S
H316. 3~55. 1% S DHPAT A LN tco 0B L EDFEE
AT U R, 20, 25, 15, 10°COIEEDIE
I, 20°C T i3 19.4~48.6%0S, 10°CTi3 38.9~
45.3%0S TH » 10

{RIB{HE  BEZREEH25, 20, 15, 10°COIFHIC &
{, BIEELHHEDN 32.0%S D& XITHED L
EAERUI,.

ZRIEROER : ZRABR ORI & & 43 10C,
15°C Tl 19.4~45.3% S, & EHS 20°C, 25°C Tl
16. 3~48. 6%0 S DIENFEHTH Shico RIREHHE S
B - 7zDI310°C, 15°CTIZ 32.0%0 S, 20°C, 25°CiZ
22. 7~32. 0% S D& OEPAIE - 1o

RETEBRMP DA 2 2 nF 27 DRE, HIDE
fhic 4 2EGHRE, THEZICHNTRENT &b
bhote GRIEK - 58 - KEE)
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(21) XHEH - ORKAEF : TYPNIOMSE
FRECKIFT tunicamycin DEE

LY N ROMFIETER: 4 ISBRED tunicamycin
ZEUCRATEKAR CHER L.

HEER, BERKCRBFRKRHEZ tunicamycin T
KOHBEZI I ot UL, EXHOERER
HOMHEIL tunicamycin ITLDE L HEEINI.

Tunicamycin 2 S LEEEK T, BEVLHOERHE
NTL 308, HRISABTENEZEE LI,
I mg/l DBWETIZI2. 2% TH - 120 10mg/l TiZ14.2
%, 200mg/l Ti, 5.2% %730, 10mg/l LlEDHE
TR, BENELKLBIC LT, ELHERRK
L2031 - T » 2o RBDOHEIZEILT
i3, 0.1mg/l DEETHEND SHLIILY 7o 10
mg/l P EOBETIE, HEES AERT, ZoREOE
XRWBEKFOLDOD 29D 1 UTFTH -7,

(UBFREX - £9)

(22) OFXE & - MIEM: HEREOBEENT
RETVASDANIER

ko 2 BEYIC B 2 EEERORZES, Z0t
HEFABREOZREDOER - A LFNTEDOERICRAIR
1S T H 5 MREEBTONHE L BB O HEZEFR L
UZzo

b sx=2 & (Fucus distichus ssp. evanescens) & T4
V4 (Pelvetia wrightii) OEMBETO L H 12 ABe
(1970) o FEERELTEIN. BETORE %
EARUEKATITH &, BT EINIERESR - EREoN
Wafestic @ ik I h, ZokEEeEo—
IOSREANET & I3 /K T S TP D i hE
%57 Ulco UL, % EDTA ¥ /i3 EGTA
0.5mg/ml) &L 1 ~ 4 CIKHBH LIcH/KPTITS
&, ¥R - A-ERER o IR MIBREE D BB EfTH 3752
HidHIEEhico CORBTHERBTFIZ S 4 0~
# oy v 2 BRANTHEN, ZoIETIEO (400
Xg, 10min) LTV v FELTEON. DEELK
¥ EIROWERHT, SRS LVIKIC]T ST L
TABICIE I Nlco BEUISEIMT Y vy T —
(20 pg/ml) ZESLigKicEE L CEEIh, BFR %
ORI, BTRERE M TIEREET -7 B
600/m! 13t LTHETF6 X 105@/m! AERMZ 5%
T, ZRFIT85~99. 9BICE Lo ATRKEIROY
FEAT, IRREREB XU ZOERBICE T, Rl
HTRHIEERR EERIBDON T - 1o

dex - B - ¥t
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(23)  BIHEATF : SiBRERBEORTFEMICE
35 MpEROHE

ZREBEOMREIS BOBTFHICH LTI LA
RMEEROFHICLZ bOEMEAL, 1Y/ VDY
A MRS 0 =T ORBIIRTIERSICBEET 5
BROBB, F.—7) vBXUTI/FvDE/ 7
o — F o HiRE AV RERETARIC X - THIRIIC
g Ui,

% Ml fa R M (A O RREICIR S &
BEREURRRBERTED SNTH 5, MRS b/
77 A P IKRENCHBEIIREICIRB LT3
A, PO TEFEOBE LICRIBTHEIEL, KEZH
HLUTOWMNERT 7 F VBMRREE RS . FIE
BWENC & 72 > THEI LT /oIl TR E L
BB TEILT 2. 7Y/ ) TREBEELS
BNEBBEHRICO A MY, Zhiik - T—EBXE
THHBRBEEBSREINS. COMEHEBROL
K—lDY 2+ 18D, —F, /v =TEHETIIHGR
BUNERFER LIV, THH & bEH UCERERRIC
T 7 F v OERMBED b, EFERICHI S MRE
OFBERELIZT 7 F v OIEIC L > ThdXh
5EBOoNB HY /) TRBINEET 7 F Vil
HAEEOHKREL LT—HK% OHZEROBT IR
hahoNo =7 TRIRERSS CIEbhiznicdi
REOFRHAUBEIC L 2ZHAE—LRT L85, T
FEONH 2 — % K UBTFHRIC S 1 5 IR EH#
DOEHEHRL 5o (WK - #% - £9)

(24) O# #EZ - WTHEEH: ERRIEOMIE< Y
TUVOEEBEXUZOME

Codium 13X OHifaBED = v+ V2 AELd 58 L
TBESHIONT, TORBEREMIIEETH -7 /¢
FHRnLTATEF (PF), 503 N-xFren
R v-N-A%oF (MMNO) ORIk - Tt N
o — 2BAELI N REDOREEE . DKRENS
WICOSAT & e et an—n L 2E & K 7 o
(HPLC) ORIFIALT, Y xFrzaLFFYF (D
MSO) IZEHKROBHMICLZ 7 ViF B (GFC)
ZHEICITI T EMNTE . ThODEEEZFIALT
Codium D=V F VEDFTH A ZDHELWSEEL T
BMERL

Z TISEDOKRNBHE I L, o — 20K
{LRHEGH L2 h & OIBIRIED i 284720 Codi-
um OHIEEEN S~ v F v OHEEHT, MMNO RXtD

b PF RIiCX B3BEMNE LTV cDTC O PF 15K %
b 3R— T DMSO ICK AHESR = b
574 —=%fFo1,

Codium 33270747 ) VORBETIE, MKYE
BERBO<Y /) —AUNCPBRD IV I - RILEDE
DR dtchs, 20 HPLC itk A29WTi, &
DAFH (W207) LEFTH W5F) i 2EoY—
IEDON, HrEFHI/ ST T4 —IKST
WFhb = v/ — 20A % HREE ST 5 TR
BH—REEEYZEI. cOXSiIcBohiHi~rF
Y OB EEREIC OV T X SICRET 21T - 720

BEKX - B - £1b)

(25) OFFHR= - MARETH : 2V TOMIEEE
H-TWB

Sauvaceau (1915) S Saccorhiza DHEFFERZFKER L
TU¥X, 7 v 7HOBHAEFIIEEEDI L 2 HED
BT ORI LDTbhb (cogamy) LEZ o,
ZORIEDOVTRHESBREOERF I TP - oo TE
33V 4 ¥ 3 v T e SR O MRS & S
WCHRNTAER, oD LbBHENEE TR
2ADEEEBLTHAC EBHPALID THRE T
%o

a v TNOWFTEHEL, BEEYOZhEHET S
E, RDE SN O DRMMR SN 50 1) mastigo-
nemes ML XN o 2)2 D D basal bodies (HiF
Ty (L LTz centiole, 37 B basal plate &H
T 5) H400nm BEHEN TV 5, LEREEDOE
FEMD 2 DD basal bodies DEFNIZR->THD, %
$EED basal body DEHHIHEED basal body DAk
HAEICK 110" DAETHELTVS, 1), 2) DHK
KX DHT - BEFEOXFHDODITN,. 3)EHEOEEM
T B o N AREISIU/INME D rootlet systems [N
9, basal bodies DAY ICFEHEOBFEEDOHVIE
(MTOCs) DSHFEL, Z T SHMINEBHT TS,
4)2 AOHEBIIIIMSERR I D RBINIBICE &
¥oha,

UbDz &d b, 2 v 7 EITHBIRYI RIER T
A (anisogamy) ZfTo T bDBLELLTE 1o
EEZLONB. B3 Y 7HOMOBEEICOVWTHE
BERERETETETH S, LK - H - FHY)

(26) =FEHF-B MH=-HLE B . FRXHE: 7
53 )% Pterosperma cristatem DS E
DS



MRS HOMBERE LT, $IEESLUETE
BOHMLEREOZHUMNES . ZDDRMITER
BRZN WD BOBERRT 50
(B0 AREICBEE EE2aUHE&RT) oM
HO—GWRET 583, ElERT LIcBERARE
Mo db 2 kR RICBET 5. HEETICHE Lo
BEEiclR{bAsE Y, o FHED SBICHG THUN
BIHUT S,

() SIBDBEICHEIS - T, M& UTHIRET 3R
BEEBODHSHET T3, REEICHE T 2 Rtk
BRBERIEUEETaINTHS, 2hicE D -
T, WD SZBOMINESBIKOMNZEE - T
I 2,0
(&) MEOMECHSHIE (SIREERE) KHE
HEDIER & PR ROEREDOME DIERIC & » THE
RDNRELBTTIRbN S . ABITITHAEE R SEBERD
FERBD NI,

(&) BENZ LS Kb OO B D ¥ i
i1, 2 TORRILIRIED & B EE THRIHD B
RORBZRET 5. Mia3MREEONEICL-TZ
NEh, PEEETT 5. (B - £

(27) BBEE: FHER-NVCLE/ VEREY MR
DK EHRAEICONOT

B RE ST v P RBERETI D, /Y
DEEPHEICERNISHEL 52 5 EKRThHE %5
ETBNEND B,

B HEERNTSERERARICHET X 20T
K- LHRICERL, K- VOBEDAIEEERAL,
Wi & REDOBRERED 1.

FLRERORBREZRBCHIKT 2 HE 2 RE X
+, BAREY D oREEREICiE Y 2 ShRER
&Y, €y F NORBED K EES 2o ABITK
DRBORBRENEL, HRKHSEREELOT
BET 50

fEMREKEZE AL, BAREY D OftE s HEoM
BEERLUIce $BEOEME L v F ROEBEKA
BHR—-LZ5HTOETL, URBROBED OEM
HEIREHEE L.

{HF K T O BAIRE Y D OFiE & BEIIIERIC
BOEEERL, BEESERERciE L TRV T
HRUUREOEEL NI, BETORETR LY
P ARRER L ZDNNEDER EDOBIC, FRIAICIIRE
BICHBELRS ONBERDBS O, FERIFICTIEE v
MR THEMSED SN B, HREFEEDS

73

Bﬂ%i)ﬁ&i’}‘ﬁ#oto ﬁfﬁbﬁkﬁﬂlt v b T%( ’
i+ v + TEBI NIMBICH € v+ TRIEL,
BEED SOWEIALERRE b—B Ui, CREUKER)

(28) OXBIEX - C. Orosco : Eucheuma (+Y
YHAR) OBBEICDONT

W75 —F yHHOR#ETSH S Eucheuma BDIHR
13, BEBOBEREHEEE LT BALLIRTHS,
B, £EESTEZ MT LS, Eucheuma
FHOKN & SEIL, KOYRREEEFDLCE
B o5hTHb,

EEOIX, 74 ) €YD Eucheuma HIEHBTOHEE
R, 1 VFEE, =YYy RABT Eucheuma DR
BRETR, 2EBTHEH E. striatum E. cottnii 13
EEROT, EBELRHOERBRETIE 712D T, 2hd
DFERICONTHET 5o Eucheuma HFEHHT, & v
THEEROEED V47 SEREELTHEET S
»HEIhD,

TR Y =PREICL 3 AFPRRONELERT
51:DTHbo €—Y ¥+ AT E.striatum %A o
EEBTIR, B2, WEOHEHALD bEEREDY v
TREOHFICEELIIZS 2, Bfib R, ERLE
EhH ol EEHKER, KRIKX - THIEHBED
BB 5NBo Eucheuma FHEFDKIRIT2T~30CT H
Ah, LEBTOEEBRTS E. striatum, E. cottonii
ML $29°CT, ThZhEbEV AFEERESRS. 78%,
4.83% %R L, BEDETE L ORKIABICERITEN
720 BAFE Eucheuma FIHIITAERPEILTH 543, Lik
BOEEERT, BPHEOKRE TARHREICKES
EZEBBH SNV OT, HIPAENEN, S float-
ing HIEEARE T2 HENHA I,

(ERK - fgreEn+ v 2 -)

(29) OmHift* - HREFA™ - FRE—: BE
INOERARBEEFALUCER

I TRIETE SRR 2 LABICERS @il
ERTRIROMK) ZRBEIEECENTES, BN
TEELIZERRZ N IV YV E0HYTHEL, 7V
5P/ )BT, BEBREFEEBAICRE LK
HOET L TEEERS 1.

BANICBRRZIABERRL, Zo¥bsEmL
TINEIRFEE Lico BRESICBOVTER L RERS
EABEXRI I/ VEFREETLTINVORE, £F
RWZPEUIHER, I EiZ6 A~9AKETLL
SOTIREFHT, 108~5 AicANdOTIIHE
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U, #icllBE12HICET Lic b O TREEDS <,
EELRIFTH -7,

BE, Iapsfiend I, FH I, 7830,
5 I, 2V INREMO I VEOBETHRLT
WETHEEDRENS DT

CFEIFEKER, *EHX - K)

(30) OXMFHA - BHNES : $BEICKIHEEE
DEFEHER

BER, BB &R EEYTRER, AR EHEE
X 3L FIAENTHS, DD 7Y —RR
27 # » OEBEO R E—HTHEESHAND
NTIIVWEH, BETOFAFRZ XL TS, 2T
T, EEEZRA U CEROBEERR L THI,

HEE UTRED IV, BED N/ Y, 778
Y, ASA ), HBO=IY, AT/Y, 2AT
20, YNNI, R=2F+T, 2y /)R EERL
7o

IVEETIEBIRSG, N/ VIR ETIRIRDE B
2IFY—1ETUNL, 7 VvEFEERICAEIE
WCETLIcLT A, ZROBGROREE ST 27
FIY, R=2FT, YAYNEBERROBTEEYT
ZEETIE, HECEEHRICHESEE50T, %
hWEEBREEESHECHESY, BTEEL LA,
% DEGEHIHE Lico ZDED, BEDOHMBOER
KON THHET 50 (RIGAK - KEE)

81) OfilfTE - EETME : BF7 5 ABLT D
T X MEONE RIS EE BB ROBE

CEEEBEERREDT I A - AVAEE IO
T, HEOKER—NER, EBESBHON R, AH
DORENEEHEL, ABBREHET 5/cDDET
WVREED , WEGEOHBE, b L EETRA G
L&D AT,

X FLEOYHH SEWMINIT 7 » k21 A,
719 X SHEISEERIC OV THABR— IR ERD 120
HAR—IEBR, EFHFROMENKHRE, BHORE
t&h >o— HOMEEREZRD 2 7 AVAXEMED, B
WEAEHRE Ul EEIN AMEOEHRER, BE
g AHENBETRDbEN, T HHETRE
L.2%, 7Y A HETIZN0. 6% TH - Tco Eio, Stk
DEBFTIHRGETONREEAS /D, HEERDON
FHEREUIce ZOMR, RIS EBETED
F&, TIX$ETIX1—1.5%, HY A HETIEH
0.6%ULDBFRICEBLTEYD, EFAVRAMOIHE

UfcfiE K —B LTz

UEDHERP G, Y 21T 7 X IKHRKDFFHIC
BHELUTHBY, 77 ARBEBC, AY 23T 72K
~_EDEFICDHGET B TD XD ICHBOEBKED
BENE, EEROED S BRMEADEEL UTHSMHIT
THLEMTEI, (ZEK - KkBE)

(32) OF Hl-#HF B:93IP5/4E7HE
IDOBRBNERICHT IHE

BHHAETOERAERIIEY T 7 v 7 b vicBo
TIRIERAHROBED (Fallic3EL, FRIAEL)
ZRTCEBBDONTVED, BT ONTOHE
BIEEAERRN,

TCTR, vIVMI /A ETHEZRRAVT, BH
B A T EREWH A TR TR RCE SIR0K
OREBRFERE YAV 57 -BIIVAELT, 20
ZE0 L BENABRRUREREERD 120

Y3 b5/ ARGT HESOMEL, BASETT
BFNCREERSE L, FRICIEP -7z 2FD
B UAEREDESICB DT HFMOFBFREIDE
Mot BEASEKTTRCIDEIIBVERBIFILALR
LN - T BOREFRIROETRLDEDN 1.
BEREIETT, FilEF8kEONER—I e g
LTHBE, BREHTOY VA TRAREIEESR
wote L, EERETFTTOY YT TRZD
ERMBD NI - o =V ¥ X5 )

(33) XEME: BHKICEDBREEEDELICDON
T

TR, BRI 1 2 KBS BBk 2 5 FEEFT
OHBRUHERIL, BUEROEYNREICHEE
RIZTCEDBBERINT VD, ZDXHBT ENDS,
B A¥FFEE O AMEICE U - RBHROBUK HAZI B
T, BEKiCk 3 FEBOPSNMCEET T 2B EEOE
HEREAMRE LT, Z0—BELT, BkOBT
DKE 3m LURICIGAFTOT Y 7T (I1X5m) ZF|E
U, B ) 7RO S E0GEH Ax1m) icHE LK
BEEOBELWELT, TOBEEH, SHERE,
HCUEHES & KR & DBRICOWTHE Lico 20%
R, BEUKEOE 19844 9 Hicid, RIEEH3~4C
Bl BT 2 BOBHETT B ARIEAE & ORBED RV FTHS
—Hic@Bd o, FREIGS CULOBHFTI, &
B, BEELOEL, REEH0v A 7B (Clado-
phora sp.), BEED <2+ 7 0Hh Y5 (Sphacelaria
variabilis) HEREBOB ST 2EASBD o 7. &



D X 5 AR ER LSBT Buk Ah St i
P> TELIZD, BUKAAGED 54 350 m HEd 7o
T Y T HREET, £OKEREIZK 0.5m L& T
Hoteo —KH, FLES AR, TS IHEESRLE
AIEMMEIIAXDREIN, ¥ 220m BEhicx Y
T HBRERT, TOKERHIZK 0.5m PETH -
2o ($BHEHT)

(34) HEAXMT: BEHVOEBREFHICHIZIIA
L I0EDEHRMYE

MY v T EHREGOAKIL, QREOFE,
(QUESREFESREOEMRK, BEOREEFL, BAH
MOBRREINICNT 2 IEFHEHE L TELLTER
FEEHEEZZIONT VW5, FEEIIHEErRETEROBRE
GHE TV A v T o e R T IFEREE MY
LEMT, ¥2454+v = (ARROBELHE RO
1%/ hYH4 GESY T2 EEER) OEARED
DBABIC KT TS & 2 N4 3 EilEE I~
F2L79F =B 5AOHTEAL, KEOHBA
TEREOREHEEEZZ3D0HTHD, ChicHLT=
F/ AV T4 DOBEITIL6FIOWHWSEETERL
THEEIEBEE5Z, BUEHEROELUEETSCE
bH - CHELRIKEITET 5, ChoOEEBHTIR
Firc s RBEMEOEERCHEOBEMSLC - TI0H
A THAN ERBIB oML 155, FIAFEE20°C
30W/m2 TEEH LT+ / A9 4 M iciBAXYE, B4
i, BAERK, BEAD 3 BAICEE - ESREEE
HE L& 5, BRAERICIFEREEHSEA UEA
BICEE Ucds, MAERERIZIZEAE B M
Mot UEDT LM OABRAPIEL LB LM 2ED
HABYOBAFEEICH L CEiEE L, 20EH
EUTREHIR - F R0 EMIC, FELERORL
HBPELBOBEERNIZET 5 LHBEESRYE
BI:LT03BEEZ SN, LK - KEE - fEi)

(35) HEEX: FERIIBCHEIIEHY Y ITEDER
ESHICDONWT

BREREEXKEMOEREIICHE T, hard substra-
tum LiICERICETTAEEY 3 6 B (Neogonio-
lithon fosliei, Neogoniolithon sp. A, Paragoniolithon con-
icum, Porolithon gardineri type B, P.onkodes, Litho-
phyllum insipidum) WTDONWT, ZOEEDHEHAEL
7o

FEIIKE 1, 5, 10, 15, 20, 25, 30m OKRIKE
ITBINT, 25ecmx25cm D quadrate Z40{FHREL,

75

#EDO#H OB quadrate DEEFIFE Uizo /KE 33m
TlE 20 quadrates D ATz,

ZDFER, P. onkodes & L. insipidum |Z7KEE 20 m
EEZDGEDOTRIREE S U, Neogoniolithon sp. A &
P. gardineri type B |3/KEE 25m DIEICAEET 5K,
N. fosliei & P. conicum |3FEKEZRRICHFEO TR
BEZ IRV C EBHALDICE 5o T HOEIR
MEAEEMOEESTHRAEODIERHERERLT
W5,

Thic kb, BRECHRIIBREOME Y = 5
#% Community I~ @ 32Xy L1,

O VYT EREER 1, HERIIBIKAHT S8
puiERTit D v v THREAGERY TH S R B B
(FRERAKS) OHEREOHETEICHERYSEYD 5 1
50 bk - # - #E)

(36) MWRE=: MEOURBEICHITHRNEOH
nE

5~6 ADILORPLEBRERE, RUBREEHL S
200km MADHNEICT ) HASHBELTED (b
BO1984), BIEOEEH TR TEEET-T W
3. WgiEic BT 2N BOMERRIKERLOT
M (1962) &FHME (1963) &L H BT EIZL,
Z 2 TI19834E 6 iR EL, S MEITH I THN
BOFHEET - 70

Whiizy anzs, YV=sEs, THEIRY
18D+ v 47 5 WM BERED. 5% Ll k%= &
¥, HEERENED6. 9% (G - 2%  1986) i
PEB, NSO+ V&7 5 EIIEHKE &L
RETIREIS ~12/, R 200km HETRTHE
OB 1, 3 4~5FTPI. BidbH {EEX
NIDRY Y= E2EIETHEITH B,

Yv=2E273LBERETRRNESEDI3~45%
B®KETIRISY, METRIBED TV, YV~
2 7 BB DEENER TI328~29% (FH
1963), B BETTI340~45% (TH 1962, FHH
1963) BN LD, AEOILBREOREREL N
Z5%0 THEIZIMATIIY, BHEKETIING,
IR TI16~3T% 5D T . RA—RHlicRE S
WEOHRNBOFERBRELEL -TEY, COE
A EEICOVWTESE & DBGED O3 E Lo

(B7KB)

(37) OAH E-XFEX: HEBCHIHES S
SE I DERICDNT
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T AYEE, ATHEROREREBD» SN
PO THHELT NS EEbH Yosuma & Konno
1983), HIRIH T#H O LIEE, KIEE 2~3m DO
CEETBERENRD B, LTI 2V TS DEER
BERB DT, TS - ABICsHTI984E 1 Ad
52 HERCDIc - T, BERAEEZT -1

FEIZ, £ AV EIOEBBOLEBE, HEE,
TERED 3 BIcB T 25X25 cm? QRN ERI
AT, BEOEHE, B4AER, HEROH
ELEbic, EHEBROBRELEEZ2JUREOLEE
%%ﬁoko

e xVESZ, BT AL D9 Aichy TEED
HEE LD, FEEFESROEWVEIE >
12, PREETILAK 30.01+5.01 cm ThHY, LRE
E TRV SAENEERR Ulco ¥ TRER,
LR - ARSI Bl U TR hsER S, 8 HicEKhE
BlicZ LT

HEFEERIE, 9 AR OHERA LN, 1A,
Z L OBETIHOBHDBBME I NIz ZFHCA-TE
B e hmsse U, LMK LT, 2 AED
SH LWEGSHERE L, fIECEEEANLD -1,
4 AICAD LB EAEDHUOEGRIICSY, PgE
BER, BbEVTRHE T, 6.26+2.35cm TH-
2o (BEX - LYy 2 -)

(38) OAMEER*, EBHEEY, RER=Y™: BIX5
ZEETTERLI-A—T UV FTONRS 20 VOHEES
¥ (24)

-7 UFEED/T e VOMBER & LTI
¥, BRE (7 vE=9LH) MBBEI LTV 3,
19704F Dwvyer & SwiLLie |3 HEEEEEMIED S 8 & iC
EoT7un7 72 BERINBEECREIT/ T L
ovo SRR BRERE L. —5, ko 7
=7 (1977) ZERIPOH (BERE, SHRmEEER
HTEE) OBRET, FicicEBRELRNT S &5
10 VORBREOENRCBACEERMIE L, L
T, SMiLLIE 5D “HNE” OBBICE “BEED
B OBRBFDBZFENTN B WEEZ R Lo

AE, BReIZBREIEERETER L/ 1y
KDWT, ZONBERERH Uice Z0RR, K&
RORGTERINI/7 2 v Y 3BRERINCK -
T, EPDICZDNENBDC 553, BT X 5 DR
BELARONE DT, —F, BHREBRERETT
HEREINE/F IovicBHRXEZ BN RLN,
BRFERME HBEPEFARICITH &, BICEHER/

10 VORRIBC BT EAM 5 1ze L LSS,
BREBEORMDATIZ, 77 I n YOPRIR OGNS
Dot UEORERM D, 21— v HilaidEEgey
K&, ERT 2,5 30 v ONREEBRITEC &
D3l 5 720 CKBEEK - A - ¥ERTK - B)

(39) IRKRF* MERE*, EBAEEY ZRER
FH, RARESMY ARERISIFEFRAOE
REGSEBRGORE

77 1 FEF2OMIBEROHEEIIERD TROERA
HERL, »D Cell Cycle TS MMEEL LU,
SELTEBCROEEOR LISBC 2 Lo h
T3, bhvbhidBagE (12: 12KH) kb, @
e X Ntz Chlamydomonas reinkardi DAL DR
TEMATERICE ) 2 HER KR kD E% DAPI
Pt — BN RN L - TR I B E L
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ERMERRAE DAPL 30Red 383, 7w
2—=nTAF e FRIBEBHETH S, LhrL, K
BHIVE LT AT E FOBEEBEICONTEME

HERESNEV. bhbhizs 7 I FEF REED
Bosrrvs—n7aTFe FBEOKHEE U R,
0.3% U Lits 3 &2 7 2 FEF ROERERESLE O
JERBIZ Cell Cycle #1, £2ThHhRNROALBERT C
Elotce ZEUT, 0.1% BEBBETHECE%R
R U ZD#R, Cell Cycle OERBT, 54 +
1y 7 RERBER GO BE LS EHEEN, Cel
Cycle O¥ffiEs KUH (B0 5E) TI3TEREH
BEsRicizh, —Rfice v / 4 ¥ 2D B,
ZDM%, HPhITE L /4 FEED SEENISH S8
SNFEHL CRBRTHREHENSEL123), MiE
ST Do Cytokinesis T IS B &, R
BRREEIIET, MRERICTE D 248 T 4 Aol
BHHBENE C &b - 70
CEREKX - M8, ¥*BK - IS, *Faik - B)

(40) ORBHIT - BREZN : EREBXIVASF
hoIHizA4F 22 TADREE

BREAF a3 x Cyanidium caldarium 13, <
R, BB, T UTREIEIALE, KEeRELEKHE
INT&EIo 47237 2Tid RK-1 1 M-8 B
WHZODBNH Y, MEOKEE, RERTH, |
(B OISERR & SRID, M-8 BWRIIBE %
AN T3,

#fa%z DAPI Jutath, FFEWGITRS L, M



KD IhHRER 7 LA A4 F (B, DNA #Hi)
OFRBEBETE ENTE B, 17233 2 RK-1
BIIPRDERBOFLIRICHEBIRD X 7 LA 4 ¥ iid
3o AR, BRMEITAOIICR 7 LA FED -
TWADT, bsHE RK-1 BOERKEERN T
b5, FMIcHZ L, BHEOBRIKCIDR 7 LAA
FOBRBIIRIL S, 2L, 47223 3 x M-8
BIAREROEREO BT EM L S IKBRDX 7 L
AAFZSTWNBo TDEATDRI VAL FiIZE
BOHBIL S HBIEY chromophyta DERMEICH S
N3, ABDEREKR 7 LA A4 FiZZ0BETicEEbNR
KL, M-8 BERPPRIE-TNE, 7uL3F
REDRETIE, ERENIKEMRICOHLTED,
AF2aT 3 HEESRIL-THSB, ThoOBER
RizED S, 472133 2 HHRORMICOVWTEEL
fzu CHREERA - B - &)

(4D) BARZ : EBRAF I X IROFFEEMRICD
WT

BHRZGHE & 0 RES NI BREEEEH, Raphid-
iopsis FRIDBWEILE L IcLTh, PROIY - 4
WHEDNEAERD bhizo B4 DIEHRIFOH
T, HAKOYEBREWIKTE b A THRES h- g
FTRZ S OESESHB U, /0, AT ER
O EHERAEER CREMEERR LS 0H, 8
FRERL SR TSI ROREMRARBR Lic. Thb
ORI ATY S ¥ . TEAD Raphidiopsis ICJBT 3
bDTIEL, ZFTx<HO—HATHBT LERLT
Who AEOTTBENRMERE L, ZONEE
BB IC DWW THRET 5.

(BRI - YT

(42) OEHET - ILXR— - AKX : BffaRs
FFYVISHD Mg BRETFICHEITZERICRIET
oI LA v DRE

F#+Y x5, REVEED NaCl BT CHEET
%, ZOBX 7Y o - A2FH ULBBHEGETS
RO RMRRERE LTAON TV, ThETH
2, 6EIHOFF Y 5 2HHD, WANAIIHHE
BEFicEd 34£EE2H~, £DOMNO 2 Ehs NaCl B
TELRAKIC MgSO, BT TH L HEETHT LEH
ST Uiz MgSO, BT TOAERIT, CO, I
WEFELSBEE TR NaCl BE T TC AR LI~
ZOHEZNIVEORMER LI, LLIENS,
MgCl, » Mg(NO;). BETTIRELAERE RIS
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»otce —NIC, Mg?t & Ca? IFEHMNCYERL
BITEBAONTVS, T, Mg HHRETTOD
R, B0 Ca? BEICEIN TRl IH
Ao ZZ T4, D.tertiolecta DERICKIZ T Ca?t
DHBER~T TORKR, HEitho Ca? BEOH
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