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Ditria expleta (Rhodophyta: Rhodomelaceae) a new red algal species
from Western Australia

John M. Huisman

School of Biological and Environmental Sciences, Murdoch University, Murdoch, Western Australia, 6150, Australia

Huisman, J. M. 1994. Ditria expleta (Rhodophyta: Rhodomelaceae) a new red algal species from Western
Australia. Jpn. J. Phycol. 42: 1-9.

Ditria expleta sp. nov. (Rhodophyta: Rhodomelaceae) is described from Western Australia, where it
occurs epiphytically on the fronds of Lobophora variegata (Lamouroux) Womersley. Main axes and vegetative
lateral branches are prostrate and dorsi-ventral, with five pericentral cells. Cells of the ventral pericentral
siphon (which is aligned adjacent to the substratum) produce digitate holdfasts. Branch initials arise ex-
ogenously from each segment and are arranged in a spiral pattern with a 1/5 divergence between successive
initials. The dorsal branch initial remains dormant, while the remainder produce lateral branches that lie
flush with the substratum. The resultant thallus has a pattern of alternating pairs of lateral branches, with
every fifth segment naked except for the dormant branch initial. Cytocarps are borne terminally on deter-
minate lateral branches. Spermatangia arise on reduced branchlets near the apices of lateral branches.
Tetrahedrally-divided tetrasporangia are produced in linear series of up to 10 sporangia in terminal por-
tions of determinate lateral branches. Ditria expleta differs from the previously described species of the genus
in the production of branches from both of the lateral branch initials. In Ditria reptans and Ditria zonaricola
the ventral lateral initial remains dormant, with the resultant branching pattern that of alternating single
branches. Ditriais included in the tribe Polysiphonieae. A comparison of the mode of branch formation in
Ditria expleta with that found in the superficially similar Dipterosiphonia and Herposiphonia suggests that the
latter two genera are incorrectly placed in the Polysiphonieae and should be transferred to a resurrected
Herposiphonieae.

Key Index Words: algae—Australia—Dipterosiphonia—Ditria—Ditria expleta sp. nov.—Her-
posiphonia— Rhodomelaceae— R hodophyta—taxonomy.

The red algal genus Ditria was established
Hollenberg (1967) for a prostrate

will produce a trichoblast).

The resultant
branching pattern is repeated every five seg-

rhodomelaceous plant from Hawaii. Ditria
reptans Hollenberg was characterised by the
production of determinate lateral branches in
a regular sequence in which the branches
were separated by alternating intervals of 2
and 3 segments. This branching pattern was
described in greater detail by Yoshida &
Yoshida (1983) when adding a second species
(D. zonaricola (Okamura )Yoshida & Yoshida)
to the genus, and they also described the previ-
ously unknown reproductive structures. In
the two known species of Ditria the production
of branch initials is in a spiral sequence in
which only the more dorsal of the lateral ini-
tials develops into a branch, the rest remain-
ing dormant (occasionally the dorsal initial

ments. In asingle sequence two lateral bran-
ches will be produced, separated from each
other by a dormant dorsal branch initial and
from subsequent lateral branches by two dor-
mant ventral branch initials. The present
paper adds a third species from materials col-
lected in Western Australia. The new spe-
cies differs in the production of additional
branches from the lateral initials, resulting in
a five segment sequence that includes four
lateral branches arranged in alternating pairs
and a single naked segment bearing only the
dormant dorsal branch initial.
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Materials and Methods

All specimens examined were preserved in
approximately 4% formalin/seawater. Por-
tions of plants for microscopical examination
were mounted directly on slides in a solution
of 1% aniline blue, 50% ‘Karo’ corn syrup
(CPC International) and 49% water.
Pressed specimens are lodged in the herbari-
um of the School' of Biological and Environ-
mental Sciences, Murdoch University, with
isotypes distributed to PERTH, MELU, and
NSW (abbreviations follow Holmgren et al.,
1990).

Observations

Ditria expleta Huisman sp. nov.

Plantae dorsiventralia prostratae axibus
ecorticatis ad substratum per rhizoidiis digita-
tis affixae, axibus cum cellulis quinque
pericentralibus. Ramulorum initia spiraliter
1/5-divergentia producentia, initio dorsali
laterali non-dividenti sed initiis caeteris ra-
mos lateralia determinatos producentia.
Axes principales et rami indeterminati
laterales 5-110 ym diametro, ramis laterali-
bus determinatis simplicibus et pro longitu-
dine 15-20 segmentis et 40-60 #m diametro.
Cystocarpia terminalia in ramis determinatis
lateralibus. Ramuli spermatangiales lan-
ceolati 180-300 yum longi et 34-45 ym di-
ametro, ramorum lateralium determinato-
rum in apice portati. Tetrasporangia tetra-
hedraliter divisa, 60-100 #m diametro, ramo-
rum lateralium determinatorum partibus
distalibus sporangia maturescentia deinceps
in series lineares cum usque ad 10 sporangiis.

Prostrate, dorsiventral plants with ecorti-
cate axes attached to the substatum by
digitate rhizoids. Axes with five pericentral
cells. Branch initials produced in a spiral se-
quence with a one fifth divergence; dorsal
lateral initial remaining undivided, the
remainder producing determinate or indeter-
minate lateral branches. Diameter of main
axes and indeterminate lateral branches 50-
110 #gm. Determinate lateral branches sim-
ple, 15-20 segments in length, with a di-

ameter of 40-60 #m. Cytocarps terminal on
determinate lateral branches. Spermatangial
branchlets lanceolate, 180-300 ym X 34-
45 pm, borne on the distal ends of deter-
minate lateral branches. Tetrasporangia
tetrahedrally-divided, 60-110 gm in di-
ameter, in linear series of up to ten successive-
ly maturing sporangia in the distal portions of
determinate lateral branches.

Holotype: Goss Passage, adjacent to Bea-
con Island, Wallabi Group, Houtman Abrol-
hos.  Epiphytic on Lobophora variegata
(Lamouroux) Womersley at 15m depth.
(J. M. Huisman, 13.vii.1993; Murdoch HA
313a) (Fig. 1).

Etymology: The name ‘expleta’ is latin for
‘complete’ and is in reference to the addition-
al lateral branches produced by the new spe-
cies.

Habitat and Distribution: Thalli are appar-
ently restricted to the fronds of Lobophora varie-
gata, where they are found mainly on the up-
per surface, with apices often curling around
the margins of the host (Fig. 1). Collections
have been made from several locations in the
Houtman Abrolhos and from Rottnest Is-
land.

Specimens examined: Jackson I., Pelsaert
Group, Houtman Abrolhos. On Lobaophora

. variegata (J. M. Huisman, 14.x.1990; Mur-

doch HA 311; 30.ix.1991; Murdoch HA
312). Off Charlotte Point, Rottnest Island.
On Lobophora variegata (J. M. Huisman,
20.xii.1992; Murdoch JH 271).

Vegetative structure

Plants minute, prostrate, with percurrent
main axes. All axes are ecorticate and terete
with five pericentral cells. Growth is via a
prominent apical cell that divides slightly ob-
liquely (Fig. 6). Branch initials are produced
exogenously from each axial cell in a spiral se-
quence, with a one fifth divergence between
subsequent initials (Fig. 6). Of the five
branch initials, the dorsal initial remains dor-
mant, with the remainder producing either in-
determinate or determinate lateral branches.
Despite the 1/5 divergence between the origin
of adjacent branches, the prostate nature of
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Figs. 1-5.
Lobophora variegata (Murdoch, HA 313). Fig. 2. Dorsal view of a mature indeterminate axis showing the sequence
of production of lateral branches and dorsal primordia (arrows) (Murdoch, HA 311). Fig. 3. Cytocarps borne at
the apices of determinate lateral branches (Murdoch, HA 312). Fig. 4. Spermatangial branches (Murdoch, HA
313). Fig. 5. Tetrasporangia arising in linear sequences near the apices of lateral branches (Murdoch, HA 313).

the thallus forces the lateral branches to
remain horizontal and thus appear to occupy
similar positions (Figs. 1, 2). The resultant
branching pattern is a regular sequence of al-
ternating pairs of branches (Fig. 2), with ev-

Ditria expleta Huisman sp. nov. Fig. 1. Plant from the type collection growing epiphytically on

ery fifth segment naked (i.e. the segment bear-
ing the undivided dorsal branch initial). Di-
ameter of main axes 50-110 p#m, with L/B of
segments 0.1-1.3.  Indeterminate lateral
branches are identical to main axes. Deter-
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Figs. 6. Ditria expleta Huisman sp. nov. Dorsal view of apex of indeterminate axis showing the initiation of

lateral branches in a spiral, with the dorsal initial remaining undeveloped (Murdoch, JH 271).

Fig. 7.

Dipterosiphonia dendritica. Ventral view of apex of indeterminate axis showing the initiation of lateral branches

(Murdoch, JH 272).

minate lateral branches are unbranched,
generally 15-20 segments in length, with a di-
ameter of 40-60 #m. Thalli are attached to
the host by rhizoids arising from the ventral
pericentral cell. These rhizoids are short
with a branched, multicellular, digitate pad.
Their frequency is irregular, but where
numerous they arise every 2-4 segments.

Carpogonial branch and cytocarp
Carpogonial branches arise near the apices
of determinate lateral branches. Usually two
trichoblasts are produced near the apex, with
the most distal becoming fertile (Fig. 8).
One of the pericentral cells on the epibasal
cell becomes fertile and produces a four-celled
carpogonial branch and two sterile branches
(of one and two cells length) (Fig. 9). The
carpogonial branch is curved with a terminal

trichogyne. Following presumed fertilization
an auxiliary cell is produced from the support-
ing cell (Fig. 10). Transfer of the diploid
nucleus was not observed, but on one occa-
sion a small cell was seen in a position com-
patible with it being a connecting cell. The
auxiliary cell divides transversely to produce
1-2 gonimoblast initials, which continue to di-
vide (Fig. 11), eventually producing terminal
carposporangia. During this process all of
the cells of the two sterile branches on the sup-
porting cell divide once to produce an addi-
tional cell, resulting in a two-celled branch and
a three-celled branch with a lateral cell on the
basal cell (Figs. 9-11). The connections be-
tween these cells widen during gonimoblast
development and the cells apparently lose
their contents, suggesting a nutritive func-
tion. The carpogonial branch gradually
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Figs. 8-13. Dutria expleta Huisman sp. nov. Fig. 8. Developing carpogonial branch (Murdoch, HA 312).
Fig. 9. Mature, four-celled carpogonial branch with sterile branches borne on the supporting cell (Murdoch, HA
312). Fig. 10. Initiation of the auxiliary cell from the supporting cell (Murdoch, HA 312). Fig. 11. Detail of
gonimoblast initiation (Murdoch, HA 312). Fig. 12. Spermatangial branches (Murdoch, HA 313). Fig. 13.
Optical section of tetrasporangial bearing branch, showing developing and mature sporangia (Murdoch, HA 313).
Abbreviations: a=auxiliary cell; fa=fertile axial cell; g=gonimoblast; st1, st2, sterile branches on supporting cell;
su=supporting cell; t=trichogyne; 1,2,3,4=cells of the carpogonial branch.
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withers. Prior to gonimoblast initiation the
carpogonial branch is curved around the aux-
iliary cells, with the trichogyne emerging in
an apical position (Fig. 9). The constituent
cells remain in this position, and the develop-
ing gonimoblast causes the branch to stretch
before it is eventually lost. Remnants of the
carpogonial branch can often be seen border-
ing the developing gonimoblast (Fig. 11),
with the remains of the trichogyne projecting
laterally from the pericarp (Fig. 10). The
pericarp develops from pericentral cells sur-
rounding the fertile axial cell, and the ostiole
forms opposite the position of the supporting
and auxiliary cells. In the mature cystocarp
the auxiliary and supporting cells have
merged to form a fusion cell that subtends the
gonimoblast. Mature cystocarps are spheri-
cal to slightly ovoid, terminal on determinate
lateral branches (Fig. 3).

Spermatangia

Spermatangial branchlets occur in clusters
of up to six branchlets from the distal ends of
determinate lateral branches (Figs. 4, 12).
The branchlets arise in place of lateral bran-
ches (or primordia) and are initially
monosiphonous and unbranched. Mature
spermatangial branchlets have 11-14 axial
cells and pericentral cells are produced from
all cells with the exception of the basal,
suprabasal, apical, and (often) subapical
cells. The pericentral cells divide several
times to become spermatangial mother cells,
which in turn produce superficial spermatan-
gia. Mature spermatangial branchlets are
lanceolate in outline, measuring 180-
3000 X 35-45 pm.

Tetrasporangia

Tetrasporangia occur in linear series of up
to ten successively maturing sporangia in the
distal portions of determinate lateral branches
(Fig. 5). Initially the fertile pericentral cell di-
vides to cut off two cover cells which take on
the appearance of normal pericentral cells. A
third cover cell is produced laterally from the
fertile pericentral cell and remains small with
the appearance of a dormant branch initial.

The sporangial initial arises on the distal side
of the fertile pericentral cell and divides tetra-
hedrally. Mature sporangia are spherical to
slightly flattened (Fig. 13) and measure 60-
100 #m in diameter, markedly distending the
bearing branch (Fig. 5).

Discussion

The genus Ditria includes prostrate, dor-
siventral species with five pericentral cells and
branch initials produced on every segment in
a spiral sequence. As shown by Yoshida &
Yoshida (1983), the arrangement of the
pericentral cells is such that a single pericen-
tral siphon lies immediately adjacent to the
substratum. Attachment rhizoids arise from
this line of cells. Ditria expleta displays all of
these features and is clearly a member of the
genus. In D. reptans (the type species) and D.
zonaricola, however, the dorsal branch initial
and the ventral lateral branch initials remain
dormant, with only the dorsal leteral branch
initials growing out to produce branches. The
resultant branching sequence (in dorsal view)
is therefore: right dorsal lateral branch, ‘bare’
segment (i.e., the segment bearing the dor-
mant dorsal initial), left dorsal lateral branch,
two ‘bare’ segments (i.e. the segments bear-
ing the dormant ventral lateral initials). Oc-
casionally the dorsal branch initial produces a
trichoblast, and the sequence is repeated ev-
ery five segments. The pattern was clearly
described by Yoshida & Yoshida (1983) and
has also been seen in eastern Australian mater-
iall. In D. expleta, however, the ventral later-
al initials also produce branches, resulting in
a branching sequence of: right dorsal lateral
branch, ‘bare’ segment, left dorsal lateral
branch, left ventral lateral branch, right ven-
tral lateral branch (Fig. 2). Only the dorsal
branch initials are suppressed in D. expleta,
and they have never been observed to
produce trichoblasts.

Clearly such a branching pattern has arisen

! Epiphytic on Lobophora variegata at 1-2 m depth,
Ned’s Beach Channel, Lord Howe Island, N.S.W.
(G.T. Kraft & A.J. K. Millar, 19.xii. 1986; MELU,
A040314).
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from the suppression of certain lateral bran-
ches due to the adoption of a prostrate habit.
In Ditria expleta the pairs of lateral branches
can be both determinate or indeterminate, or
a mixture. Where there is a mixture, the in-
determinate lateral branches commonly
(although not always) arise from the ventral
lateral initial, with the result being that the po-
sition of the indeterminate branch varies from
being the distal member of a pair to the prox-
imal member of a pair, depending on the side
of the thallus from which the branches are
produced. This pattern would appear to be a
response to the adoption of a prostrate habit,
as it is the branches adjacent to the substra-
tum that become indeterminate, while those
more dorsal in origin remain determinate.
Although this suggests that Ditria is derived
from an erect, spirally organised thallus, it is
interesting to note that the direction of the
spiral in indeterminate lateral branches
changes depending on the side of the thallus
from which they originate (also described for
D. zonaricola by Yoshida & Yoshida, 1983).
It is difficult to imagine that such a change is
merely the result of the adoption of a prostrate
habit, and is perhaps indicative of more sub-
stantial morphological changes.

The tribe Polysiphonieae was characterized
by Hommersand (1963, p. 340) as including
plants with “lateral branch initials”... “arranged
in a spiral”. Ditria clearly displays such a
branching pattern and can be comfortably
placed in the tribe. Of the other prostrate
rhodomelaceae included in the Poly-
siphonieae, Ditria expleta shows remarkable
similarities to the genus Dipterosiphonia Falken-
berg, especially the type species D. dendritica
(C. Agardh) Falkenberg. Both produce five
pericentral cells and alternating pairs of later-
al branches in a regular sequence. On closer
examination, however, it can be seen that the
similarities are superficial. In Dipterosiphonia,
two pericentral siphons lie adjacent to the sub-
stratum and produce attachment rhizoids, an
inversion of the situation found in Ditria.
While Dipterosiphonia is generally included in
the tribe Polysiphonieae (e.g. Hommersand,
1963; Schneider & Walde, 1992) an examina-

tion of its apical development suggests that
such a placement is incorrect. As was point-
ed out by Yoshida & Yoshida (1983), branch
initials in Dipterosiphonia do not arise in a
spiral pattern. In Dipterosiphona dendritica
(Falkenberg, 1901; Yoshida & Yoshida, 1983;
Schneider, 1975; pers. obs. on Western Aus-
tralian material?, Fig. 7) lateral branches are
initiated on every segment and are arranged
in alternating pairs, with the distal member of
each pair forming an indeterminate branch
and the proximal member remaining deter-
minate (the sequence is reversed in D. reversa
Schneider). Although one branch of each
pair is displaced relative to the other, their in-
itiation does not follow a spiral sequence
(Yoshida & Yoshida, 1983, and pers. obs.,
Fig. 7). The proximal branch of each pair is
always displaced dorsally relative to the distal
branch (in D. dendritica at least), which means
that either the direction of rotation changes be-
tween successive pairs of branches, or the
degree of rotation between succesive branches
follows the sequence: 1/5, 2/5, 4/5, 3/5.
Clearly the former cannot be considered to be
spiral and the latter is highly unlikely. Obvi-
ously this arrangement of alternating pairs of
lateral branches is not homologous to that
found in Ditria expleta, and the two taxa have
arrived at a similar branching pattern via
different methods. Schneider & Walde
(1992) also examined the branching pattern of
several  closely  related  dorsi-ventral
Rhodomelaceae and concluded (as did Hom-
mersand (1963) before them) that the dor-
siventral Rhodomelaceae are derived from a
number of different ancestors. Although
they believed that Dipterosiphonia was spiral,
they concluded from other features that the ge-
nus probably arose from a distichously bran-
ched ancestor, and that the Polysiphonieae
represents the “independent development of a
minimum of two radially organized lines”.
From the results of the present study and that
of Yoshida and Yoshida (1983), however, it is

2 Epiphytic on Amphibolis antarctica (Labillardiere)
Sonder & Ascherson ex Ascherson, Eglington Rocks,
Ocean Reef. From 2 m depth (7. Bell, 28.i. 1993; Mur-
doch JH 272).
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clear that Dipterosiphonia is not in fact spiral.
This feature alone is sufficient to exclude the
genus from the Polysiphonieae.

A similar situation can be seen in Her-
posiphonia Nageli, where the branch initials
arise in a regular, but not spiral, sequence.
Herposiphonia produces a sequence of branch-
es that includes alternating ventrally direct-
ed indeterminate branches separated by three
dorsally directed determinate branches. The
second of the three determinate branches is
displaced relative to the others, which arise in
aline. Most of the branching is therefore dor-
sal in origin and much of the thallus is
unilateral. Clearly Herposiphonia must also
be excluded from the tribe Polysiphonieae as
defined by Hommersand (1963). In the past
Dipterosiphonia and Herposiphonia have been
included in the “Herposiphonia-Gruppe” by
Kylin (1956) and the tribe Herposiphonieae
by Scagel (1953). Hommersand (1963) sub-
sumed the Herposiphonieae into the Poly-
siphonieae, based on the belief that all of the
included genera displayed spirally arranged
branch initials, but perhaps it is time to recon-
sider the tribe. Herposiphonia and Dipterosipho-
nia appear to be closely related, despite some
differences in their branching patterns. The
initiation of lateral branches in Herposiphonia
is similar to that found in Dipterosiphonia but
with the intercalation of two additional deter-
minate branches per sequence. Schneider &
Walde (1992) suggested that the line of evolu-
tion including Dipterosiphonia and Herposipho-
nia possibly arose from a distichous ancestor,
perhaps during the separation of (and inter-
mediate between) the distichous Ptero-
siphonieae and the spiral Polysiphonieae.
Several authors have acknowledged the
presence of an “evolutionary continuum be-
tween the Pterosiphonia and Polysiphonia levels
of organization” (Kraft & Wynne, 1992) and
the intermediate nature of Herposiphonia and
Dipterosiphonia supports this. It is clear,
however, that the two genera can no longer be
maintained in the Polysiphonieae sensu stricto,
nor are they compatible with the distichously-
branched Pterosiphonieae. The evidence
presented here and that of Schneider & Walde

(1992) suggest that Herposiphonia and Dip-
terosiphonia should be placed in a resurrected
Herposiphonieae. While the Herpo-
siphonieae can be separated from the Poly-
siphonieae on the basis of apical develop-
ment, the production of vegetative trichob-
lasts and the displacement (although not
spiral) of lateral branches in both Herposipho-
nia and Dipterosiphonia suggests a close
relationship between the two tribes, perhaps
more so than with the Pterosiphonieae.
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Ditria expleta sp. nov. from Western Australia 9

siphonieae (Rhodomelaceae, Rhodophyta). Phycolo- Herpopteros  zonaricola Okamura (Rhodophyta,
gia 31: 581-590. Rhodomelaceae). J. Fac. Sci., Hokkaido Univ.,
Yoshida, T. and Yoshida, M. 1983. Observations on Ser. V. 13: 39-48.

Ditria zonaricola (Okamura) comb. nov. based on

John M. Huisman : @A —ZX b5V 7ES / 735 BO—FTE Ditria expleta($13, 7>~V ERD

Lobophora variegata (Lamouroux) Womersley D43 5 KL Ditria expleta (KLEE - 7 >~ =%}) #HEL L CE
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THEHORBOEOMIIERDOABERYET 5, FROA =¥ v MITMEFhOFEILLAERNCEL, BE
54 =¥ 4 VORITS5 50 1 OBAE TRIERD < & — v TR S h B, BRIOKDOA = > o MIKIERE
TLEEY, —HEDBHOA =¥ ¢ M3EY LR CPECEST 2 ARCRET 5, LORBREU2ERGR
EETHAEEYET, 5 BRROSHIAKERBCS 2HRMOKDOM =~ v LEBRWTRTH D, BRIZARR
ROMBRCEAT S, ERSEIAROMEDORILLI/MICHERER S, ¢+ EEOHIRTFEIFREEORK
DL 10BRE ¥ TRIRCTEE T 5, Ditraexpleta IABDO M F TRER I TV 2B LI[UEOM =~ 4 11
DR BEEHR T B BRI\ TR b, Ditria reptans & D. zonaricola (/7 7 7%) TXETHOEDOA =+
MEIKIERBCTLEE D, ZORBR1OBECHEELDDPRD % — v bich T, Ditria i3 A b 7/ HKRICE
¥ N5, Ditriaexpleta & R LT % Dipterosiphonia, Herposiphonia % 3 UBABC S\ THETE L, ohbd
DESA PV ECEDLR TV B ELTRENTH Y, BELIL A T REEDHERETH DT LABLH
IZ 76 % o (School of Biological and Environmental Sciences, Murdoch University, Murdoch, Western Australia,
6150, Australia).
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Observations on Vanvoorstia spectabilis Harvey and V. coccinea Harvey

(Delesseriaceae, Rhodophyta) from southern Japan
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Yoshida, T. and Mikami, H. 1994. Observations on Vanvoorstia spectabilis Harvey and V. coccinea Harvey
(Delesseriaceae, Rhodophyta) from southern Japan. Jpn. J. Phycol. 42: 11-20.

The differences between Vanvoorstia spectabilis Harvey and V. coccinea Harvey (Delesseriaceae,

Rhodophyta) were verified on Japanese materials.

V. spectabilis has uncorticated blades consisted of smaller

cells and tetrasporangial bladelets with 4 tetrasporangia in each segment, while in V. coccinea blades are
corticated and tetrasporangial bladelets are terete and 5 tetrasporangia are produced in each segment. V.
spectabilis is distributed in Yaeyama district of Okinawa Prefecture. The distribution range of V. coccinea
is Okinawa Island to Kyushu and the Pacific coast of Honshu to Izu Islands.

Key Index Words: Delesseriaceae, Distribution, Morphology, Rhodophyta, Vanvoorstia coccinea, Van-

voorstia spectabilis, Taxonomy.

Vanvoorstia Harvey, a genus of the Deles-
seriaceae, is characterized by its intricate net-
forming structure, with 2 species originally
reported from Srilanka (Ceylon): V. spectabilis
Harvey (1854: 144) and V. coccinea Harvey ex
J. Agardh (1863: 1271). The third species,
V. bennetiana (Harvey) Papenfuss, is known
only from its type collection and morphologi-
cal detail is yet unknown at present (Miller &
Kraft, 1993). The genus has wide distribu-
tion range from Indian Ocean to warmer
parts of Pacific Ocean through Indonesia.

Okamura (1900) reported a species of Van-
voorstia from Kashiwajima, Kochi Prefecture
and identified it as V. spectabilis. He (1916)
applied a name Implicaria reticulata Heydrich
to the same species, but later he (1936) used
again the name V. spectabilis, placing Implicar-
ta as its synonym. After the detailed study
on two species of Vanvoorstia by Papenfuss
(1937), clarifying the difference between V.
spectablis and V. coccinea, Segawa (1939) reex-
amined the materials from Izu Ooshima and
Hachijyo Islands on the Pacific coast of cen-
tral Honshu. He observed in his materials
corticated blades and terete tetrasporangial
stichidia-like bladelets characteristic to V. coc-

cinea, and proposed to use this name for the
Japanese plants. We noticed that another
species of Vanvoorstia in the collections from
Yaeyama district of Okinawa Prefecture,
south Japan. Closer examination revealed
that this species is attributable to V. spectabi-
lis. New informations are given here on
morphology of female structures in these
two species.

Materials and Methods

Following specimens deposited in the herb-
arium of the Faculty of Science, Hokkaido
University (SAP), as well as the fresh materi-
als collected by the authors, were used for this
study.

Vanvoorstia spectablis Harvey

Specimens examined: Miyakojima Island,
Okinawa Pref., Oct. 1, 1984. Leg. Y.
Nakajima. SAP slide. Miyakojima Island,
Okinawa Pref., Apr. 10, 1935. Leg. T.
Tanaka, SAP 058952,3. Ishigaki Island,
Okinawa Pref., Apr. 13, 1935. Leg. T.
Tanaka, SAP 058951. Kuroshima Island,
Okinawa Pref., June 4, 1992. Leg. T. Waji-
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ma, SAP 057853. Kerama, Okinawa Pref.,
no date, anonymous, SAP 059145.

Vanvoorstia coccinea Harvey

Specimens examined: Ooshima Island, Tokyo
Pref., July 2, 1935. Leg. S. Segawa, SAP
031058. Hachijyo-jima, Tokyo Pref., July,
1930. Leg. Matsumoto, SAP 059157. Shira-
hama, Wakayama Pref., Apr. 7, 1957. Leg.
T. Yamamoto, SAP 041978. Muroto, Kochi
Pref., Mar. 30, 1930. Leg. K. Oshima, SAP
059158. Shimizu, Kochi Pref., June 20,
1954. Leg. I. Umezaki, SAP 035132.
Kashiwajima, Kochi Pref., no date, anony-
mous, SAP herb. Okamura. Hyuga, Miya-
zaki Pref., no date, SAP 059148. Nomozaki,
Nagasaki Pref., Apr. 28, 1977. Leg. T. Yo-
tsui, SAP 035137. Tomioka, Kumamoto
Pref., May 5, 1958. Leg. T. Yoshida, SAP

049906. Koshikijima Island, Kagoshima
Pref., Aug. 1923. Leg. Y. Yamada, SAP
027175.  Okinoerabu Island, Kagoshima

Pref., July 26, 1979. Leg. M. Baba, SAP
056146. Henoko, Okinawa Pref., Mar. 9.
1990. Leg. T. Yoshida, SAP 055138-40.
Ginoza, Okinawa Pref., Mar. 28, 1955.
Leg. I. Nakata, SAP 045818.

Small pieces of the thallus were mounted in
glycerin on a glass slide after soaking in water
and being stained with aqueous aniline blue.

Sections were made by hand with a razor
blade.

Observations

Vanuvoorstia spectabilis

Thallus (Fig. 1) is composed of several or-
ders of blades. Long blades produce daughter
blades from alternate central cells on the dor-
sal side.
formed

Short blades of next order are
in a they
anastomose at their apices with the ventral
surface of a blade to form a net-work.

Growth of the blades takes place by the ac-
tivity of an apical cell dividing with transverse
wall (Fig. 2). No intercalary cell division oc-
curs in the cells of the first order. Apical cells
of 2nd and 3rd order cell rows reach the mar-
gin. Margin of the blade is entire (Figs. 3,

similar manner and

6). The blades of all orders are uncorticated
except midrib. Central cells or first order
cells cut off ventral and dorsal pericentral cells
after lateral pericentral cells are formed.
Ventral pericentral cells are usually larger
than dorsal ones. Alternate segments of cen-
tral cells cut off a second pericentral cell on
the dorsal surface. This second pericentral
cell is the daughter blade primordium (dbp)
to initiate daughter blades (Fig. 4). The
daughter blade primordium soon divides to
form initial cell (i) and basal segments (seg;),
which cuts off initial (iy) of the second order
cell row of the daughter blade (Fig. 3). Distal
cells of short blades elongate forming filamen-
tous cells (el) to prepare anastomosis (Fig.
3). Fig. 6 shows the disposition of 3 daughter
blades produced acropetally. In Fig. 5, 4 or-
ders of blades are illustrated in an optical
longitudinal section.

Procarp is not observed in the materials at
hand.
April. Cystocarps are developed on small
bladelets of ultimate order.
bladelets are free from anastomosis.
Cystocarps are spherical in shape, about 1 mm

Mature plants were collected in

Apices of fertile

in diameter, and emergent from the mesh
when fully grown up. In mature cystocarp
(Fig. 9), a fusion cell is located at the base of
gonimoblasts. Carposporangia are formed
singly, terminal on the gonimoblast fila-

ments. Carpostome is not protruded.

Fig. 1.
specimen collected at Miyakojima, Okinawa Pref.,

Vanvoorstia ~ spectabilis  Harvey. A

Apr. 10, 1935. Leg. T. Tanaka. SAP 058952.
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Figs. 2-6. Vanvoorstia spectablis. 2-3. Dorsal surface of a long blade, showing the origin of daughter blades.
a, apical cell; cc, central cell; dbp, daughter blade primordium; dbi, daughter blade initials; el, elongation of the
distal cells; i,, i3, secondary and tertiary initials; i; mc, mother cell of tertiary initial; seg,, basal segment of
daughter blade; 3, third segment from apex. 4. Optical median longitudinal section of a long blade. 5. Optical

median longitudinal section of four different orders (1-4) of the blades. 6. Dorsal surface of a long blade with
daughter blades.
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Figs. 7-9.
section of tetrasporangial bladelet.

Vanvoorstia spectabilis.
t, tetrasporangium. 9. Median longitudinal section of an almost mature
cystocarp. ca, carpospores; fu, fusion cell; po, aperture of cystocarp.

The short blades of ultimate orders are
transformed into tetrasporangial bladelets,
which are free at the apical part without form-
ing anastomose with other blades (Fig. 7). In
the early stage of development, the bladelets
are slightly compressed, then they become
thick and nearly terete in cross section (Fig.
8). Four tetrasporangia are produced in each
segment, one from the dorsal, ventral and
lateral pericentral cells.

7. Portion of thallus bearing tetrasporangial bladelets (tb).

8. Cross

Vanuvoorstia coccinea

Thallus (Fig. 10), measuring up to 30 cm
or more in diameter, is fine network construct-
ed from several orders of blades. Mesh of the
network becomes coarse when well grown up.

Apical organization and the mode of forma-
tion of network is similar to those of V. spectabi-
lis, though the size of cells constructing the
blade is nearly twice larger than the latter spe-
cies. An apical cell divides with transverse
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Fig. 10. Vanvoorstia coccinea Harvey. A
specimen from Shirahama, Wakayam Pref., Apr.
6, 1957. Leg. Y. Tsuji. SAP 058996.

wall to form the cell row of the first order, in
which no intercalary cell division takes
place. Cells of the first order give rise to later-
al pericentral cells that issue cell rows of sec-
ond order, then in turn third order. Apical
cells of the second and third order cell rows
reach the margin. Rarely no third order cell
row is produced (Fig. 11). Ventral and dor-
sal pericentral cells (dpc) are cut off from the
Primary cells of the
blade give rise to cortical cells (cortc), and the
blade become thickened with cortication (Fig.
15). Alternate central cells produce second

cells of central cells.

dorsal pericentral cells from proximal part.
This second dorsal pericentral cell is the
primordium of daughter blade, and soon di-
vides into basal segment (seg;) and initial cell
(dbi) of the daughter blade (Fig. 11, 13).
The mode of net formation is the same as in
V. spectabilis. Fig. 13 is an optical median lon-
gitudinal section showing daughter blade ini-
tial (dbi) and basal sagment (seg;). Fig. 141il-
lustrates a case in development of successive
order of blades forming net structure in the op-
tical median section of through central cells.

Mature materials were collected at Okina-
wa Island in March. Procarps are formed
on the dorsal side of midrib of ultimate order
bladelets. The procarp is composed of a 4-
celled carpogonial branch and 2 groups of
sterile cells on a supporting cell (Fig. 16). In
the carpogonial branch, cb, is the largest and

cbs is the smallest in size. First group of
sterile cell divides into 2 cells before fertiliza-
tion while second sterile cell remain undivided.
Fig. 17 shows young cystocarp with short
gonimoblast filaments (gon) growing from the
auxiliary cell. Carposporangia are formed
singly, terminal on the gonimoblast as seen
in Figs. 18 and 19.
large fusion cell (fu) is formed at the base of

In mature cystocarp, a

gonimoblasts. Cystocarps are spherical in
shape. The apical part of the cystocarp is
free from anastomosis and emergent from
the mesh when mature.
protruded as in V. spectabilis.
Tetrasporangial bladelets are transformed
from bladelets of ultimate order. They are
terete even in early stage of development and
Fig. 21 is a longitudinal sec-
tion including central cell, showing lateral
pericentral cells (Ipc) which give rise to a
tetrasporangium in each segment. Dorsal
surface view is shown in Fig. 22. Here, both
of 2 dorsal pericentral cell (dpc) cuts off a
tetrasporangium at each segment. From the
ventral side (Fig. 23), a ventral pericentral
cell (vpc) at each segment is seen with a
tetrasporangium.  In cross section of
tetrasporangial bladelet (Fig. 24), five
tetrasporangia are observed at each seg-

Carpostome is not

have no wings.

ment. They are composed of 2 on lateral
pericentral cells, 2 on dorsal pericentral cells

and one on ventral pericentral cell.

Remarks

Papenfuss (1937) gave a detailed descrip-
tion on the development of procarp and
young cystocarp in V. spectabilis. We ob-
served mature cystocarp in this species. Fe-
male reproductive structure was first given
here for V. coccinea. Procarp structure is of a
type with a carpogonial branch and 2 groups
of sterile cells on a supporting cell, common
in the family.

Tetrasporangial bladelets in V. spectabilis
are slightly compressed at an early stage and
become nearly terete without wings as shown
in a figure given by Papenfuss (1937, fig.
55). His fig. 56 is much similar with our
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Figs. 11-15. Vanvoorstia coccinea. 11-12. Dorsal surface of a long blade, showing the origin of daughter
blades. For abbreviation see Figs. 2-6. 13. Optical median longitudinal section of a long blade. 14. Optical
median longitudinal section of four different orders (1-4) of the blades. 15. Dorsal surface of blade, showing
the mode of cortication. cortc, cortical cells.



Vanvoorstia spectabilis and V. coccinea 17

16 17 18 19 20

L J L | L ] ! i L —

30 pm S0 pm 200pm 50 pm 150 pm

Figs. 16-20. Vanvoorstia coccinea. 16. Dorsal surface of a blade, showing the procarp. cb;-;, first, second
and third cells of carpogonial branch; cbi, carpogonial branch initial; cp, carpogonium: sc, supporting cell; st,,
first group of sterile cells; st, mc, mother cell of second group of sterile cells; tr, trichogyne. 17. Young cystocarp.
aux, auxiliary cell; gon, gonimoblast; sc, supporting cell; ve, vegetative cells. 18-19. Gonimoblasts with terminal
carposporangia. 20. Median longitudinal section of an almost mature cystocarp. ca, carpospores; fu, fusion
cell; po, aperture of cystocarp.
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21

100 pm

Figs. 21-24. Vanvoorstia coccinea.

50 pm

21. Optical median longitudinal section of a tetrasporangia-bearing

bladelet. cc, central cell; Ipc, lateral pericentral cells. 22. Dorsal surface of a tetrasporangia-bearing bladelet.
dpc, dorsal pericentral cells. 23. Ventral surface of a tetrasporangia-bearing bladelet. vpc, ventral pericentral
cells. 24. Cross section of tetrasporangia-bearing bladelet, showing five tetrasporangia.

materials at hand.

Segawa (1939) noted 4-6 tetrasporangia in
each segment in V. coccinea. We observed 5
tetrasporangia in a segment in our materials.

In accordance with Okamura (1936) and
Segawa (1939), we agree that the genus Im-
plicaria Heydrich is synonymous with Vanvoor-
stia. As for species, however, it is difficult to
conclude whether I. reticulata is conspecific
with V. spectabilis or V. coccinea. Heydrich
(1902) described his species basing on the
specimens from Kerama Island, Loochoo

(Okinawa Prefecture). Sizes of tetrasporan-
gia (40 #um) and tetrasporangial stichidia
(170 X 250 pm) given by Heydrich is nearing
those of our materials of V. spectabilis. As
shown above, our specimen from Kerama Is-
land (SAP 059145) is referable to V. spectabi-
ls.

Distribution of these 2 species of Vanvoorstia
is shown in Fig. 25, compiled from the speci-
mens deposited in SAP. V. spectabilis is dis-
tributed from Kerama Island to the west in
Miyako, Ishigaki and Kuroshima islands.
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* 0
® Pacific Ocean
Kerama : °
Ishigaki Okinawa
: g" * 7 Miyako 25
Kuroshima
Fig. 25. Distribution of Vanvoorstia on the coast of Japan, as compiled from the specimens in SAP. Black

circle: V. coccinea, Star: V. spectabilis.

This species was also recorded in the Philip-
pines (Silva et al., 1987). V. coccinea, on the
other hand, from Okinawa Island to Ooshima,
Tokyo Pref.

Acknowledgements

We acknowledge with sincere thanks hearty
cooperation of Prof. S. Kamura, the Univer-
sity of Ryukyus, in collecting the materials
at Okinawa. Thanks are due to Mr. K.
Kogame, Hokkaido University, for his
assistance in photography.

References

Agardh, J. G. 1863. Species, genera et ordines algarum
2(3): 701-1291. Lund.

Harvey, W. H. 1854. Short characters of three new
algae from the shores of Ceylon. J. Bot. (Hooker)

6: 143-145.

Heydrich, F. 1902. Implicaria, ein neues Genus der
Delesseriaceen. Ber. deut. bot. Ges. 20: 479-483.

Miller, A.J. K. and Kraft, G. T. 1993. Catalogue of
marine and freshwater red algae (Rhodophyta) of
New South Wales, including Lord Howe Island,
South-western Pacific. Aust. Syst. Bot. 6:1-90.

Okamura, K. 1900. ‘Kaisogaku hanron,’ Keigyosha,
Tokyo. (in Japanese).

Okamura, K. 1916. ‘Nippon sorui meii’ ed. 2. Seibido,
Tokyo. (in Japanese).

Okamura, K. 1936. ‘Nippon kaiso shi’. Uchida-Rokaku-
ho, Tokyo. (in Japanese).

Papenfuss, G. F. 1937. The structure and reproduction
of Claudea multifida, Vanvoorstia spectabilis, and Vi -
stia coccinea. Symb. Bot. Upsal. 2(4): 1-66.

Segawa, S. 1939. On the structure of “Karagoromo”.
Shokubutsu oyobi Dobutsu 7: 1692-1696. (in
Japanese).

Silva, P. C., Mefiez, E. G. and Moe, R. L. 1987. Cata-
log of the benthic marine algae of the Philippines.
Smith. Contr. Mar. Sci. 27: 1-179.




20 Yoshida, T. and Mikami, H.

THBE - ZEAHK X HFT0E (FFF) Vanvoorstia spectabilis &
NFIOE V. coccinea FTEI/ N/ VF) OFHEICONT

INETHEXREDSH 7 T v eBHEMILH 5 = v € Vanvoorstia coccinea DR TH B & I T &1, HEBEAE LM
FOELE, RiESKEDERIERCEBIHRIAT, @l/INE<T, s RFEILEC 4 @31
BMENBILE, V. spectabilis DEFEBHFE > T B EXBEhEIote, COBBEIRe A D FTreOMERE
2B ERT B, BRCOVCVTERUBBRIAR L, 77 T v t3FREAEL LITEEXE  TOMEIAFAL,
LAh S IR IEREEEN BT b ote, (060 FLIRTFIER L1048 TH JbiEdE A
BERHRAEDEER, 062 RTETEX 347 TH A%

(Received September 22, 1993: Accepted November 9, 1993)



Jpn. J. Phycol. (Sérui) 42: 21-28, March 10, 1994

Gymnodinium natalense sp. nov. (Dinophyceae), a new tide pool
dinoflagellate from South Africa
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Horiguchi, T. and Pienaar, R. N. 1994. Gymnodinium natalense sp. nov. (Dinophyceae), a new tide pool
dinoflagellate from South Africa. Jpn. J. Phycol. 42: 21-28.

A new dinoflagellate, Gymnodinium natalense Horiguchi et Pienaar (Gymnodiniales, Dinophyceae) is
described from a tide pool at Amanzimtoti, Natal south coast, South Africa. The organism possesses typical
dinoflagellate organization. The epicone is conical, while the hypocone is almost trapezoidal with a
moderate depression at the antapex. The cingulum is left-handed, well excavated and is displaced 1/2-1/1
of its own width. The sulcus is short, deep and reaches antapex. The chloroplast is single, green to
yellowish-brown and is connected to the pyrenoid which is located in the epicone. The dinokaryotic
nucleus is ovoidal and is located in the upper part of the hypocone or in the center of the cell. The eyespot is
rectangular in ventral view, C-shaped in apical view and bright red in color. It is extraplastidial and
possesses unique ultrastructural features. It is composed of several layers which contain many regularly
arranged rectangular crystalline structures. No trichocyst has been observed, although the bottle shaped
mucocysts have been observed in the peripheral region of the cell. Only the asexual reproduction has been
observed. Two motile cells are formed within the parental amphiesma by binary fission.

Key Index Words: Dinophyceae—Gymnodinium natalense sp. nov.—Gymnodiniales—South Africa—

taxonomy—tide pool.

Some dinoflagellates are known to inhabit
tide pools and produce dense blooms under
favorite conditions (Hirano 1967; Horiguchi
and Chihara, 1983; Horiguchi and Chihara,
1987; Lombard and Capon, 1971; Taylor,
1983). During the course of our studies on
tide pool and sand-dwelling dinoflagellates
of the Natal coast, South Africa, we often
encountered such dinoflagellates.  The
dinoflagellate we describe in this paper is one
of them. It is a small unarmored dinoflagel-
late and produces dense bloom in tide pools in
summer. It is also characterized by an eye-
spot with unusual ultrastructure. Since the
eyespot possesses many unusual features, it
deserves detailed description and therefore,
the ultrastructure and ontogeny of the eyespot
will be published elsewhere (Horiguchi and
Pienaar, 1994).

Materials and Methods

The organism used in this study was collect-
ed from a tide pool at Amanzimtoti, Natal
south coast, South Africa on 18 August
1986. At the time of collection, the dinoflagel-
late produced dense bloom in the tide pool.

For transmission electron microscopy, the
cells were processed as described before
(Pienaar and Aken, 1985) and for scanning
electron microscopy, the same technique
which was employed for Scrippsiella arenicola
Horiguchi and Pienaar (1988) was used.
When the samples were fixed for transmission
electron microscopy, most of the cells were in
the non-motile stage and therefore, the cells
in sections were often observed to be enclosed
by the pellicular layer of the parental amphies-
ma. Observations were made using a JEOL
100CX transmission electron microscope and
a HITACHI S-570 scanning electron micro-
scope.
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Description

Class:  Dinophyceae Fritch
Order: Gymnodiniales Lemmermann
Family: Gymnodiniaceae Lankester
Gymnodinium  natalense
Pienaar, sp. nov.
Cellula ex epicono et hypocono constans,
14.4-18.0 #m longa, 9.9-12.6 #m lata; epico-
nus conicus; hypoconus fere trapezoideus

Horiguchi et

cum moderate depresso antapice; cingulum
bene excavatus, 1/2-1/1-plo latitudine cinguli

Figs. 1-4.

SEM. Dorsal view.

Gymnodinium natalense Horiguchi et Pienaar, sp. nov.
cell. Fig. 2. Line drawing, showing ventral side of the cell (Holotype).

descendens; sulcus brevis, profundus, ad
antapicem attingens; nucleus dinokaryotics,
ovoideus, in supero parte hypoconi vel medio
cellula situs; chloroplastus viridis vel lutei-
brunneus, in peripheria situs; pyrenoides
sphaerica, per vaginam amylorum obtecta,
saepe partim in chloroplasto inclusa; stigma
rectangulare a ventre visus, G-forme a apice
visus, in sulco situm; planta marina.
Holotype: Figure 2.
Type locality: Amanzimtoti, Natal south
coast, Republic of South Africa.

Cell consisting of epicone and hypocone,

Py

Fig. 1. Light micrograph showing live
Fig. 3. SEM. Ventral view. Fig. 4.

Abbreviations used in the figures (1~13). Ac: accumulation body; C: chloroplast, CM: cytoplasmic membrane;
E: eyespot, LF: longitudinal flagellum, M: mucocyst; Nu: nucleus, OM: outer membrane; OPM: outer plate
membrane; P: pellicle; Py: pyrenoid; S: starch grain; TF: transverse flagellum
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14.0-18.0 yum in length, 9.9-12.6 ym in
width; epicone conical; hypocone trapezoidal
with moderately depressed antapex; cingu-
lum well excavated, displaced 1/2-1/1 of its
own width; sulcus short, deep, reaching anta-
pex; nucleus dinokaryotic, ovoidal, located in
upper part of hypocone or middle of cell; chlo-
roplast green or yellowish brown, peripheral-
ly situated; pyrenoid spherical, surrounded
by starch sheath, partially embedded in chlo-
roplast; eyespot rectangular in ventral view,
C-form in apical view, situated at sulcus;
organism marine.

Observations

The epicone and the hypocone are almost
same size when viewed from the dorsal side
(Fig. 4). The epicone is conical, while the
hypocone is almost trapezoidal with moderate
depression at the antapex (Figs. 1, 2). The
cingulum is left-handed, well excavated, rela-
tively wide, about 1/5-1/4 of the cell length
and is displaced about 1/2-1/1 of its own
width. The sulcus is short, deep and reaches
to the antapex, but does not invade into the
epicone (Fig. 2). The SEM photograph (Fig.
3) reveals that the transverse and the lon-
gitudinal flagella emerge from the different
pores. The distance between these two pores
is about 1.3 gm. The transverse flagellum
shows typical semihelical nature (Figs. 3, 4).
No peduncle has been observed.

The nucleus is typical of dinokaryotic (Fig.
5). It is ovoidal and is located upper part
of the hypocone or in the center of the cell
(Fig. 2). The mitochondrial profiles reveal

presence of the tubular cristae (Figs. 5, 10).
The chloroplast (Figs. 2, 5, 6) is single,
peripherally arranged, connected to the pyre-
noid and is green to yellowish-brown in
color. It is typical of dinoflagellate and is
bounded by a triple membrane (Fig. 7). The
lamella typically consists of two to three
appressed thylakoids (Fig. 7). The pyrenoid
(Figs. 2, 6) is single, spherical, partially sur-
rounded by starch sheaths and is located in
the epicone. The pyrenoid matrix is partly,
or often mostly, embedded in the chloroplast
(Fig. 6). The pyrenoid matrix is penetrated
by single thylakoids (Fig. 6). The eyespot
(Figs. 1, 2) is rectangular in ventral view,
C-shaped in apical view and bright red in
color. Itis extraplastidial (Figs. 9. 10) and is
situated at the sulcus (Figs. 1, 2). It consists
of several layers of the crystalline structures.
Each layer is enclosed by a single membrane
(Fig. 10) and consists of regularly arranged,
many rectangular crystalline structures which
are electron-translucent (Figs. 9, 10). The
dictyosomes are arranged in the circular
manner in the center of the cytoplasm (Fig.
13). The fine fibers which are thought to be
the flagellar hairs have been observed in the
endoplasmic reticulum (Fig. 12). The am-
phiesma consists of, from outside to the
cytoplasm, the outer membrane, the outer
plate membrane, the pellicle and the cyto-
plasmic membrane (Fig. 11). No thecal
plates have been observed. Although the
trichocysts are absent, the trichocyst-like
structures have been observed in the peri-
pheral region of the cell (Fig. 11). They are
thought to be the mucocyst. The mucocysts

Figs. 5-8.

Gymnodinium natalense Horiguchi et Pienaar, sp. nov.

Fig. 5. Longitudinal section of a cell,

showing general arrangement of the organelles. Note that the cell is fully developed motile cell prior to release
and is still enclosed by the parental amphiesma (arrowhead). Fig. 6. Detail of the chloroplast and the pyrenoid.
Fig. 7. Close up of the chloroplast, showing triple membrane chloroplast envelope and lamellae consisting of three
appressed thylakoids. Fig. 8. Nonmotile cell containing two daughter cells. Note that cell division takes place

within the parental amphiesma.
Figs. 9-13.
eyespot.

The eyespot consists of six layers of crystalline structures.

Gymnodinium natalense Horiguchi et Pienaar, sp. nov. Fig. 9. Longitudinal section through the

Fig. 10. Tangential section through the

eyespot, showing many rectangular crystalline structures. Note that the crystalline layer is enclosed by a single
membrane (arrowhead). The mitochondrial profile (upper left corner) reveals tubular cristae. Fig. 11. Bottle-

shaped mucocysts and detail of the amphiesma.

The amphiesma consists of outer membrane, outer plate

membrane, pellicle and cytoplasmic membrane. Arrowhead indicates pellicular layer of the parental amphiesma.
Fig. 12. Flagellar hair produced in ER. Fig. 13. Dictyosomes which are arranged in a circular manner in almost

center of cell (arrowheads).
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are single membrane-bounded, bottle-like in
shape and contain moderately electron-dense
fibrous material with scattered dark dot-like
materials (Fig. 11). The accumulation body
has often been observed somewhere in the
cytoplasm (Fig. 5).

Only asexual reproduction has been ob-
served. G. natalense alternates motile stage
with nonmotile stage in its cell cycle. The
nonmotile cell is spherical to ovoidal and neither
the cingulum or the sulcus is visible. Cell
division is confined to the nonmotile phase
and is accomplished by the binary fission of
the protoplast within the parental amphiesma
(Fig. 8), resulting in the formation of two
motile cells.

Discussion

G. natalense is characterized by small size,
peripherally arranged single chloroplast with
a pyrenoid and characteristic C-shaped eye-
spot. Because of the cell shape and its unar-
mored nature, it is evident that the species
belongs to the genus Gymnodinium of the order
Gymnodiniales. Many of the species in the
genus Gymnodinium are relatively large, viz.
larger than 50 #m and small forms (20 #m or
less) are relatively rare. Among the
described species, the following species have
somewhat similar cell shape and cell size to
the present species: G. albulum Lindemann
(1928), G. arcticum Wulff (1916), G. cassiei
Norris (1961), G. halophilum Biecheler (1952),
G. incoloratum Conrad et Kufferath (1954),
G. lacustre Schiller (1933), G. pyrenoidosum
Horiguchi et Chihara (1987) and G. simplex
(Lohmann) Koffoid et Swezy (1921).
However, G. natalense can be distinguished
from these species for the following reasons:
G. albulum possesses no eyespot, G. arcticum
has many chloroplasts whose shape is dis-
tinctly elliptical, G. cassiei has nucleus located
in the epicone and has chloroplasts with
numerous pointed arms that radiate from a
center located in the hypocone, G. halophilum
also possesses a nucleus in the epicone and
apical groove called an “acrobase” (Biecheler,
1952), G. incoloratum has no chloroplast, G.

lacustre possesses a narrow sulcus which does
not reach antapex, G. pyrenoidosum possesses
different type of eyespot and G. simplex has
four chloroplasts. Based on the differences
described above, it is obvious that this dino-
flagellate belongs to a new species of the
genus Gymnodinium.

The ultrastructural study revealed that G.
natalense possesses typical dinoflagellate or-
ganelles, including the nucleus and the chlo-
roplast. It should be pointed out, however,
that G. natalense possesses a few unique ultra-
structural features. These include absence of
the trichocysts, possession of bottle shaped
mucocysts and unique structure of the eye-
spot.

The trichocyst is ejectile organelle distri-
buted in the majority of dinoflagellates. Some
dinoflagellates are, however, known to lack
trichocysts. These include Prorocentrum cassbi-
cum (Woloszynska) Dodge (unpublished ob-
servation), Dinophysis acuminata Claparede et
Lachmann, D. fortii Pavillard (Lucas and
Vesk 1990), Actiniscus pentasterias (Ehrenberg)
Ehrenberg (Hansen 1993) and the present spe-
cies. It is interesting to note that all of these
five species which lack trichocysts possess
mucocysts, although the structure and shape
of the mucocysts of each species are slightly
different from each other. These dinoflagel-
lates belong to the taxonomically distant
groups and therefore, the absence of
trichocysts and the gain of mucocysts seem to
be the result of parallel evolution.

The eyespot of G. natalense possesses very
unique ultrastructural features. It is extra-
plastidial and is composed of several layers
of crystalline structures. This type of eyespot
has never been reported for any other groups
of algae, including dinoflagellates (see
Horiguchi and Pienaar 1994). It is of great
interest to investigate the eyespot of various
species of the dinoflagellates in order to eluci-
date whether G. natalense is truly an only
dinoflagellate which possesses this type of
unique eyespot or not.

The mode of cell division of G. natalese is
similar to those of other tide pool bloom-form-
ing dinoflagellates, such as Gymnodinium
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pyrenoidosum (Horiguchi and Chihara 1987)
and Scrippsiella hexapraecingula (Horiguchi and
Chihara 1983).
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Twenty eight species of freshwater dinoflagellates were collected from various lakes, water reservoirs
and ponds of Nagano Prefecture, Japan, and morphology of these dinoflagelattes was studied by means of
light and scanning electron microscopy. Special effort was made to discover and investigate as many unar-
mored species as possible, since the freshwater unarmored dinoflagellates are poorly known in Japan. Of
28 species, 13 species were confirmed to be newly recorded taxa to Japanese dinoflagellate flora and short
descriptions were given for these species with photomicrographs and/or line drawing. Other species were
also recorded either by photomicrographs or line drawings. Of the species examined, 12 species were found
to belong to the genus Gymnodinium, 10 species belong to Peridinium and two species belong to Katodinium and
four species belong to the genera Amphidinium, Gyrodinium, Woloszynskia and Ceratium.

Key Index Words: Armored dinoflagellates—Dinophyceae—Freshwater dinoflagellates—Unar-
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There have been several taxonomic or floris-
tic studies on freshwater dinoflagellates in
Japan (e.g. Akiyama 1956; Hada 1943; Im-
amura and Fukuyo 1990; Toriumi 1964;
Tsumura 1977). It must be pointed out,
however, little extensive taxonomic works
have been made on freshwater unarmored
(naked) dinoflagellates in Japan and our
knowledge on this group, therefore, is still
limited. For example, recently published
“An  Illustrated Guide to Freshwater
Zooplankton in Japan” (Mizuno and Taka-
hashi 1991) includes only 12 species of unar-
mored dinoflagellates (discribed as protozoa),
three species of Amphidinium and nine species
of Gymnodinium, and the number is relatively
low when compared with the number of spe-
cies (43 spp. as members of Gymnodiniaceae)
included in Siisswasser Flora von Mittel
Europe (Popovsky and Pfiester 1990). The
difference between species numbers recorded
for Japan and for Europe seems simply reflect-

! Request for reprints: Division of Biological Sciences,
Graduate School of Science, Hokkaido University,
Sapporo, 060 Japan

ing lack of extensive taxonomic survey of
freshwater unarmored dinoflagellates in
Japan.

We have undertaken a taxonomic survey of
freshwater dinoflagellates, including both
armored and unarmored species, of Nagano
Prefecture, Japan. Although we have stu-
died both armored and unarmored species,
special effort was made to discover as many
unarmored species as possible. In this paper,
we present the list of 28 species of freshwater
dinoflagellates, of which 18 species are unar-
mored species, collected from various lakes,
water reservoirs and small ponds of Nagano
Prefecture, Japan. Photomicrographs and/
or line drawings for each species are also
presented.

Materials and Methods

Collecting localities are listed in Table 1
and Fig. 45. The number is assigned to each
locality (Table 1 and Fig. 45) and these num-
bers are used for distribution records. Collec-
tions were made during April 1992 and De-
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Table 1. Sampling localities and distribution of freshwater dinoflagellates in Nagano Prefecture. Number
in parenthesis represents altitude of each locality.

Site no.  Locality (altitude) Dinoflagellates
1 Lake Nojiri (650 m), Shinano Town Ghel, Kmaz, Ppen, Pumb, Cera
2 Kagami-ike Pond (1200 m), Togakushi Village Amph, Pvol, Pwil
3 Kotoriga-ike Pond (1220 m), Togakushi Vil. Pumb, Pvol, Pwil
4 Lake Reizenj (860 m), Mure Vil. Pber, Pumb
5 Small water reservoir (700 m), Mure Vil. Gaer, Gtho, Pber, Pumb
6 Small water reservoir (700 m), Mure Vil. Gaer, Gwaw
7 Nekomata-ike Pond (910 m), Nagano City Gacc, Gaer, Gube, Pelp, Pvol. Cera
8 Kitago-oike Pond (930 m), Nagano City Pelp
9 Yanagisawa-ike Pond (1040 m), Nagano C. Pwil

10 Kami-ichinokura-ike Pond (1040 m), Nagano C. Gube, Plom, Pumb, Pvol, Cear
11  Shimo-ichinokura-ike Pond (1020 m), Nagano C. Pwil

12 Wakatuski-oike Pond (520 m), Nagano C. Gacc, Gyro, Pber, Pelp, Ppal, Cera
13 Kanetsukido-ike Pond (480 m), Nagano C. Gsp 2, Gyro, Pber, Pbip, Plom, Ppal, Ppen, Pumb, Pvol
14 Jinguji-ike Pond (360 m), Nagano C. Gsp. 2, Pber
15 yamanokami-ike Pond (450 m), Nagano C. Pumb
16 Tokuma-ike Pond (400 m), Nagano C. Cera
17 Sansai-ike Pond (350 m), Nagano C. Pber
18 Harano-ike Pond (360 m), Nagano C. Cera
19 Kanne-ike Pond (360 m), Nagano C. Pber
20 Tatumi-ike Pond (370 m), Nagano C. Gacc, Gaus, Pber, Pvol, Cera
21 Chidoriga-ike Pond (400 m), Nagano C. Pumb
22 Pond in Shinshu Univ. (400 m), Nagano C. Gube
23 Kohanami-ike Pond (800 m), Ohoka Vil. Cera
24 Ohanami-ike Pond (880 m), Ohoka Vil. Gaer, Gube
25 Ashinuma-ike Pond (870 m), Ohoka Vil. Gaer, Glac, Gsp. 2, Wolo, Pber, Pumb
26 Ashinuma (870 m), Ohoka Vil. Gaer, Glac, Gube, Gsp. 2, Pber, Pumb
27 Shirakaba-ike (1170 m), Ohoka Vil. Gsp. 1, Pumb
28 Hijiri-ike Pond (1170 m), Ohoka Vil. Pelp, Pumb
29 Lake nakatuna (1230 m), Ohoka Vil. Cera
30 Onuma (1120 m), Ohoka Vil. Gaer, Gube, Pgat, Ppen, Pumb, Pvol, Cera
31 Lake Hijiri (950 m), Ohoka Vil. Gaer, Gube, Pgat, Pumb, Cera
32 Chikuma Kogen-oike Pond (840 m), Ohoka Vil. Gaer, Gube, Pumb, Pvol, Cera
33 Lake Aoki (820 m), Ohomachi City Glim, Cera
34 Lake Nakatuna (820 m), Ohomachi C. Gsp. 1, Pbip, Pumb, Cera
35 Lake Kizaki (760 m), Ohomachi C. Pbip, Pelp
36 Tamizo-ike Pond (750 m), Matumoto C. Pber
37 Okada-ike Pond (700 m), Matumoto C. Gsp. 2, Kwol
38 Siokura-ike Pond (700 m), Matumoto C. Pber
39 Moat of Matumoto Casle (579 m), Matumoto C. Gsp. 1
40 Kosibu Water reservoir (600 m), Nakagawa vil. Gacc, Gube, Pbip, Pelp
41 matukawa Water reservoir (700 m), Matukawa T.  Pbip
42 Kosaka Wate reservoir (800 m), Saku City Gaer
43 Tokoji-ike Pond (530 m), Ueda C. Pelp
44 Tearai-ike Pond (530 m), Ueda C. Gacc
45 Shin-ike Pond (480 m), Ueda C. Pumb
46 Shitakui-ike Pond (530 m), Ueda C. Pelp
47 Suga-ike Pond (1260 m), Yamanouchi Town Ppen
48 Naga-ike Pond (1570 m), Yamanouchi T. Gfus, Pumb
49 Hasu-ike Pond (1500 m), Yamanouchi T. Gfus, Pumb
50 Shijuhachi-ike Pond (1880 m), Yamanouchi T. Wolo, Pumb
Abbreviations used in Table 1.Amph: Amphidinium elenkinii, Gacc: Gymnodini inatum, Gaer: G. aeruginosum,

Gaus: G. austriacum, Gfus: G. fuscum, Ghel: G. helveticum, Glac: G. lacstre, Glim: G. limitatum, Gtho: G. thomasi, Gube:
G. uberimum, Gwaw: G. wawricae, Gsp. 1: Gymnodinium sp. 1, Gsp. 2: Gymnodinium sp. 2, Gyro: Gyrodinium hyalinum,
Kmaz: Katodinium mazuricum, Kwol: k. woloszynskae, Wolo: Woloszynskia neglecta, Pber: Peridinium berolinense, Pbip: P.
bipes, Pelp: P. elpatiewsky, Pgat: P. gatunense, Plom: P. lomnickii, Ppal: P. palatinum, Ppen: P. penardiforme, Pumb: P.
umbonatum, Pvol: P. volzii, Pwil: P. willei, Cera: Ceratium hirundinella
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cember 1992. Samples were collected with a
plankton net and examined live using com-
pound microscope. Alternatively, 250 m! of
water was collected and centrifuged in order
to concentrate cells and they were examined
live. For observing unarmored species, it is
essential to examine live materials, for these
dinoflagellates are sensitive to fixatives and
quickly loose their original shape.

For scanning electron microscopy, cells
were picked up individually by capillary
pipette and rinsed in distilled water several
times and naturally dried on cover slip. The
cover slip was, then, mounted on a specimen
holder and coated with gold. Observations
were made using a JEOL T-20 scanning
electron microscope.

Results

The freshwater dinoflagellates found in our
survey are listed below. For the species
which have been found in Japan for the first
time (new record), short descriptions are
given. For all the species, either photomicro-
graphs and/or line drawings are presented.
Distribution of each dinoflagellate is also
given in the text (only the numbers are cited)
as well as in Table 1. Only the main refer-
ences are given for each species.

Dinophyceae Fritsch
Gymnodiniales Lemmermann
Gymnodiniaceae Lankester
Amphidinium elenkinii Skvorcov
(Figs. 2, 19)

Huber-Pestalozzi p. 104 Fig. 78 (1968),
Popovsky and Pfiester p. 90 Fig. 63 (1990),
Schiller p. 288 Fig. 278 (1933)

Cell seems somewhat pentagonal with
rounded corners in ventral view. Antapical
portion of the cell is notched by distal end of
the sulcus. Hypocone is twice as long as epi-
cone. Cingulum is wide and deeply excavat-
ed, encircling the cell without displacement.
Sulcus is also wide and reaches antapex.
Neither chloroplast or eyespot is present. A
spherical pale yellowish colored globules of
about 4 pgm in diameter was sometimes

1925.

observed in the epicone.

Dimensions: 12.0X12.0 #m

Distribution: 3 (new to Japan)
Gymnodinium accuminatum Christen 1954.
(Figs. 6, 23)

Popovsky and Pfiester p. 100 Fig. 75 (1990)

Cell is almost spheroidal, although some-
times width is greater than length. Cingu-
lum is well excavated and slightly left-hand-
ed. Sulcus is narrow, invading into halfway
of epicone and not reaching antapex. Chlo-
roplasts are many, yellowish brown, rod-
shaped and radially arranged. Eyespot is
present. Nucleus is located in hypocone.
Dimensions: 23.5-27.5X25.0 #gm
Distribution: 7, 12, 20, 40, 44 (new to Japan)

Our specimen is in good agreement with
that of Christen’s original description, except
shape of the epicone. The epicone is moder-
ately rounded in the former, while the epi-
cone is pointed in the latter species.
However, based on the overall similarity,
such as cell size, shape and arrangement of
the chloroplast and presence of the eyespot,
we identified our species as G. accuminatum.
Gymnodinium aeruginosum Stein 1883.
(Figs. 11, 18)

Huber-Pestalozzi p. 127 Fig. 99 (1968), Ko-
foid and Swezy p. 183 Fig. X, 25 (1921),
Popovsky and Pfiester p. 100 Fig. 776 (1990),
Schiller p. 327 Fig. 330 (1933)

Dimensions: 28.5-38.5%18.0-31.0 #m
Distribution: 5, 6, 7, 24, 25, 26, 30, 31, 32,
42 ‘
Gymnodinium austriacum Schiller
(Figs. 5, 22)

Huber-Pestalozzi p. 142 Fig. 124 (1968),
Popovsky and Pfiester p. 100 Fig. 76 (1990),
Schiller p. 336 Fig. 340 (1933)

Cell is ellipsoidal, slightly dorsoventrally
flattened. Epicone is hemi-spheroidal, while
hypocone is trapezoidal. Cingulum is wide,
about 1/8 of cell length and is displaced about
1/2 of its own width. Sulcus is narrower than
cingulum, invading into epicone and reach-
ing antapex. Nether chloroplast or eyespot is
present. Nucleus is ovoidal and is located in
epicone. Yellowish food vacuole is some-
times observed in hypocone.

1933.
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Dimensions: 20.0-25.0X17.0-20.0 gm
Distribution: 20 (new to Japan)
Gymnodinium fuscum (Ehrenberg) Stein
1878. (Fig. 12)

Huber-Pestalozzi p. 117 Fig. 87 (1968),
Ling, Croome and Tyler p. 113 Figs. 2, 84
(1989), Kofoid and Swezy p. 210 Fig. X, 19
(1921), Popovsky and Pfiester p. 105 Figs. 83,
84 (1990), Prescott p.426 Pl. 89 Fig. 23
(1962), Schiller p. 359 (1933)

Dimensions: 42.5-43.8 X30.0-35.0 #m
Distribution: 48, 49.

Gymnodinium helveticum Penard 1891.
(Figs. 13, 29)

Huber-Pestalozzi p. 139 Fig. 121 (1968),
Kofoid and Swezy p. 219 Fig. Y, 11 (1921),
Popovsky and Pfiester p. 107 Figs. 85, 86
(1990), Schiller p. 368 Fig. 374 (1933)

Cell is relatively large and wedge-shaped.
Epicone is dome-shaped with a knob-like pro-
trusion at apex, while hypocone is conical
with a pointed antapex. The hypocone is
larger than the epicone. Cingulum is broad,
well excavated and with little displacement.
Sulcus is narrow and not reaching the anta-
pex. Many rod-shaped refractive bodies are
scattered throughout cytoplasm. Neither
chloroplasts or eyespot is present. Nucleus is
located in the epicone.

Dimensions: 47.5-55.0X25.0-30.0 gm
Distribution: 1. (new to Japan)

This relatively large dinoflagellate possess-
es characteristic cell shape and, therefore, un-
mistakable. The dinoflagellate was found in
the samples collected at depth of 15 m from
the surface of the Lake Nojiri.
Gymnodinium lacustre Schiller 1933.
4, 21)

Huber-pestalozzi p. 137 Fig. 118 (1968),
Popovsky and Pfiester p. 110 Fig. 89 (1990),
Schiller p. 374 Fig. 383 (1933)

Cell is ovoidal in ventral view and slightly
dorsoventrally flattened. The epicone is
hemi-spheroidal, while hypocone is hemi-
spheroidal with a flattened antapex. The
hypocone is larger than the epicone. Cingu-
lum is well excavated with little displacem-
ent. Sulcus is narrow, extending up to 4/5 of
the epicone and reaching the antapex. Chlo-

(Figs.

roplasts are many, yellowish brown, discoidal
and peripherally arranged. Eyespot is elon-
gated and is located at the sulcus. Nucleus is
situated in the middle of the cell.
Dimentions: 13.5X11.0 #gm
Distribution: 25, 26 (new to Japan)
Gymnodinium limitatum Skuja 1933.
1, 18)

Javornicky p. 58, Fig. 12 (1965)

Cell is ovoidal and dorsoventrally com-
pressed. Hypocone is larger than epicone.
Cingulum is deeply excavated, slightly left-
handed. Sulcus is narrow, reaching antapex
and invades into epicone, as well. Chlo-
roplasts are 10-20 in number, yellowish
brown, elliptical, about 5 #m in length and
arranged radially. Nucleus is ovoidal and
occupies most part of the epicone. No
stigma is present. many small rod-shaped
granules are arranged radially along the
peripheral region of the cell.
Dimensions: 25.0-35.0%X 18.0-25.0 ym
Distribution; 33 (new to Japan)
Gymnodinium thomasi Christen 1959.
(Figs. 3, 20)

Popovsky and Pfiester p. 114 Fig. 95 (1990)

Cell is egg-shaped, slightly compressed dor-
soventrally. Both epicone and hypocone are
hemi-spheroidal and almost equal in length.
Cingulum is wide and slightly left-handed.
Sulcus is narrower than the cingulum, not in-
vades into the epicone and does not reach an-
tapex. Chloroplasts are 10-20 in number,
clubshaped, yellowish brown and they are
mostly located in the hypocone and arranged
like a bunch of bananas or almost radially.
Most part of the epicone is occupied by a
spherical nucleus. No eyespot is present.
Dimensions: 11.0-15.0X 7.0-13.0 gm
Distribution: 5 (new to Japan)
Gymnodinium uberrimum (Allman) Kofoid
et Swezy 1921. (Figs. 9, 26)

Huber-Pestalozzi p. 124 Fig. 97 (1968), Ko-
foid and Swezy p. 264 Fig. X, 9 (1921),
Popovsky and Pfiester p. 116 Fig. 97 (1990),
Schiller p. 422 Fig. 444 (1933)
Dimensions: 40.0-72.5 X 40.0-65 p#m
Distribution: 7, 10, 22, 24, 26, 30, 31, 32, 40
Gymnodinium wawrikae Schiller 1955.

(Figs.
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(Figs. 7, 24)

Popovsky and Pfiester p. 118 Fig. 99 (1990)

Cell is ovoidal or spherical in ventral view
and dorsoventrally compressed. Epicone is
dome-shaped, while hypocone is hemi-
spheroidal with notched antapex. The hypo-
cone is slightly shorter than the epicone. Cin-
gulum is broad and slightly left-handed.
Sulcus is as broad as the cingulum, reaching
antapex and not invade into the epicone.
Chloroplasts are many, yellowish brown,
large, discoidal and peripherally arranged.
Eyespot is large and conspicuous. Nucleus
is located in the middle of the cell.
Dimensions: 25.0 X 22.5 gm
Distribution: 6 (new to Japan)
Gymnodinium sp. 1 (Figs. 10, 27)

Cell is almost rounded in ventral view and
more or less dorsoventrally compressed. Epi-
cone is hemispherical, while hypocone is coni-
cal with pointed antapical end. Sometimes
right side of the hypocone is moderately con-
caved. The epicone is slightly longer than
the hypocone. Cingulum is deep, left-handed
and descends its own width. Sulcus is nar-
rower than the cingulum and does not invade
into the epicone and reaches antapex. Chlo-
roplasts are many, rod-shaped and radially ar-
ranged. Eyespot is asymmetrical in shape
and slightly curves toward ventral side.
Nucleus is ovoidal and is located in upper
part of the hypcone.

Dimensions: 37.0-40.0 X 30.0-35.0 #m
Distribution: 27, 34, 39

Of described species of freshwater gym-
nodinioids, Gymnodinium caudatum Prescott
seems to be the closest relative of this spec-
ies. Both species share the characteristics
such as cell shape, shape, number and arran-
gement of the chloroplasts and presence of the
eyespot. However, G. caudatum is 3 times as
big as our species. Furthermore, the eyespot
of G. caudatum is small and obscure (Prescott,
1944), while that of our species is large and
distinctive. Therefore, we concluded that
these two species are not conspecific. It may
be a new species, but requires more detailed
study.

Gymnodinium sp. 2 (Figs. 8, 25)

Cell is almost spherical and slightly dor-
soventrally compressed. Antapical end of the
cell is more or less pointed. Epicone and
hypocone are almost equal in length. Cingu-
lum is wide, slightly left-handed and displaces
1/2 to 1/1 of its own width. Sulcus is narrow
and does not invade into the epicone. No
chloroplasts or eyespot are present. Nucleus
is slightly curved ovoidal and located in the
hypocone. Spherical globules are scattered
throughout cytoplasm.

Dimensions: 25.0-33.0%22.0-26.0 yum
Localities: 13, 14, 25, 26, 37

The present species resembles Gymnodinium
hiemale (Schiller) Popovsky in overall mor-
phology. It is, however, different from our
species in having smaller size, viz. 10-
15X 9-12 pm (Popovsky and Pfiester 1991)
and possession of flattened or rounded antapi-
ca end. This species might belong to a new
species. More detailed study is, however,
needed before final taxonomic conclusion is
drawn.

Gyrodinium hyalinum (Schilling) Kofoid et
Swezy 1921. (Figs. 16, 32)

Huber-Pestalozzi p. 147 Fig. 131 (1968),
Kofoid and Swezy p. 311 Fig. CC, 15 (1921),
Popovsky and Pfiester p. 135 Fig. 128 (1990),
Schiller p. 473 Fig. 503 (1933)

Cell is ovoidal or ellipsoidal, slightly dor-
soventrally compressed and asymmetrical in
ventral view. Epicone is dome-shaped, while
hypocone is elongated dome-shaped and is
notched by distal end of sulcus. Cingulum is
broad, well excavated and greatly displaced.
Sulcus is positioned on the right side of the
cell and reaches antapex. No chloroplast is
present. Eyespot is conspicuous and is locat-
ed at where the sulcus and the cingulum
meet. Semi-hyaline bodies of various sizes
are present in the cytoplasm. Nucleus is
usually located in the upper part of the hypo-
cone.

Dimensions: 25.0-32.5 X 20.0-25.0 #m
Distribution: 12, 13 (new to Japan)

Members of the genus Gyrodinium are most-
ly marine and only a few species have been
known from freshwater habitats. Our spe-
cies is in good agreement with G. hyalinum in
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having no chloroplast, possession of the eye-
spot, overall morphology and cell size.
cf. Katodinium mazuricum Javornicky

1965. (Figs. 15, 31)

Popovsky and Pfiester p.128 Fig. 113
(1990)

Cell is mushroom-shaped, slightly

depressed  dorsoventrally. Epicone s
hemispherical or conical, while hypocone is
hemispherical with a slightly pointed apices.
The epicone is two times as long as the hypo-
cone. Both cingulum and sulcus are not con-
spicuous and only the upper edge of the cingu-
lum is recognizable. A single chloroplast is
plate-like, yellowish brown and peripherally
arranged. It is divided into two lobes, one ex-
tends into the epicone, while the other into
the hypocone. Nucleus is slightly curved el-
lipsoidal and located in left side of the epi-
cone. Sometimes reddish colored plate-like
structure was observed in somewhere in the
cytoplasm. No eyespot was observed.
Dimensions: 12.0X 10.0 #m

Distribution: 1 (new to Japan)

Our specimens well agree with the descrip-
tion of K. mazuricum (Javornicky, 1965), in-
cluding cell size, overall morphology, position
of nucleus and shape of chloroplast. The
only discrepancy exists is presence of the eye-
spot in the latter species. The other possibly
related species is Gymnodinium triceratium Skuja
(1939). Itis, however, different from our spe-
cies in possession of one to five oval-shaped
chloroplasts and position of nucleus.
Although the eyespot does not exist in our
specimens, we tentatively identified it as K.
mazuricum based on overall similarities.
Katodinium woloszynskae (Schiller) Loeblich
III 1965. (Figs. 14, 30)

Popovsky and Pfiester p. 133 Fig. 122
(1990)

Cell is ovoidal in ventral view and dorsiven-
trally compressed. Epicone is almost triangu-
lar in side view, while hypocone is hemi-
spheroidal. Cingulum is deep and broad,
slightly left-handed and displaced 1/2 to 1/1 of
its own width. Sulcus is narrow, extending
up to 2/3 of the epicone and reaching anta-
pex. No chloroplast is present. Eyespot is

conspicuous and located at the sulcus.
Nucleus is situated in the center of the cell.
Many hyaline globules of various sizes are
scattered in the cytoplasm. Sometimes,
colored bodies (bright yellowish brown or red)
are present.

Dimensions: 17.5-22.5%X15.0-17.5 ym
Distribution: 37 (new to Japan)

Family Lophodiniaceae Osorio-Tafall
Woloszynskia neglecta (Schilling) Thompson
1950. (Figs. 17a, b, 33)

Popovsky and Pfiester p. 141 Fig. 134
(1990)

Cell is ovoidal or spheroidal. Cingulum is
broad and slightly left-handed. Right end of
the cingulum is slightly narrower than that of
left end. Sulcus is shallow and inconspicuous
and seems to reach antapex. Upper edge of
the cingulum and the left edge of the sulcus
seem to be thickened. Cell is covered with
many, small, thin, hexagonal plates. Chlo-
roplasts are many, small, yellowish brown,
discoidal and peripherally arranged. Eye-
spot is conspicuous and located at the sulcus.
Nucleus is located in the lower part of the epi-
cone.

Dimensions: 27.5-31.0 X 22.5-26 ym
Distribution; 25, 50 (new to Japan)

Order Peridiniales Haeckel

Family Peridiniaceae Ehrenberg
Peridinium berolinense Lemmermann 1900.
(Fig. 34)

Huber-Pestalozzi p. 245 Fig. 268 (1968),
Popovsky and Pfiester p. 199 Fig. 217 (1990),
Schiller p. 111 Fig. 107 (1937)

Dimensions: 27.0-30.0 X 22.0-26.0 #m
Distribution: 4, 5, 12, 13, 14, 17, 19, 20, 25,
26, 36, 38

Peridinium bipes Stein 1883. (Fig. 35)

Bourelly p.62 PIl.8, Figs. 6-11 (1985),
Huber-Pestalozzi p. 208 Fig. 201 (1968),
Popovsky and Pfiester p. 172 Figs. 30, 179
(1990), Schiller p. 158 Fig. 156 (1937)
Dimensions: 50.0-58.0 X 45.0-54.0 ym
Distribution: 13, 34, 35, 40, 41
Peridinium elpatiewsky (Ostenfeld) Lemmer-
mann 1910. (Fig. 36)
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Bourelly p. 68 Pl 11, Figs. 1-6 (1985),
Huber-Pestalozii p. 237 Fig. 256 (1968),
Popovsky and Pfiester p. 190 Fig. 205 (1990),
Schiller p. 115 Fig. 133 (1937)

Dimensions: 27.0-34.0 % 22.0-26.0 um
Distribution: 7, 8, 12, 28, 35, 40, 43, 46
Peridinium gatunense Nygaard 1925. (Fig.
37)

Bourelly p. 60 Pl. 7, Figs. 6-11 (1985),
Huber-Pestalozzi p. 202 Fig. 188 (1968),
Popovsky and Pfiester p. 168 (1990), Schiller
p. 155 Fig. 155 (1937)

Dimensions: 36.0-40.0k35.040.0 ym
Distribution: 30, 31

Peridinium lomnickii Woloszynska 1916.
(Fig. 38)

Bourelly p. 64 pl.9, Figs. 7-10 (1985),
Huber-Pestalozii p. 215 Fig. 211 (1968),
Popovsky and Pfiester p. 176 Fig. 186 (1990)

Cell is ovoidal or almost spherical, not dor-
soventrally flattened. Cell width is slightly
broader than cell length. Cingulum is not
displaced, wide, about 1/8 of cell length and
shallow. Sulcus does not reach antapex.
Thecal plate formula: pp, x, 4’, 3a, 7", 6c,
4s, 5", 2"". Thecal plates are thin. Surface
of thecal plates is covered with many, small
wart-like projections. Chloroplasts are many,
yellowish brown, ellipsoidal and are scattered
throughout cytoplasm.

Dimensions: 27.0-45.0 X 26.0-40.0 z#m
Distribution: 10, 13 (New to Japan)
Peridinium palatinum Lauterborn 1896.
(Fig. 39)

Bourelly p.62 Pl 8, Figs. 1-5 (1985),
Huber-Pestalozii p.205 Fig. 196 (1968),
Popovsky and Pfiester p. 170 Fig. 176 (1990)
Dimensions: 41.0-43.0 X 35.0-40.0 ygm
Distribution: 12, 13
Peridinium penardiforme Lindemann 1918.
(Fig. 40)

Huber-Pestalozii p. 247 (1968), Popovsky
and Pfiester p. 197 Fig. 214 (1990), Schiller
p. 113 Fig. 110 (1937)

Dimensions: 27.0-29.0 X 25.0-28.0 #m
Distribution: 1, 13, 30, 47
Peridinium umbonatum Stein 1883. (Fig.
41)

Huber-Pestalozii p. 220 Fig. 218 (1968),

Ling, Croome and Tyler p. 117 Figs. 55-62,
95-97 (1989), Popovsky and Pfiester p. 183
Fig. 220 (1990)

This species has the widest distribution
among the dinoflagellates studied in this sur-
vey. We treated Peridinitum inconspicuum
Lemm. as synonym of this species, following
Popovsky and Pfiester (1990).

Dimensions: 27.0-33.0 X 24.0-30.0 gm

Distribution: 1, 3, 4, 5, 10, 13, 15, 21, 25,
26, 27, 28, 30, 31, 32, 34, 45,
48, 49, 50

Peridinium volzii Lemmermann 1905.

(Fig. 42)

Huber-Pestalozii p. 195 Fig. 177 (1968),
Ling, Croome and Tyler p. 117 Figs. 38-41,
98-100 (1989), Schiller p. 147 Fig. 149 (1937)
Distribution: 2, 3, 7, 10, 13, 20, 30, 32
Peridinium willei Huitfeld-Kaas 1990.

(Fig. 43)

Huber-Pestalozii p. 193 Fig. 176 (1968),
Ling, Croome and Tyler p. 117 Figs. 43-46,
91-94 (1989), Popovsky and Pfiester p. 165
Fig. 170 (1990), Schiller p. 146 Fig. 148
(1937)

Dimensions: 45.0-50.0 X 45.0-50.0 gm
Distribution: 2, 3, 9, 11

Family Ceartiaceae Lindemann
Ceratium hirundinella (O. F. Miiller)
Schrank 1841. (Fig. 44)

Bourelly p. 86 Pl. 18, Figs. 1-10, Huber-
Pestalozii p. 260 Fig. 277 (1968), Popovsky
and Pfiester p. 207 Fig. 226 (1990), Both
three-horned and two-horned types have been
found. Cysts have also been found in several
localities.

Dimensions: 148.0-250.0 X 35.5-49.0 ym
Distribution: 1, 7, 10, 13, 16, 18, 20, 23, 29,
30, 32, 33, 34

Samples were collected from some 80 ponds
and lakes and 50 of them contained dinoflagel-
lates (Table 1 and Fig. 45) and we were able
to find 13 species of dinoflagellates which are
new record to the Japanese dinoflagellate
flora. We have to point out, however, that
we know little about seasonal variations of spe-
cies composition of freshwater dinoflagellates
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in our region. The result of our survey sug-
gests that there are still many dinoflagellates
to be discovered and to be recorded. It is
certain that more extensive research, both
geographically and seasonally, will expand
our basic knowledge concerning freshwater
dinoflagellates in Japan.
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Figs. 1-9. Freshwater unarmored dinoflagellates of Nagano Pref. Fig. 1. Gymnodinium limitatum, Fig. 2.
Amphidinium elenkinii Fig. 3. G. thomasii, Fig. 4. G. lacustre, Fig. 5. G. austriacum, Fig. 6. G. accuminatum, Fig.
7. G. wawrikae, Fig. 8. Gymnodinium sp. 2, Fig. 9. G. uberrimum. All scale bars=10 pm.

Figs. 10-17. Freshwater unarmored dinoflagellates of Nagano Pref. Fig. 10. Gymnodinium sp. 1, Fig. 11.
G. aeruginosum, Fig. 12. G. fuscum, Fig. 13. G. helveticum, Fig. 14. Katodinium woloszynskae, Fig. 15. cf. K.
mazuricum, Fig. 16. Gyrodinium hyalinum, Fig. 17a, b. Woloszynskia neglecta Fig. 17a. ventral view, Fig. 17b. empty
hypotheca showing many small thin hexagonal plates. All scale bars=10 g#m.
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Figs. 18-33. Freshwater unarmored dinoflagellates of Nagano Pref. Fig. 18. Gymnodinium limitatum, Fig.
19. Amphidinium elenkiniz, Fig. 20. G. thomasii, Fig. 21. G. lacustre Fig. 22. G. austriacum Fig. 23. G. accuminatum Fig.
24. G. wawrikae Fig. 25. Gymnodinium sp. 2, Fig. 26. G. uberrimum, Fig. 27. Gymnodinium sp. 1, Fig. 28. G.
acruginosum, Fig. 29. G. helveticum, Fig. 30. Katodinium woloszynskae, Fig. 31. cf. K. mazuricum, Fig. 32. Gyrodinium
hyalinum, Fig. 33. Woloszynskia neglecta. All scale bars=10 pm.
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Fig. 45: Sampling localities in Nagano Prefecture. The numbers correspond to those of Table 1.

Figs. 34-44. Freshwater armored dinoflagellates of Nagano Pref. Fig. 34. Peridinium berolinense, Fig. 35. P.
bipes, Fig. 36. P. elpatiewsky, Fig. 37. P. gatunense, Fig. 38. P. lomnickii, Fig. 39. P. palatinum, Fig. 40. P. penar-
diforme, Fig. 41. P. umbonatum, Fig. 42. P. volzii, Fig. 43. P. willei, Fig. 44. Ceratium hirundinella Fig. 34-43: Scale
bars=10 #m, Fig. 44: Scale bar=>50 y#m.
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Three new species of Sargassum (Sargassaceae, Phaeophyta) from Japan

Tadao Yoshida

Division of Biological Sciences, Graduate School of Science, Hokkaido University, Sapporo, 060 Japan

Yoshida, T. 1994. Three new species of Sargassum (Sargassaceae, Phaeophyta) from Japan. Jpn. J.

Phycol. 42: 43-51.

Sargassum wakayamaense is described as a new species based on specimens from Wakayama Prefecture.
It differs from S. tenuifolium Yamada in its dioecism and linear receptacles. Sargassum araii sp. nov. has a
solid basal system similar to S. micracanthum, but has linear lanceolate leaves with an entire margin and

spathulate receptacles without denticulation.

S. araii is known from Sado, Awashima and Tobishima

islands in the Sea of Japan. Sargassum bulbiferum sp. nov. is a species belonging to the zygocarpic group of
the subgenus Sargassum from the coast of the Sea of Japan, Hyogo Pref. This species has stunted, bulbous
main branches which form during the latter part of the growing season.

Key Index Words:  Fucales—Phaeophyta—Sargassaceac—Sargassum araii—Sargassum bulbiferum—

Sargassum wakayamaense— Taxonomy.

Members of the Sargassum subgenus Bac-
trophycus are characterized by their simple
receptacles and retroflexed leaves. They are
distributed on the coasts of East Asia and are
especially diverse around Japan. Yoshida
(1983) enumerated 28 species of this subgenus
from Japanese coast. Several other species
were brought to my attention through the
meticulous collections of Mr. T. Yamamoto,
Mr. S. Arai and others. In this article, two
species belonging to the subgenus Bactrophycus
are recognized as previously undescribed spe-
cies, one from Wakayama Prefecture, Pacific
coast of central Honshu and one from islands
in the Sea of Japan. In addition, one species
of the subgenus Sargassum is described with a
peculiar morphology of main branches, from
a small island on the coast of the Sea of Japan,
Hyogo Prefecture. These three newly
described are confined to a rather restricted
distribution area.

Sargassum wakayamaense Yoshida, sp. nov.
Figs. 1, 3-5
Japanese name: Nanki moku (named by
Mr. Torao Yamamoto)
Hapteron discoidea, parum 1cm in di-
ametro. Caulis erectus, teres, 2 mm in di-

ametro, usque ad 1 cm altus. Aliquot rami
principales ex parte distali caulis spiraliter
enascentes. Rami principales triquetri, ali-
quot spinis in margine sparse exorientibus.
Folia in parte proximali rami principalis
papyracea, basi retroflexa, breviter petiolata,
simplicia, lanceolata usque ad 5 cm longa et
1.2 cm lata. Apex foliis obtusus vel acutis.
Margine folii irregulariter incisa. Costa in
apicem versus evanescens. Cryptostomata in
pagina foliis dispersa. Folia in parte distali
angustescentia, margine profunde serratis
vel incisa. Vesiculis sphaericis vel obovatis,
usque ad 6 mm in diametro, eglandulosis,
apice mucronatis vel foliola coronatis, petiolis
brevior.

Planta dioica. Receptaculis linearis, com-
pressis in parte distales ramis superioribus
racemose disposita. Receptacula femina com-
pressa, 7 mm longa et 1.2 mm lata, raro mar-
gine minute spinulosis, simplices vel semel
dividua. Receptacula masculina 10 mm lon-
ga et 1.1 mm lata, sine spinulis, simplices vel
semel dividua.

Holdfast disc shaped, 1 cm in diameter; a
single erect stem 2 mm in diameter arising
from the center of the holdfast, less than 1 cm
in hight; two to 3 main branches issued
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ig 05659

Fig. 1. Sargassum wakayamaense Yoshida.
Nov. 26, 1984. Leg. T. Yoshida.

Fig. 2. Sargassum araii Yoshida.
1992. Leg. T. Yoshida.

spirally from the distal part of the stem, trique-
trous with small spines beset sparsely on the
edge; lower leaves retroflexed at the base,
shortly stipitate, lanceolate with obtuse or
acute apex, irregularly incised at the margin,
up to S5cm long and 1.2 cm wide, midrib
evanescent near the apex, leaf papyraceous in
substance; cryptostomata scattered on the leaf
surface; leaves on the distal part of the branch
becoming narrower and smaller in size, with
deeper serration and incision on the margin;
vesicles spherical to obovoid in shape, up to
6 mm in diameter, devoid of cryptostomata,
with mucronate apex or coronal leaf up to
1 cm long similar to ordinary leaves, stipe of
vesicle 2-3 mm in length, always shorter than
vesicle.

Plant dioecious. Receptacle linear, com-
pressed, disposing racemosely on the distal
part of the ultimate branches. Female recep-
tacle (Fig. 5) compressed, 7 mm long and
1.2 mm wide, rarely with spinous processes

Holotype, SAP 057947.

i3

Holotype, SAP 056659. Kasaho Bay, Hiki, Wakayama Pref.,

Inakujira, Sado Island. Niigata Pref., June 6,

on the edge, simple or once branched. Male
receptacle (Fig. 4) 10 mm long and 1.1 mm
wide, without spinous process, usually sim-
ple, sometimes once furcated. Maturation in
November to December.

This species grows on rocks in the subtidal
zone to a depth of 10 m. Plants seem to be an-
nual in longevity.

Holotype: Kasaho Bay, Hiki, Wakayama
Prefecture. 33°35'N, 135°25E. Nov. 26,
1984. Leg. T. Yoshida. SAP 056659. Iso-
types in TNS, UC and SNU.

Specimens examined (all from Wakayama
Pref.): Sue, Ooshima. May 2, 1942. Leg. M.
Takamatsu. SAP 056655; Shirahama. July
7, 1984. Leg. T. Yamamoto. SAP 056653;
Kasaho, Hiki. Oct. 4, 1972. Leg. T. Nishika-
wa. SAP 056649; Kasaho, Hiki. Oct. 13,
1982. Leg. S. Fuse. SAP 056651; Kasaho,
Hiki. Oct. 26, 1985. Leg. T. Yamamoto.
SAP 056660; Shirahama. Oct. 29, 1977. Leg.
T. Yamamoto. SAP 056648; Shirahama.
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Fig. 3. Sargassum wakayamaense Yoshida. Scale bar 5 cm.
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Figs. 4-5.
a branch with female receptacles.

Nov. 1, 1957. Leg. T. Yamamoto. SAP
056656; Kasaho, Hiki. Nov. 1, 1978. Leg. T.
Nishikawa. SAP 056647; Kasaho, Hiki.
Nov. 2. 1971. Leg. T. Nishikawa. SAP
056650; Minoura. Nov. 22, 1980. Leg. T.
Nishikawa. SAP 056646; Kasaho, Hiki.
Dec. 6, 1984. Leg. S. Fuse. SAP 056652;
Kasaho, Hiki. Jan. 27, 1986. Leg. S. Fuse.
SAP 056661.

Flat receptacles and the erect stem of this
species are the characters attributable to the

Sargassum wakayamaense Yoshida. 4. A part of a male plant with receptacles. 5. Terminal part of

section Halochloa of the subgenus Bactrophy-
cus. This species has some similarity to .
tenutfolium Yamada (1942: 505), in vegetative
appearance, but larger leaves with shallow
dentation, linear receptacles, dioecism, and a
later maturation period clearly differ from
this species. To date, this species has been
collected only from a very restricted area on
the southwest coast of Kii Peninsula, between
Kushimoto and Shirahama.
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Figs. 6-8. Sargassum araii Yoshida. 6. Male plant. 7. Terminal part of a branch with female receptacles.
8. Leaves from the basal part of a main branch. Scale bar 5 cm.

Sargassum araii Yoshida, sp. nov.
Figs. 2, 6-8

Japanese name: Echigo nejimoku (named
by Mr. Shogo Arai)

Thallus altitudinem 40 cm. Hapteron coni-
cum usque ad 4 cm in diametro. Caulis 1.5-
2mm in diametro, compluriens ramificans.
Ramis principalis ad superficie dorsale caulis
enascentes, leviter compressis, 1.5 mm latis
in parte inferiore. Rami lateralis breviter,
numerosi. Folia enascentia primaria prope

partem basalem simplicia linari-lanceolata,
usque ad 10 cm longa et 1.5 cm lata, basi at-
tenuati et apice obtuse, margine integri. Cos-
ta immersa. Texture folii crassa mem-
branacea. Cryptostomata minuta et in pagi-
na foliis sparsa. Folia in parte distali versum
linearia angustescentia, margine integra vel
raro parce dentata. Vesicula rara, fusiformis
vel elliptica, 8-9 mm longa et 4-5 mm in di-
ametro.

Planta dioica. Receptacula femina com-
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pressa, obspathulata, basi attenuata, apice ob-
tusis vel retusis, 10-15 mm longa et 3-5 mm
lata. Receptacula masculina linearia, com-
pressa, apice obtusis, 20-23 mm longa et
3 mm lata.

Thallus attaining up to 40 cm high. Hold-
fast conical up to 4cm in diameter; stem
1.5-2 mm in diameter, branched after short
distance, lower parts buried in the conical
holdfast, giving the appearance of many stems
arising from the upper part of the holdfast;
main branches issued from the upper side of
decumbent stem, slightly compressed,
1.5 mm wide in the lower part, up to 40 cm
long; secondary branches shorter in length,
numerous; leaves alternately issued with wide
angle, linear in shape; leaves (Fig. 8) near the
base of main branch narrow lanceolate, attain-
ing 9 cm long and 1.5 cm wide with attenuate
base and obtuse apex, margin nearly entire,
midrib buried and extending to near the
apex, thick and coriaceous in substance; cryp-
tostomata small and very scarce, scattered on
the surface of the leaves; phyllotaxis 1/2;
leaves on the upper part of the main branch
and laterals becoming smaller in size and nar-
rower in width to filamentous appearance,
margin entire or with sparse dentation with
sharp apices; vesicles very rare on the speci-
mens at hand, fusiform to elliptical in shape,
8-9 mm long and 4-5 mm in diameter, with
short stipe about 2mm long and linear
coronal leaf up to 18 mm long.

Plant dioecious. Female receptacle (Fig.
7) obspathulate with attenuate base and ob-
tuse or retuse apex, 10-15mm long and 3-
5mm wide. Male receptacles (Fig. 6) linear
in shape with obtuse apex and attenuate base,
longer than the female ones, measuring 20-
23 mm long and 3 mm wide. Maturation in
June to July.

This species grows on rocks of 0-2m in
depth exposed to very strong wave action,
especially during winter, on the west coast
directly facing the Sea of Japan. Perennial
in longevity.

Holotype: Female, Inakujira, Sado Island,
Niigata Prefecture. 38°00'N, 138°15E.
June 6,1992. Leg. T. Yoshida. SAP 057947.

Isotypes in TNS, UC and SNU.

Specimens examined: Inakujira, Sado Is-
land. Jul. 14, 1991. Leg. T. Yoshida. SAP
056670-2; Nagate-misaki, Sado Island. June
7, 1992. Leg. T. Yoshida. SAP 057949;
Awa-shima, Niigata Pref. Jul. 18, 1991. Leg.
T. Terawaki. SAP 057948; Tobi-shima,
Yamagata Pref. Jul. 7, 1981. Leg. S. Arai.
SAP 057950.

This species belongs to the Section
Halochloa of the subgenus Bactrophycus with
erect stem and complanate receptacles.
Basal parts are similar to S. micracanthum with
a large, conical holdfast issuing several bran-
ched stems, but the new species differs in its
thick, entire leaves and receptacle characteris-
tics. Paucity of vesicles is a character com-
mon in such surf-loving species as S. okamurae.

The specific epithet is named in honour of
Mr. Shogo Arai, Marine Algae Research
Co., Ltd, an excellent diver and keen observ-
er of marine algae, who just brought my atten-
tion to this new species. S. araii is known
presently from the three islands mentioned
above in the Sea of Japan.

Sargassum bulbiferum Yoshida, sp. nov.
Figs. 9-11

Japanese name: Tamaeda moku (nov.).

Hapteron discoidea, usque ad 2 cm in di-
ametro. Caulis erectus, teres, 1cm altus,
2 mm in diametro, interdum semel furcatus.
Rami principales aliquot per caulis ex parti
distali spiraliter disponiti. Rami principales
compressi 2 mm lati, margine integra sine spi-
ni, 50 cm longi. Rami principali enascenti
postea in tempi crescentia bulbis similis,
8 mm longi, 3 mm lati cum appendicibus par-
vis. Folia enascentia prope partem basalem
lineari vel laneari-lanceolati usque ad 10 cm
longi, 1 cm lati, margine integri vel sparse
denticulata, simplicia vel saepe semel divise,
costa ad apicem attingens. Folia in parte dis-
tali minutatim angustescentia, alternate
enascens. Cryptostomata parviora, in pagi-
na foliis dispersa. Vesiculae sphaericae vel
obovatae 3 mm in diametro, petiolo filamento-
so 3 mm longo.

Planta monoica. Receptacula androgyna,
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Figs. 9-11.

Sargassum bulbiferum Yoshida.
Pref., Aug. 3, 1990. Leg. S. Arai. 10. Fertile part of a branch with pseudozygocarpic receptacles (arrow). Scale

bar 1 cm.

teres, usque ad 7 mm longa, semel divisa,
pseudozygocarpicae.

Holdfast discoid, up to 2 cm in diameter;
stem cylindrical, 1 cm high and 2 mm in di-
ameter, often once forked at the upper part,
surface verrucous with the vestige of fallen
branch; several main branches radially arise
from the apical part of stem, 50 cm or more in
length, compressed 2 mm in width, smooth
on surface, issuing alternately leaves, lateral
branches 10 cm or more in length; several
main branches formed later in season not
growing longer and becoming thicker, about
8 mm long and 3 mm in diameter with a few

9. Holotype, SAP 059011.

L

il

v

Oburi-shima, Hamasaka, Hyogo

11. Basal part of the thallus showing stunted, bulbous main branches (arrow).

small appendages on the surface (Fig. 11,
arrow; Fig. 12, b); leaves on the lower part of
main branch linear to linear lanceolate up to
10 cm long and 1 cm wide, entire or sparse
and small denticulation on the margin,
papyraceous in texture, midrib reaching the
apex, lower leaves often once forked, leaves
on the upper part of main and lateral branch-
es thinner in texture becoming narrower
and shorter in length (Fig. 13); cryptostomata
very small, scattered on the surface of leaves;
vesicles spherical to round obovate, 3 mm in
diameter, with filamentous stipe up to 3 mm
long.
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Figs. 12-13.
branch; s: stem. Scale bar 1 cm.

Plant monoecious; receptacles andro-
gynous, slender cylindrical in shape, up to
7mm long once or twice forked, pseudo-
zygocarpic (Fig. 19, arrow).

Holotype: Oburi-shima, Hamasaka, Hyogo
Prefecture, 35°37'N, 134°24'E. Aug. 3,
1990. Leg. S. Arai, SAP 059011. Isotypes in
TNS and UC.

Distribution: Known from the type locality
only.

Ethymology: Formation of bulbous structure
by stunted main branches, a peculiar charac-
teristics of this specis.

This species grows on rocks 15-18 m deep.
Formation of short thick bulbous structure is
peculiar feature of this interesting specis.
Metamorphosis of main branch was already
noted in S. polycystum, in which several main
branches produced in certain season become
stunted and decumbent into structure like stol-
ons with short lateral branches. Stockiness of
main branch in this new species is very evi-
dent reminding one of certain succulent
plants. Upper parts of the branches are some-
what similar to S. carpophyllum and S. tenerri-
mum with thin and narrow leaves, but leaves
on the lower part of the main branch are
much larger than these species. The species
belongs to the Section Zygocarpicae of the
subgenus Sargassum, with its pseudozygocarpic
status of receptacles.

Most species of the subgenus Sargassum are
distributed in tropical and subtropical seas.

I

Sargassum bulbiferum Yoshida. 12. Basal part with stunted, bulbous main branch (b). m: main
13. Variation in leaves from lower part (left) to upper part of the branch.

Segawa ¢t al. (1961) showed the distribution of
the subgenus Sargassum in west Japan. The
subgenus Sargassum is known to grow on the
coast south of Goto Islands, east and south
Kyushu. S. bulbiferum was collected from the
coast of the Sea of Japan, Hyogo Prefecture,
central part of Honshu, Japan. The Sea of
Japan is a temperate region and northern-
most locality for the subgenus Sargassum.
No other species of this subgenus are known
to grow on the coast of the Sea of Japan, ex-
cept for occasional collections amongst float-
ing seaweeds.

Remarks

All three species described here have a
rather restricted distribution, in comparison
with other species hitherto reported from
Japan. Along the coast of Kii Peninsula, S.
segit Yoshida and S. sagamianum Yendo also
have a very restribted range of distribution
(Yoshida, 1983). S. wakayamaense is known
from the coast between Shirahama and
Shionomisaki on the southwest part of Kii
Peninsula. S. araii was collected from three is-
lands in the Sea of Japan, and was not found
on the coast of Honshu. S. bulbiferum is
known from the type locality only.
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Largo, D. B., Ohno, M. and Critchley, A. T. 1994. Seasonal changes in the growth and reproduction of
Sargassum polycystum C. Ag. and Sargassum siliquosum J. Ag. (Sargassacea, Fucales) from Liloan, Cebu, in
Central Philippines. Jpn. J. Phycol. 42: 53-61.

A Sargassum community in Liloan, Cebu, central Philippines comprises two species (S. polycystum and S.
stliguosum) and shows both seasonal and spatial variation in length of primary lateral branches and standing
crop. Seasonal patterns were most distinct in the subtidal zone (area of S. siliguosum) than in the inter-
tidal. The periods of maximum length (S. polycystum=26.71 cm; S. siliguosum=54.53 cm) and biomass (S.
polycystum=3.07 kg wet wt.m~2; S. siliguosum=6.61kg wet wt.m~2) are influenced by the presence of
receptacle-bearing branches of each species; premature decline in length and standing crops before growth
peaks is attributed to cropping by wave impacts caused by the seasonal occurrence of northeastern
monsoon wind. The population of S. polycystum tends to have lower values in both length of primary lateral
branches and standing crop compared to the S. siliquosum population.

Key Index Words: intertidal  population—phenology— Philippines—Sargassum  polycystum—
Sargassum siliquosum—standing crop—subtidal population.

The identification of the species originally
referred to as S. myriocystum in Largo and
Ohno (1992) is presently changed herein as
Sargassum polycystum C. Agardh based on the
description of the species in the recently pub-
lished taxonomic work on the genus Sargassum
from the Philippines by Trono (in Abbott
1992), therefore, the latter was used as the
proper name for this study.

Sargassum spp. form the dominant vegeta-
tion structure in the shallow, coastal waters of
the Philippine Islands serving as an important
habitat and spawning-ground for many ma-
rine organisms, eg. fishes, crustaceans, mol-
luscs, etc. Realizing the importance of Sargas-
sum beds led the Philippine local government
conservation departments to propose to in-
clude their protection in environmental legis-

This work was supported by the Overseas Research
Project with a grant from the Ministry of Education,
Science and Culture, Japan: No. 02041064, 1990.

lation in addition to coral reefs, seagrass beds
and mangrove ecosystems. These important
marine resources are under enormous ecologi-
cal pressure from coastal habitation and in-
frastructure development which, if not proper-
ly addressed, could lead to their eventual des-
truction.

A number of phenological studies have
been made on the bed-forming species of Sar-
gassum in the Philippines (Ang 1982, 1985;
Ang and Trono 1987; Ohno et al. 1987; Ohno
et al. 1989). These works were either mostly
conducted on Sargassum communities in Lu-
zon areas or are conducted only part of the
year. This paper is a supplement to the first
phase of a phenological study conducted in
1988-1989 on the Sargassum community in
Liloan, Cebu, central Philippines (Largo and
Ohno 1992), in which the present includes
data on standing crop not previously includ-
ed. The study hopes to provide more basic in-
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formation in answer to calls for effective
management of local seaweed resource in the
Philippines.

Materials and Methods

The study was conducted monthly from
February 1989 to January 1990 in Liloan,
Cebu, central Philippines, as shown in Figure
1. Five 0.25m? quadrats were laid
equidistantly across the Sargassum bed which
is 40 m wide from the shoreward to the sea-
ward edge. The quadrats were laid on dense
patches of Sargassum which had a maximum
cover of not less than 80%. Standing crops
were obtained by carefully removing all Sargas-
sum thalli, including their holdfasts from each
quadrat. Standing crop data are presented
as kg wet wt.m~2. Measurements of primary
lateral length were made from 10 randomly
selected individuals of each species from all
quadrat. The values are presented here as
monthly average lengths, together with their
Standard Deviation (SD) values presented by
vertical bars. Fruiting was determined by
noting the presence or absence of receptacles
on each of the primary lateral branches.
Reproductive index is expressed as the percen-
tage of branches with receptacles of the total
number of primary lateral branches in 10 Sar-
gassum individuals (for each species). Incom-
plete branches, either damaged by wave ac-
tion or by natural decay due to old age, were
also determined from the same individuals
and are expressed as percentage of the total
number of branches from 10 individuals.

Water temperature was measured using a
mercury-filled thermometer while salinity was
measured with an Atago refractometer (ac-
curacyt1). Both measurements were made
in the lower region of the tidal zone every sam-
pling period to avoid extreme values in the
shallower regions.

Results

Zonation pattern within the Sargassum community
The vertical zonation of the Sargassum bed
at Liloan, Cebu, central Philippines is shown

Fig. 1. Map of the study area. (Scale=1: 10,000)

in Figure 2 (see also Largo and Ohno 1992).
The Sargassum community, in the study area
is about 40 m wide and comprises two species,
S. polycystum C. Agardh and S. siliquosum J.
Agardh, forming two distinct populations,
occupying the intertidal and upper subtidal
zones, respectively. The intertidal area ex-
periences long exposures to the atmosphere at
low tide; here S. polycystum is dominant. The
subtidal population composed of S. siliqguosum,
on the other hand, may be exposed partly
only during extreme low spring tides. From
late August to mid-November the study area
was particularly exposed to the Northeast
monsoon wind which caused the two popula-
tions to be subjected from weak to strong
wave actions depending on depth. Wave ac-
tion is reduced during the rest of the year.

Monthly water temperatures during the
study period ranged from 26.8°C in June to
32.0°C in March (Table 1) while salinity fluc-
tuated between 34 and 35.
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quadrat zones.

Growth patterns of the Sargassum populations

Monthly average lengths of the primary
lateral branches of the Sargassum populations
varied between quadrat-zones (Fig. 3). .
polycystum population (Q1 and Q2) showed
lower monthly average length values in con-
trast to S. siliguosum population (Q3, Q4 and
Q5). Thalli in Quadrat 1 (located in the
shoreward edge of the bed) had monthly
average length values ranging from a mini-
mum of 4.00%2.21 cm in June to a maxi-
mum of 27.72£2.32 cm in April. The mini-
mum in June was followed by relatively small
fluctuations of 5 cm until December. Lon-
ger plants began to occur in January.

S. polycystum in Quadrat 2 also showed a
fluctuating pattern of monthly average
lengths from March (no data in February) to

Table 1. Changes in monthly seawater
temperature and salinity in the study area, February
1989—January 1990.

Date TEXP- SALINITY
Feb. 27. 1989 31.0 34
Mar. 31 32.0 34
Apr. 27 31.0 35
May. 24 27.3 35
Jun. 30 26.8 35
Jul. 30 29.2 35
Aug. 25 30.2 35 monsoon season
Sep. 30 31.0 34 monsoon season
Oct. 23 31.0 35 monsoon season
Nov. 24 30.9 35 monsoon season
Dec. 20 30.5 35
Jan. 30. 1990 30.0 35

Zonation pattern of Sargassum populations in the study area.

T |
10 150

Numbered squares represent the

the last sampling period in January when they
attained their maximum (30.00%11.39 cm).
The lowest monthly average length value in
this zone was in April (8.58+4.92 cm).

In the subtidal zone, monthly measure-
ments showed plants in all three quadrats to
increase in monthly average length values
towards May. Length values fluctuated
thereafter and all three quadrats attained an
almost uniform length in November (34 to
38 cm). Thalli in all three quadrats then in-
creased slightly in monthly average length
towards December as the S. siliquosum plants
became fully mature (highest receptacle occur-
rence). In the following month, thalli in all
quadrats declined in length apparently due to
decay.

Population growth based on standing crop
measurements, in the same quadrat-zones,
likewise revealed lower biomass values in the
intertidal zone (Q1 and Q2) and are sig-
nificantly different (P<0.01) to those in the
deeper subtidal zone (Q3, Q4 and Q5; Fig. 4)
based on one-way ANOVA analysis. Quad-
rats 1 and 2 of S. polycystum did not show a
well-defined growth pattern but standing crop
in Quadrat 1 remained consistently lower
than in Quadrat 2 (significant with
P<0.05). Both have higher values recorded
in February and March (there was no data for
Quadrat 1 in the intertidal region for Febru-
ary). From this period until January, no
marked increase has been noted except for
Quadrat 2 where a peak was recorded in July,
when maximum length of primary laterals for
S. polycystum occurred.
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The average standing crop values for the
whole year among subtidal population of S.
stliguosum for Q3, Q4 and Q5, respectively,
were 3.30+1.91, 4.15+1.49 and 3.58+1.98
kg wet wt.m~2, with the highest value in Q4.
Monthly measurements showed no significant
difference (P=0.05) in standing crop in the
three quadrat zones. A decrease from Febru-
ary to March was followed by a dramatic in-
crease towards June, except in Quadrat 3
where it peaked in July; Quadrats 4 and 5
declined at the same time in July. Standing

crop in all three quadrats dropped from Oc-
tober to November during the monsoon
period. A peak in standing crop was ob-
served for Quandrats 4 and 5 in December
with increase in length of the primary laterals
and branches with receptacles of S. siliquos-
um. Standing crop in all quadrats dropped
abruptly to its lowest in January at the time
when decaying thalli of S. siliquosum were dis-
integrated by wave action.

A comparison of Quadrats 1-5 (Table 2)
across the Sargassum zone showed an increase
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in biomass from the intertidal towards sub-
tidal zone, except in the last quadrat (QQ5) at
the deeper edge of the bed with more than 4 m
depth. One-way ANOVA test showed a sig-
nificant difference between the monthly
average standing crop (P <0.01) between the
five quadrats.

Thalli condition

Increase in percentage of incomplete bran-
ches occurred during period of full matura-
tion, when some branches started to decay,
and on months with strong wave action
caused by the northeast monsoon wind. In

S. polycystum higher percentage of incomplete
branches of up to 759% of branches examined
occurred mainly during period of maturity
than during the monsoon period (Fig. 5). In
S. siliguosum cropping by monsoonal waves
resulted in higher percentage of incomplete
branches than by normal decline as shown in
the higher percentage of incomplete branches
during the monsoon period (August-Novem-
ber, Fig. 5).

Reproductive Phases
During the study period Sargassum poly-
¢ystum thalli produced reproductive branches
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Table 2. Monthly standing crop values of Sargassum population in Liloan, Cebu, the Philippines.
Standing Crop (kg wet wt.m~?)
Month Quadrat No. Ave Ave.
1 2 3 4 5 (Q1&Q2) (Q3, Q4, Q5)

Feb. 89 2.65 ND* 0.84 ND 0.44 1.33 0.42
Mar. 0.99 2.91 2.52 3.20 5.49 1.95 3.74
Apr 0.23 0.75 0.57 3.62 3.16 0.49 2.45
May 0.89 2.28 3.28 5.25 5.43 1.59 4.65
Jun 0.36 1.43 4.61 5.72 5.46 0.90 5.26
Jul 0.83 3.49 6.48 3.58 3.09 2.16 4.38
Aug 0.20 1.33 3.85 3.58 3.02 0.77 3.48
Sep 1.29 1.92 5.33 4.07 5.59 1.61 4.70
Oct 0.56 1.39 4.47 4.73 2.60 0.98 3.93
Nov 0.82 2.49 2.71 2.87 1.69 1.66 2.42
Dec 0.50 1.61 4.33 7.27 6.10 1.06 5.90
Jan. 90 1.52 1.87 0.61 1.99 0.87 1.70 1.16

* ND=no data.

from February to May and again, from De-
cember to January. The percentage occur-
rence of receptacles increased from 7 to 43%
from February to May (Fig. 5). No reproduc-
tive branches were observed from June until
November. Sargassum siliquosum, on the other
hand, had reproductive branches throughout
the study period but appeared to attain full
maturity (with a marked increase in the num-
ber of receptacles) from September to Decem-
ber. A decline was noted in the following
month with the degeneration of the popula-
tion caused by decay of this species.

Discussion

In the tropical region where marked
seasonal changes in temperature are absent,
seasonal changes in algal population are
influenced more by local physico-chemical
conditions. Growth of Sargassum spp. in the
Philippines is seasonal with both perennial
and annual species (Trono 1992). The life cy-
cle of S. polycystum appeared to be perennial
with an absence of holdfasts having more than
one stipe. S. stliqguosum on the other hand is
of the annual type with multi-stiped holdfasts
observed throughout the study period. Sargas-
sum siliquosum populations formed an almost
close canopy during periods of maximum

growth from October to December. The sub-
tidal population of S. siliquosum was found to
have longer thalli and greater biomass produc-
tion as compared to the intertidal population
of S. polycystum. This vertical zonation pat-
tern could be attributed to the duration of ex-
posure of the population and to the changes in
temperature, light intensity, tide and water
movement, producing indirect physiological
responses from the plants. In the intertidal
area, the extremes of environmental factors
have resulted in the plant’s diminished
growth. Exposure to violent wave action dur-
ing the monsoon period (August/September
to November) also affected plant growth by
mechanical tearing of the thalli and by
reduced water transparency caused by the sus-
pension of the bottom sediments. De Paula
and Oliveira (1982) observed the same pat-
tern in an S. ¢ymosum C. Agardh population in
Sao Paulo, Brazil in which exposure to wave
action resulted to the smaller and shorter size
of the plants in the rocky intertidal area. The
persistence of S. polycystum year-round in the
intertidal zone and its absence from the sub-
tidal portion needs further investigation.
Growth of the subtidal population of S. sili-
quosum continues throughout the year until
it undergoes normal decline. However,
seasonal monsoonal pattern can decrease bio-
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Fig. 5. Monthly variation in percentage receptacle occurrence and thallus condition (based on incomplete

branches). §. polycystum (®), S. siliguosum (O). Note period of monsoon occurrence.

mass prematurely as shown by the high fre-
quency of incomplete plants during this
period, decreasing standing crop of all three
subtidal quadrats in November. A slack in
monsoon-generated waves, however, may al-
low an increase of biomass production in the
subtidal area in December. Peak growth in
terms of length and weight of the primary
lateral branches in a previous study of this spe-
cies likewise occurred at this period (Largo
and Ohno 1992).

Standing crop increases in both species
were due to the appearance of receptacle-bear-
ing lateral branches as the plants became fer-
tile (see also Largo and Ohno 1992). S. poly-

cystum and S. siliguosum do not mature at the
same period, with an early maturation period
in S. polycystum (March-May) than S. siliguo-
sum (September-December; see also Largo
and Ohno 1992). There was no clear pattern
of primary lateral length and standing crop
variation in S. polycystum on a monthly basis
because of the variability of the conditions in
the intertidal zone which, to some extent, de-
pends on the duration of exposure and the
time of the day at which low tides occur. The
maximum tidal range in the study area, based
on the local tide table, was about 2 m during
high water of spring tides (June). In the sub-
tidal zone, the pattern of monthly changes in
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length was more regular as compared to the
monthly changes in standing crop. Doty
(1971, as cited by de Wreede 1976) in his
study on Hawaiian Sargassum, attributed the
apparently random fluctuation in standing
crop to the similarly random occurrence of
storm waves. Continued increase in the
length of the primary lateral branches in S. si/i-
quosum population in December (see also
Largo and Ohno 1992) was offsetted by the
cropping effect of the monsoon-generated
waves, although growth of a large number of
reproductive branches and of second- and
third-order lateral branches compensated for
this loss, enabling the plants to attain high
standing crop values during this period.

The influence of temperature variation on
Sargassum population fluctuation has been stu-
died in Hawaii by De Wreede (1976) who ob-
served that peaks of Sargassum standing crop,
thallus height and fertility all occurred at a
time of lower seawater temperature. In this
study, highest receptacle occurrence observed
for S. polycystum also coincided with months
with lower temperatures. Largo and Ohno
(1992) observed that Sargassum in this area de-
velops longer primary lateral branches at the
time when water temperature was at 27°C.
De Wreede (1976) also observed the same pat-
tern in Hawaii. Longer thalli in Sargassum in
the subtropical waters likewise occurred at
period .of warm water temperature approx-
imating that of the tropical waters (Kimura et
al. 1987).

The biomass of Sargassum in the study area,
appears to be low as compared to other
coastal areas in the Philippines. For in-
stance, S. polycystum in Bohol and Palawan
areas has a mean standing crop of 4.30 and
2.69kg wet wt.m™2, respectively (Ohno et
al. 1987; Ohno et al. 1989), compared to the
study area with a range of 0.49 to 2.16 kg wet
wt.m~2. However, this may not represent
the true picture as these studies were done on
different periods. . siliquosum, on the other
hand, has a biomass range of 0.42 to 5.90 kg
wet wt.m ™2 which is higher than values report-
ed from a nearby area in Mactan Is., Cebu
(2.69kg wet wt.m~2 as reported in Ohno

et al. 1987).

Acknowledgement

The authors wish to thank Mr. Michael An-
thony Cusi and Mr. Boy Tan for the technical
help during monthly samplings and the Ma-
rine Biology Section, University of San
Carlos for the administrative support.

References

Ang, P. O. Jr. 1982. Phenology of S. siliguosum J. Ag.
and S. paniculatum J. Ag. in Balibago (Calatagan,
Philippines). Proc. Int. Coral Reef Cong., Tahiti,
5: 51-57.

Ang, P. O. 1985. Regeneration studies of Sargassum sili-
quosum J. Ag. and S. paniculatum J. Ag. (Phaeophy-
ta, Sargassaceae). Bot. Mar. 28: 231-235.

Ang, P. O. and Trono, G. C. 1987. The genus Sargas-
sum (Phaeophyta, Sargassaceae) from Balibago,
Calatagan, Philippines. Bot. Mar. 30: 387-397.

De Wreede, R. E. 1976. The phenology of three species
of Sargassum (Sargassaceae, Phaeophyta) in Hawaii.
Phycologia 15(12): 175-183.

Kimura, T., Orosco, C. A. and Ohno, M. 1987. Ecolog-
ical study of Sargassum okamurae Y oshida et T. Konno
in Tosa Bay, Japan. Rep. Usa Mar. Biol. Inst.,
Kochi Univ. 9: 149-167.

Largo, D. B. and Ohno, M. 1992. Phenology of two spe-
cies of brown seaweeds, Sargassum myriocystum J.
Agardh and §. siliqguosum J. Agardh (Sargassaceae,
Fucales) in Liloan, Cebu, in central Philippines.
Bull. Mar. Sci. Fish., Kochi Univ. 12: 17-27.

Ohno, M., Ogawa, H. Nakahara, H. and Orosco, C. A.
1987. Ecological survey of Sargassum communities
on the reef of Central Visayas, Philippines. In I.
Umezaki [ed.], Scientific survey of marine algae and
their resources in the Philippine Islands, pp. 71-
76. Technical Report of the Ministry of Education,
Science and Culture, Japan.

Ohno, M., Noro, T. and Orosco, C. A. 1989. Ecologi-
cal survey of Sargassum communities on the reefs of
some Philippine islands. Iz I. Umezaki [ed.], Scien-
tific survey of marine algae and their resources in the
Philippine Islands, pp. 95-101. Technical Report
of the Ministry of Education, Science and Culture,
Japan.

Paula, E. J. and E. C. Oliveira. 1982. Wave exposure
and ecotypical differentiation in Sargassum cymosum.
Phycologia 21(2): 145-153.

Trono, G. C. 1992. The genus Sazgassum in the Philip-
pines. In: I. A. Abbott (Ed.). Taxonomy of eco-
nomic seaweeds with reference to some Pacific and
western Atlantic species, 3, Calif. Seagrant College.
pp. 43-94.



Growth and reproductive changes of Sargassum 61

Danilo B. Largo + KEFIEX - Alan T. Critchley: 7 1 Y E>, €7 & Liloan ;R
Sargassum polycystum & S. siliquosum DR & EFEDOFEHHZE(L

4 7 & Liloan 8B A ¥ £ 7 TBD S. polyeystum & 8. siliquosum DB Z LI B, 2D 2MIREEMNR
78D S. polycystum \XHEIREHIC, S. siliquosum I T HIZ A BN B, S polyeystum DK FERFKIL 26.71 cm, REE
13.3.07kgwet.m™2 TH b, S. siliquosum DEREFKFEIL 54.53 cm, BERIL6.61kgwetm™2 TH 712, S. poly-
oystum DERR EBFERIL, S siliguosum DF L E B LT, BEBELR Ui, EFERROHBRL 28
X O EHRGHEROALY, BEL L ERR LBFROFHNEL, kRE v A - vOEBYEIZT T
o

(Received March 5, 1993: Accepted January 10, 1994)






Jpn. J. Phycol. (Sérui) 42: 63-70, March 10, 1994

The distribution of Undaria pinnatifida (Harvey) Suringer within
Timaru harbour, New Zealand

Murray T. Brown* and Miles D. Lamare
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Brown, M. T. and Lamare, M. D. 1994. The distribution of Undaria pinnatifida (Harvey) Suringer within
Timaru harbour, New Zealand. Jpn. J. Phycol. 42: 63-70.

A quantitative survey of the Undaria pinnatifida (Harvey) Suringer population in Timaru harbour, New
Zealand, was undertaken during the summer of 1989-90. Information on the distribution, abundance, size
and reproductive status of plants was obtained. An extensive population was found throughout the har-
bour attached to a variety of substrates. Plants were found down to a depth of 5 m below MLW, the lower
limit being set by the quantity of available light. The maximum density of plants was 22 per 0.5 m? and
there was a general reduction with depth in most parts of the harbour. Size of the population was estimated
to be over 70,000 plants. Plants found at the entrance to the harbour were larger than those at more
sheltered sites within the harbour. There was little variation in size with depth at any site. Over 90% of
the population was reproductive at the time of the survey. Over the period of the study the lengths of
individual plants decreased and by late February only the basal sporophylls remained. The majority of the
population had disappeared completely by late summer.

Key Index Words: abundance—distribution—New Zealand— Undaria pinnatifida.

Undaria pinnatifida (Harvey) Suringer, ana-  al. 1991).

It was thought that the cultured

tive brown seaweed of Japan and Korea and
commonly found along parts of the Chinese
coastline (Zhang et al. 1984), in the Okhotsk
Sea and near Vladivostok in the former
USSR (Zinova 1954; Funahashi 1966), has
most recently been discovered in Europe and
Australasia. In 1971 U. pinnatifida was iden-
tified in the Etang de Thau on the Mediterra-
nean coast of France near the town of Séte
(Boudouresque et al. 1985), having been ac-
cidentally introduced to the area with spat of
the Pacific Oyster. It has since spread to
other parts of the Mediterranean coast, and
was intentionally introduced to the French At-
lantic coast with the view to farming (Pérez et
al. 1984). Seeded ropes were transplanted to
three sites on the Brittany coast but all but
one of these original sites, Ile d’Oussant near
Brest, were eventually abandoned (Floc’h et

* Present address and address for correspondence:

Department of Biological Sciences University of
Phymouth Phymouth PLH 8AA Devon, United
Kingdom.

populations would be fully controllable and
unlikely to spread from the cultivation sites
since the species would be unable to
reproduce in situ in the colder waters of NW
France. However, the results of a study car-
ried out by Floc’h et al. (1991) in the Bai de
Lampaul, Ouessant suggest the contrary;
they concluded that the whole reproductive
life cycle could be completed within the vicini-
ty of the farm site. Additional evidence for
the opinion that U. pinnatifida can reproduce
in situ in northern France comes from the ob-
servations of luxuriant growth of sporophytes
on an anchored rope at an abandoned farm
site near Portsall (Brown and Floc’h pers.
obs. 1991).

The first report of the species presence in
Australasia was in 1987 from Wellington Har-
bour, New Zealand (Hay and Luckens
1987). Since then it has been discovered in
several harbours in the South Island (Lyttle-
ton, Timaru, Oamaru) and most recently has
been found in Otago harbour, Dunedin (pers.
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obs.) and Picton (Hay pers. com.). The ini-
tial introduction is thought to have occurred
as gametophytes in the ballast water of fishing
boats and its subsequent spread apparently
via coastal shipping (Hay 1990). In 1988 U.
pinnatifida was identified on the east coast of
Tasmania, Australia (Sanderson 1990). Bal-
last water from cargo ships transporting wood-
chips from Tasmania to Japan is considered
the most likely source of the introduction.

Despite the interest shown in U. pinnatifida
and concern about its possible spread, there is
little quantitative data about the ecology of
the species in its new biotopes. Pérez et al.
(1981, 1984) have reported that in Etang de
Thau its biology is similar to that in Korea
and Japan, Floc’h et al. (1991) have provided
some information about population distribu-
tion and structure adjacent to the cultivation
site in the Bai de Lampaul, Ile d’Ouessant
and Hay (1992) has provided information on
its seasonality in New Zealand.

Here we report on a preliminary quantita-
tive survey of the population from Timaru
harbour on the east coast of South Island,
New Zealand (Fig. 1), which was first record-
ed in 1988 (Hay 1990). Timaru is a medium
sized port supporting a local fishing fleet, ser-
vicing coastal shipping and visited regularly
by Japanese fishing boats. We provide infor-
mation on its vertical and horizontal distribu-
tion, abundance, size and reproductive sta-
tus.

Materials and Methods

The main survey of the harbour was car-
ried out by divers in the first week of Decem-
ber 1989. The harbour was divided into 8
sites (shorelength 200-400 m) based on sub-
strate type, degree of exposure and location
(Fig. 1).

The predominant rocky substrate consists
of large (> 1 m) basalt boulders, which have
been used in the harbour’s construction (sites
1, 2, 3, 5, 8). The substrate at sites 6 and 7
consists of wooden piles used to support large
wooden wharves while at site 4 both wooden
and concrete piles are present supporting a

large wharf. Except for a gently sloping peb-
ble bed along site 5 the remainder of the har-
bour bottom consists of a muddy substrate.
The average depth of the water column is
about 11 m at MLW.

At each site a minimum of three randomly
selected transects were run out perpendicular
to the shoreline. Contiguous sampling down
the transect line using a 1X0.5m quadrat
provided a 1 m wide profile of the population
with depth. Within each quadrat the num-
ber of plants and the lengths of individual
plants were recorded and the reproductive sta-
tus of each noted.

The subsurface water temperature was
recorded, and a photon flux density
(PFD)/depth profile was obtained outside the
seaweed canopy, using a Li-Cor underwater
spherical quantum sensor (Li 193SB) and in-
tegrator (Li 188B), at each of the sites. The
degree of exposure at each site was estimated
using plaster balls as described by Muus
(1968).

Additional dives were carried out at site 7
at approximately monthly intervals until
March 1990. On each of these visits the
lengths of 20 randomly selected plants were
measured and recorded.

Analyses of variance were carried out on
the data and significance (p<0.5) of differ-
ences between means was calculated by Dun-
cans New Multiple Range Test.

Results and Discussion

U. pinnatifida is widely distributed within
Timaru harbour. It occurs on a variety of
substrates, predominately on rock but also on
wooden and concrete wharf piles, on mooring
ropes and hulls of boats. Plants were found
growing on rocks ranging in size from over
one metre down to 5-10cm in diameter.
This may be the lower size limit as an area of
small pebbles (3-5 cm in diameter) at site 3
had no visible plant cover while a steel cable
running across the area supported healthy
plants. This tendancy for plants to colonize
immersed artificial substrates is well
documented (e.g. Hay 1990, Floc’h et al.
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The depth range for the species is usually
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to 15m (Saito 1975) although Floc’h et al.
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Change in PAR with depth at site 7

(1991) found sporophytes growing on rocks at
18 m in the Bai de Lampaul, Ile d’Ouessant.
Where suitable substrate is available the
prevailing light conditions will determine the
lower limit for growth. In Timaru harbour
PAR is reduced rapidly with approximately
70% of surface light attenuated by 2m and
more than 95% by 6 m. These results ob-
tained at site 7 (Fig. 2) are typical of the har-
bour as a whole. The maximum depth at
which plants were found growing was 5 m be-
low MLW despite the presence of suitable sub-
strate below this depth.

The vertical distribution of U. pinnatifida va-
ried in different parts of the harbour. The
majority of plants occurred in the upper 2 m
of the water column with the maximum densi-
ty of approximately 22 plants per 0.5 m?
being found at MLW at site 6 (Fig. 3). At
most sites (2, 5, 6, 7, 8) the maximum num-
ber of plants occurred at the surface or within
the top metre of the water column with densi-
ty decreasing with depth (Fig. 3). At sites 1
and 3, density was significantly lower at the
surface than at an intermediate depth of be-

tween 1.5 and 2m. The distribution of Un-
daria plants at Site 4 is different from all other
areas sampled in having an absence of plants
at the water surface (Fig. 3). Maximum den-
sity occurred at 2m depth and decreased
thereafter. Because of the preliminary na-
ture of this survey it is not possible, at this jun-
cture, to provide definitive explanations for
these different distributional patterns. A
number of factors can affect the vertical distri-
bution including substrate suitability, turbidi-
ty, grazing, competition, and turbulence.
Zoospore attachment of U. pinnatifida has
been shown to be adversely affected by cur-
rents above 8cms™! and its cultivation is
more suitable under moderate to low wave ac-
tion (Saito 1975). The degree of exposure
decreased from the outer harbour (Site 1) to
the inner harbour (sites 5 and 6) and therefore
turbulence may be a contributory factor to
the observed differences in distribution with
depth found in Timaru harbour. At the
more sheltered sites (2, 5, 6, 7) maximum den-
sity was found at the surface whereas at the
more exposed sites towards the harbour en-
trance (sites 1 and 3), significantly fewer
plants were found in surface waters. Sander-
son (1990) also noted a relationship between
plant numbers and wave action in his survey
of the east coast of Tasmania. Site 4 is the
main container wharf, and the low density of
plants in the upper metre of the water column
may be due to the greater amount of boat
traffic preventing establishment of individ-
uals.

Based on the number of individual plants
encountered at each of the sampling sites we
have estimated the total size of the population
in Timaru harbour to be 77,600%5,600
plants. These data indicate that Undaria is
now well established and thriving within this
southern harbour and any attempt to eradi-
cate it would be futile.

The size of individual U. pinnatifida plants
ranged from 10-80 cm in length (Fig. 4).
This is well within the known range for plant
length recorded from other parts of the world
which typically attain a maximum length of
3m (e.g. Pérezetal. 1981, Akiyama & Kurogi
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1982, Sanderson 1990, Koh & Shin 1990,
Floc’h et al. 1991). At most of the study sites
there is no significant variation in plant size
with depth (Fig. 4) and the size range of
plants encountered is small. However at
sites 1, 2, and 8 towards the harbour entrance
significantly larger plants were found (Fig.
4). Degree of turbulence and concomitant in-
crease in nutrient exchange, may in part, be
responsible for this observation. In a study
of different U. pinnatifida populations in Ma-
tsushima Bay on the Pacific coast of Honshu
Island, Taniguchi et al. (1981) found that
plants from the outer bay were larger than
those from the inner part of the bay and that
morphology and phenology also differed at
the different sites.

Water temperature is considered to be the
most important environmental factor influenc-
ing the life history and ecology of U. pinnatifi-
da (Saito 1975). The temperature in Timaru
harbour at the time of sampling was 16°C

and the long-term mean monthly sea surface
temperature ranges from 8°C in July to 18°C
in February (Greig et al. 1988) and is thus well
within the range for completing its life history
(Funahashi 1974). The period of maximum
growth for sporophytes is spring (Saito 1975,
Pérez et al. 1981, Koh and Shin 1990) and
therefore by the time of this survey in Decem-
ber, the growth rate would have already
declined and thallus decay is likely to have be-
gun (Koh and Shin 1990). Saito (1975) has
reported that while sporophyll formation does
not appear to be under temperature control
zoospore release is, and begins when the 10-
day average water temperature rises above
14°C. Similar results have been reported by
Pérez et al. (1981, 1984) who found that
sporophylls were mature during summer
(May to July). More than 90% of the plants
encountered during this study were reproduc-
tive and therefore it is highly likely that they
had already reached maturity with zoospores
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Fig. 5. The change in mean plant length over
time at site 7 within Timaru harbour (bars indicate
standard error of mean).

being discharged.

During subsequent dives, at approximately
monthly intervals, a significant decline in the
size of plants was observed (Fig. 5). Die-
back occurs as a result of erosion of the apical
portions of plants, and by late February only
basal sporophylls remained. By the end of
March the majority of sporophytes had disap-
peared completely from site 7 (Fig. 5) and
from the harbour as a whole. This sequence
and eventual disappearance by late summer,
follows a similar pattern to that observed in
Japan (Saito 1975), Korea (Koh and Shin
1990) and in the Mediterranean Sea (Pérez et
al. 1984) but differs from the situation on the
French Atlantic coast where sporophytes can
be found all year round (Floc’h et al. 1991).
Hay (1990), too has observed several succes-
sive generations throughout a year in Wellin-
gton harbour, New Zealand but didn’t state
whether the sporophytes are present all year
round. More detailed studies are required to
ascertain the annual cycle of events in the
southerly populations.

U. pinnatifida is often considered to be an op-
portunistic species, colonizing disturbed and
sparsely covered surfaces (Sanderson 1990,
Floc’h et al. 1991) but lacks other attributes as-
sociated with opportunists such as several
generations per year, high fecundity and high
net primary productivity (Littler and Littler

1980). The low competitive ability of the spe-
cies is implied by low abundance among large
seaweeds or sessile macrofauna although it
has been suggested that it may possibly com-
pete with other annual species which have
periodic recruitment (Floc’h e al. 1990).
The sublittoral flora of New Zealand has no
large brown annual species similar to Saccorhi-
za polyschides (Lightfoot) Batters from the
north Atlantic but it may compete with
smaller brown fucalean seaweeds such as Sar-
gassum, Cystophora and Carpophyllum. In
Timaru harbour the diversity and abundance
of macroalgae associated with U. pinnatifida
was relatively low but at the present time we
do not know whether or not the presence of
this newly established dense kelp canopy has
had any impact on the native seaweed com-
munity.

This study provides a preliminary quantita-
tive analysis of the vertical and horizontal dis-
tribution of U. pinnatifida in a southern New
Zealand harbour. The data indicates that
since first being encountered in 1988 the spe-
cies has become well established and a thriv-
ing population now exists. The number of
plants generally decreases with depth but sig-
nificant differences were found between sites
with different degrees of exposure as assessed
by the use of plaster balls. The size of plants
found at sites close to the harbour entrance is
significantly larger than those encountered at
more sheltered sites within the harbour but
there was very little variation in size with
depth. The annual cycle of growth observed
in Japan and in the Mediterranean Sea also
appears to occur here with sporophytes disap-
pearing by late summer.

Interest has been expressed in farming U.
pinnatifida in New Zealand using similar tech-
nology to that developed in France. While
the species is now clearly well established and
is unlikely to be eradicated from New Zealand
waters, proliferation of kelp farms would un-
doubtedly lead to further spread of the spe-
cies. Until more is known about the poten-
tial ecological impact on the native flora this
would be an unwise move. It may be more
appropriate to harvest wild populations from
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unpolluted waters. Under suitable manage-
ment regimes this may keep its spread in
check and at the same time provide a sustaina-
ble resource for the development of an indus-
try based on the species.
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for qualitative analysis of photosynthetic pigments from algal materials. Jpn. J. Phycol. 42: 71-77.

Although thin-layer chromatography is a very convenient method for analysis of fat-soluble
pigments such as chlorophylls and carotenoids, the procedure for preparing a pigment solution as a sample
for chromatography has been rather complicated because of the necessity of transferring the pigments ex-
tracted in methanol or acetone to diethyl either. In the present study, direct extraction of the pigments
from a raw algal material by diethyl ether was examined in order to simplify the sample preparation
procedure.

An adequate amount of plant materials, such as 3-4 cm? or 0.1-0.2 g algal fronds, was cut into small
pieces with scissors. The frond pieces were ground in a mortar together with 0.2-0.3 g of dried silica gel
powder, and the powder of the ground material and silica gel was then scraped out of the mortar and
put into a disposable micro test tube of 2 ml in capacity. About 0.5 ml of diethyl ether was added, and
the powder and ethyl ether in the test tube were mixed well. After letting the contents of the test tube
settle for a few minutes, the upper ethyl ether layer was removed and was used as the sample for thin-
layer chromatography.

In the case of the thin-layer chromatography of each pigment solution, a 20 X 20 cm Merck Silica Gel 60
plastic sheet, cut into 40 pieces of 1X 10 cm, was used for thin-layer plates, and a test tube of 13 cm in
length and 17.5 mm in diameter was used for a developing chamber. Almost all the major pigments from
green, brown and red algae could be separated on this thin-layer plate using a mixture of petroleum ether
(B. P. 30-60°C) and acetone in 7 : 3 (v/v) as a developing solvent.

The procedure devised in the present study is applicable to research work of algal taxonomists and
biology laboratories at the secondary school level.
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Fig. 1.

A complete set of tools and reagents used in the extraction and thin-layer chromatography of

pigments from plant material. A, scissors; B, mortar and pestle; C, powdered and dried silica gel; D, spoon; E,
disposable plastic micro test tube; F, holder for the micro test tube; G, diethyl ether; H, pipettes; I, small spoon; J,
developing solvent constituted of petroleum ether (30-60°C) and acetone (7 : 3, v/v); K, silica gel thin-layer plate
of 10 cm X 1 cm cut from a plastic sheet of Merk Silica Gel 60 thin-layer plate of 20 cm X 20 cm; L, capillary tube
of polyvinyl chloride resin; M, tweezers; N, test tube of 13 cm in length with silicone plug and test tube rack.
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Fig. 2. Procedures of the extraction and thin-layer chromatography of pigments from plant material. (1) A
frond piece with the excess seawater wiped off with tissue paper is cut into small pieces and put into a mortar. (2)
Dried silica gel powder of 0.2-0.3 g is added in the mortar. (3-4) Frond pieces are ground up together with silica
gel powder. (5) The powder of the ground material and silica gel is scraped out of the mortar using a spoon
and put on a powder paper. (6-7) The powder is then put into a disposable micro test tube. (8) Diethyl ether of
about 0.5 ml is poured into the micro test tube. (9) The powder and diethyl ether are mixed well using a small
spoon. (10-11) The micro test tube is left to stand in a holder for a few minutes, and the contents separate into two
layers. (12-13) A small volume of the upper layer, the ethyl ether layer, is repeatedly put on the point marked on
the thin-layer plate 2 cm far from the lower end using a capillary tube. (14-15) The thin-layer plate is put into a
test tube containing the developing solvent of about 0.5 ml, and the test tube is sealed by a silicone plug.

o e L L e - -
EL " sy S
30" 45" is 1300 2 4 8 1530
Fig. 3. The time course in the development of
pigments from Ulva pertusa on a silica gel thin-layer 1 2 3 4 ) 6
plate. The number on the foot of each test tube in- . . .
Fig. 4. Silica gel thin-layer chromatograms of

dicates the time since the plate was put into the test

tube. pigments extracted by the ordinary method from a

The temperature was about 20°C.

terrestrial plant Camellia japonica (1) and those ex-
tracted with the simplified procedure from Camellia
Japonica (2), a shallow-water type green alga Ulva
pertusa (3), a deep-water type green alga Codium con-
tractum (4), a brown alga Sargassum horneri (5) and a
red alga Grateloupia filicina (6).
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Fig. 5. A positive picture printed from a negative film on which the thin-layer chromatograms shown in Fig.

4 were printed. For other explanations, see Fig. 4.
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ETELREBED=F AL —FABBYRE L
T, A—0v Y » 7 #@i@7v—t+ ECREALTEDL
hicrm= /56005 -FH% Fig. 412, €/ 7
r @ Fig. 5 IR T, 7% DFEILREEOHE
ZE->TELALRR L BFEERC L > TR LACES
Lo, 7e<t 77 A BERERRD LRI
WZ kb B (Fig. 4 D 1, 2), ¥, BITRGRT
FTAYD IR} 75 A (Fig. 4 D 3) i1V F D
FEDLD (Fig. 4 D 2) LA—THHOK LT, B
HBEY+7 b irDsr=t 75 A (Fig. 4 D43
VRERT FT A ERIL-TEY, VTAVvEES
TERYUFURIBEAERE, BBRIEVYHREA Y



76 Katayama, N., Hirata, T., Kurashima, A., Dasai, A. and Yokohama, Y.

Lok FFRYy Vv FUYDAR, FARDOLRD (Fig. 5
D 1-4), BT HE/DIw~< b 754 (Fig. 4 D5,
Fig. 5D 5) X7 rr7 4 Lb%ERE, FEDTCLEL
smmr7 40 DRFEBADAKE, P HRDOND, &
BIEWVEER AR, MIBEOTELFF VLT 4
LTHBE7aFHVvF v Thb, TDOLEMzELTYE
*FSFHFVFUVDOAE, PRFELTVS2, HFX
R#ETHB, Lrl, BEAED 7 v -+ #EEOEK
CEAL LY ESHEKE LY THLE, €4 T+
VFVYRBEAREL T LD, TOEEYMSE
LITED, KIELH T/ ) OB (Fig. 4 D 6) iL,
AeFvEBI®Zen7 ;hvalficrsa=t S5 A
Ee@BbOhBBERILTI VP THB (Fig. 5 ©
6) FLEIZZ R DD, HREDT7 4 2=Y by v E
FRD7 4 207 =vEIOTr7 4, 2T =vks
BLTWEH, ThbIEBBECHETIVRRLA
ELBTHALD, 7r< 774 EizBbhic,

/=t 7S5 akDs7er7 B IPAeT /A
FOARy ME, BERTTERCIL LTEL LEE
CRETEN, Frv— & H Y VAR TEAHREN
BRELLLIS, 1FXEALTHBEIIZEALR
Dbhich o1z,

% 2

5 LAt A T35 &\ 5 SEIBAFE Lick&s
THBELFET, V- FOREMLLAN LI-BRBK
¥REE LV FABRB IR~ 75 AL, K
DEHHCFECTHABR L CEBRBREFER L Licbos
ZRRDdHhich ot (Fig. 4), BATRGES X OB
AGROBED /e~ 75 A BELIT L AR
DERLEALTH-T, Ehe, BEER IVRED
7Rr= /7 ARBVTY, ERALATWAERK
BRITTHECRED b, #-T, FHERE
BoNEOHOEBEROSTMCHLTVHEEL
X5, Bk, /e~ /5 L% Fig5DLd5cE/ 7
rRERE LTRETHHER, KBEDOI/r=t 754
ERMTRESL, FHETIRMCBMERTEEEL
%,

BEEEEYDII LA L OHEREI, ——sn
7T 74 R IBREOEROSTENEREE
ELTEH-TWB, LL, WTFhoBETLHEE
KCRRINTWB IS5 ER /v~ 75 813L5
TWBbhicv, Thywx, TOEROERIEREC
KUERAE 2, OWTTEDE S b idbl¥Ee et

THERERABErRICARILTHRE Lo HEL,
BEDEROBETHRAIA TV B EDOFEL Y Ll
EThs, Fig, 2OHFERLI-THBLRL /=
I8, R—K—smr=2 bS5 7 4 —DLDLITK
Biciebis K BUWEBTH B,

BTORROEED & 5 BRI OR G ukE FE
BOBRECRIE, 1 v AZ v FERERHTORR > T
WBFY VY Y U EOREERAEFIATS0MK
LB eD, LvL, BB SEES
B OhOREMPFIO—RE EDHTWHIcT &K
Vo XABEMOSEEYBRT Ao b BE0®
KON ELDTHRHTH B L2 5, FHFET
BAuvic k5 Ielg 0K E, 8%, RIS XOBH
RGE LB LY ORIEL CEREARLHERTH L,
BRAGEREOZ B HEY L < RA—ThB Z Lih
b, BEEEYOHEENKTEGETH > L0E
BB T& %, Barghoorn and Schopf (1965) iZ X
i, BREIIBEMCIHBE LTV L ERBH,
Berkner and Marshall (1965) iZ X - T#) 6 {84ER T % T
EBFCRDEMNMEIKIE 5-10m FTEFEL T L
EhTWB0T, #6BEHME CTRBATNT +r
FHVFUEEETARENBE A LELZLRD
(B5¥% 1981, 1982a, 1982,b, 1985, Yokohama et al.
1992), D& D, vARFFHVFURUARL VEN
SHERERELEEHRVEREORMTEKER, ©6
BENUBCERMGEOFRE LTHE LI WS
ZERIeB, LI 4 BERNICERITEGEL EREL
TE LM > tctedic, BEEEYOEITTE
BaThh, BRHGELA—DEEARLYETHLO
LEBBRINDDTH S,

Fig. 4 38 X0 Fig. 5 R Lic#ed ¢+ fE L 2 LM 1
EDIrsr< 772220 TE 2T, H6EBELULEH
CHEELTWIDRERID 3 DD 214 7o% DiLE,
BERELIVCFETEGRCAOhDbORTFEVS T L
ek, BANCEMT 5 REXYHET S LERER
LT, Bt 742=) b Y VBRI 72y
FUEETREREELT5, KBOBELAELH
THH742=) bV VIIBEBREBECEB Lkuvwi
B, ThrklEDs7 e~ 77 s kicBbhsdz bk
I Bl ®R B, BRLHE LcBo/NRBRERD
BESKRSERLTVWAHZ Enb, THIIEMEIIRS
ThHHY, BEOFY VL7 4 A THBE7axH v F
ViE, 7=t 77 A LB TERECBEAD AR
vy PEBBR LT3, HEHERETIL 450 nm fHEOF
EBXARINT B DEFKL, EERTRCAECEE
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& LT 540 nm fHEDRENLYRINT 5 RECTHE
LTW3Z EhMERENTV5 (Anderson and Barret
1979), #2#8, 73V v F v OBE LIk AT E
ez ey ;L a BRI cONFLELFEES LG
RIcAEBREGRE LTORBLR LD, £4H
D7 aFHVFVORETHETHERTE R,

FRRGEY M ST 5y 7 4, L THD vk
FEYVF UL, FOZATATHEVAFAVEL
LT, BEO7 2ty v v L2 ARLERAOBE
DAKy b a=t /56 bHBRT D, EHED &
Z1it 450 nm fHEBIB KX BT5hboak
RN TIL 540 nm (HECRIEA BT HRET
FEL, BEXLHBETIHAMETRE LTHEELT
WhHZ &L, BREZOHEHREECL > TRVIEE
tiz (Yokohama et al. 1977, Kageyama et al. 1977,
Kageyama and Yokohama 1978), D, k7 ++
vFEVRZER T e BID b EEBRIAIELSE
R LBREAXCBEAG BB I h B L,
fbDFFZEE (Anderson 1983, =FE 5 1991) I k B4
RebbeT, vhrFHvFviovhix vy, B
BO7axHvFvEEbdTILUEHYTT
ExbhB L5k got, LvL, EREGEISBE
ETHI L, Thoos s (25%) &
EERBA Y —F 7Y — SIRIT VBRI 5 RS
BEYETHCEEE STV 5, Zhul, BEOEE,
TaxHvFURSTFHTZ ew 7 4 L a D60YHITE
LEEINTNESZL, 7re7 0 HNEBIGEIVA
¥ ETr0H LT, EFREGROBEIE, vk
FEVVFVORDD XTI FFHVF UL TR
1 vOBEBENRZrr 7 ;L o DIKHEIE LMD
2, BREYETE/re 7 A b sreT 4 0alT
HEVWETHEELTWABLEDEELLRS,

B EDXEBEHDE, L TRETHHDIH LT
BEOGENRSHTHHZ LeRBsTr o Lk, BE
BIUL L2255 A4V VBOBEE L\ 5 IRBK T
BREMEOAE*BETS - Lieolnis, BEAR
FUZIFEE Lighs » T FREEV RO BREO AR
Lo TRIFIERL, TORBREERIRIA Vv
BoBNEERDEIBHEAS OB L Thics| &
B EEXTEC LicDTh h, BFTLOBRE TS
EOEMEGEY LR EHEY ORI & /s 5 H#REOK
FERENHEBE LI EEZ bR BN THD, ABL
DEBNCREONEENMRL L bic, £WEES

JUOBREEBFCRL TONIULETH D,
51 A 3z &k
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Shoji Kawashima:

Drifting records of alien species of the Laminariales (7)

Arthrothamnus kurilensis Ruprecht
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Shoji Kawashima, Hiyoshicho 4-29-15, Hakodate, Hokkaido, 041 Japan

(8) Arthrothamnus kurilensis Ruprecht > <% 27 > 2

V7

* =27 va v Tg (Arthrothamnus) DRAFF (LLFE
B > THER LT D) IFRFUPBEIETH D,
L TEDIEDETHZFICTUR S h 5 FR M5 11
o, FoMOBLVERA L, ToHEd IR
bl T 5 (FH 1902), HEMILEAT, HEEH
BUXREAIE L THEFE 1 BEFXTOETRI 50T, F
HERDHICONTKEILERCHET 5,

327 vavIBRIET Y - — v+ VHIESSILE
EHNEEA T E TOKFEHCIRL AT HF a7 v =
V7 (A bifidus) &, TEBIEDYALE, YL, T
B, =tr B9 Y VEREROZ Y VA (PR
BE) WAL O RERRGEE»bIbhTvw 5
Fr=RaTvavT (A kurilensis)y O2ENDHB
(Nagai 1940, Tokida 1954), RiFIIZEHIE L RET
T O O D E R THEAT 5 X 5wl B L
T5H, BEOEIMAERTEL, O T b ki
WEAEA L, B L CEMCEET S ATRAIE R
% (BE#1902, Nagai 1940),

F U= FaT a7 OEFEC OB R
(1992) 7319914 4 A4 A WA~ — v 7 oOMR (K
i) WILHEK 50km HE TR > 1IFH B
LR LHEEI N A HVEGREBNL, B C
HEF~Y VB2 Y ) VLIS SRR TE b D
ThhHH EBRNTWB,

T AT x 2T v v FIREE B
1989) ABRICAFLEISEAZIT S WTHREL, &4
D RBERNILDOTH D, HEFIL19874E 6 A15AIC
dok = 7 EnREOMEEHBILHE 7km O LT
ERABEHBFCHEI T Iod =7 5 4 (Alaria
fistulosa) 2 A A (Costaria costata) & —FEICFHER I h
7o THHLDOEEFE®L 18cm*X10cm JEX 5mm) D
ORI BB A A G > TEE LT b D
T, Fy=xaTyavI3EHTcIflEsby, To

5% 2 EFIL 1 OIBZE & 2 OFHEAFOH, o
TEETEIED F F THE LD TH -0, BIED
2RI K & IS 5 HTBRERICIIE EA KR L
7eDT, Fig. 1 KIZZOKELALET AR LIS, i
HEIT LR 8em 5 146 cm ¥ TA/NEE 4« DIEMEL S
%705, Fig. 2 [IXE D 5 HLHEEOHM L 1 EfEaER <

Lo

Fig. 1. Driftage of Arthrothamnus  krilensis
Ruprecht, with a pair of new blades issued from
auricles of an old blade. it was entangled on a
fishing pole set together with 8 other plants, about
7km NE off Abashiri harbor, on the Okhotsk Sea
coast of Hokkaido. Collected on June 15, 1987 by
Y. Nishihama.
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6 i fkA 7R L7,

Fig. 1 1R LIcBEM AT G < TRl RHER R 2>
Llic b ESTEDL, ThrbHaZEIEL, 13
IRl e, FpROIAHELE, Z oMo
HIE &L S - FRE L TR AR 4om THR A
EL, HEOIEER EFEDRE VI (Fig. 1 0L
DYEHFI 3 D 1ITiEEE 1eom 13 E DOMIME 2 Flic
Mg - T b, BIEERCRVGEEALETSH ER
IHEBETH B,

Wiz, Fig. 2 R LIcBIED 6 iz K hoEz %+
Hh, ERHEERE L AL 1 —2 @i,
KEHEARTIERZE 2-3 mm B H i, FILE L
FIRE R 2322 E LTV, B B e 2 v T &
(Laminaria) & RIBRICTEA LT, a, b, e, { OIEFKITIT
[HIEARIZFR D, B e LSt 3 A TIRLRBIA
JR B SR OFHE & & OV TE B FR o IHEA AR
CEATES, T, o d IXIBRELBLTiE U2l
THbo

ZhBH o EDOERL FIRWHECH I - T 2 7MY

Fig. 2.
but from the proximal part of each old blade. a, b, e, f: frond with the remnant old blade at the top. ¢, d: frond
losing the old blade. Collecting data are the same as in Fig. 1. Arrowhead indicates origin of auricle.

MBI TV BA, KELEFOBIE TR
5mm { BULOMETH B DI, HHETIHELR15-
20mm % B H M DH 5\ L ERIBR e b, Fu
WCLbNTEL TR IcD, DX 5
MLk 2 7 v 2 v T B o dC b BEF O JEE A
EHEAOLDOTHY, = v ITBTIELL Rbhiguw
BETH5D,
HIEDIERTHIGE TR0 SR DR FERORE X
7396 cm Db K X eBEFIT T, Lobrhir i
INERRDOBIRMEDBE E VS BEDOLDTH - e
(Fig. 2, a)o # 27 vav7BORThFra7vay
ZTENE (1989) NWEHEETRLTVS L 5 ICHER
20 cm (& EDOFCIERDORED BB K & < R
BT EEWIETHEZRIKREIGENTHD EE 25,
Tokida (1937) DR LIcF ¥ =% 237 v 2 v 7O
EEROGESL, HOBRE LIcEAR eiiE KK
AT THHBAIE BRI T oL,
Rl 7e & 5 I EREEEED 5 b Fig. 1 1R LIcHE
Rz OIRE, FHCENBENLT 580 bW LI F v

Single-stripe driftage of Arthrothamnus kurilensis Ruprecht. One new blade issued not from auricles
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~xa7vav7ThHH LY TES, ¥, Fig. 2
CRLE6EOBEAXI= Vv TBOLI5CI RS
2, B X5 i Em EoSEMMLE, B
BOBENEDONDLEENR DD L b IhIZHL
mexaTravIRBIEL, LrbEREEN D
EBLIs-ToHbEREhAED S Z &, ZiEAER
TEMLLTWAZ L, FLREOREIEVHKLT
BWCthEnbRTFv=xa27vav 7 LRET
&5,

ChBLOEEHIREREBROA +— v 785 iih 5
HEBRFOERNSRTY Y vEBAEMDO 7 ) U+
YIRS RE S A SBEPRED» S IhhED
THRBE I EEXDDONEYTHAS D, TDERMT
TFEINEDEE I SEE LIRS H 543, &k
TKEERERS O KHME R ORI X U F DRERILE
WEWLS,

COEZEMIF =R aT va v TRDOWTNED
PORBROMBLI DD EXTELT V5,
Tokida (1937) (X7 V V * VIBFHE DB WCHHIE
(young primary lamina) &ZhnB4 UIHE (new
laminae) (ZERFETHZ LHBEL T 5, LA L,
ZZIABA LI Fig. 1 OFERBRTH H, Tokida D
WOEREL QWBCE L CEENRD D, Lichi-
T, ThbB2oD %A 7DEMEKMZ Y Y+ VIRHFD
AL THMOSMBCLEBETH0E S50, Tt
FREOEVWEF ISR TERYPHLMCTHC LT
Zxa7vav 7 BHOBEBEREG T, thi
JTFED Thalassiophyllum =° Hedophyllum & DIFFH%E 2
BOISEPEELHERETHAH 5,

* a7 vay 7BOFEMRETEIDCE I,
Fig. 2 @R Lt Loz v7BEFALBEDE ETD

BALRIABZ LMD THLM I T, Zhif)
B (1458) oBECMOIHORE THEMBIE T
CERADIR e h o fotodic, EERLETNER
EOERCHETL, WhWBREELELEMINIBE
53D THA S, DX F2aT7vav7 R
ELTOEERFEVRLMEL, = v 7BLRALE
EFEYRTIFERIFITHS 50, 2D EHHFRHI
hhid= v 7BEHOBEI T L » THEZI LT
B eV RIES, BREORMBEGREERTH—DD
FRETREBTHA 5,
BEYLBREROBRYBRET I - ARE_E
+, Bt R — Y BB OV TERYE:
T ABMBERCE#T 5,

X [

FRME— 1992, 4 +— 7@ TREIRIH Y v
Eav7ieounT. JkEL L H (16):32-33.
JIEEB— 1989. =27 v 2 v 7|® (Arthrothamnus,
Laminariales) 2 fOEDOHE, Hichik Lk
sl 5EicoWT. BRREF¥LFISERS
MEEE, WH37:73.

JIIREE—  1989. H&EE = v 7HRE. JLAKEEL
v —, fLig.

EWEE 1902. BAFL. p.1-60. LB EKERE
BEBZ=, BMREE, mERRTKER.

Nagai, M. 1940. Marine algae of the Kurile Islands I. J.
Fac. Agr., Hokkaido Imp. Univ. 46 (1): 1-137.

Tokida, J. 1937. On the juvenile thallus and the renova-
tion of lamina of Arthrothamnus kurilensis Rupr.,
Trans. Sapporo Nat. Hist. Soc. XV (2): 60-66.

Tokida, J. 1954. Marine algae of Southern Saghalien.
Mem. Fac. Fish., Hokkaido Univ. 2 (1): 1-264.
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FCEAYE /Y (Porphyra yezoensis Ueda) (L& 2 BEERBD £ > FILEIR
=THRRRE - B

FEHRAETFEE (030 HEHmsEM-3-1)
TR MbeA:  T¥E T HEEMPRR (305 2 XME1-1)

Miura, A. and Ohme-Takagi, M. 1994. Mendelian inheritance of pigmentation mutant types in Porphyra
yezoensis (Bangiaceae, Rhodophyta). Jpn. J. Phycol. 42: 83-101.

Sectorially variegated chimeric foliose thalli (gametophyte) composed of a red-type sector and a wild-
type sector, and a green-type sector and a wild-type sector were collected from cultivated Porphyra yezoensis
populations in Tokyo Bay in 1973 and 1974, respectively, for the first time. The red-type and the green-
type strains were isolated from the red-type and the green-type sector, respectively. For genetic analyses of
those mutant-types, cross experiments were performed between the mutant-type and the wild-type, and bet-
ween the two mutant-types. P. yezoensis is monoecious and therefore can both self and outcross, thus pro-
ducing homozygous and heterozygous F, conchocelis (sporophyte) in a cross experiment. In the crosses of
the mutant-type with the wild-type only single-colored F, foliose thalli of the maternal color-type were pro-
duced from homozygous F; conchocelis, while from heterozygous F, conchocelis were produced a large
number of chimeric F, foliose thalli composed of four, three or two sectors of the maternal and the paternal
color-type in addition to single-colored F, foliose thalli of the maternal or the paternal color-type. In the
crosses between the mutant-types, on the other hand, only a few F, foliose thalli of the maternal color-type
were produced from homozygous F, conchocelis, while from heterozygous F, conchocelis were produced a
large number of chimeric F, foliose thalli composed of four, three or two sectors of the parental and the non-
parental color-type in addition to a few single-colored F, foliose thalli of the parental or the nonparental col-
or-types. To clarify the mechanism of the formation of chimeric foliose thalli, the germination process of a
specified conchospore was pursued with time lapse by using the color-type as a marker. As the result, it
became clear that each sector of a chimeric foliose thallus originated from the respective cell of the four-,
three-, or two-cell germling of the conchospore. Thus, the four-cell germling of a conchospore is con-
sidered to be equivalent to the ordered tetrad as in fungi Neurospora. Accordingly, various types of chimeric
foliose thalli corresponded to the tetrad types, and they could be identified with the ordered tetrad types.
Three-cell germlings of the conchospore are considered to be modified cases of the four-cell germling in
which the basal cell of the germling ceased further cell division at the two-cell stage. Tetrad analyses were
carried out using frequencies of the first division segregation pattern and the second division segregation pat-
tern in chimeric foliose thalli obtained in the crosses between the mutant-type and the wild-type, and using
frequencies of the parental ditype (PD), nonparental ditype (NPD) and tetratype (T) in chimeric foliose
thalli obtained in the crosses between mutant-types. The red-type as well as the green-type is governed by
a single recessive allele. The red-type and the green-type genes are situated at different loci on the same
chromosome and they constitute a linkage group. The heterozygous conchocelis filaments obtained in the
crosses between the mutant-type and the wild-type are considered to be monohybrid, and those obtained in
the crosses between the mutant-types to be dihybrid. The recombination value was 17.9 between the red-
type gene and the centromere, 15.8 between the green-type gene and the centromere, and 36.4 between the
red-type gene and the green-type gene. The genetics of the pigmentation mutants mentioned above
proves that meiosis occurs during conchospore germination in P. yezoensis. In addition, the life cycle of P.
yezoensis is recognized as unusual one among Rhodophyta, because the conchospore is diploid and con-
chospores from heterozygous conchocelis produce chimeric foliose thalli after the meiosis that takes place
during germination.

Key Index Words: Clmnera—concho:porc—dthybnd—l ife cycle—Mendelian inheritance—monohybrid—
ordered tetrad—Porphyra yezoensis—pig tant—tetrad analysis

Akio Miura, Faculty of Engineering, Aomori University, Kobata 2-3-1, Aomori-shi, 030 Japan

Masaru Ohme-Takagi, National Institute of Bioscience and Human Technology, Higashi 1-1, Tsukuba-shi,
305 Japan
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1. LI

AVE VL, BB/ VORIRENBETHS
(Miura 1988), ZDORIFEMD )2 LHRERX %
LORSREAD* 2 FERGE (R1, R3) 71973
£, HBVCTREER S %200 DIFMIMEL LT
D TRAFEI I, ThHLOERGMLRER
R, BEHRM, SIOTLERRFHELIEL, Th
LOROBRE, MR L (Miura 1975, =§#
1975, BER1976), ZhbOBREREOBETH
WxfT -7 (=9 - E#E 1980, Miura 1985) & &ALk
TRABRLEREEIWRDKE Y Tho1,

AHE Y DEFERIIERGTH 5EBMHOHAR L
FRETHBRFEOMNR L DM THRAE LAz
RO TREIh TV 5, BERGIEGRHTIE
BTHHOER LT, ARGIBROT2HEETHS
(48 1993), $EX, 7=/ VBOBRESEL, KRG
R IhA2BRIETFOUBECE. 230 LEESH
T\ 7o (Migita 1967, Giraud et Magne 1968, Kito 1967,
1974, 1978), LH L, AHREOKER, 24/ ¥ T,
BESHBIBRTFORFRCEE 5 2 LHWREENIC
BLMEh, ZOZ LRI > TEASREADF 25
ERENE LD LMok (Ohme and Miura
1988, A H 1989, =i# 1990a),

¥, BRABAERA THLREHLGAER T, ¥
—0, FOMIBETICL > THRIA TS &,
HRERRET LBRENBETIL, A—EHHEFCRTS
FERIBETTHB &, Lichi-> THREEHS LU
B L HER L OB —RETHETH Y, RER
LRER L OBRBIRBRTRBE OO LD
%> 72 (Ohme and Miura 1988),

ZOMBTIE, FEBLFERLGEMNLTERL
FIoWTGRRBA, CoflicBHfikeaR, BHigail,
PRER, REH, BERLISEIh TV, 2hb
DEPEIVThi 4 v FAREBECL > TEESRS
Z EHEED BTV B (Miura 1985, Niwa et al. 1993),

EROFEFOWCTUTRBRSE Z LitT5,

2. MHEEE

1) # #
FRERORM (F-6) X TEREEHOFERRER
FEED 7 ) BIEFRBC BT HBEEROF» LKA
BHo—aPRERGOBEDCBGYEIRL, *o@EMG
PHRETEE > TRIRGBEEE L TRESh TV

LDTHS (={f 1975, Miura 1975), —77, FEH
DR (C-0 giant) 1%, FERCE L/ Y BEERS T
HEINRERX GHFOXSREA D+ 2 SE RS
DBEMEHNSRBT Y L > TER LK, TO&RE
Ho—aEREREOFIEEOBMGEYERL, £
DEGHLILICS ) —ERRTY & > TR E
BLTREIATWRLDTHS (FEEM 1976), F
ERORM (U-51) 13, TERARFENSABRERR
HED /7 ) BEERBI 1T B RIBEMO A S BIRX
heBERNOERGBOBEOBSILRIATY LT
SARGEYERELTREIRTWARLDOTHS (Ohme
et al. 1986), 7td, THBORFOBKIIVTHLHER
KEXEEEHMEYHEEOMRBCHREIR TV,

FER, BEMNK IOCFEMCOWTUL, Zhbo
ERG L ARBOEBBRIEAN7 L EBREREOE
EHELHCER TV S (Kikuchi e al. 1979, Aruga
and Miura 1984, Niwa e al. 1993), EFAERIZH LTk
BEL7 4 2=) R ) YOBWNIGEEZERTH ), &
BENE7 4 2= ) 2 ) VAW BIGREER TH
B ENBREIRTW2,

2) k%

BERAELZXBEEROFTECLSDVTHERL
(1976), =i (1990a) 3 L O'={fl (1992) L <
BRBERAT %, RHEEROBIEOFIRL, BRLL
bic, REREFER L OTHOBECOVTUIR 2
w, HREHEGERLOTHOBEEICOVTIIR S I
LT,

BREIh T 5RER, FEHR X OCHFERRHO
FRENSTHCA B RARE LUK LT HERS
YERT B, L, REAEHLRIC LI ST, £
hZhoERoRBaiOERED ERGTH S5
2x2em <SHVWDPNERE IR XN LD, YIhE-
T RNERIL 300ml BOZA7 7 A3 CPEL, B
FFHERIN S  THERT S, RETHE BRI
HBLTL 3D THBRDERIBH LN S, ER M
BB LI LDeh, EREROIHELT, BRI
S$TERLTESLzOWRY (BRRF) *x,
TR & > TRRECEATS, RIaTOREHE
530-40 B I I RBE O BE I A RAED = r = — A%
HARRINDL5kb, D1 REDKRG T
H F, SRR, BRFEELHTTHLH0EET
i1, B3-5mm Dzar=—RAEREL, BFHEILIS
Ioweien, BEANBATEL LI Tchbar
=—RBEPRTLR, Fl1oDar=—-ZLig=
73 A PEL, EEYHTS, 2D F, Kikfkic
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R1. A4 E/ VYCHEBRIESREA D * 2 SERG W, BEEXS ; R, KREEXS ; G, KAEE

X4 (=1 1979, Miura 1984)

RETELZERIE, BRETEHEEITIREER
#3ichs F BEREBXERT 5,

AYEV VL, HERKTHBOT, BIELMAED
Badd > TB, LichisT, BERIFER LD
XTI, A X 2HEEORREL BRI X AHE

DHRRELR U FEREYRTOTERIUNTE L\,
HREEF CIRERAVHERE L ThE, #EEORRET
HEMERL, MEORREBIHEROBERYRT D
TEHCEFTED, 0L, HTERS [BEHO
AR OFETH L NS, $1o, #H 1L LR
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FER

gkl

a%
ot 155 )
EREYY E D,

Miura, A.

b4

BEOR tA—BHBA
Rz, mRGEHE)T
% 3 THEHE,

and Ohme-Takagi, M.

oo Oﬁﬁﬂ%%%ﬁ

TnrnogENg LORBRECREYE

roRBT AL, HHRE LI-{E. To
HERE 4R AR
& LEgaE,

wen

#—> FERh 4 IER

#hen
FER
45

SR
Ben
*AF
| REFERE
FUHE & JERESRR G
b OFFERE,

2. A4E/ )V OREMLFAR L ORYEERBIEOFIHE TOREE (S 1990a)

Freihid, ARFCESREXTe-Z Litins,
ARG ORI L IEREDOREFEC D PES 5# (Bold
and Wynn 1978) % fi\ ie, SEEESEORE, BE, H
B&f, EREREBEYRAVCCUTO LR hEE
Lic, KRk LERGOERIZZNODEHICL - T
HEIhTW5B, RRELERG L ClRTOLED
BitoTW3, ER LIRRBORIRTEY R I
BICiE, 22°C, 2,000lux, 10hL: 14hD D\ 5E
B, ERE, SR&GTRrRRGBEEETS, BTy
R#ZRT, HH I35k, 15°C, 7,000 lux,
10hL: 14hD Db 5 {ER, BRE, SA&H4TE
KLENnLARGBEERET S, ER BRE, 80%&
B AR REYB LT 3-4 BRI, BERRET
DDA LI D, BETFHESECHEE EhBaT
%, 77 Rz20RECRRTFIERYHREE LARR
Th3, HEhCBRRTE, EheBEtso i
CEERBTRREF L O TEYY 52 TEE S
ferhudiebiown, BERTIX7 5 2 2 0RESCREC
BELTRFEET I, Thb@d LEX THUR
WIHBTMETH B0 ) Tl ERD LI\ 22 T
£X3-5cm Y -7500F = —AALD E = v VOB
MrEPLELT75AaNREAL, BRLTEDOH
BHELREZE IR 5, BHEIhCRBTFIRZ OBH
MCEELTRFERT B, BRHH 1om KELL

b, EREZ, BEEIrLE VT LTRRC LB
EERYT 5, BRBOERFHIRIT OB - K
HEHLRILUTH B, EREBCOERGOLERIL, B
TOERIL BB LBV, RIETFOBEEHKSAEZ
AETRIHIMROERITEET S, 0HAKIE
100#EfaLA bz e b, 50-60 HE8Ii%, ¥ERE 45-65cm
CELT, BTE L85 RRTEYERLTRR
T35, R LCERGHDRIET 2 - GhikfEr i
FTHBO&MI, 22°C, 800lux, 14hL: 10hD DU»
by rER, BRE, RALKMHT, HEEETS,

3. ERBLHFEDLOTHRR

Z DR TE, BEHLFREBIFAEORET
THEINR T 50, i, BB+ 584508
FRILE S IR0 TBRIELELACEINSB, ZOXK
IR OWTUX, =1 (1976, 1978, 1979, 1990a),
Miura (1985), =i + EBE (1980), Ohme et al. (1986),
Ohme and Miura (1988), Niwa e al. (1993) DERE D
%,

1) eERoEEER

TREROBRIIREERBEOFIEE L bR 2
DEMEERERT A, FPLHEROERLE
1ZFEEDTURLI,
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K2 Tk 1 REARGE T b F, ARfFo LA
DELTDO2EDORBED > b, LORBETIIGE
HOER L, TORBRFCIBFEROERHO L -
ERETFLRZTAZLAEZ ST bR T 5, LORRE
CIXEEEOHEMBOA L AN TV B, AKE
DIIHEBROBEER AR L, MEOHTEROBER
¥RLTW5, ZORBRBECIREB L F4Mo F
AREVELTB, —F, TORBRECIIBEEOR
KL TWB, ZORBRBTCIF4LED F, 4
RELZIVEL T B, K LORBREL DILGER
CHERD F, ARGEED B LTS L« icig
ELF ERGELERT 5, BEEOD F, ARkt DIX
®REMO F, TRELTHE Ule, —HHFERD F, 4
R i3, BEREFEMNO—GERERK L GE
XS FERKS LB BEIRBAD + 2 S
RE1E U, TORBRELHLIB4ERD F, Lk
RO LTS L icE# LT F, ERGBYERT 5,
FEROH 5N LIBFERO F, ERGLEILEL
FERMDH B OI1X, FERLRAERO—AYHO
F, ERGLBEMRS LHARRSY ENBRBES
REEA D+ 450D F, FRGNE Uiz,

bRoaERoEEERL, REHEFER DR
BOBETD I —FK L, ¥h, EXH, HXHD
WTFhOBE BEEROEEFRIL L —FK L,
EHR#ETCOBEROEERAYE | R LT,

R, EREYHBRE L, FERNY#ERL

£1. A¥E/ ) OREHARIVKRER LH
AR OEEHFRHERBR W, BLER ; G, &
R, KER (SH 1979, =§ - HEE 1980,
Ohme et al. 1986)

Bapdt rome FomEns  EEEE
2 &
G —— G eeeeeee- GxG (B%#)
GXW{
W—— W, G- G XW (fliff)
F13
R — R--------e- RXR (Eﬁ)
Rxw{
W—— W, R---- RXW (flifH)
F 2T
W ——— W meoeeeen WxWw (B%7E)
WXR—{:
W—— W, R - Wx R (ffifE)
L

* EE S EOWMTRCBTF ARt 0EEh
B TOHROBERYRL, ThrbRRATFRL -1
T R BB BRI RO BB Y =T,

LicB&writ, F, AREC3, BeEER L H4R
ERELBDRR LT, BERMLHERL L CERME
BB L LicBaii, F, RREGBCIFERLEGT»E
UL, FEMYMERE LcBACEULLERHED F
ARG EMEC X aMET, AR F, ARG
T L AMETHD EXTRE LT3,

FRRGBIL 2 5 CERBIL 1 f5FTH D (Yabu and
Tokida 1963, Yabu 1969, Migita 1967, Kito 1967, 1974,
1978) DT, A&/ ) OFHEIHT F, AREHLS
F, BERGHELLMCEZ > T3 E#HEIR B,
F, RGBT 5 BRI BESHMN F, R
BHrE UBRICREI > TWA I LRRBLTW5,

ERoaPROEREFATHED F, KAREIER
FAERYRTE L3, KRERLGEHOME L TF4E
BR LTHETHD T LERLTW B,

2) ESRBAY F A FEREOHBRE L ZTOHE

154

ZDZ LI DWTid, Ohme and Miura (1988), X H
(1989), =i (1990a) DHEARH B, & TREER
LHBAR L ORMOB ST OCTHERNS, BRA
LERR L OTMOBHCOWTIL, 4. TR
FEER L ORBPER | OFETH LD THNS,

(1) FERHE

RRHEA D+ 2 FERGHED L 5 LTS
AT OB OVCTIIREER TIIH1 BV,
KRBA b+ 2 S BRGEYEBRT 2 EKF0BEE
i, F, BRI EUZBCHBLTRbh—BE
RERGOBEACBR LA T 5, Tiebb, BKOR
HADF 2 SERBOHMBE#I: OB OSBIT
Bubhbbird-oTwhbEEZBRS,

BERLFEMLORH (1) LREMNEFERL
DR (1) OBECELHHED F, SRE1B4E
Uk F, ERoBEROFELYE 2R L, F, ¥
Rz, —BERERGOMCKSREAD + £ 5
ERGVEEA Clco RORBEA D+ 2 RGBSR
B, BEMLIFER L OREOBETIT, 92.9% T,
B4R L RER L OO EITI1397.0%, REH L
BRI L ORRMDBAIITN3% E XD TE, ¥
ikt L T—BPRIERGOFABEILE  10%1C b i
7ehy o712 (Ohme et al. 1986, =i 1990a),

=1 - EBE (1980), Miura (1985) 35 £ O Niwa et al.
(1993) REBEEROS B Y —AERNERMGOFHEICX
SREEA D F 2 RGO EX S OEER DY I
BLTEHLL, oA ZIFL1: 1785 Lic¥kS
WORER, GEMS L ORERFERCITS
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£2. AHEYVOREM (1), IOk
B (1) LHF4ARLORHEERTE CED
F, AR 54 Uz F, BREOBEE L 208
E W:H4H, R:KREE, G: EER (Ohme
et al. 1986, =i 1990a)

(1) REMEFEMLORXH

& g " Fnﬁ%%%@#ﬁ

—EYRERG
w 186
G 114

F 2 SEERMGE
W+ G*** 1282
G+W 1302
W+G+W 691
G+W+G 637
W+G+W+G 4
G+W+G+W 12

F 4 SERGOEE GXW* 92.9%

(I FREE L BFAER L O

F \
WXR* RXW*
—BPRERE
w 26 11
R 24 18
¥ £ 5 IERMEF*
W R¥** 528 166
R+W 491 172
W+R+W 280 77
R+W+R 316 61
W+R+W+R 2 0

RXW* 94.3%

* REBTH DTS HER,

** % 2 SERBEORMIEDL HATED > TER
ks b EITIC A > THEATWDZ EXRLT
Wh,

B LEBRRSOORMN D ERL, BETFEED
+ Titig\,

BBETHEYSFT VB EHELL, LrL, K
SRBEA Y * 2 FERGOVBBEIEAINT, £
DBEFERVBAL M SR LT, B
REA b+ 2 SERBEEBRT 5 EX S 0OEEROBR
B CaRERAE\NE—REFOLREZT T2
L iit, ZOBED 11 OB BRD—
KTharod Liticu,

% Z €, Ohme and Miura (1988), X H (1989) (1X
SREA D+ 2 FERGOVBBELBEAT I

£3. AYE, ) ORER LFER L 0K
L oTHEUREED F, AREBORBTFH4
URRAREA b+ £ 3R L —BERERE
L Th bRt d » GBERKS O/, HRmEs
FORGTFHROBESHBC KT 5 HBER
wW:B4EH, G: REMORRE, + : LR,
g BERORETFE X 4MEHD, XX 1T
3 MR O R TR T E O M R R
ERLTEOHOMBAOBIEE LA ExR
o M RE—HZUSEEY, My 3B HRSE
*RT (S 1990a)

’ wRms
$A5 s BEHRNO Liyer BEAWO
%ﬂﬁmw* EE;I ** %ﬂ*** ﬁﬁ%ﬁ
W+G+W+G C=E#D=F (+g+g)——
G+W+G+W C=E#D=F (g+g+)
G+W+G C=F+#D=E (g++g¢) My
C=E#D (g+gX)
W+G+W C=F+#D=E (+g g +)
C=E#D (+g¢+X)
W+G C=D#E=F (++g g) —
C=D#E (++gX)—
C#D=E (+ggX)
C#D (+g XX)]MH
G+W C=D+#E=F (g g++) M
C=D#E (g g+X) t
C#D=E (g++X)
C#D (g+XX;]MI
G C=D (9 9 XX)
w Cc=D (++XX)—
* +ESRRSODOEN Y ERL, BEFESO
+TiEE\

** C, D, E, F it 4 Mo T ORFhd A
LIRS RBEA D + £ SERGBORSERL, £
B (=) BRoHEoBEEARLTHBZ LERL,
LERELE (#) BRERDBZ LE2TT, N4BHE,

OO +ESRHAMAYRTRETES TH
5,

2, #EO F, ARG LB IhICRRTF O
LEEOH = OMBT 2R, TORFEREOBRY
% B ENCEEE L TR RIEA b ¥ 4 7 ERGEOHBGE
BOBRERAAIC, #ED F, KRGO EE I hic
RITF O RFF 20U SRBA » F 2
FSERGBOER S OEERIBINZID X5 BD
T, BPHYESRL L CERYIOUBBBR LML
BT LR L > TRIBTFORFOBE L XD T
SRHEA D 2 SERGOBHLHEH L, T/
bbb, KOREA Y+ 2 SERGEOLEK L, BREF
O 4 MR % oik 3 MBSO RF GO Sk tht
HEFEE LTWBZ Edibhote, ROMRBEA D * £
FERBT 4 RS iz bionwz bk, —RER
ERGcEbh 5BFH BRI Wb L3, &
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FaF A5 LT 4 Ml = » Moo R s -
TEEHADET S LR LTV 5B, LT,
4 MR % 7ok 3 Ml oRIa FOREEIL, T H
VA ERREDEETI CAMBA TV BHRMNS T I
LFHLDTHBZ EHRLT WA, 3 Mlaifio R
ik, Ak, 4MRfioRFHCLHITOLDOTH
3752 Mok, EHoMias BaERMc R L
T, filRs#EMEIEL, oML ASHE L
BT UteZ Edvbdiotz, L LEDERIZLAS
£\
FROREARHEA b+ 2 7 HEREDOTHBRILR 3
D A CEDO—BIOBEMEFTE YR LIz, TOXMIK
A D F 4 FIERET B0 LBHAMK Sy, RERMK )
LFAEROBRERMIEL D> TV B, ZOBEMET
BT, 3HlsfioRFEED 3 filsr thZhoX sy

1 2 3 4 5

DOFFEE LTWAHZ EARERTV S,

FRM L TR L OO E L, KOWRHA D
4 SEERML, F2, £3, E4FRIhATWBX
SicefEE (B wlBohs, 206 BORKMREA
D 4 7RG L —EBPRIERGEOTURBREZ X 4 1T
ALl Tihebh, #ETREFCREFELTR4I4O !
mH 2N, 2mb3AOFER YLD, H4D20D4
MO REFEEo—HM LK 4 D 5 O 3 flHOFEFF
R T O M BRI ZER L Clfa s A a5
IELTW3, ZOBFCIER 4D 205 4 ~DOREH L
K4D500 6 ~DREMAILED, RIEBTIRFEFLT
R4mo1Takbofifaztl, K4D2Tamrbe
Ld%, bmbe & fOMfaEEL, M4D5Tika
Mmbe s duAEUBA, bIIBEERABRCERTSC
EHRRLTWA, EHLIER4D3, 4, 6TWE, ch

7 8 9H

3. A4 €7 VERIHESREAD F 2 FERGOHVEER A, HFEMEFAMOTHC L - T
UMD F, AREDSSHE SRR T2» 4 URROREA D + 2 5 IEREOTHEER, 155
ERIRX Sy, BERX S EFEROREAMEN S -> TV b, HFRBETF A RE S h ToHb0EEERL,
3 A B OFEGED 3 MARKSREEA b ¥ 2 FEERGEOZEX S ORIFE L It > T 5%, B, KRB LGERA LD
RHZ L > THEUHRED F, RRE DI SR CRIaT B4 UK RBEA b+ 4 5 ZREDOTFLA
B bRy, REMX S, REMXS LREMOBERMEN D> TV 5, A DHELRKIC
3 HBDOFFHED 4 AKX OREA D + 4 SEREOZXSORFE L Ts > T\ b, KA TFOER 10 pm

wR$, (KH1989)
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£4. AV YV OBRERBOTHC L -
TH U8 F, fRiRtE BTFH) »64ELS
F, ERG @BG) cHEATIXSREADL +
2 SERGOBEE W, B4R ; G, ®#6E R,
FHER Y, HEE (=7 1990a)

—BIEFHRE (g/+ or i/ +) DBE

(KHRBEA D * 2 SEERE) (BRREHSTERE)
H—ZUHE (M)

W+G « WH+W+G+G

G+W G+G+W+W
HE RS EE (M)

W+ G+W - W+G+G+W

G+W+G - G+W+W+G

W+G+W+G

G+W+G+W

6 B

TRETHE ¢ +/4+ o) OBE

(KARHEA b+ 4 TERE)  (BRESFERER)

mHE (PD)
R+G -
G+R -
R+G+R+G
G+R+G+R
R+G+R
G+R+G

JEMBE (NPD)
W+Y

R+R+G+G
G+G+R+R

R+G+G+R
G+R+R+G

Tt

W+W+Y+Y
Y+Y+W+W

T

Y+W
W+Y+W+Y
Y+W+Y+W
WHY+W
Y+W+Y
7+ 58 (T)
R+G+W+Y
R+G+Y+W
R+W+G+Y
R+W+Y+G
R+Y+W+G
R+Y+G+W
G+R+W+Y
G+R+Y+W
G+W+R+Y
G+W+Y+R
G+Y+W+R
G+Y+R+W
W+Y+R+G
W+Y+G+R
W+R+G+Y
W+R+Y+G
W+G+Y+R
WH+G+R+Y
Y+W+R+G
Y+W+G+R
Y+R+G+W
Y+R+W+G
Y+G+W+R
Y+G+R+W

W+Y+Y+W
Y+W+W+Y

Tt

6 PD+6 NPD+24 T=36fE%

b CORD%,d b D DRS%,e b E DX %,
f B F ORSHE UTESRBEA b+ 2 7 HRMEA
HRENBZEXRLTWB, RORBAD* 2 I
RO EZRXK T3 A L BREE OB h T
5, SO 2BHEOBRL, FRELHFAMO 28O
BEHALERRLT5, WThHAIERRE» 3 H4E
HTHo-Th IV, HEEHNERHID 1 OTHEHEE
LHERTHEHE LMD D, TOBERIIHERBERC
DNWTHFEFTH D, EXDSRBEA D+ 4 FERGED
Eflciy, SRS 0BEHN R U THHHEIIES
5 (=) CRAEKY, RisrHECIESETER
B (#) TRORBALRTROSREA D + 2 SER
HOEXFDOEBEEOBR YR LI,

BRALHAR L ORHTELARKSRBA D + 2
SERGBOEL, 2, T3, B4R IRLIERD
<, M4D3D C=D#F=F, C=E#D=F &I
C=F#D=E D 3&#» 4 L%, ERHOEER I AL
BhuIsbre3sBsx TeMEins,

R4 0303HOXGREA b+ 2 FERGBYEE
HLLT, R4D4DORDMREA D+ 4 FTERGBIR
403D F DERGHREL, 4D 6 TRIHLIZK4
D4DE DRHHRELIBDELDZ ENTES,
R4D6D C=DILE & FORHHKREL, BbD
C & D DRA/DBEHINRLTHEHDTH DA,
CHITRENT L —EPRERG L 2, —BERER
L TR b b2, ik, RORBEA b+ 4
SEHATHDHZ LR LT 5B,

2 # M

KARBEA D+ 2 7 ERGBOEE L BHOK S5
THOKS ¥ CRERORRIES (FHAR, W, &
B8, G) YAVWIERS ¥ +RHETHATEERD
FoiretarE, LExiE, WHW+G+G LERBX
hB4R900kkbd 0, EBECRRHT L,
WHG D2ROnbib I o5CHR2 BT LD,
¥, WHGH+G+W D4R onbics ik, BE
FE, WH+G+W O3EANLID L5 HRZBT
Lizied L, WHG+WHG D 4o bicd ot
EEELRENTEL 4 X075, W & G ODRS
BAREIE, 2B TC6HOEEHLENTIETDH 5,
*, WHG+W+G DERD B\ IIERD 1 K5 H
B2 KR LT R EORSHERIIES
eV, WHW+G+G DBAII W G 0—BE
HERGBZILD, L, —EBERERGLRKSREA
DEASERGBTHS ETHE, TRRLIFLER LD
R X > TEUDXSRHMA » + 2 SERMFITIZE
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(@]
1 I
GXW iE,A\ : O
RX W "
5]
*ﬁﬁﬁmﬂﬂ@ﬁg L7
mm&
%&%

RbaF A
258
(20) EE o
1RAERAER
ERH
REG

@
(d] ‘
ﬁzél-m‘o

44#d=D

EHREA Y & 2 5 ZRE

R4. AHE7 ) OBREM K JUKRER L FER L OTMC L > TEUCHED F, SRE»LKE X

hIcBRIRTFOREER L —aPRERK L 2 Ky,
DI
3, 4,

3SEAE LU 4 KOO BRSRBA D * 2 7ERE
1, @R20F 5 2, BREST; 5, EFMRSMRSHLEE L TEY LAARRES T
6, KORBEADF+ 2 7¥ERME ; C,D,E, F,XOREA D * 4 SERGEHRTH2ESERL, &

hODXSTBRESFEHBET S ¢, d, e, fOMBEYREL LTHERINS Z LT T, EXFOERIE
FRHOWThdriRL, TORAIBEHORAYRT, EXAEOGEHEIF LB CrE5E5(=)T,
B3 BAECREBRFELS (#) TRLL, (= 1990a)

WTsMbHBZ LiITieB,

%30 [BERERS O OM<Tit, G+W+G
E WHGHW et LT 2@ h &S L EER/ER
BSTRALANTENRTVS, T W+G & G+W
R LTEERLHhIC 438 D ORMRIA T3, £
BDOSEHELB 2RSS LIBESRMA D+ £ 5
ERGOWUBABCIZI2EY Ei 4B DD L %
RLTWAED, WTFhOMBBREES Mibh bt
Vo RS FOREBEFRCE M TWE X X, &
ROUSF oz oMl BREAIRCER Lic L %5
LT3,

BT, RILRILRINTWB Lo, BRAL

FER OB L > TEULBRSREA D * 2 S
REBiL, WHWHG+G D X 5 1iKH DEFIH SRR
WTHAENKROLD L, WHGHGHW % 7oid
W+G+W+G O X 5 RS DBEFIHZREIT L > T
EXER LN DD, MHEL, BEIBUOBRCHEL
L fEREATRE VB AR Sl CHREE—SH
TERIBET L HAEMBEFEVTHEET L, T
thb, BEE—SHNE M) CE->TELD. X
HEE, B4 L fREEH TR IBRIVEI - T
NUYTIRBCETOTHELBEE - SHTRISZ
E, Tihebb, BEE_SHSHE M) TX->TEL
BEIXNTWB, BICAYE, VOFER LFER
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LORHIT & - THE UL TRSGRBEA D+ 4 FERE
L—EERIERG | & F TS X CHBERH L O
B =T (BRSO, [HRESTFORE
FR | B L0 [BEASHUONEER ) Inbr T LDT
Rlic, ZDEDLEY, BRELFLERM L OHIT
Lo THE L —BERERGERSTRBEA D+ 2 7H
REDT T M, B & My BoRmS FRICRE

L, PETBEMNTER,

M; s L0 My BoffREsFioflb+ 5K 50
HA D * 2 FERKICKS VTS, ERSDBEHOS
B, %30 BRESTOREGETFEI WRIAT
VB LHIL, 2W:2G Fiul, 2W: 2R, TichbED
Hiz1:1 THEhLRER L FGEMIE—ORIE
EFIEELZT B LM EIND, COBEFO¥E
D F, SRR 1 HORIBET LRI S BETH
BTHDHZ LTI B,

4. ZERBEERDEOTHRR

CORMER LTI, REOWEET LACHNRE
FoBRE, ThbiRHIBHEOEERAL D
hbo

ZDZ EEZDWTI, = (1976, 1978, 1979,
1990a), Miura (1985), =i - E@E (1980), Ohme e
al. (1986), Ohme and Miura (1988), Niwa et al. (1993) O

Miura, A. and Ohme-Takagi, M.

BEND B,

1) eFROGEEFR
RPERDOERIT, K5 X HERBEDOFIRE &
LIZRRIN TV 50, R5RCIESZHMOBEREYE L
BTRLE, B5 Tk, 1 REARESE | REERG
OE|FHE 2 DFH L RiL > T BHNERMITIZK 2
DOHRALEBHTHOTHEET S, XS5 COWTHAT
5,
FRERLHE L LcBade, ReaMLH4ERo
F, R U, REEO F, SR S ikEaR
o—BEHD F, BRELZIHVEL, —F, BERED
F, RRE» 1, FEH, REH, TAERKIUER
BRO—EBEHO F, BRELEIALOBEHM LI
BEGRBA b+ 2 RGN E U TEBROSEEN
B ot, KREHED F, KRBGBAHC L > TELK
METh v EFERED F, fRGIfiEc L A2HETH
BT EERRLTWSB,
MRHEOHE T, FREMLEFEMD F, SREH
HUl, REED F, ARE1LLIREEHO—EEH
O F, ERELZTVEL, —F7, BEEO F, Kk
biy, FEH, REH, FEALIOREHO—BY
HoO F, BREL A BOEEREOR S LI HKS
REA D+ £ SERGELHE L TEBROSHENES -
TWb, ZhbDz bid, EXHEEOEE LA, &
Bl F, ARG ABEC L 5METH, i, T

RN Eikih 8
5 - O— ew
g o
— > |@| (9E)
O D \\\s R R
O @O — Fed
gen
e Een
~ HuB
~ *A7
o FRME L0
5 ] / ¥ hen
— | W
4 :
o ae 4 TR &I
B . \\\sg__> e
223 3 " ggg
HEAH 3 [ —%
KHBAD 5 BEOKER—RBA Lo, | R B Rk HED
EHEYY B, CRE, SEREH)T AnrnoBENy  LORRERFeD: AT
5% TR ERENDE HEE LBA. TO
° roRBFLEE S, HRECREDr#R | RBEKE
ELgE, HUTE & B AIRIE
B 6 D F R,
R5. A4/ ) OREHLEGERN L OTHERBIEOFIRE LOKR (SH 1990a)
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£5. Ay VoKREHLGERMLOTR
BMOESXHEREE W, FER ; R, RER;
G, REH Y, REH (= 1979, =1 - Bl
1980, Ohme et al. 1986)

gﬁbﬁ F, ARt F, iRk gg%ﬁ
2 @
R—— R -oeeeemences RxR (BHJE)
oo
W— R,G,W,Y--RXG (ft15#)
*235
G — G eeeeeeene- GxG (B
oxnl
W— R,G,W,Y--GXR (i)
237

* BT eER o4 TOMROEY
BuRL, ThbRRFRE -z txFT, #BiC
B caPRIEROEER YR T,

HRD F, ARGIMMEC L HETHBZ LR L
T\, ¥, EFREORBRENLIS—KLTVBE
LR DFEOEFROEEIKBREC L >TV 5B
EHRLT\ 5,

F, ARGBICMELHELARRCAE LS i
AHE VHMERBKTHBZ LItk b2, BERAL
ERE L ORBEOHE I, MEIFECERMARL,
BEIFENYTRT, REMNLREM L OXH LS
¥ F, RRGEVPFAERARTC L2, HAPEE
EFOHEBECESVTW5, MEEERETIIER
VBEFTEDIREETHAI EERLTV B,

B F, ARG BE U S F, ERGTIR, WHEY
THHBGERLFKERL, FHRRRCHIFERN LK
Ry b T4 BROBERLSTEE LTV 5, k3
ERINTSHRMOEEROX S DFE & IEmB
HoBERORSOHREY %5 L, MREOFEHFE
ARAEDCHE LV IELLE . O ik, FEEHR
BIFEIRIC I > TAULARMTHD Z Lo TE
LT3, COFFRREIERMTHS 2 LIEFT
L > TRESh B,

2) RAREAY F 2 FERGOHRIBHE L TOH

154

Z DT LDV Tik Ohme and Miura (1988), X H

(1989), =i# (1990a) D|EHH B,
(1) R

RER LRER L DEHFXHEOB G 1T 5 HED
F, ARG LE T F, ERGOBER L Z0BREY
RO6CR LI, COBBRRTLSHOKFRIA b+ 4
FERG L I PBO—BERERGHE Ui, K

RHEA D+ 2 SERGOFEE R, REMLHERLE L
B499.5% CHRZRHEDBEITITITSU TR LEHLDT
Fa%s o 72 (Ohme et al. 1986, =@ 1990a), = DFEIT
KRHEA D+ 2 5 EREVFISNE T EED F,
ERGETHBZEEXRLTVBEDEELLRD,

=78 - EEE (1980), Miura (1985) i%, —BERZE
REOFE DI FDTERGREAD + 2 SERBOEX
SOoEPHOFE XS THBRREYER L THE
LT3, LirL, ZOHEVBEEHCHELTHS
EWIHRBIIIR, COBFRCLXSRBMADF 2 5
FERBOTYBHEE L T OB L OBIRAHALAE I
e E T S IEREIGBRETF AL TE R,

T, KREMLRERN L OXBEOHETIXFR
BALF 2 SERGBOVBABROEHXT - 10
(Ohme and Miura 1988), TDERD 1 fl#K 3D B
TR LT TORGREEA b F 4 SERBIL, Erd
REHXS, FEfXsy, GEAXKS B LIUKRERD
Bigrflarbic-T\ 5, COBEKSEEATIE, =
hoo 3 Xy L BRIl ¢+ MEEHORFEO &M
REThEFhORSFORREE LT3 Z LRI T
Wh, TOBECLEMRBEAD ¥ 2 SERGL 4 4
R R3Fth & OBBfRIE, 4 MO RFE I HERM
AFLRAZEDOLOTHD, AV ) TRERSHT
RETFORFRIEZ DI EERLTWB,

FER L REM L OXBOBETE USEKSREA
h¥ 2 FERBOHRBEELR 6 1R L1, X 6 T,
BRTIEBECRFTHE, 6D 1152~ 25
b3~DERYILD, K60 2D 4MBMHOREFE
D—HFEE6 D 5 D 3 MDD REFF TR THOM
Ry EEARCER L THRSAEEEL TV 5,
COFBETIIR6 D205 4 ~OEKELEE6 D505
6 NDERYIED, FORLDOHERAIR 4 DB L
FRAERLUTHDDTHET BN, COBFCIT 4+
oYL LET 5O TR RO 4 BED
Bir o bhTw3%, ¥, M6D3I/ARLILS
C2BEgR 2K,y (C=D#E=F), 26FE3IX4%H
(C=F#D=E), 2 8¢ 4 X4 (C=E#D=F) x5 LV
4 R 4 X4 (C+D+E+F) 2b7cd ¢ 8 (B)
DESREAD * 2 SERGHEFRM L LTELS,
Z LTERSOEERHIZ 4 BEOBEROVTHhTH
S>THEVEXHIRIE->TB, M6D 4TI, 6D
SOFMRREL, M6D6TIIR6D4DENKREL
TebDEBRLTILENTEDZLIR4DBELAL
Thbd, ¥l, ORI —BPREREIXSR
BAD* 2 SERGLEHEROERGTHLZLLIAL
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%6. Ay ) oRERLGER L OH
KERTHE U0 F, AREELBAE U F, R
oBER L z0BE W: F4LH, R KEE,
G:BeM, v:EZE6H (=1 1990a)

F, 3E D
& ¥ m | RGO BEGH
RXG* G xR*
—GEERERGE
R 3 44
G 1 20
Y 1 19
w 2 22
F 2 THEEREF*
R + G*** 201 487
G+R 200 545
Y +W 84 178
W+Y 54 162
R+Y 18 86
Y+R 20 44
R+W 17 49
W+R 15 41
G+Y 7 24
Y+G 5 22
G+W 14 83
W+G 19 37
R+G+R 92 265
G+R+G 69 311
Y+W+Y 24 73
W+Y+W 15 71
R+G+Y 9 64
R+G+W 29 73
G+R+Y 19 39
G+R+W 17 51
R+Y+G 26 72
R+Y+W 30 85
Y+R+G 39 97
Y+R+W 28 65
R+W+G 34 75
R+W+Y 17 58
W+R+G 18 91
W+R+Y 21 61
G+Y+R 31 61
G+Y+W 35 72
Y+G+R 16 61
Y+G+W 20 55
G+W+R 29 79
G+W+Y 18 60
W+G+R 20 78
W+G+Y 21 49
Y+W+R 20 54
Y+W+G 27 89
W+Y+R 18 87
W+Y+G 17 61
R+G+Y+W 0 1
W+Y+G+R 0 1
= 2 RXG* 99.5%
¥ ASERGBOBE G g+ 97.5%

*ERIRBCTH DI HHER, ** F 2 SERGED
R EH» bARTED > TERG O b ES [
o THATHB I EHRLTWB, ¥ +EBIK
SO hERL, BEFES D+ Tikicl,

TH5bo
2 # W

COBEDORSRBEA D F » SERG L —~BERIE
RECHEL CHBETEEROR 1A L,
BRTOESD 2KS, 3KS, 4RKOhbicbAs
RO Eizie sz EenWZ EXAERR L FAR LD
OB ELEALTH S,

HREMNLGEM L OXURR TEERCE L—BY
RIFER G & RORHA b + 4 SERGOEE &) 1
RO6RRLIETDTH o7,

THRVAECREDERTILGbh T3 5@f=
FHAE» A U A RS Tz, WEE (PD), JEM
A (NPD) 8L U'F b SH (T) b b, BRWEHTF
D 3BesEERD, PD BB BOBC—
MHREGETEIBELIAE HicWFHEAEL, NPD
Hir=lEtdo 2 HORBESGHI TR YRR
STHAERAEL, i T Bk 1 HofEsEHTF
DRI PBE STFETELD LEIh T3,

KRBEA D ¥ 2 7 ERETBRES FIo Y35
REGHERLTERIhBELE, ZOBEHKSD
BROIARESTFRHCFE T 0L EL2bIB, &
4 HRERLRER L OXEOBEGTEREEL ST
NTORSRHA D + 2 FERGOEEY R LI, £
Ao HRESFRCHEL TR, TORSREA
h¥ 2 SERMGEIL, 6%ED PD BL6EED
NPD Bk L U240 T ®Whih 5, —AEHERE
b L OUBBE LXK RBEA D 2 SERGBTH S
HhIhEmz £ csofEE B) Licr, K
HiGeaMNo—EERERBIPDETHY, FAH
LEBMDOZ L NPD BITH B,

R 7T CHRERLGER L OXHTER L Uk K
SREEA D * 2 SERG L —BERERG | OB,
[EERX S ORS], RO FOREFE] X
O MRS TR 2 h Zhi R OUR L, [&
FRX 5 DB OBMICiZEKSRBA b+ 2 SERE
DB L UBGRR & 0By RTR 2 IBR] L,
TR 2B ORANIRINTVWAHE L 4B HORK
PWRENTVWBBEEND BT DOThhDHRAR
R ERRTH, WTRERLHTbALE,
¥, R70 [BRESFOREFR ] Tk, B4
MR 7e » TR%E LIl X TR L,

Lo &k p AR ERER L ORHIC L B EE
THBEE UARSREA b+ 2 SERG L —BER
FERGEOTNTH, PD E, NPD Bk Lo T o
ROESFTFRE IR, 7EIh,
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RXGDHE
2 //7
mrme\f /om0
1 PP
(@) — [y 7
g 24mBaHA 5
(20) EEoA @
#Eﬁ;&ﬁmaa@a}za}v‘o
SRR 5
254

ESRHEAD & 2 5

R6. R4E,VOKREHLBEM L OXHT X - TEUHEED F, £REH S Shic@iRFO
REAR L —BFRERGL 2K, SEABIVCLESALHAENRBEA D + 2 FE RGOV ERE
1, #R=4F; 2, #RWESF; 5, ERARSARSIBELELELTCEY LCBRESF; 3, 4, 6,
XRBAD 2 SEERE;C, D, E, F, EORBEAD *+ 2 SERBEZBRTHIESIZRL, ThbDOXS
BRROESFERRT S o, d, e, fOfIlIX Th ThER L LTER IS Z LR T, ERSOBEKIAE
BowTFhrikrl, TORAIEERORAYRT, SXS/HMOBEELAR UHACIEEREE (=) T,
R BPHECIESHELS (#) TRLL, (=H19902)

5. WmSFoH

Ohme and Miura (1988) (3R s L GER L F
AR DORMBTECHFE—DRASBR L E A0
HoOFREFFI@LT 5 XMREA b + 2 7RG
DY A\ TBIRGIERE B LEE L (XR8).
FRERRETFOBREGERI179tvFEA 7 v, &
BEBEFOFNIIISSL Y FELY VEHESh
7co BIRGHEEIE_SHESBROXSRIEA D + 2
TERGORE L 2XSREA D + 2 FERGOHE
DD 2D1ELTRDONDE, Thbb,

My 1
MM, g ERe

%7z, Ohme and Miura (1988) 1%, #HRER LiGER
EORMIZ X > THELSD PDRE, NPD IO T H
DFRIEFFIAYT BESRBA b+ 2 FE RGO
BEYACTERBEEYER L, FERBETLRE
HBEFORBECTHEEMLHEE L, RERTHEE L
LA 2 OWRZHDORE L ABREEI136.4TH#E
EFHEEEE36.4 v F LK v EHEEBIN(EI ),
2 BEEFREEL, 29010 T HoOFE NPD &
DHEEXMz DL ERFIREA D+ 2 SERGD
BRECESLLELTRDObRB, Thbb,

(T/2)+NPD _
PDANPD+T - 100 =& %0

7s3¥ 72, Ohme and Miura (1988) (%, BAFRER
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#£7. AHE Y OREMLGER L ORI HHED F, ARGOBBF»HEL
RESRBEA D+ 2 SERG L —BEPRERG L Th LR T 5 BRSO, R
EAFOREGFHEROMEATE R:KEH, G: REH, W: BLE, v BAHOERH
N, *EFRRIEOBEHNRRLE LY, =BBRRALTHHZ LETFRT, 1+ KRE
B, +g: BEH, +: FER, ¢ REROEESTE, X 4+ Miaiio, XX k3 Mkl
DEFETRTHROMAEABELMICER L T oBoMls B EL Lics L 2RT,
PD : MEA, NPD: JEWmEA, T: 7+ 78 (=i 1990a)

@%%%ﬁtgsf 7e BPEXH ORFI™ HBRESFORETFR  mYyFR

W+Y+G+R C+D+E=*F (+ 7& +& 7+)
R+G+Y+W C+D+E=*F (r+ +& 7& ++)
W+Y+G C+D=+E (+ 7& +& X)
W+Y+R C+D+E (+ r& r+ X)
Y+W+G C+D=+E (78 + +& X)
Y+W+R C+D=+E (& + 7+ X)
W+G+Y C+D+E (+H+ +& & X)
W+G+R C+D+E (+H+ +& + X)
G+W+Y C+D+E (+& + 78 X)
G+W+R C+D+E (+8 H + X)
Y+G+W C+D+E (78 +& H+ X)
Y+G+R C+D=+E (78 +& r+ X)
G+Y+W C+D#+E (+& r& + X) T
G+Y+R C+D=+E (+& 7& r+ X)
W+R+Y C+D+E (+ 7+ & X)
W+R+G C+D=+E (+H+ r+ +&8 X)
R+W+Y C+D+E (r+ + & X)
R+W+G C+D+E (r+ + +& X)
Y+R+W C+D+E (r& + + X)
Y+R+G C+D+E (r& r+ +&8 X)
R+Y+W C+D=+E (r+ & H+ X)
R+Y+G C+D=+E (r+ 7& +& X))
G+R+W C+D+E (+8 r+ + X)
G+R+Y C+D=+E (+€ r+ 78 X)
R+G+W C+D=+E (r+ +& + X))
R+G+Y C+D=+E (r+ +& & X) —
W+Y+W C=F+D=E (++ 78 r& +) ——

C=E#D (++ & + X) NPD
Y+W+Y C=F+D=E (78 + ++ 78)

C=E+D (r& + & X) —
G+R+G C=F+D=E (+& r+ r+ +8)

C=E#D (+8 7+ +& X) PD
R+G+R C=F+D=E (r+ +& +& 7+)

C=E=#D (r+ +& r+ X)
W+G C+D (+H +& X X) —
G+W C+D (+¢ + X X)
Y+G C+D (& +& X X)
G+Y C+D (+& & X X) T
W+R C+D (H 4+ X X)
R+W C+D (r+ H+ X X)
Y+R C+D (r& r+ X X)
R+Y C#+D (r+ r& X X) ——
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wW+Y C=D=*E=F
C=D=+E
C+D=E
C#D
C=D+#E=F
C=D=+E
C+D=E
C+D

Y+W

G+R C=D+E=F
C=D+E
C+D=E
C#+D
C=D+#E=F
C=D+E
C+D=E
C#+D

R+G

C=D

oo <

C=D
C=D
C=D

(+ ++ 78
(+H + 78
(H+ 78 78
(++ & X
(78 78 ++
(rg8 & ++
(r8 +H ++
(r& + X

NPD

Db b T e R

(+& +& 7+
(+& +& 7+
(+8 r+ 7+
(+& + X
(r+ 7+ +£
(r+ r+ +&
(r+ +8 +&
(r+ +& X

PD

e e S e

(+H ++

(rg rg NPD

~ ~—

(+8 +&
(r+ 7+

S A =

PR R

1
1]

PD

~ ~—

* HREBRESDOA D ERL, BETFEED+ Tiditly,
** C, D, E, F i34 MRMOBRMTORFEHOE UESREA Y * 2 SERGBORFERL, EHEF
(=) IRDHEOBEHLFALTHSHZ LERL, EBEERLE (#) BRARH LT T, K62EK,

oo +ESIFEMY R TRETES TH 5,

(LR) ¢t BRAER (LG), RER (G) LBHRER, kX
UBRER L BRERHOESFRELIF FIITCT L »
TiTotco FORRITEIOCHR Lz, EEKREIL PD
BHoBEE L NPD BOBEOK TR IS, LOHM
1R GEThEAREFREEL T2 &
Zith,

DA EoBhF AR, BEETREES X OEHERET
HEOWTRHE, )V OARERMOBEFHIRMEL R
T\ b, ThER 7R LT, Niwa et al. (1993) (358
BERRET L RENBETOHEBRELTV-WRE

%8. REMSIVORER L FAER L O
XoTHEUKCHBD F, ARGILBAECIE—
DESER L B SRNBR OBRIN S F OBE
LEBRBE W, B4R G, fBE R, KER
(Ohme and Miura 1988, X< H 1989, 1 &FETIE)

% # H—HE BB
Haber S gEN S Ega OREE
e &
G XW 2884 1334 15.8
WXR 1069 598 17.9

* BB BB, TOoOXMTOMEEYRL,
ThrbRBTFEHE - ExRT,

FRESHLTOWEWZ ERBRE LTV 5,

6. & Y (C

ASE VL, MEHERBETH DO THIE L OB
L% P, FDOTZ LI L > CHED F, KRtEX X5
TERVCOTREERYEBEH LT, LarL, &
RERMOBERYER LT, MELHEYES
EHhOBECXRTE 3D CERERILBEEDN,
BREEHHEME L LTOFIAYD > TV 5,

ERMAHER E LicBal, #EIEcHERy
AL, MEERAYRT, FERY#RE LICBE
ik, #ELMELTERNL R L CHEORBINTE
£\ LL, F, ERGTEEHOSHENRE 5h
EhrBEOIIRGITE S, BFREOSE R T
%D F, pREBIHEETH 5, )

FRMIFERN L OXBETIERBEFRM L 0K
HTLEROXSREA b+ 2 SERGLIHO—E
PRERGIKE LB, RORBEAD + 4 SERGLHE
BB &K M, 4 MR E ol 3 MR ORBRTF 0
REGoMAYEREL LTW5, FhbORFEEIE
REFTFBY L, BESBIBRBETORFRCES
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%9. KEMIGEM L OXM L - TEL
1B F, SR B4 U 5HHRE (PD), JEH
B# (NPD) %L 07 + 58 (T) OEREHFO
$RPE L MAHASEFE (Ohme and Miura 1988, KH
1989, 1 IRETIE)

#10. BRERE L BERER L O, KRER
LBEREE L oM L OBHRER L BRER L
DORHEC L > TELURHED F, ARELLET
AWFHEE (PD), JEMBEE (NPD) L7 + & (T)
ORIRIESFOEE & PD/NPD (LR, Bk
& ; LG, el ; G, §AA (Ohme and Miura

ZHEE&HE* PD NPD T AR 1988, A B 1989)
9 -8 D *
PD
RXG 566 180 674 36.4 R¥MEHE NPD T PD/NPD
GXR 1672 525 2025 36.4 ¢ g
" " — LRXLG 153 170 401 0.9
BT PRI L ORECOMREYRL, £ G XIR 210 187 346 1
ILBRRTEYE S E2TRT, :
LGXLR 557 539 1386 1.0

S>TWABZ EETRBLTV B,

KARHA b+ 2 5 FRBITBRRES F 245
REGHER L TR IR B2, KOREA D+ 2
FERGOBIBRESTRCHEL, RETH L
NTED,

Tishb, B0 F, ARG HAE U S F, TRGT,
—RETHE T, F—H0HIEY M), LF-IH
SHER M) ORRESFRCSEIhBL, Fi
TRETFHETIERE (PD), FEFHHE (NPD) ¥ &
U7 b SE (T) KRB Sh, 2SI hi, 2Dz &,
AHE /YT, BEAUIBRIRTFORFRHEL -
T3 EHBIEFMCIE LTV 5,

RAORBAD 2 SERGOBOFEEX AT
Ohme and Miura (1988) (1P FHHE T > 7o £ D
KR LHERC BT 5 BEROEREFRINDL AV E
7 Y oREHEGEMOBRERMIThThE—D

* R BT BRI T OXETOMBEYRL, £
hhbBRTR Lo EERT,
SHEOMIBEFZELXZT VBT L, FLmEE
FiXRA—ESEHC B T2 LERFTH A Z L1
YN =¥ (B

HEELOWBIT L - TAYE S V)T, BEHZT
BRETFORFRICEZ 5 2 LAREFHCHLAX
RIA, D LA FRICBEEST TR 8 IR L,
3L, BESUIBATOMRBCRER: 5 DETH
¥, F, ERFIR—EPRHERE TTIERE DIV,
L L, RPEROBRI—CERERGOHEELTE
10BN T OEHE CHH O LTRSRBA b+
A FERBOBEEIEZ LR HIREFOR
HRIRZ B EXTRHL TV B,

& « =i (1984), Ohme and Miura (1988) 35 X U*
KB (1989) 13, BELMUIBRRTORFHRICRER: 5

i 17.9

36.4
} 1568 ——

7. 2%/ )V OBRERMOEFIR Bzt vFerhv o, KREH ¢ REH ;[ BRE

M
r BRH g

_
lg

*
Ir

;s o, BFREMOZBETEYRT, (Ohme and Miura 1988, X H 1989)



Mendelian inheritance of Porphyra yezoensis 99

#F(n)
i oG e 50 & g O 2
fhERZ4s B RZHE > BF(2n)

o8 @ m— O

B!
- B;
R\l
ST SRS RIATE
(n) @  (2n)
—-
s
I 7N n
BEF(n) 7Y n**m
)
J&#ﬁ(ﬁ}ﬂ
7\ i
R m
(n) 3 — \_}4-‘ B@? l
4 ? E/ (2nX2)
n (nXx4)

8. A4/ ) OAFER, BEYERLTV805 bRXVBOTMIETHE (2154) ottfEy, M
WO EEE (15464) OMREYRT, n & i, FhERBEREERYTRT, 2n)—@n)id, BE
DUOE—NPTREEOEHIRI B L xR T, (2nx2) RREABOE—HHTE LSS FoME
DEAIEETHH I L%, (nx4) 1%, TOHE2/AUTIWULTFOE ~OMTBEHETHS = L xR T,
(=18 1990b, 1991, 1992)

T ERBED DD, SR, BRFRIVUZORF
R BERTF i Lo THIBRENBRE ¥ Ty, Bl
DUIBRFORFHCR D L THTIERY
& LT\ 5%, Burzycki and Waaland (1987) %, Por-
phyra torta 'O\ ~T, %72, Tseng and Sun (1989) i3 A
B Y ETH Y Y P tenera 1O\ T AHBIC IS
SHEIBRFORFRICERE 5 2 & X MREMTAL
»reLBELTW5,

van der Meer (1977) ¥4 =/ YD 1% Gracilaria
tikvahiae W% 25 (¥4 7) WBEL, Z0OF 2
7%, ESRTFOMRRCESECHMRESHNE L
TebleWicdIZAE U 285 5\ i 4 BOBESGFh 5
EULBZERXBELTVS, ZOAT/ IDFAFD
I A e, VD*F 25 (RORBMAD* A5
ERG) LREERBICRIL - T B 2 LA R
[
FIREEOARERMOBREENPRCA L T,

van der Meer (1991) & Patwary and van der Meer
(1992) DENIBA D BAS, BRI, 77/
B RFHECHER I ARF»EED F TRl
SR TRFE ¢+ M E LB EES AV THh S
EHIRUG 0, RTEI#EETTOBCBIH
TRTFARFRICERSE YT L THIE, ko1
fEERF A SR> TLES LIS, F 4 @G
i, ABRBECTEEIE CAFLETREETHAO &
Bbhb, A4/ ) TR, $3F hEMCHBETY
L, Bt U CREBEEENCHEET S, 20oZ L
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p- 205 Right, L. 42. Morphological analysis Morphological study
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p. 351 Author name Wabhiro Kida Washiro Kida
p. 357 Left, L. 7 EHEZ EHEEE
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HRATAHRRES~BH

BEx D2 3 O0FEE—EROEL L RTErFLL LT—

16:00-17:00 : {RELB L (&% : 3015%)
17:00-18:00 : ¥HEE S (&4 : 3015F)

e BB
9:00- 9:15 (4)

9:00-10:00

OBEE KA

9:15- 9:30 (5)

OmER%x (30AFHIOL)

CEER)> HF REP GRRKERX - KE)

HE R RHX-E - £%)

BNEOBE—EROSMEMEW T 7 v 7 b v OEHE—
< ER B CELAR, BLLRKERER)
&V 7 %X 7 (Batrachospermum turfosum Bory) DEMATERE L RIS TFAHBLER
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(EE) BE BF (THHEX)

9:30- 9:45 (6) EBHIOEEDOH T

ORH—MA* - ILABIE* FEILREEHEE v 2 —, *RBIIERK)
9:45-10:00 (7)  FABlck 2 EEEE (BE) oHBR L toBRELH

REAMTF (BB - & - BETH)
ALEEE> 10:00-10:30 EE> TR X (AXFTFEEX)
10:00-10:30 (8)  HEWENLLAKAKE )

MR (SRXA - E - %)

GIBOREE L5 10:30-11:30 (B> BEBRIERE (ERKEKX - KE)
10:30-10:45 (9) HEA XA vE (FvTEH) ©OWT
BB (e

10:45-11:00 (10) FAKFEIATHDT7 v ey I A ABREDIDOEEEBOKR
offitk - MEBIEM (biEX - B - E)
ER> BE BB &BX- M
11:00-11:15 (11) KIEY VBRIWEOHh O, L
HEE B (bEEX - KE)
11:15-11:30 (12) =2AFFRBE (KIE, er7/1 +H) 0 1EroWT
ORAIHB* - FHEM* (BIRKX - & - B, “BPAEv)

OFERE GOAFEOL)

(CEBREOHRE LT 12:30-14:00 (ER> HH B4 (kEEx - #)
12:30-12:45 (13) BEERVFISHEROFF €7 (FH) ©onT
IR EH (REFX - B)
12:45-13:00 (14) = HEr (BE +VvEVSRE) OHEENR
OFBAF* - FHBLE™ (FEREX - KE, *tigEX - B)
(ER> &F = (bigEX - 2 - BE)
13:00-13:15 (15) #BEv » / ® 7 U OBR G
&H B (LiEX - KE)
13:15-13:30 (16)  WEEOEAMREERED 1 GOWELHE
W (CtimEx - B - Riitt)
EBEEY B #= GEX - 298
13:30-13:45 (17)  BEE L W BREIWFROREERO /I EFNRT
OXLAE - & B BEKX - £WRER)
13:45-14:00 (18) 7 M EONELBEERE
O@jvind Moestrup* » 3£+ BI** - H=* (Favo—ruk - BE YEH
X - &%)
CEEROWMRB L AH)>  14:00-15:00 (ER> BE R (BXRERX - ®)
14:00-14:15 (19)  Sellaphora BOBMIHEE LOFHEELE L C OBICFTR X5 N ER
O/k BA* - IR CRBEBERBIRRT, Y HEFEKX - £%)
14:15-14:30 (20) DEHBIEGEREE D HERY b OPRER Pinnularia B 71— 7
OHILEH - AIIMRATF (REKX - £%)
(ER> HHF HE CHEKX)
14:30-14:45 (21) B EEYE Pleurosira DGR3 5 R B O EALES)
O IRt - BIKRATF (HEK - 4£4)
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14:45-15:00 (22)  BOKEE 7 1 B Pinnularia & Synedra DEE & NERFERRERIZ DT

OMEBEG* - BREEY - IWFBTY (GERKH, Bl X- B
HEOFIFE> 15:00-15:30 {ER> =W BE FHEKX-ID
15:00-15:15 (23) X b ADOHFRBELCOWT

KEEX (BHX - BEEDE5-)
15:15-15:30 (24)  IWERECAEBTHEROFE L L OFIAFE

OMEE> « tkEEE—** - §fE R (*EEAH, *UHRKER, *MUEAR)
HEBOERE - KE) 15:30-16:45 {ER> BAR XA (BILKR)
15:30-15:45 (25)  19934EF~EOEF MBI BT 3 ithBEOBEE

IRE= (FEFEKH)
15:45-16:00 (26)  #H7 v — + B FHIC AR 5 BEEOFHE I oW T

OFFRInk® - KEFIEX (BAKX - LNV 5 —)

(ER> KT EX (BMX - BEEYLv 2 -)

16:00-16:15 (27) Z=EERRERETSe =/ vBOBECOWT

O EMEFIEER - #IIfTE (ZEKX - AWEF)
16:15-16:30 (28)  FHIE/ Y ORFHECRIETEH T RKAEKOHE

FlfTE GEX - £9ER)
16:30-16:45 (29)  ERMLEEL-DOBTE27(1894) il RAFEKT AL ROBIR/ — FI2onT

JINRAE= (EfEH)

16:45-18:00 #% £ (A4H)
18:00-20:00 ZBEL (&35 : 8P [+ 4+ v AN ))

OmFER® (S1AFRIDER)

(EREADIGA> 9:00-9:30 BER> BIEAF CGREX)
9:00- 9:15 (30) FEHOHBMA~NVRATVA VAR =1 X714 L 2 ER
oW XRF*-BE £*-H FIX*™™ CELUEEK -E-vM11rR, - R
R, ***F@ - % - 4£%)
9:15- 9:30 (31) EERACA Y FhLBEEIhIHY A L ABEYEOKY
ok WF*H FIE* - PpE—E CELUEEX-BE- 112, ¥*FE- - ¥E-
43R, *AFAMH - PREWRH)
CEEOARED 9:30-11:45 EER) i Hith (REX - & - )
9:30- 9:45 (32) EAEEOKRSETHE—XBEROER Y » 2%, £BRE, 2HLOBG—
OEME £*  WEET™ (FBELUEEKX - B, “HHHEELX - £4%)
9:45-10:00 (33) BEMRAOHUBEHRICEBOHIE
HAR=E (BRERFZPRE)
10:00-10:15 (34)  HA4 v =7 OMIABEECRET 2HBEE
OFHNIFA* - BIHEBH™ - AIMKATF* (HEKX - £4, *HEX - B - £1b)
ER> B B (BEK - THER
10:15-10:30 (35)  #REWHBULE TREILS OILIED
MEEd (REX - B - B9
10:30-10:45 (36) AT v = v = DEOKESRIT BT 5 HCO; OF|fEikE
offBE - MIWER (R¥EKX - £%)



10:45-11:00 (37)
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22— 7 vr OXEBRIT, FCHES, KBRS OY) h#rx L ERAL L OEB OV
T
ofaxk IX* - BAEEER™ - EFHE=* - ARE SO EOIERTT, B OE=
* CHBEX - ERE, ERBEERAERRX - ERE, EILK - &8,
PR W F BT

11:05-11:50
(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

BRER
L4 ¥, 5Y—B (2R
ER |n @i JugdEx - 2)
HREFEEORIEARSWT
O BEEA* - 5% L EM . TEXHEM CEEHW, ““HEX - £,
*AFAKTFEEKX)
WAV S 5 =5 (Lepraria sp.) DI
OMTHRIE* - XRET™ - FHREY™ (MEEK - #BHF - £%, Y LEREHE,
PHREK - B - £PRE)
Dilabifilum B (R, »=1+74+7H) O 15E
OfREEH - FHRE - HOEA (K&K - E - £%8%)
I F Y Y'Y Y A (Paramecium bursaria) DILEFEO 53 EHEATT
OKRFERE - PHRE - HRBA (KEK - & - £98%)
EE % RE (55X - B)
SEM - PO TS v 7 b viDOWT
OKRAERE* - MR Z* - [LALHE* CBIRX - #F, “BREHEAERM
KW - PO BEEERCOWT
ORMREZ* - KAER* - LALLM CEIBX - #F, “BREGFEAEM
RILAHERI 37 5 Y = FoEEER O EHEL
OKIERETF - AAER (BEX - #7)
WILHRERIC 3513 5 F U €3 Closterium ehrenbergii Ralfs DETES BT 5 H5E
OKNIREMTF - KBET (BRX - #F)
FEROHA Vv ($GHEHE) woWT
O AKER* - BEHEER* - FEER*™ - T B CTERREHEFTev s -,
PRIK - H - &, BEFHER

BRBOE LRI

12:45-13:00 (47)

13:00-13:15 (48)

13:15-13:30 (49)

13:30-14:00 (50)

OFRKX G1AFHROL)
12:45-14:45 EER) fRM X (REFK - KE)
FRESIZHEMCEET T3 v+ 7 HBRESC OV TOBER
OEHME (RIPK - B - &%)
Helgoland ZED Bryopsis hypnoides DAETEE
O BEEBA* - H. Rietema™* - TRIECHE* (*HIE KX - B, **+ 5 v & Biologish
centrum, **A XK+ FEEKX)
ERSA I 5ANE (RBR) E [TR74v] oo E¥ERe
OXHEM - K B (BEX - 4£%)
EE BR £ (BELUEEX-E)
77 3 FEF AR KT 58K DNA : TORRORM & PR
AHBEL (749 » 7AK)
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RS NIF #BE (WFRL-H)
14:00-14:15 (51)  3EFfK 16STRNA HEEFiC L % I b~ R DR
OME4E #h-=H K (LEX-#%F - 4%)
14:15-14:30 (52)  18SIDNA X BBE ¥ » 7V = B DORH
ol Al-#E B (FBEX - 4H)
14:30-14:45 (53)  RuBisCO BIEF rbcL O Tt & BEFEBEDHEES
OREOMET) - BAH IR CHLIRIRIEPE RITE - %0 TEH)
(753 FeFrADHE) 14:45-15:30 EER> HE B G - A%
14:45-15:00 (54) 7 5 3 F %5 ADHFE mastigonemes DILEETLH & BiE
OHFXK* - PREF* - Mk T*** - ZHEE B . WH L* EoERE*-
BB > - /Ng 8% (CBLK B4, R B - AHE, Rk X
BstEEL)
15:00-15:15 (55) 75 3 FeFrAOXEERERERE MES-10 OfFH
OFPRABAR™ - IKITEMEY - PRAET™ - W - ARE F** - BEEER*
<N B CCEILK B -4, YR - B - AR, YRER - KB AR e,
ek LB e R R BT RSB R)
15:15-15:30 (56) 75 1 Fer ADWEBBR T 5 %, 7 v —F A Hifk, CA-92A Kt CA-92B iz
W
ORI =+* - PREF* - Ak T - ZHE ¥ - A0RB* Bk
cME B (CEILK - E -4, YR - B - A8, YYeRXK - - BuEERb)
REOHMAEE> 15:30-16:15 (ER> Hit A% (BEEREN)
15:30-15:45 (57) RAGEE Chactosphaeridium globosum DIHAREE
ORME— - KH # - HE—H# @EHoK-E - 4£H)
15:45-16:00 (58)  BAHABRIGEE Trebouxia potteri DETFRIT 1T 2ERMBSHRMEL €L/ 1 FOEH)
OFF  ®*- FPER* - ERNF— - H=* - PEREY (HEX - £9HF
F, IREX - B - )
16:00-16:15 (59) SR~ # < OMRRANY KRAORRWY) LHRLOMINE OHENBRE
AREZ (LigEX - 2 - HE)
RAKTEDETED 16:15-17:15 {Ex> EI & (BILX- &7H)
16:15-16:30 (60)  “~NF# I =" 2T HRERERKBERED Chlorogonium D 118 (&, A+ er~<7VAR)
OFBAE® - HIRE—* - % CEMEBH, *3 - ARBESE7 » -5 2)
16:30-16:45 (61) EXEBC LB 2XKELMY 77 v 7 + vOEHE(L
OWHL M- FHRE - Hot#ll (K&K - & - £9%%)
16:45-17:00 (62)  HKEEF = 7 B (Stereocaulon) PRI 35\F 5 3LAEFRDOER hIA R D S 45
OFARER - PHRE - HAiRAl (K&K - B - £0F%)
17:00-17:15 (63) =2 v 7 V) — MEGHICAET 5 SAEE
OMET* - PHREY (LEREE, "™EEKX - B - £WRF)
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HERET/ABBR
& B:F¥r7)V—B (2)
1 R :290813:00-18:00 (BERE)
308 9:00-18:00 (FHAF)
310 9:00-18:00 (BEMEF)
GERoBEE
(64) A v FRv7 OUERHEHE
Sri Istini (B4OK « BHEEY v 2 )
(65) 74V EVOERREHE
Largo Danilo (AKX - BFEH € 5 —)
(66) 24 OBERBEIZOWT
Chiralart Anong (BHIK - LY v 2 —)
(67) 75 ONDERFBITONT
Rebello Jacqueline (BHIX - @BFEEH v 2 —)
(68)  dtBkicisiT A EEBE
Bjvind Moestrup (2 X v ~—# v K)
(69) EEEF v /Y3 —CEMLELIIRRERER
oKRGET - KL B (BEX - #F)
(70)  BE* v I/Y . —CBRBTAF Y TEHOMEER
ORAET* - FHERE™ (*BRX - #F, YLEX - H - £PH%)
CEEOMRE L HED
(71) BAEALBE¥EOTH
FHALE CLiEEX - B - REL)
(72)  HHEE RN BHKES SR EE~ DL
OEBT* - BH £* ("RESHEKX - £, “EEEKX - E)
(73) XFEBEEBIOV v XEBRETHLHOEERR 51 VOB
R BL (ROTEEERBRZERT)
(74) BEOBERDIu~< 57 4 - X HEEISEEE
BAIR CHEK - i)
(75) FELLWBEOEX
OREIRERAL™ - HAPRER*™ - B ILEFER™ (YFLEX - BB, ™ HFUKEKX - KE,
PRREK - W)
(AR B R
(76) BEOHFBBEOER
MRE= (FEEXKH)
(77) RRABEOLRESE
SRS (RIFK - KE)
(78) @& (VY) oBEEHID A v FAEE
O=TMBEE - s RE (FHK-I)
(790 EHBIZOL LR
OZ=WMBHKE - B RA (FFHEK-I)
EEE - BAROEED
(80)  MARMITIA LTV BB~ EBE
OfRHEEB* - HARERE* - HTRIE™ - FHRE* EEKX - B - £9R¥, [ -
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EEEYE -

X
o

7rmr—7

AP =

NEERE

BRRER

mRATBR

(81)

FEHE - B
SE OB
OFmEET* - FHRE™ ("EHEREHE, “EEX - H - £H8%)

(82) SEMMEEEC LS CO, BE
OHEFRE* - XHET™ (MEEK - B - AR, YLEREE)
(83) 1A YEER L BKEDHE
BE £ (BLEEX - E)
(84) I A Y% 20D DNA DREF
BEH £ (BLUEEX - E)
(85) TyyER LAY ®
OFH—M* - BAE £* (CBEIURREHE v £ —, YELEEX - E)
BB OEE
(86) HEEOIY /Y (hY =)
BIHRAF EREZEX - £%)
(87) EBLURTHAWLh T AHEEREER
BEXN (BILAR)
(88) ABBEKEREDOER
BARAN (BILKR)
(89)  ImEEH OBEETEN
BEXA (BWAR)
(90) BUBOWE~~ALF AT 4 TRIDESE M FLBEQ& A~

g v/

OEEAXA™ - EH E* (“BIUAR, *™BExA 771 5 —EILEER)

* b
BR&MEIMT, 3H298 (K) 1112:00~16:00, 308 (K) i 8:300:5FF ¥, %4H
OBMBERALZMT ETH, EFSEOFAL, BRESENERENCHEARAKEZBLELCT
A
3 4308 (K) 8:45~18:00, 3 A31A (K) 8:45~18:000f], 3R THHEHEIH T,
ZOMELAMIBE CEERADT, TTETIV, ¥k, BMPX Lt X3 LTTFR
Uy,
FRCELE LOTHTE Lic, SNBCIESERCTEREYEEERLET,
TEBRERERIE LT15% (18104, 284124, #3349 T, BREGESFLTT &,
ETCBE L TRETROBREH > TTFE, 254 F (ERERIILHE1E 4 BEE2R)
X, SBARDATA FEMCHERRI0NH T CIRE L, BEATHERIZATRLTCE
BHREITI,
BREFT, 38318 OK) 11:050511:50% TV ¥7, BRYOEMNT (BEHLLEM
B4 5%BR) 11298 (K) 10:00~308 (K) 10:00F T RFEVLET, ¥+ T Y —F—
FAOR Y MHFAERC O CEMHRLET,
TEAIT 3 A298 (K) FRIPCHEDABICBRR LTT IV, it 2BROXDHET,
BERMCA AN BEERRTERVWEEIIL 3 A25H ¥ CrEBRECERX LTTF I,
ZHbTHY T, ¥k, BROIKKTECRRLETH, BT CHETE VB
TRZBOTHOIAL, BEEEFLRAD IR T KEEET, F¥+ 5 ) —F— F~OE D
FREIILL CERBBELETH, TORMLBEALSDORIBRCTEALTREIBSHELHT
T,
3 A30A (K) 18:005520:00% CEEAMH S M+ + » AL ] THVET,
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&bk :
(X&2n - —#%)
T936 EWREIITEZ: BLRKERRE BEANSAH
AABEFLFIBEASEHRERS
55 0764(75)0036 FAX 0764 (75) 8116
(HRATBROITHER)
T930-01 EILREILMEZE2630 EILEREMAERERRBEEHRE
AARE¥AFIBRALERERSL ER £
BEE 0764(34)2281 FAX 0764 (34) 5022

AAELCHE - B ikiivWic i« - Bk
(19944F 2 A28 RBZE, b\ 5 2 HIR)

HNHEEZBE, + ) v ARETHEEH, BEEHNWILESHE, RFREBREAS, MBEK EFRE®), &
BALER, RAERTHES, UEE®, BEdx TR, LLIREME ZURRSHFRAME, FLRK
EFBS, MRl vy vEa.—r—, BIUHEXWER BEVHY) -0, @0 & LEKEHE KRR
FHRBER BRI, GFERAHRE, B7 vy v &R, EEEHE,
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S HRNINORAR

—

o BURIDALRHE
Y DR RN RN

Ulzg
[_] / [%ll = A

E@

= (BIRRES) FLoMR (F I SR
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BA ZH % &% 18X 8REE

—iGER

1) FRAH: BEEDHCZ3OOBEE —F¥OHE
fLeBEERLE LT

1. BEICERT2RBONAN5

HH B SLFEOLHNE 180EROFHEIZTE
R EXZOBEORBWE, ABOXIXVX-Z0H
EHESRBATEBOIRNX—ILTEN VWD
LLEWHENS D, REMENSSHICESRET
BB REEZHOMBEICEALL TE R,

2. EHICKVWEEESESLOSER
R~BIIKEHTHERL BLEHOEBLIRL
WENMABER2AETRILTWD, fIAE, I&RT
oY) ) PRABL VTV VEEBOPTEEZRIY,
3. BEGMKEEERA ZN?
EMODNAZHBTABALWRAREES A/
VEEESEORFEERETH D, BEMBEL LT
WAMBREREDTRDC 0%, BHEIHIBLRD
Mm? REAZEE IO N EEBNT B
(AAKR+FEEXRE)

(2) KWL : R|EEYHY

EMFoBEBERD S L, EENEYEORBICE
LLEBHRKEYL, LT, RAROHARERICE
2 THBE, RAKRKLIIBHKORERT A I FoO
Rk TEHEHE L, BREORKBEEERR 7 0
VSERWREAINT s Yo DERBIE->-TRHESh L,
RETH, PEEAVWTII I NAFCaTIENR
AEBTOOATV B, EIAH. PMEKRIPOSHESER
FTOBEMRAE - EVBFod TR, RFERKELE
ALShTETWVWE LS IRES, FHONMFEROEH
BHETR. B koY T5 7 by ELTOXEER
S3BEBAShTVWE b0, BAARRBR LB D
BERRE-L(BBLEB>TVWE, DE¥EROH
METIA, BRERBAOHERIRE ST VWS
i3 Th 3.

FREEPEDREDOLZF LS55, ¥R
EYoELEELS LTS, FhChFTcEhrd
OHMIRBIEEEX L L CORBICHBERLEYECTH 3,
—ETROERCHT2BBREFHO TV ADII, &
MEEOPT, ChECULCERENMY LT3 4 E
BH3EE>. (RREEZK - £

(3) &3

—_—
il

S KBESRLEEFORFTRECOV

EXBELOETLABESLHBTR, HEOEDOF
BHERHSREHMEL CKkEicEBR/L, KEBFLL
EETIREHES S, COLINRARE—FicKko
#LIFEhTWVWEYN, BAEEEAHSOHRERESIE
KRREE R 21881, KEsF~KEBLERT S
CEhSKFEHMEFEN, EXFESEIENFEBEBERS
BAR, KEsHRBILERL, FVWBEKECE S
L& RBEERT CEL S, THIELBEHREINT
W3, KOEEEBEOHICRERELEET I DN
5, KEX0ARST, RE~SAUTLEERETT,
i, MR EKE FEOoOKAK, BARULI L
—vavEELTHAShTEYD, ECCOFHT A
IDRERKEBHEGMBLU-TETWVE, BEZ
T, KEH, ARERUVAMd LTS MEEL TV
BLANRINIERTAIRNZBUIBIC KR, 2T
2, REWLBEF7A3THHI709+27(Z (Micr
ocystis) DB ICKERESHT, TOUBELLLHR
UHEIE>WTEBNT 2,

(B BBERER)

(4) OBEHEXAM - EHE BLUBOEM —RBFO
SELEmTI VI P OERHEL-

FUBRATIIHEALE, BEOFENTOATE
R, AEEHEREHRECAENROBREICESNATED, &
r BORAZPHZEEROERZENE LEWEANS
Mo BWELFTHOAEZEBRETE, ELMEE
HYBHMOBKBEORRLETSWIEHOBEHOHE
HeBEEMSREN, BEAORBEM/EThat
hr, BBy, BOSERTCEIATETBMNREEL
8, BRETREOSRECEATHE I, EH
TRHABNLBRBEET I LNBHTH D, Fi
BRETEANNKORELERL BT, Y/ VF0/NE
BEOBENABL TS, 4B, REHOBRERE
OWEIE, To-EBHEY Y JEBENREL TS,
HBMTS5>7 b IcBL T, 1985~ 19864 (iR
WORBCEHEEMNA OGN, HEEREFIAL
Bk SHICR/D, HAREETACEX 2AICB/DE
7h, BHELLL-TREAORRMNEONZN, FH
AEUCHERMNKEESEDE, 055, NHOH
REEABRE TSV 7 b e BBIENT N,

EWLAR, H#*EHLURKEREBR)
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(5) &M HK: kY AH7VE X7 (Batarachospernup
turfosum Bory) D EMRERBT L RRUTFHREBREE.,

BliAKOEHANE L, 6, REOKBICEHEL
REVWIHADEX2(FE-TLbo7:, Thiz. AV
% X 7 (Batrachospernun gelatinesa) T. RBORE
FhEBRTS. 272, RAIIRBHESAAREROR
BMERIDBLSATELAHLUOHBTRELLINI Y
YRVELRUZWEILTYEROBR AV AV E
X2 THote, BEL(IT0)X. AV AVEX720D%
RicHELEERALCRBTFESBRENLZ L Z
BELLY. RYAVEX7DRBFHERARNE
BHEA L BT, BERAL. BREDL
LRV AVEX 7R LERERAEMBEL RBT &K
ERABZ2HMICBHELLOTIZCHETS., AR
BrEYIHIZI6~SHEOMBALLL B, KE1S
2~3fHnM@BE» I BRERLRALEZEL. Z0M
Brs tBoMBPLIZBEREEL S, THiE. &
RBELPLEEERRZAEL, BERXREERF AR
ATLZW, BEPLAICFLDEREL S, HT.
CHOErOLBAERKEOEER - TERRLBREL . HRE
BoRBMFkEHBRLI. (H3A -2 - £8)

(6)  OFI—" - \WABHE* : BE)DEFNAH

BEING, LTNAT s, HEH2000) BT
ZFEERL, #60kmifii THAENES BABENS
WENTH 5. KElL, BODFEAD. dng/1T, £@E1
ITH 5, BEHES 6 THIIE S LDANSBLREE R
11THY, KEEWIOWTIIh TR YR8
HBENATHS. £ZT, 19NEPLBEET, CHR
EWNOERFEA LW O % THREREELT-2L 25, kD
BR@r R oz, 1) KER LR, HTiRE TRE
TeEhe, BN HERLLICABTH S, 2) kK
BAME % B%, T XA (Hydrurus foetidus) #7F
WETHHRL, #7773 Fo (Ulothrix zonata) Hift
BUERAR <, #7* 7% (Cladophora glomerata)
DRI YL DK 3) £, HEENHS A
¥t %€ (Homeothrix varians), =V (Oscilla-
toria sp.) , XF4*7v=r74 (Stigeoclonium lu-
bricum) , 7% % 7% (Cladophora crispata) o &
IR RONS, 4) FHEEL, BRLICRKE
UIRRIC, BEMFOBRZELTHEL, HERN LS
CRECI T,

CELBEARE LY 7 —, “ELRLENERK)

(1) ZHMF: YLBMCBTIEERHE () 0
HREZTNREER M

FEEBFICEBE S DT LABADZM, 2D,
WHT7 07 b EKERBEORERAEMNREA
TETHH0ik, BUROTEINYLBMEENRNE
WHNFLMTHSB, 202 ¥ LB Tt Eudorina %
Pandorina, Carteria, Chlamydomonas % &, WE %
YOEREEMLVELVEERT S, chb0BERE
BERBLELEKBICHERAYT Lnvbh T3, |
D2 X LMEHERMEEIARENTHS, 22
T, ChAHOEHFERRBEHMPULERA U EROREER %
RELELZA, BEOMMEEACESILER, £
VoM, ThCHUTEREY Y RNz Ll
ENERMNEHERBHOMMEBRL TVWED TR
BNDENIKERNBOAE, EdiICchdbnzed
b, FREREEMISPOBEOETHEN FICRES
hERBEEERHAT A LATEIOTRB VDL
NWHIZEHRBEh,

(BWRTKA & - BETE)

(8 /AE BT EEWESOAAKE (BH)

" HEEALAR" OfREK. AKEORKEIER) T
BAB LA — L2 RTRE THBAIERL
T3/ A 21000, MBHEY» b ABELZE, &
TEWELSBFHESHTICON, LA B 2R
HRUHoT, AELHE T 20HEROEAE (B
2120.1Ma) DAoL E~DOBAEHEL 2o T,

AR K P 0 KB R & TN L TRERIE DTEM
BEBE L. Z0&ED L B2AKEZRIEAFELRE
DEFBE. A ¥ FEH, CERE L ERENHSE
HER(HEDo T2, BERAKREEZERIC, AN
HECHE) “BILRFZOBEMEN R & L TOFE L
ZOHPCBITLEAEROBEFIEDLN TV S,

Z L TRIKEDOHERFNEE LRI T2 BE0ER
EhOHAMRIE LN, CLAEAKEOHRBEOFHE
REEL, BBPRURBREHEROEFVOIBET S L
2% o 7=, BEHF /BT OSMARER» & eI 5
¥ BEMY >~ TEHK (thodoliths)E & #3 DKR
50—100mzEENIZHKF Y 7HE (Hali-
meda bank)idZD—FITH 5%,

(BIRAE# )



9) EFHSH: - AEHIVYRIVE (BUTEH) L
20T

1Y /I FXBOAY R AL € Neogoniolithon
misakiense (Foslie) Setchell & Mason ix, 4K
FHRPERIRLEBABRPOSHEESTATWED, 20
EEPEBECLDVWITRASATYRZN, HERAX
HREBTRBEINEEETEHRLZED», FRERHG
TOEBRBTEETRREEAERREL =,
HHHETHEIrPSAEInETCOEOL, 7VUKRSP
BEHOMECEFLTCWE, HARXRELNIRH
KFEBERTBICLICLD, WE3{ERECERDDST
Whk, BROEXE5~20mTHbh, HYULHDHEWL
BRCEABTIHFEIYEL R2FAXB SN, W
BTREPSEBCLHPITHREL, 6, TACHKLE.
AR, REKBEHRELE. CHBREIBEREICRH
ULTERR,BE242~536unThoz. HFBRTFEE
BBEROBHORZERE, HFROLEMBERATOR
BOE, ERRAOERMBRYCODVWIRBOREHR
DEHEBL—B Lk,
(M) EBEEDREHRA)

(10) Ofi&kE - BBIER : ARBEZATHOT L
AT X AIVRRO /= HOE RIS DORET

Fald, ARBTATHHNATREOFRER
ICEX3EEICDOWT, 7LAnRS—OBEMOH
%&ﬁjtt\éo bﬂ) 'J' Ewﬁ@%*':_&ﬂql:
R E N 3GrundDEES i TR /nISRERE&HS
mHhiahBohiEhl eSS, ERETIIE, F
TYDICAKROEREITE L - R BRI EES
~HIC, ERNBSICIERTESZITATERAINT,
GrundDeiEEsEith S PESESHBIC DV\T Y VY BISRE
EES I UEREICOVTRFLE.

EHAYONEIREFE10mIOKBREEMZ -HBR
BERIC25@IDHAAIT, EHRBRE5EFD14C
RARGTT—EHMERL AR ERE(RBOR
X)EEURMM TR IHRERAE,

GrundDekEEIEHIE, i) U BISEORNHED
EDREED1/4(1/4P)ICHEBENTINSAS, 1/4P
L ETRELERSIWEETNTSY, 1/8PDIFED
BERICELTWNAZ EMDM o/, Efe, ES S
VB 23 MEEATHERICEB(IAM o/, PES
ZRAVEERETEE, 5RY CBIEORN1/2PM5S
2POMTEEMNELL, ELEESYIVHEMAEIFED
DBEEMREL ABERMR SN,

LLEOBENS, 70LATIANOFEORED
HIC, WAWSILBROERICE<EREINATY
BPESEFRATEA DN >/DT, THY -
BYERDIVALL AV TOVMREICRIFTRE
[CDWVTPESEh & B\ TIRERFTLTIVS,

(dtx - = - B
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(1) % % ®: %Y YEEIFEOELOHHNG

HEOKBSPLEKICAELE, HBEOLFELHED
ST ALREENBENI 6 EFHNGARY Y BEDD
B HiZ "&@ o v AR —-FAE” OBRHN%
BthL, Z0HEDYES £V 7 I —HuEHITBE,
ER, K (8) . &K () | BEIEIrICEIT#
BN, KEEBETCREDIEINFTEHILEBL TRz, Z
NDERBDEHRE LTI oYy, BITEREEIILS
PRI RAAREERFTARYE, STARYER
CUR afIICBRRFO>Z-TFILEEEELTWSZ
& LRI RBLRH > TER LI WHAR (8,
9. 1 0AR) =—TIL%BFLERDPELTEAR
LT3l ¢, LEFNEBODTRRERT tF L V&
BPTuET LY (HAIBIIE S L ERETLNS,
BILEMEHEESNI IS Y TIZO0ThD e, £
B, BRESOBEHCAELEVARON, A—iKT
HBENY1- 5B LA TIZ "ERPIT” BELIHET,
HILERKECHEELIZHANTRS L, V5V Vit
EBREE B2 DNEKRKBEN 2D, RABIE
Be "REEOEESIEE K" ERRFT LD
HERBZDTIRENS D,

(dEXKE - KEHY)

(12) OBHXB-FHEN " : 2AF¥IE (LR
» BEAY A MFH) 01 8IiOnT

BERGERRAE, XBRUBRBCEREEL, Bai
llcn, FEERRBEIZL, BRBMK. A EFERHE
RS, RMRGAL, BRER2-3Thic4 @Mk
PO, KBRMBOKIRLEV, BRBRIIWHEC
BcoBTscLidhd, T 75X MHEELRD»
SEL, ZBRIBERKTH 5.

CBERX-®- B, HPaEery-)
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(13) peip¥g BEEA VY7 SERBOFH I ®
2 (Bt oW T

HAXERECREI N Y Y7 S BEAR, BF
A v ¥7 5 &B O Zvaocarpicae fi
i o - R R A ¢ i
) : Saraassum longifructum Tseng and
Lu (BFFER) CTHAIEADAD., ZOHEEN
BEPLAfcowCBohtMAEHET 3,
HAXEANBEECHARER XYV 1989 9 A
25 ARBRI N BH TR, TERIRERTH -
fro BERABRCTTERECOERHE2BH AT, EH
BEE 72cmE T ERISPLPEE T, HER
4.5mm ¥TC, LEBYVTHRIREERZON B,
BERERHAE»oRBESHE T, EX 4en . M
1.2cm ETTH 3, BURIBHVHELZALVER
ZENRDB3 0 dI3VIRLEETHI, JIRRKE»H
AT, ES Tnm $TT, HilEHEMHETS 3 M,
BERREERPEENR NS, SROFHIAERL S
ERFCERRBUMN, ¥BEITBOES LVEY,
HRERTD 5, BUEEBRKIFAE»=FHF T, B
Tmm £TT\ HAREBVHREREMN D 5, HEMEMHE
BRZMABERCRANBOOTHBH, & & & EEHMM
RERBVNREEBRDLDI I REONI DD D2, E
S 12mm ETLEEV, EH00EEBERS/NMERK
JALIBZEL. holozygocarpic BIEEZRT,
ABELRALBOEEX SN 3 REHN, HMEEXECRIE
LHEE. s, BERMECbBA S, $okILA
(1942, fig. I RIVFY Vv EILENBEHE
EOREORIATILENRD 3, BH. FEIRHE
Naozhou B2 %4 THhE L, 20 BB I hiHiH
HFEBRRREBREV Eh o HRI SN, BN
FFaholEEERH I EoAD, SEIRRIOH

EfiThds I thbhoil, (HK
=3
(14) OFEBRERF" -FHEBE :zF-HEZ (B

BEYYI78) OABFORY

X+ H €2 (Sargassum henslowianum var.
condensatum Yamada 1942) 13, EHRHF BB IcET
380595 T,. REBURSBILESETHEN
BV, WAL, XBX*HEISXIMFLERHT
3%S. henslowianum C.G.Agardh ex J.G.Aardh 1889
DEBRLA-EHR., BXAEBOLEBMERNLVE
HLTWELER&Z2HbOTHYD, HMERICMHORE
BHEENREVWEINTEL, LAIL, BESN
XM+ L1LEE DS, henslowianum 2FW~7I- & T A,
EPZRROV A XCERBENRBDSH, = FHE
7 S, henslowianum DERBTR A HETHZ
NP s, IHK. CORBELFHE
7%, BB X UTEHLUBOEMASHEREIO L
x> Fo®27(S. yendoi Okamura et Yamada ex
Yamada 1936) & KB LA E A, ZFAHEIDIA
TEEARIVFTEIOHBBEKDO—BTHE LN
B Lo T T FHEIEZVFIEIDY
J=AhElL. BBRBUVFDEIELTHRVEL,

("ERBXK - -KE, **dtKX - #)

(15) %=H# ®:BEOIN ) EI72HEMOBHREK

BEXABOBCHRETREEOER L S8 & W8
REELB/HEREZLTVEILEISATVS, AR
HBRETIE, HARAMEREL S, ReksE
#0.5-1.5 um NI THRELE BHRKOLDE)
FEoMBCHECHTsREEHET VS 2V B
HLEZORDIETAIHN )T LAXE LML
LT, BREAKSROR B EABHELA VW THE
L, S1OEEMS BT L EMRCE2E~B6H
HoaR®HC ek LBV THEEKERWELE
. L, BHEGOFMEILUTSEY, BABOEKI
BMbhoTRESLMERIFEF—TETH- 2. PRI,
ML @Rk REkOERRCHEL, 2~3/F
» 672 BHRK( 18200-250nm , E X 150-160nm ) % £
T3, BABIROEERBR LV LEEFEEOHE
NXBEELI2Y, BAA»SHEL RH/NESD L
(b2 ET 2, PHEBRIEBEETFEEORERY
Bli> THBRINADBHINERCCETEETSS
i, WERREBHEIZEEL TW . G, B
FHESReLVHRARINEIERL (& akE
BARANGIED2FTWA&ICRAS3, (LK KE)

(16) IROfERKE : WHREDOEEMRBEERRD 180
A daip |

RS & b B U= RBER0—EoREE
FFEHSR ST BTEMEEAVWTREL, 20
DEFONBERE Uize ZMATHLPLEROEXR
BROFRBOREILUTOL S5 THS : 1)MERIIHEEIC
R¥C, RO Amphidiniun BIZRPOEBETTH,
SRR ITMIREEIR I L o THEDIh T W3, 2)3ERE
k1<, 1@orL /4 k24D, 3) L#EHI/N&L,
THICHBLTIEFEL/IDEXTH S, 4)EREWD
WAEEEEET S, b)EIRESIEP, 4', 6",6'",2
" (1p + 1"7) THB, 6) LEOBEICIIEALEE
+32, NEE=HAROXY) v MRE2L, BRO
BERic k> THEDIS, 8)BIROKREITERTHHH
3" OBIROHHBIBRERRE b Do

ARIMROBESIR R P ST=FF v 7 XHD
Protoceratium, Alexandrium, Pyrodiniumi:¥ DRI
EBTHBLEZIOND, LIPLRYS, ZORKER
NeseRe (Bdol, 3, 4, 1) BRUETROBIROR
BRRESR P SEABEFRIEL LTRS OFR
LTH3S LoREEE. (k-2 - &)



(17) OFZXE - # LW MRELUBREShIH
RBo#EEHOSTPIORE

1990467 A, #%&)I| RARIR T ORIRHED LR L 12K
RETFHERELALLZA, BAOHMIREEMSHRL,
FEEBR L LTHEM Lz, ZO8BITHROKE X135~7
um, EBHEOERKEZ2EIIMBEAL, BE2RDE
ERHBATRROOEL D, LEDOX D RBHEII, &
SEEEA /T ABORKE BT S, LAL,
BExxR<, BEENMOA 7o+ RABOREIZHL
g R (RfRDK2/3) , RIEAZITHhRL, VR
FEEBR LW REDHEE LY, BEMOMICIZEY
THLOMRRNWZY, L VFEHARRELITo=.

HRRL D HE BB I ATE A b HIRIITANT T, REH D
N, TOREEEENETLTV D, REKROKHE
LoReEEEIIAEEYT, FRHETHH LN
ahi, ELIZEBIRIUTOL > REETHEITS
L5, 1)3BE LABHOM/NEHEOHEERSREDORK
RS> TEITLTWS, 2WEBITRO L EABEN
K 4R (basal plate) D FTEIZMET 5, 3) EE/N &
(basal body) ITEEDEAIZWE > T B, 2),3)IEN
FAXTRICROhARELELHLTEY, AEOE
BYENTREIND, (REX - £DFER)

(18) O@jvind Moestrup * « F+ £ By** - §f ="
NT N EOGFEMTRE

NT FPEIZHRAE ENT P ATOMEIZE D 4 BIC
DEENDY, CHPFABHLRFETHLILIIELD
MREICL-oTHEEIN, FEEBLFTHRICELZ S
FROBEBEISROOLNTVE, NT M EOEEEE IR

1980 R O ML RI MBS N, FETIZA Y

JYYAB, FYLERYYLE, HAREDEZ L DRIC
DVTHBRFEREN TS, Tho R ILE@RITT 2 C
ETERREN BOLVTHEEBRIT 245
2RI ) 0o b, CoTH. ChETIBOR
7oTERUC, #7ICREEL BB % BT L 72 Platychrysis B
JSUHAREMEOERENA. NT I REOSEDH Y F
IZDWTERT %, B Platychrysis (&, Prymnesium,
Chrysochromulina £ £ 127 A X7 LB X HRT S
FELZBRTHDH2, Cho IROBFIILT L IHABT
Bdrotz, MERBEMITLIHER, Plarychrysis

i, right basal body DEEA SMUS, BMAERIS %2
HHMBDOEEREF O L THBIILID, T,
Chrysochromulina \ (S BEEEBBEOR LD V22D
BIEEIAhTwEL LW L bhroTEL, 61,

P EL-FAARETI, FEEERIERAICHERICE

BT LBUNERAMIBEL TB Y, Pleurochrysis & ERD
BEEBELoTWA I Ldbhol,
(FaRyNn=—F UK - BH, AEK - £
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(19) O/h# 5A* - ML **: Sellaphora WD &
MG LOFERRLORICHRIE I SWM.

Sellaphoraf®(t Navicula pupula Kutzing% % 17
My LT 1902%E|c Mereschkowsky ok > T#RIXh
ERTHHHM, £DO%, 1989%E(c Mann c&ko> T D
BOBRENFRBEIIhIETEIRREINTEE,

MannidZ ®Kic, N. pupula Kitz., N. americana
Ehr., N. bacillum Ehr., N. disjuncta Hust., N.
laevissima Katz., N. nyassensis 0.Mall., N.semi-
nulum Grun., N. vitavunda Hust. O 8 #%ABIT = &
ZRELTWS, #BE651R, Chblcz, oK
R¥srBbh3, Stauroneis japonica Kobayasi,
Navicula joubaudii Germain, N. stoermii Hust. &
&, N. minima Grun.i2DoWT SEM Ik 2 BBROR
s xR L~

ZOKERTIE, CORDLOIZ,(DBNTEOEGTL
BROPMICHET 53022 . QBRIZBRAAE
T, BEMNZEW. DRYLEBZONAMAOIAEOED
&, ARINDF - AROMEFRE DD, EWIHE
THRMVBEOSOhE, #-T, BRAT, CORIZ
A2, (CHRFEERMEH , »EHREELE)

(20) OHWEM - BNEATF : 2 HBDERKBEHKKL
AH A %E S OHRER Pinmdaria O 7/ )V—7

BH S Pinnulavia O ER B RAKICR, VT
NENBROABRALNDEZ L%, BEOAEXES
FZLABTAXRL B IO TRBEES 7+ —5 L TH
Ellk, ABBOEREBE A IHER T Pinnularia
KOBRONIBHELODTH B, 4EF7/E v b
AEYAEDAARBETEI LIk D, ERAEAABI
DNABEET B EZBH L,

ABBOERABRLIBAEL T P. viidis, P. sunda—
ensis, P. viridiformis, P. divergens var. elliptica, P. divergens
var. bacillais IKELET EZ bR, choo
ERRBROBEI L > TR viids BIfI/NV—-T¢ P
divergens DEB IS N —T R HBI B ENTE S, T4
bLEiECREMBEORE, WEF vy T VAT A,
BHEHBEEELTHD, FBECRPLRAEN
KEETIEHHZAAOEEL LTS, ThTh
DI/N—TFTAOHRIBREORULERAKRKD S
HTRAO—HISFRHEMITFHERBIESICHBRTIZ L
RRRXh 3,

(HFKX - £9)
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(21) OHINMEE - BIHKATF : d.L B ERPleurosira
ORI IERGOEMES

Pleurosira laevis i & ##150um® MR © 0 fa 5
HERCEF L THEEERLTVWS, HRBRBREAR
HEREb5, REARMABD LS 2RFBEEARER
BEFTicdo, BAL» SBHKCEY 2 FEERBE
REBEZEZLTY 3,

HcREHOMARROERESHBRRET 0 R
BREIC—RBhEdb->TamLTWEHE, BtV
L REBERERALEB - T2RQESHEABCH
B s, BHOMABIERHETE S L2BREARR
FHEAZE-> THRBET~AERET 2. COXRE
ESicHBEBEEEELEICEEFa—TV YBLUT
77 vOMBEHRANGEB L UBREARSCL > THE
Bl COBBBIURBOERGEES L ARG L
DERBABDLVEIA LS TR BBICL-TH
Lho /. BEREHORERHE I ZLiTL-
TCOEHEFEXTIARBEREER Lo

HBOXMELHD 2 LHEHLEROERSBE S
NELPORAXORRHELEBILDOEREKOE
HEMTHEIEELOND. (HEAEEKR-&EM)

(22) OIREWM* - WHRWE* * - UKBRF* * .
HIKEES 4 &, Pinnularia LU Synedra D&EW &
BERFEREERRIC DT

EMIERTIBOMBICKY KETNBER
33, ZBETIE, KLERES BE, rOHBL
= Pinnularia braunii &gtk Y 38 L 7= Synedra
uluna R, BRETOEER, A RREDX, B
EHLUp HOMRERANERSLUER, MM
BARETERICOVTERL. Pinnularia DBESE
% pH {3 2.5-3 (3000lux, 20C)T, —# Synedra
IPERTEIVERTERLL. B/ REHETRAMNE
RIZ3WORMEER( MGDG, DGDG, SQDG)T, #0ft
IZ Phosphatidyiglycerols #&¢;. /2SRRI
C16TEEMBOELES0%E LD, C14, C20
LU EDBEREATNICRS, C20oLl EDREMRISHEE
BRHPCBELTOE. | C1alid, PRBUIE
ENEBBELRDS L. T4 RROLIEVERERT
BRT3LBERSRETANEHREOMMT 85
BHohi.

(*EREH - * *gK ML)

(23) ABEXR - XM+ LOFHBHICIOVWT

BN LRBROBEEOBRERICET 2HAEY
19931 -2HCHl>T. NI FLHAZOR
ATHbhi, TR RMFLTREADHZVIRK
EERE LTRRINTOWAIERIKSODVWTIHET 3,
K#BIC, Gelidiella acerosaiRMIN B AR ZR
K ABDFIN, ERINbOXTHETEONTED
booF vORERES ANk, T4/ VE
Porphyra sp. ( &#®D ), Carpopeltis sp. ( ¥ bF
B) ORCEATWARETI, ZFERAKCIALDHE
BEBRBRL WA, ChOoDEERABELIDHTRN
3L TH-1z, MBI iE, Hypnea sp. ®Eucheuna
gelatine( # ¥ AV FY ¥ () OBINIHDOHNE
Shunid, CholRBRBALTYS FRLRBICHE
bhakiITH3, RV yISEHEREDERESATY
oS, BILTHRE LI ThHotke ECOHBPTHOD
EINBEINTEONTVWEDYTHRVWDT, BEICH
> To- ANVBFAKEE->-TVWELITH B,

Rh+LTR, BEEFTAT ) YEOMBRLRA
Tholko CNOORBBRIERRERE L THEBE
Hicthah T, BE, A7/ VEOEERIE
DEETHY, FLOVARKDLWTIRFEATVL S,

( BRKBEEHE Y 5-)

(24) OMFE_* - {LHH—* x - REBR * * *x
CERICEETIHEORLEZORA

WRERTRE »OHMTRAET LTV 2EBEERAIC
FAALTHAY, 1965FEEHMSHREICIH-> THE, #
B, HERZEVBRIN, HELOH-BHEL
HERLTVE, COLHBEEMOBENDIELRDY
FOHRICARABROBEBBACHAFTEND T {3182
NTHRL, £, BREOZNB IO AHMFEDOT L
DECHEE—HLAEL, FRER DL HMIF 4
EEEMLZEOME, RUBEOMNAEBEY SIS
TAHIELEAME L, BAZIBE~IIIEICHRDSH
A Er, WA, BB, RECHEREZENTSH
EFHrOHMEMYUTH -, TORE, AAKTS
BREIZETRIE P/ YA E3HE, BRI,
NN 2R L1208, LBEZRYE Y, 2Ry )
2%, E50%, IVIY, ANIHLEIHTH -
oo AMELTHAT A FEE%RMH, Y, s,
MEEBMWIc DL >TW3, T/, ALEHROBHET
LUMBILI->-TZOHAFEERITEIHDHH 5,
WROTFLZIIRMEY, £HHH, BROEBRK, k7,
RE, ERLOHBERIODHSNTED, TOMA
HOFZETHB, (*HAEKHF, **xLERKER
* % x k)



(25) WRE=: NBEE~HTOBMFABICHITSH
hEOHKE

FhBRABOEREPYHHAOREHELTEE
THEH, BFABORNEOHEKEI 2L L
KEhTWHHY, EITIIBELI~TAREFRAED
LB THRAREOHARRT -1t HFABORINED
TEHRER R FISHOSI= A NFE), V5 E
7, THA®7, e9%, RUT<ERT<EEL, Zh
SIEKHBETEITAIBACSTA ) VLR ETHB, hh
BEEMICS5~6AICEL, TACEBDTL NV, #
BREDORHBICONWTABZEINANFEIII5~6
ALBERLEREFTEBLTVIY, 7THICBE
BB AERERIKRCGE -7, VS EIRBSA
IKkBE, HeE, BETHESL, 6 AICEBE#N>S
RETHENBL, TACHERTHOTMCHB LA
KT ER, THEZRS~6 BICEERFICER
LM T Atk Lk, 235 AIC2RTAHS

h, TRIZH®H, =8, PTHETEEBLL, 21X,

T2EWRSAIKEARTASON, 6 AicmUi, HR
EFEHMRL->-THNFEOLBREEPLRIRLZH,
DERELTRFA VS ISHEOEFERERAYN O &
Wik BbDEEZSNS, (Q::T:R/ 3% D]

(26) OFRmEYE « KEEX B 7v -+ LW
CAHET 2 BZMOFHALHEBELOVWT

TEEFEHH300m, kKETmOLZALEAS
hi: \THEY (RIBEEHE) Lz, 25X22cmo
avsY—rFv—t %, 2 A 1EKPFEYF TR
Vo, TOL AT 3 ERMIco>VwT]1 99344
Ax0HEER2T-Le ATBEY R, EBBOKHOBY
MicxBEATCBY, BRIV 2 2P LETIHET
Hoteo BAEDI VI Y- P SV -+ REBL, FE
LT3 BEHORE L EERNELIT> . TOER,
Zr—-tOBBRHOBVWELLST, TUv-tLil~
3» At AT 2 HRHOMAMY, AFCRL-TCW
o DEQAQKCBEBELIE-7V TR, 1 »ABRKE
ZHoOEEBROh Db > nOEHLT, 6~10HK
BBELEIV—FTR, | » HREHAKZRAC ¥
YysHEH (FresvalvEs®) 2 LEERHE
DEEBR OGN, Elch IR, EMAKEHOE
HEBELRIEFELL, B8ARBELL Vv -+ TR,
1 » ABRCEMARZHOBEBIO%N L Is» e T
ABIBE\BLEZIV- TR, S ALK Y7 S5H
DHEEN25% LML, 10AZALL S
V—tTid, | »HABREBEEN3IO0%EE . CO&K
SBERFOVUBEB IIBLWTR, B v - rOoRE
OB kT, AT 2HZHOBHAMRSP, BE
LOREHBRIZBEENI T EMBGD 5 2,

(BMKEEED €Y7 —)
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(27) OEMANMES - AIIITE : ZERBRFECET S
bt bz yBo@BEICO>VWT

ABPEBRE,LSREINTWEE b7 ED
BEl. TORE. RESIUCEECOTmTE LR
HENEV, ThETHREBERIECEEELT. H
% (1946)it t o/n 2 £ b x 74 Monostroma latissi-
mn HLUE b7y Knitidunod 2FEEE S, B
RE~NORERANECREZE—BERELE LD
MU, ECRBNEERELZRTIELCHED
FELHEBAEE LA, EHAGHOHEBZAICESVTR
BEDABELEER, TR EAENREDANJE
T7HRELL. MNSEREORERE Lo FEEII
Bifi<v+t bx U oxyspermun (M. wittrockii)ZAstic
Bukghhot, ghbon/ bt b7 doRERE
OHBRETESICL > TELL., ABE., AOEE
L UNBRIC KIS 305, HK(949)ic& 3L b x
sHRzomORMic, £ LTEMN9I6)IKLZE b
rHRzoNBRCHUTEY. ChETOZERRE
goMFL O b LT EEEERNT B L
HTELD -, BB, Eho0BHERREEK, B
HEBFHLUEATOREREOHHISIRE b
74 Kgrevilleid A oh3BHENEFEESH
2o (ZEKX - £HER)

(28) RIFTEE : B/ Y ORFEICKIETHT TAL
HARDHE

HE, ERREOWE. BEMEROBRIEL BN L
LT, FAERKRMBEDOBHENBAIZITOA TS,
L L., QBAKKEOHME /) YV RAE THHEEH
2L, B/ IVRRETEEXEEIh TV S,
Maruyama et al. (1988) AR H v/ U RRIEMAKZ BV TIT
ol ERTHE, BRIELRVWEEZRIEILTWED
i, MBEAEBET AEMCEBEOLDICAV L,
707 IVERHINIELRORBERTHD L L,
0.009ppnit EDBREETCHENRROND ELTWVWS, KIF
BT, MHE#OBRFRUKMIAE CORFEEEA
W, SEXERBEDCT UETRUHEEREMIE L
AAERK %, 1/20PESESHIIZ HEhD L /- e & AV THERE
BRETRoT, BEBOESREMRBRUMRSICLS
ERTRLE,

EEOEMIZ., DT E=70.5ppn (HEHIODOH)
#iEE0. 005ppm) PA L T7 U E=TREICBIRAEL ., H
RBECHRIXBEN TV, £ERERUVEHRARD
BVBER. LBARICTVE=T, BEFEBRIYLE
A, VHEFRRE TEHE 0. 02ppm, 0. 005ppm &
Maruyama et al. (1988) D&ER L IFIFIFIF—FK L7/, L
ML, BEKCTrE=T7, HREFEMIELBETR
N Fh0.0025ppm, 0. 002ppm & HHEMFE L HBN
72 (ZEHK - £9RRF)
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(29) NIUBEEZ : EMEBE T OBRIAT (1894) Fitil
BRARERTHREBS LUHE — MIOWT

ERESEFTITILEETORE % 1T HHA27(1894)
#£7-8 Bics2AMIcH 7z VLB, SR8, RE.
#WE. A, AR, (X WERAERITLIVTHE
OFBE#ITR > 1. BT MLigEkERERS. &
2= (1902) KBWTE—RERE L L THMOHTILE
BT REAERBLOECOREICAS LT
ADKEDP- D FOBORBERITER (330 &
TR S L & D a ¥ 7 OFHERIHE & FEHICFR IR
T L. xRy v F U, — bhsdtiEE
KRERFHRMBEMBICR RSO TV, BitldH %
OEED—REILBB SN, 2OHOa Y TICETS
BAAEFRCHE) — M ADE THZ LEHBEDOAL
O3y 7 RETANFLERE LSO LS RHITE
BLTHRELRPRERREINREECEEVAN
ROROEREZNSC LM TES, TCTEINGD
EROEELXBNAL. SR LS HFO Y
TIHONWT 2, 3DEELEHET S,

(BHfETH B &H4-29-15 )

(30) O =¥ - R|E 2™ -4 Fe  BEOHBMA
WNRZXGLIWVZARURIA XY 1 I Z{EH

(B8] RZREXOFRH I AV RF£BART B -HIC, Hix
DEELSBMLATXRCOVT., I NVREEEANS,

[HHARVFE] BUREITREL -BEE AR 78
EBBICOWT, X2/ —LIFRERHKIFIEZThFNA
WU (RTEI4TE, 8781498, ATR00HE. EEME), EMHRE
BEEAILARZ ) 1 L Z 1 B (HSV-1) (233 U T idplaque yield re-
duction ET. /I 4 XM IILXHNV) IZ3 L T EMIBIR
MHIERER & HIVESR MTAERZTFRED 2BY DFETIT 1o
HEEME U TIZ, HSV-1ICH U TIRABEMI 20 DB E
IS0 F72, HIVICH L TI320 pg/ml OIRE CEMBHMBRET
HH SN, MT4ERBER CHERBUENBVREICHVT, 50
KLU EDOMBKRERERTESICHDE L, [BR] x5/
—WIXZADBE. BRHE, FREI R HSV-IEBERLE
P HHIVERRBO Shah ol BKIFR TR, BE3HE.
kM, KURI218, ERIENHSV- IR &, %72, B,
AR, ERIFESRHIVEMER L, [£R) $RRHEL
WA IEIDORBBICEY IBLELON B, HHIVENRES
THIREUE. WTFhd, RFICHRHSV- 1B E LD LI HH o
LIEDS, PyEADBIEHSV-IEAVT, TS IKO—
RAVV=—ZCTRFHS5ENTEEERDN 3,

(3] BBEREL TWALVAEILLK - B - TABERBIC
RANLET, (VEUBEX-E-JI1LX >R -E-®R
HREER, +++fE] - 3E - 4£3)

(31) O mF* -4 FIK - NB—E EFIELYF
MOBBE N 1L 2B RO

(B8] Y1 L XEMEIRIRIC L TR EIVY F(Spirulina pla-
tensis)h* 5 Bl U =B DL & EMFR DM £ BN
fzo [EBRFE] ZAEL) FOHEAKI* X ETCARE, FIVR
B, AFLTRIOTERTS T 10— %17V, BERS S8
AL 7o EMRIRIC IEBAILARZ G AL Z 1B (HSV-1).
E RS MAHFOIIILZ (HOMV), L>TRAIMIVR, BiE
GAWZ A>TV IHYLUNZ, RYFILNR, 29Y
YE—JLINIARVTE FRBERLIINVIHV)EBW, %/
AV ZESIR HV OB 3 EMETRNEIER & HV B
B MT-4 ROKRFRE T, BOIINIADBERTS-9T7
A TREL ., [BR] BRI L/ -2 EERIBR
BETOMBIEBHETSH > 7o RMHEOHSV-1(CHT 2 ERIR
KRERHLAEZ A, Y1 LROBZMBANDRALRE £ F
BTIEVBOIDICE ol DT ANIHT SEBFHR
ERANARE, MBREBEYIVIIIAO-TEDBEICE -
TRBATEICIZ (HCMV, LT 291N, BRiEIA N
X, HV)CEUTH > 70 —FH. TMRICBF X b7 B
ETHOSNIBORARNERRBOShEd o1, [#HB] 5
EREBEhAIELY FORBESEITHFI b RBOL
5 EERMOMBMESEHI N T, BABLESHRI WL, I
ESTAHLHBRMERERS LVDOTENLRIMLIFT
HBEVRB,

CHUEEAX -E- 91X A - ¥ -£% AXEH -
chRFBFAEH)

(32) CHEEMZ® - REER™: HOBOBGHREME - %
FEROBHY 2 L5, ERRE, SREDOBIGR-

BOMICISHRREED, 5 3RMH B (Mix 1972) . ¢ D
5% 187 2K % (Cylindrocystis brebissonii) , /»
2% (Netrium digitus) , IR0 15 J+EH (Closter
ium ehrenbergii, Cl.acerosum) , WHOE FUrEaAYH
4 (Haplotaenium rectum) , 2?7 4 FY %€ (Pleurotaen-
ium ehrenbergii),* =~/ H7F K" (Triplocelas gracile),
Y 2E€/& (Cosmariun turgidum, Co.pyramidatum),{ K=
42 (Euastrum verrucosum), 77t # 4% (Micrasterias
thomasiana) Y4, QRS LI, ZOKR, 1) £
BHERISTE SR T OFCHIDE 2555 . ¥/ LOFERM AR
LT, Thid 3H J$%E (Cl.ehrenbergii) 7 & OHMEM
fao 2 BAYE (2 CL~iv) B (Hamada 1987, llanada ct
al.) 2XHFT 5. 2) 7 2K U BIEARICHA~#20015 7 4
i<, BEEREPROBEHRILHTH S, 3) HE - m
RBldplacodern desnidDBT ENE LETWE, BAMEOE
RIRICERT 283 &Y RO 28D C , H2HD
HERARRDSH » e, L L | B (saccodern desmid) 7 2
KoE, HBRWNII T IFET AP0V I TIEE 2 JIORY
rbidoTc, 4) N2 EERIEROBESETIS | BIKEH,
ERRERICIZ 1L - MENCE L, Yokota et al. (unpubl.) %S
BHTH L K RRAL e 2 MBIORBisCONMMADHIE & b
HL k. (CELLBESEN - &, > SEBE A - L)




(33) BA=E : EFORNOKBBRATEZOR
fE
HENOBIHNELLERET 2 EREEREL. v+
v roHBMRERAVCTEELEHT TEREST-
oo RIEEEBR. BREBEOREETE 2T DEL
TELDICBERBECEREZALALZF VL H
OWNBBEREF—5%2757{tT51bD/ev 3
YRUBBBHEMBEL T s VESERT 314E
EREBEL»SRD, I UPDEBTLALV<LVOELL
EEMT LB TED, v+ ¥ ETOHMMEEER
WAERTIR, HBLEZEHT 3 LREBICBASET
L2 BRI TRicE LR, T4, FELtoBHTIRA
BEEH. WREBROBTHRE SO, BEL
ODEHEHTIRIE-EDELEERBSOEDoFe &
NS DFERIEFEBROXA~NOREEHREFITRKRLT
W3HDEEZIOND, COBBRIALXRBMTHIH
BoREs s, 0BV AEETREEES LY
OEROERZETHLRENTKTS 3, Sz, &
FORMEEROS MM PEZOREMR EXE
HELOMTOBIMLEERELTH LWV,
(BERIFIIRESER)
(34) OFHNEX - siHEM» - BIHEAF : + 4
Noz7TOMRBEREBECRET ZHBEH

EAMBEEEREAA " o=T7OREKREEZHE L
HO» 5 BLONCREZEZEESEH» 2REHEIER
D7o b TSR PnEE G, CORBEER R
TI72FvOEREL. ZDAHD =X LREAPTEH -
fo —F. RBEERC KO Ca> D MR A
BEATHBIEEBREIDTVEOT, Cat'DAA
- TBBEIIERBCTARBEF > REENME
THEAALFENAFIFICLDERLL, A4 ~o=T70H
REERARERGPREQOCEBLLTEFELZOR
BREHLHTLR W, COMRBAEBEXSE L. Bifick
DEBEEERE LA < OMBMKS ®RY aBal il
T& - TBaSO, OHBHEBELL. AR 2 7 VIR
DEAEXHERLL. S5RKFABR<27 rVvORFH
JUBODHBREBLE,» S, CHIREBRSHETH S C
EEBERB LI, EMAKRBYMOIOZ 757 4 —
DERLOBKBMBLLTTSISE, —2%25BicST
CeEHbhotke "o =THALBVWTHRSESKE
FENACLROBTTS 3. BBSEHCa 7 7 «
75— LTRBERGRECMS T2 akittER LA,

(HAEEK-EY. «BEK - B - &40
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(35) BWWHBLBTRAICZIOBLED
MBS GUBAY B [

BROHSRIB W THHEROER L2 > TW 3D fuco-
zanthin-chlorophyll a/cEEIFCP)T. Ectocarpus D& =D
HAIZH TR 202040 7 REH 1 HF Echlorophyll 0 453F,
fucoxanthin 44-F, chlorophyll ¢, 13 FOMREH%THD. D
FACHSLARET. fucoxanthindBN I FREMIBITLT
B, IHABBMIHEROBHESA TS, COFEBITR
fucoxanthin SV A= (Circular dichroism)&RL. SO
FEX 3 #ichlorophyll a NI X ¥ —EBICHNTHS. BRD
Rk RENLE T S & HEHEWER (75 ADES, 38°C, 120-
B, Faocarpus DG 44°C 120B) TRERBLETIH,. 0
AE TR fucxanthing 2 TERBRP T RICE(L21E <.
BRI & 3 Mtk DR{EI fuomanthing FOEHEEA~D
BITTH5 ¥ 3. CoX{LiIcH-> Tlucoxanthin 5
chiorophyll @ NOLXNF-EBREIRKDNIY. he&¥
TLTAZGEDS IV F L HMEL . AN TDfucoxanthin
HTORFIOKFEPRDhAZ &b 3. LHL, WS
YRR MVGBEARLASSTORLEDOBD LFA—T.
BFADILERENER EORMLE > THRNI ENDRS.
JEHEER Tikfucoxanthin & chlorophylla #F Ed&D< D,
FHESIARBTHAOFICHDAENTNIEFASN S,
Fucaxanthin Q&N (LB BKFEIIRAROBIZL > TED
3N, TOBBEAETINF-ITRECLDIENNI W, Edo-
carpus EBEELX THELBMRCOME S B LI,
RERERIIZL. WThoBEbZLRARUFCHoN.

#RDchiorophyll ¢ 23X T ZOEE(FCPIIHKEL THE
9 35¥, fuooxanthin ®#340% IFFCPLADRERBES & L
THHLTWS. RHBERLUADfucaanthin 576 YRR
DHOD EFRICBEARNC &> TENIERRA~BTL.
BROBDIENEORBRBRAEE RLA.

(36) fHFER - MEER : kBFREYE =
S EDEDN-EHICIST BHC0 OF | FIEH

TAREDTH 3 €L L OBOMRI % EEts
3¢ BORMMBEKEE, ZHBTVHVERZET
ST EMMbhTWS, XMFETIR. RILEBO®Y
=% (Polamogeton maackisnus ) %FNT. N
BRIRC I 5 EEIATERE (DIC) OFIFRES
Fxic, TOER. (1) BEOXREFICH—KR=v >
TUEFI—¥ (CA) iEEMNESHHNB. (2) CA
OEERTHE7REY LT IF (AL loM) TH
CEBEFELUSHEEZhS, (3) NFUUE (VA
1nM) I DEOEMOBIEILHEL HEIH
5. (4) VA RUAL BEFCOXAK (BER
%) OEEEE. Coz BEMROFCIIAZLS. &
VI N E D C EMBHEM 5T, ThbDT
&b, FEOEMOBMELEEOREDCAL, CD
FEWIAS HCO3 2002~ T 3 C Lt L » T, HCO3 %
FARORBEECHMCHFATIRELES R 3.,
COMYIOEBTRBETIE. AF 1920 pH A 9.2
HEETERTADT. KEROE pH BUE~DE
L BEXS. (REEEN - £9)
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(3 A—I VT OXEENRIG, RHICHRE/KEBR
BOMYVIRZ & BRFEALLOHERICONT
OMGKIE * . BHERER+ %, BWHIBE= * * *,
ARESE * o * %, FODIER * * % %, JIE=*

A-JLFOXBERRMSICIE. (1) EXMLE
(2) AREBMESMONTSY., BICHBEMIC
(. Step-UpRit=tk8¢ &t & Step-down/R
B=RESRIEENHY. 440nmODFEXEIND
DRIGEH< HHT 3,

7DD AEESEAVERES (Diehn's
Restingifith) T2 AMERL AM@RICOVTHR
BMEZRE TS A LBRISOLDPBRBEIN, D
B#ICT EZD ABEMA EBSEIARVKESR
BB TEA L9 Mo 1.
ZOESBRIBOVIVRZET > EZ7 DRRIER
RICLD HBDTREL. ZVEZT7DT7 I/ BN
DEMLICEETAZEBINSZI P59 —EDlR
EFERW-RBEENSTREEI N,
(*BUERK - &9,
* * JLEESERTHARW R EBRKE - HHEEIE,
* %k BILK - £, ok * ok BBEVMSRTARR)

(38) OukMEiH« - JE0{E% - FH L B -
TFIE Sidbrerk | HEOBWERORIEHICOVT

HEWERIIEASEERICBIT 2 EEL—RERE
ETHD, COEYHOPITIE, BALHKEL BB
75T ERHEL THLT 2 BIERZ1T% ) EHIEHA
FTHIEFHMONTVS, Lo, EERHMEICE
TIEETRTHURFEL LTRIBDOIATEY  HEE
L LTORENI DV TIFALEB STV 2V, K
T, 9, 8 -X2EE LTR2R30EHEEBHE
FERIODVWTHEBNEHIR L, TOGE, HAE
PV T 227 V=745 bh, ZRIZIE L TH
EHBEHRELRRD LT h ol RICHBIEER
Poterioochromonas malhamensis 2 X DR EN B
HFOMEEREEOHEL T, WES A
FIXIEE Y & £ % & A, "‘)‘/ffb:’)\/\fﬂiﬁi)
INERFFD 0.3um HAKE-XLZOKREREWH
FOERE 20 um #RE Carteria inversa DHFIZDH
Jeotre ¥72,P. malhamensis DM K%, BAKE
LIRERBEORWEOERSITo7-, BEKELREGK
EOREIIMIREOEE L DBV LV KR
2187, LEORERERPOBEKERRICBIT S HBEE
BOREIOCTOH - LBRMERBIOVTERT

5o
(I SLBRIFERR, LK - &), ek HARAF
HEKR)

(39) OMTHIA" - XHET"" - hEHRE " : K
BV TS5 T4 (Lepraria sp) @ 3t 4 B

VTS T 3 FREBIDOARLMKRET, K
FIFHREOUIRERTH B, AHREDE G
B > TOB, thORKEDEE I BB
(FRMADIERT, HHEE) ICENTH, MKE =1
ICEBLTWA, AMRTE, LS ITrottEs
SHE - R UIHER, Pseudopleurococcus botryoides
BB AT b7+ 58) 2R LS, KEIL, R
#HATIE, pseudoparenchyma & MR D4 THERL
SNBBIHEESHVR U, EELTE, SIhKk
ROBERFHEOARICES > THD, ZhEHLL
HHIABHT 5L, BAERFIRREEEE L,
VTS Trotge LTI, BIEE TIT Sticho-
coccus bacillaris (Raths 1938) , Trebouxia excen-
trica (Ahmadjian 1993) M| EINTH Y, KWL D
WREMRADE, VFSTHrRONLELIEIM
DHEFEFHEDOI EHNP SN o1z, T2, Pseudo—

pleurococcus botryoides 13, A< 52 AR 50 4% LL Sk %)
HTOH|ETH 3, CILBK - SEEE - =Y,
CIKBRADE, CUIREBK - B - AW

(40) OfRHEHEW - HEFRE - K OEAl : Dilabi-
filum B (BMEE, hxh74358) o—FE

REREBINOBROREFICHSE (FEHES)
DREHLLBRBE, YT h7+r5BKCBT2EH% S
B ERLU, MEEORFEZTRoE. AEKEOOR
B2 -5HEHORRoOMBICL>THREATHE,
Zhicnl, EXEETEL QRAERICEITE,
FHBERBOMEED S, RKIASHOMRTHER
EhTnE, ERKIHEET, ARIC—BEorL )
IREFLTWE, £HEMREBEEEATH RN, K
H DM WIE Tschermak-Woess (1970) ATEL 7Di-
labifilum BICk < —HT 20T, ZhETicRH=
NEARABMOBKRLUBHH - £ERELELE,
FORR, KEIBERN Dilabifilun/@ 4 MICHARE
UYHOEHEABOSEHFBERLTCHDZ L #HAL
. o T, A% DilabifilumBOFMTH 2L H
Abh3d, Bio, ARFRERL OHEMER2FEOZ
EANES MR, £, ARRBBHOEROREK
HLBCHFROIT=—-2HHLTHE, ZhDDE
RIEEARDNFBEOREKH & WO ERHL B ICHEL T
Wz EERLTWS, (ABK-H - £98%)



(41) ORBEZEX-+HRB - O : I FY YV
) LY (Paramecium bursaria) DI EFEDHHE
¥HHE

RNV YV ALY (Paramecium bursaria)® 3k
HEFIT, Bei jerink(1881)ICL > TRMIIHE X
. Zoochlorellad®HEhtc, £2D#%. T DZooc
-hlorellaiCBi 9 2 BB¥N - EREMTFEH S
BEhTEH, 2HFOWRIFLALREIAL
Motc, ZiE. Reisser e a/ (1988)i%. Zooc-
hlorella% 2. bursariabh SR8 LTHEENR
HET-HER, CO#4EHIChlorellaBD—H
THE3LoL0IEEHRELTS, LAL., #4n
BEREREIh TR, KWK TIX, P bursaria
EHADOHBBUERLIKIC, EZOBEBE X
BLANN - BRUNNVTRET S EH#ITAP bursar-
iad o5 HRUCKAEFEEXRFALNNVTREER
BLt, TDER. P bursariaDEANTOERED
MEEEIIChlorellaBICEB LTz 22T,
A¥EDChlorellat LTOAEEMULBEAFicHM
KBRHTE2-DIEF L BEHROEFEE P S
U. BREUVRIOBRERT-7ce ThODERIZD
WTHRET 5.

(EBK -8 - 4£98%)

(42) OXB#BT - BMIKEZ - TALLWEB " REH
cHFOWMT IO POV T

FE#M GEKDS~103DESRE) i GEKkD
20~50XDELBME) . KBIRCLVFEIhTH3B
ABRAOEKETH 3, REMBERLVERME TR
BELRGFI12METEWT I P Y O@EEAME
1993F 118> 1994F 1B THEA 1 EHEL .

ZHIEOAETE. B BIIEET I
ProHBRRE. ESRBUREDLICHEHHNULTHW DT, 19
BERHOEREDTIURY. REMLOTHEEHD
Coelosphaerium kueztingianum Nig . B SE L 2> C
BY. GEHEDOChlamvdomonas sp. B Z R D2V THL
HBLE, REHEFCB>E3MERVKREBIIPE
ETHRINBLVTHESBUREEEDC. kuetzingianum
THohe —H. PRSI I EBEBUSEM. KB
MERRB>THY. h@HL. FEIR. KBEBOE
. BRKEREBEORHLBIISVWCREEZEEOPro-
rocentrum minmum(Pavillard)Schillerin@BEEE 2 >
Toh. EAREIARBNOTHTSHMIGI2Y.
ELESIMCERL RG22 —BIL T

CBBRKX-¥F. BREHELTHER
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(43) OHREZ - KBMEAIX - TALEBXX I R
Bl - PHONTEHFHLOLT

il (BAkDHIS ~10%DIESME) Lhilf (il
KD20~50%DIESWE) . KB LV LT
LVAHAEKOEKETHS. ARAR. REHESR
FVPT.SknBEURREL RiGE7THIOFTEERZE
FAELRHOT. E/BEDZHL I HEEHOEH
MOEIC DLV THRET 3,

R Tk, Melosira varians C.A.AG. . Gyrosig
ma spp.. Bacillaria paradoxa GMEL.. Navicula sp.
Synedra ulna (NITZ.) EHR.. Nitzschia spp.7t & B8
BB CHERT S, —7F. F@TUI. Gyrosigma spp.

Bacillaria paradoza 3#& L. Rhoicosphenia
curvata (KUTZ.)GRUN. I < R > h . Entomoneis
spp..Nitzschia obtusa ¥.SMITH. Synedra uina.
Amphora sp. R EDEGHHEMML TV 5,

FUEM - P E HIRKER - SKEE - BKkERE
PREL TS, EHRETXSBHARBIEL,R
Hoht, £z, EHICLS3BEAREILLLED S .

(XBEX-#F xxBREAFELFHTEM

(44) ORHEET - RoBa : RLHTEBICEITZFYE
HOESMAKOEMEA

BUTEXREICHIHBKHICEWTF Y EHOEEM
BEIBE2ANS RAETHRAZLICHELE, ZOK
FKAZREEITSEEFIEESTHY., ZORICEET
SAEFUNMSFIERHERELE, KUEO F AR IE
MTHY. HRICLSDTKOEALTHLED—BPE®L
TLEST L HB, ZITRAHBND ELEIE. Pleurota -

enium, Netrium, Closterium. Euastrum, Desmidium, Mic -

rasterias, SpirotaecniaZk ¥ TdH o 1=, Pleurotaeniun®
BRI XTHORIZ, SADSIAICHTTHELIIAICLE S
LIFEAEEREHLTLES, —~ 4. Pleurotaeniunid b
FTHEN2ADLHBELTBYI2HE TR N, E1Ple -
urotaeniunid EIRICH <. HICERL B TLKRENH
AT B LB HOMBNBHONE, LAL., BOBRE
BLEBET LR LDE, CHhLOF) EHOH
BoE—7, EXBECHTTTHY . BIC4AH»B6A
CRLS<OBMBAHEBRLE, EAhSKICHITTIE. &
FTHIIELNSLFI)EHORI TOHEBICHALE, 1IA
BENEMROI D,

(BHX - 8H)
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(45) OKIBEAET - ABBE : MOITEBBF2FY
£%iClosteriun ehrenbergii Ralfsd4iEs i+ 5H75E

LT PEEEE OBEEKB I 4 T Cl. ehrenbergii®
FREE EiERE1993EIA L DI2AE THAL 2. £/,
s o— UEERERVT, BEARERPREERCDL
THiT- 1o FEBEORILKAL S F Y EHTICL
ehrenbergii L HIRE . SATHICEHOEASTFEEYD.
THLI#.Cl. ehrenbergiild i & A LHB L -1z 12
DPRPETE. RELEATFORFURASATVEL, &
KOFNC BT BHEBHMBOAE 3. 1865~80un. K &42
0~5004mT & - 72,

ZITRLON 7 o— VIERkEE - TREARERE
175 & 05CT—F L H - 1oh8, 200CEL LT3 4RAEAH
hEF LM -7, . EH LKL C At (PHS.
5)T. 12— 1265 R D BB EN . 2, 000luxDBETFT1# A
PR L7, WMBERIE. M [ HigH (PHT.2)EFH V. 15
“C. 6,0001ux\ 12— 126 D BABE MO FHTIT - 20 &
EB[D 70— VEERED + —DORTIE. EAF % 2HIEK
Lichs, TiRtSDARE- BEE- DEES I, SEBShkk
BEDKMBEE bEATEES UM -T2,

(BHRK - #F)

(46) OMBE XM HHEX** - HHET - &/ &
CCOTFRREBIFAAAVY (BREH) I2OWT.,

BRERACHBRICED>TANXZ FHIGIZIZLEN
CRonz (B3thoirx7 . HEBREREFD
AX¥2, 2d. NXBOTK. N\FHEDTHANYE
FE2) , TERATABHEZHRLELTENXLN
TWahAYvidaryy /22 2iiz4 Ky /24
PETCEDLLOTHS, ALY /2R KBME
FA#ER) 23 TLBE) AKXV I/ 2I0RRL
bl THEBE) LIUTREIATWS, &EX5N
TWaiigidht+h BB EPLE LT, 71, &K
R.He&. N\, . OEICHEI A HRTHS.
B, NELVBEOHBE, RRBBRE. ATLNEA
OB TIEAER ST WEW, FRnabkyy/ed
RAXRY /22 KFHFELLTEHETRENTIZIWS
B, FEREHEOBN. TR, KBILHHFTELHER
MTHs. BLic. BEAREOVELDLLTENRS
. A+HAEHFTIINERR. BHEHEDICERL
HictEhs, FERCBIZAAVYIDEXLLER
9%, ("TFTERBEAK
Herysy—, "HHEKX -2 £, " HEFHEHK)

(47) BHE  HEIRNIZHETICEETTI 4
Y REY DN TOER

VEEE O MBS THE UL KRB RIEHER ICES
THRVATYBHEMET &S 1 EFMICh D REL
BEE LIV, HIICNA BN EEREBOTHR
£9T5,

AR OWETIHTIEAESH LR~ B
EETOBRTRO4BETIRERIEELID -2 (4
Be 5 LBELUIH DIMRIBENET 4 THAIRETH
572) o BERDKX (320umH 540umFE T L& L1
M. ThL DERIKE S REIRLT.Sumd SHREI
62.5umETHY, I SZEBLTH-EBKRED,
EOOSEIIMITH T, ZOMPOEL /4K
BRYESIFNI A TTHD, BRENLE I IR
DEV/) A NERIEZ, COHWIECladophora
globulina (Kiitz.) Kitz.ERE Lcht, LT
EERYVESIFTNRBEV) A FZETEIENGY
A THBICFBT A LIRMTH S,

(RFK -8 - &)

(48)  °TEBEEETH* - H. Rietema¥¥ - T-JYGHExxx :
~AJ TS v KPE Bryopsis hypnoides D&:iEsE

19934E6 4, K4 Y DI T35 > FTHR4E L 7-Bryop-
sis hypnoides 22T, FIZ X BHEROWHE%E
Totco NEREHROBEKICIIMERIVRD b D &M
Ko bONR Shic, HECRBTOESTFIIEE
FRFICHRE LI, HEETOREEI SN2 A AR, &
hETH—Th - LA REDOERAREH OO
HERICHE Lic,. FREEARRBshTh] a0KES
Lo TOLIWRREBBEFERBEBIENTHRS
n3Y, ThSORBARBEELETKT S &I3A
MNoto, 24T, FRIROBEREMITHEBELUTHE NI
A Lk, 48RRICII AR FERAIIF U —
Kol JOR, SREDGIZILBAEHE 2 WigEic
L, nxettioBEko zhicli-aflz 2 Lk,
T 548k, AEAREOMEICE > I DEHLE
PEL, ZhoRBBICEHIIAE RRBICREELL,
BRI/ NTIRE, EBHICRIREERL, ¥
2BBBICEIRATR OIS &5 A ket oEE
ICHZE L7, NV FEE B. hypnoides DHESE
12240 TiZNeunann(1969) DIFRE b3 5 2%, KtkikD
FREEOSE E@A I >0 TRERNE D - 12,
(F¥E{EK -7, ¥xBiologisch Centrum, ¥xx A RFH L)



(49) Ox# E@- R B : BRI L 5AH
B (RENR) E TTR72Y) OfFREREt

KAE (RER) kel s, SEElas st
BT ERERERITZ TV OEFTIASh TN,
CDOHIZFORRH 7 F P HIBBYE, TFRFE
1 LERULBO 7V RERERBIL T\ 5,

WESI, 'TR7ZAY OAERAIEZHES D
IC3T 58T, KAEL2ORE (5K, BE, &
DE) CIELE THAR7AY) , 7372, UR
C7AY, GRRTHTREFEDO7F74Y,
R7AY ) OMARISEEERRIZ, CBREICONT
BEIKEY Y — > 2HEB LU=,

Z0OEE, GDH, GOTO2BHRMEICOVWTHE
WRERCE=o GDHDZ—2iE, ANED TFR
FAY ) BLURZOEERk, BA, BRIGO7F 73
YCHETH o, THIXHRHELHOED Y RV 7
FYLIR2->THEY, BFEEDOF7F7AHIRS
NB200D1F7—2DNVThEHRBR->T Wz, L
L, GOTICEL TIXSERRT, fERcomptRER
BHLNBRP STz

S5EE 5N =GD HORIRERY S, AAEo IR
R7AY) EREIcER T 37T A Y EEET
»H BRI RREI N B,

(K - &=9)

(50) AHEH: 753 FEFRCHTIERKDNA
—20RAOBREAROEN—

ERKDNAOHEAENI LD THOM I LD
196 3%, BEREREs 5 3 Fer 2 2BORHEN
5C®H3b (Sager & Ishida)., <ORR
ERBFCRD &S BHENS bhA 2, 1) TODN
A LCRIENTERASD 200, 2) 0L LiEE
FHREHET DM, 3) ¥ VFuifiE s OBRL, 4)
CNHDNADHE - BIFZOWT, TH3, L3 04
IoBBR bR CEEL, BEMBRORN, DNAEE
oR, DNAZFORRMEOMESS  oMAIEon
feo k21 986%FL /N (BHid) &¥=TF (Kiud)
DOEFDNAO2ERES & BETENRE S N,
TR A CREREDNARF LOBETEEI O S F
FREFHHRPERKORFC DL TOHE LA
Bl

HEI FavFY7DNADLEY, YR Intracel 1-
ular oligogenetic ecosystem ( #ii#{E% ; Ishida, 1983 )
CE-TRILTNS, EE) ~DOMBAMNEFLTY
B,

GURRH412)
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(51) OME4L - =# K : XK 165 rRNAEERE
ek F b r2ET0%E

AURRCHT 29 FRHFEENL T 7o —FL LT,
Hik{k16S rRNADIEEEFI 2 I X 3R ERMT 2R B 120
MHEREREOBBNSBHBICTASZ I 3T
(Bryopsis sp., Derbesiales) % F\ 71,

HBEERKE»oMBLALEEECCl-2 F P v 4
7u<4 FEKGEFEDEZ O H I TE S N7 DNAE
et L, 16S rDNARHEMN L AR TS5 4 = —2 AW
YA INY -0 2y T ETat, BB, 288
% RNasefL B U 7 #2 i} O 3 DNAEI 43, % 72 I PCRE IT &
S THONAHMBEDINAEI R %2 vy — s x>y o4 28
BTE&RMo T,

o, ¥k H % DNasell B L 7 RNAE 4 i< 3
TAHEBE -z vy v ricd-THTAEETZ
MAT, 3+ b~z EHEKREI6S rRNAD B IFLEEE
FEREL 2,

COEFEBEMDIES rRNAF — 5 &L, ¥+ b
NREORFEHURMBERSL 2,

(LK -#HE-£9)

(52) O+l M. #E B : 18SIDNAIC &k B4k
N RESESF Y

K%V = F#l(Dunalicllaceae)ix. B H#EXKIET
MRGEE A R Z LR LTDRBD 1 NV —FT
Hb. BHBESRESNLTVWIHOTIE. B
Lo TR EFER L IZEHENRL LN, A —
T ORFBIME B LU N —7HAOERBIRITIZTR
AR ENBE,

UEDEPrbBALZI Ny FY) =Rz EENT
3% 2 I&(Hafniomonas, Oltmansiellopsis)iz 2\»T
18SIDNAD LRSI ZHREL. RvFVzIROHhT
T TIZAHIAE T W3 J&(Dunaliella,
Asteromonas, Spermatozopsis) b iz RERHIART %
fTole. 18SIDNADRKEMIIALPIZ Ko+ =5
BMLRMBETHIZ LERL TV,
Oltmansiellopsisi3iG#f (XL I A MV LHEES
te) DOBREEDOHMEIZ K DDkt L. Hafniomonas
i¥Dunaliella’z ¥ L 3tiz ChlamydomonasiZ & T
BT LERLTOVE. ZOERPLWL OhDERE
BEOEIIZONTHEREITS.

(K - £RER)
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(53) OtEOEE]. KiMBAME : RuBisCOMBIRFrbcLD 5
FHEAL © B RREDIHES

HEFICBVWTCO,2EET HEE. ) 7D—XEX
Y UBANEFY S —¥ /A ¥ F—+¥ ( RuBisCO)
DORYT21= v b DBIEF rbcLDEEEF|RSTICT 2
J BEESIIE. NEAREYORRECOBITICERRAR
%52 %, —/. RuBisCODRE4X DEEREBEHENHI S »IC
BBICOh, BEELHEICETIMELRIEICERLT
W3, $E. EEEYO RuBisCOICKENTH L LED
NTWERIGOBRERE & GRS RMLOME. #HO
RuBisCOIZ BT 2 A fi <. ZMELLOBEEEER
LEOTHET 3,
rbcLO R FRFBIZ BV TIZ, rbcLiZoars2571) 7,
BN F ) T RELEZERER. Yy ITIVTEEDE
HEEYD IDICKFIEND, BERR LGRS
IXa7$2 57 1) 7@ RuBisCOIZIXFFLE LIRWDS, 2o F
) 7 EEUCEREERICIIEE LR, yNITVTES
DR EEY TR, BHaHEOD RuBisCOICIX I 5D
BMEEELRVDY, Oy U7 EULICELLEEDO
RuBisCOICIZHTE LT=e CORHISBRRRER) V>
DA —BLT=,

(MbERIBIEFARITE - Y5 FHEF8)

(54) OHPXZK* - hHHAF** Mk B*** ZBERE
*.EHE tBO0KETERHLSY T NER*:
953 FEF RAOEEmastigonemesd FZ MBAZRL & R BE

BMRBEISIFEFRIE, TOBEOKREIC
mastigonemes&FREITN 3O EFROBEEEIF O &N
MohTL3, LrLGuNS, TORERROEAIL
DOUTREREFTPTHS., H4k, I5IFEFRD
BEBRRACHTZIE/ 70-FLiikEERLE
Be, mastigonemesiCH$ ZMBEEBI LN TEL,
LT, CONBEALTIAITICESALERS
BIOLWTSERET S, ¥, BANWBERUEE
BEETC OHifkhmastigonemes% BRT I L2 R
BULE, RICEBT 355 % Western blottingik T
XIcEC B, HFRH230kDaD /ST F A1 XIETRS
shi:, ¥fc, EEOBABICEXBEMP L 5 mas-
tigonemeshHWERMEMICHERAETATULBI I EHBESE
hic, €51, Com#tEsEMRICHEATES L,
mastigonemesH*BERE, SiHK L, MO HXEE
HLIERAETETOROMIBDHTO-80XET T3 &bt
Hof, (Bhk - B - %9, *Sux - B - £9HE,
**EIRX - E - BHEL)

(55) o MR - KEHM - PHET - B
ER* - ABRAF" - BiHYEAR """ - /B :
77 IFEFADOREMERRE RIKMES-100 B H

IIIKEFAREOBMBHEONEN (EXH
CREREME) ik, BRREFENBNBEBKE 2R
HERLTWALERZONTWAY., REREITESH
T2V, FEE, AIREC1HM (EK) H7-9.
1~8EOBRAR>ZMADERERK (MES-10)
2 7IFEFATHELRL, 22T, BEHK LK
ATAET, BALAERHOBREBRECL 2R H
fzo TOHKER. MMNMAEERE., WEFERE. %
hEESOEARM ZMEIC SV T BB & MES-10L
DERIIELEALEBRShLb . T, EXHE
EARBMHEC O VWTO., BHADERICEKEFL LR
BMEARELLLEZ A, MES-10DE XM >TFEKE
ZERLCTH- e, ABHHIHEKDOIFD
1BELPRNCEBEH Sz, COZLDS, BAIR
RREXOhTERERELI G, XBIMHICAZL
Bb-oTWaZ M RBEEAT, ("EWA-EB-%
W, CEWLK B EME, vt BE - AR RS
Fa, el BER MBI ER N AERAE)

(56) OMHL" - hHEE **- MkE""" - Zpsuis
oA BMA B0 - PER 55 F
ETFRAOETCHREM T 5 /7 7 0 — F I bidk,
CPI-92AM T'CF1-92BIz > 0 T

Willkk#E 7 5 2 FEF 203, Keh2#ikd 515
DEHBFEHE L C2ARDERLBEEERE>, COWT
DEHBHBEW ST Bi0ic. L 38 TR
NDE ) 7o—-F MR ERKL. EOBEE E 1
BiNERTT 3L 2RaTvw3, SR ChECIc
Hontbitko > 5. CFI-924, Cf1-92Bic >\ THL
T35, £, SOMKERTE I 04 FoE BT
BELLEIA, CI- 203 BTAE (MhEid~
MYy 7 RIS) E. CIL 923 ¥ TR & MK RE K 4}
T AL, X500, BTSSR E FIME
b3 BiEH0b I libikE Ahiz & 25, Cr1-928% 2
WD T & 8) UIE 5875 8 Gk o B35, 5
N CIL Q20 BLHHh T E Tk o 8E) i
Wohiiotz, SHOTEIHS, CFl 92ANHS
BIOMI Y TR I Wi B C EASR® S Tz,
CuthA - J - 787 A - B - e

TTTRINK - # - BtEEL)



BGNORME— - KHEM - RE—H : Pk
Chaetosphaeridium globosum DKL

Chaetosphaeridium globosum 1X. Biffifad 3\ ix
BHEZ AL L Cithid Ok BES0RRIEHOBR EITEE
THIRBORETH D, FHIRWVFIEEZAL. Z0
EIBIZB R RO &2 5. Coleochaete & L& TH
3LEIXBNTNS, &, BHLFEIZE->TED
FRMIR AR OMIRaOMIEE 2 EFANRST
BEL. UTORR2S. MM 1 EoER
a0, BERkEZ—MEOEL ) 4 FEah, FEE
ZHY Be X 5 IO RIEHIZAET 5. Ml
HREONENZ —t D hivEE N, BRRIIZLIEL
VY75 R MROHE R ST, MARITHIRBEBE
T, MBS BIHIRRE OBRIMRIZHLS 75 /7
FAMZE>THIND, BARITH > TERBHN
ZHRAT BN, KA Lk 2 SO ORIz HIEED
BRI Z 5. B0 — X RHIRBRNIZE £ 5
DIzt LT, BHIIOEH AR LIS H—DD
SRR KRR ORI ER 5 Iz R & U CRIa oM mmiz
BEEEL. FiCRIEETRT 5. HIlBEDRHIZ LY
ETHOBIBER I, HONMIZFEEE 2atefl
ZAMHEE L CIREBRIZIF D BEh 3. ORI
nT, WEHHTL 5, (BRA - B - £%)

(58) O% = " -HFVEE -EHF— -8B H=
CHHFRE: MR M Trebouxia potteri DA
Rl 2BREBRGELELV/ 1 FOXR

REORRAKCEETIELV /4 FiR, LAKROBR
BETLH(BRY 7o —2-1, 5S-= ) vBILVES
v53—ExF v F-—EORRBFTHEIN, 1 7Y
s BHE Y (Caulerpa) X & Tk, EREINAORBEBH
TbdH b, LI, £EIFRICBIT2ERGHERGELY
V/ 4 FOBBRODVTRAELABBZ VW, £ T,
DNABF R FLBRIAPIFBICL S BHREoHLTHM
R CAAERECIINERE B TFHMMBRER
K&y, EEROBHITEL /4 FORE. SHHBE
b4 2 B FS 4 M Trebouxia potteriic > W T2
fTR-to TORKR. KERMEATR, IBOHRALE
v/ 4 FRERECEEL, BEHEkREYL 4 FBH
E2HRLELTHERENCHRHR ST L b, BEF
FERorboMBEARMIcRWEEELY /4 FALRH
By, BRESEREL2EALIML L. SBRE®K
OERELV /4 FHETHE TS 34, BHERER
od LB LT,

CREX - £YVBRER, "LBEK - B - @Y
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(59) FHE=: SRR HS YEORRAY
(S HEM) EBRDHNE DR BNER

—RICSBEMIRICEVTRIESROBRMIIRAAL
TWBIEML<MENTNBBIRIE a0
YNIORENORE. B HEHMORIERE),
BA DR TR A IR OHE I IDNAS A (SH)
DB = & &S HE(MER) DBa = THRE Y
DEFICE>THFDLATNSZ EMBESMICKEY D
2H5, DL BHEMSRNERBRERBOS
EREERTIERANESHARIEAL T
BN ERBHTERRFENMN(NOZT. IHSTE
RETRIRI LA DODHDFEETOBRSROBRL
FM5hTINS), FRARTIEYHITELREH
#HELTLROBBRADEHORBNIRRET-
f=. SHABRMGREERID7 74T 42U AR LR
AR, WMEAM(G1,S,G2,M)DBER%DAPI
PREFHMNZSICBrdU(S-TOETFTAFIHY S
VISRIVEBRMSES ML, MATSHMEM
HICH T TOBRRUEZBDHNE DRREZLITD
THRET S,

(dtX - 2 - BERRHER)

(60) OFBALs- HRE—++- BEA {5+: "=F
HI-—" %2¢2BBREKRBHFED Chlorogoniun ®
—B (B -A4e¥=v Y H

Chlorogoniunm REE2HEHOHAEVHERE L
HAKBERKERTH %, FBREFRSMH S 20 B
tx@@ashTsn, BEHL SR § BOHENS 3,
5EH, BERAESHERERORLIAM - 70—
v3%% L7 Chlorogonium O—FOHELHHLEHS:
HERUGTCEACHELL. AXO0XTW@RIEHE
BHECEHEY. NERSEBRECHRET 541
C. gerloffii Ettl &EPlT 245, BREOHWEHR
B3, HHAEMRBFES Y v 2750, HolaEod
THEMKHRLAREEGER2XO0BEELE L k.
BEto2BAcHABEREELT. 4HEOHEST
L3, BESFRFACABMRI KB S h, YK
BFIRET I, RATREBIRI4BOSFR2HEE
RoRFARIESFORI VB Eh 3, SEOH
7, BEFHRBEABRVWCHOMBROD TES S
AEHLEMIRREFECRSEITIRBLALERESL
LWhbDELEbh B M, ERECLCKBHETR "~FH
I—-" LT AEShTWS,

GEIRBHEA. s3KR - ABRE7 2 -5 &)
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(61) O B - FHRE - HOMMAI: EXRBHLL
BUICBEIZ2KBEMMTI VI Y OEME(L

RLEBHEREMICMNEBET S, RBEAREYEES
HHERBSNOBH T, REORRBHEAL, N, P
BELSEV. BF, COBICEXERLHE TitMicro-
cystysENERBARET DL BASN TN B4,
COBBTHEZOLO>OLHERRES L. HHIR
19933 ~193E 12 T, HRAEHOKE N L
BRICEFT2EM TSIV 2 b v OBEBEEFo 120 K
BaWA» 5, NHa-N, PO.-PRTAICENZFNL 8ng/l,
0.3mg/1EBEWEERL 245, 38, 5A., 81T,
NH4-NiZ 0. Img/1, POs-Pi30.05mg/l &L B2 £ 25EH S
Kot =7, WBTS52 bV OBEESS, 3H,
58, 9ACiXChlamydomonas sp., Cryptomonas rost-
ratiformis, Micractinium pusillum 7z ¥ DA R4 A5
BHS5SH, THhSOBHSNH-N, PO-PEBILTWVS
TEHTRBENT, 51T, TARIRKELEILY %2
YO—FHBEHFL, KFOXBUBELLED LR,
BTS00 OEBSHTONEZ EBHESHIC
o1z

(EBX - 8- £9iE)

(62) OBHARME - FFRE - oAl : AT
r & (Stereocaulon) HBICHB T H{EHOMYAH
[E2: 1.3

BBRBSEROE LASRNUEZMEKE, FI7rR
(Stereocaulon) 3 #IMERICDOWT 1 BRFHOBME
DOREMELSRE - R, PEENHRETHE.
FEROSRER, FEKICOVWTRDOETH % BIR
L, TAZFhD1IBWECOVWTHoE., TOKE,
Stereocaulon exutum K i%, ¥ Trebouxia erici,
Palmellococcus reniformis, Pseudococcomyxa simp-
lex o 3 B 3#A°, S.japonicum Ti¥, Trebouxia
erici, Pseudococcomyxa simplex® 2 & 2 ffia%, S,
sorediiferunTid Chlorella ellipsoideadd # A%3t4:
LTwazbiaBRELE, B, ERRBETRIL
£ S. japonicun A5 i, WERO® DL IZERY
Chlorella ellipsoidea DA% BMBLE, MKk 1 E
Hoic, 2RULOREBEIFRICHELTHEEL
DHERSEANIBRNTH S, Bic, ABIHEREK SR
ERBANRKEL TS, ZhOORERAMIS KRBT
SHEMOMY AR, ELVWSRENBLZ LN
Hodhcok, (E®X - # - £982)

(63) OFMHEHR" « MHFRB*: a7 ) — M
YT E T 5 [RAEE

Ay ) - EEYMOREICIE, BRE2UKERED
BENERIN TV, CAOCOBEEBRT 5/
HLEFRE (Bpilithic Algae) & LTHEXhTW3
ErxakeEns, £, HohoHE LAEERELT
#xhTtwa,

BRI, 1B, &l BELSEDOIU 7 ) — MY
HEYREOABEEREE OBRRERE N, BEOKRD
YORBERICODVWTHERET - bDTHS, A
BEE2T-7:3 8 HMIAOBER KRER BRERARTRK
$BROBECKINESNhI, BEROBELZEHRT S
bDELTIR, BEFICHEKBE L2802 TRERED
Klebsormidium flaccidum O &4 2B%EH, BN
EKkIEBDBVRIETIE Apatococcus lobatus #
%, Chlorella luteoviridis BELELFEEOBS
THRENERIN T, BBRORER. EREHN
ERBCAOH, EFHIRREENBEL TV, K
H$EROBETCRERROBELEOHERIETRY
D, EEBO Gloeocabsa spp. BEEKE > TWWi,

(*LEBR&E, *LEBX B - £48%)
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N0.30

TEMAE 11 IR

Fr5F10A HA¥MSBLBERS

4R B ARERS

L) TR, TOTEMSE, FAFE6ACHBRTELEE L TR 6 FEIFERS

IR EEER

SHOBERVBFAEMSBOIFEEIC S TEHT 2 REHRIREESEFC > TBmbLEL 2T,

FOTEMIBIOVT

1 HAE¥MLHEL, ToTHBEOEE+RETIHEE

FEFICHBE, A%€11A158 (A) » 5188 (K) 2T
N4 AHE, TOTERSBLEABLET,

2 TITHHENEMFFHICET ERKENEERICOW
Tid, TEMFEIC BT 5 EREREKIC OV TR
S1 (CERSHE4 A, BAREHSHEE 116 @B LKER)
CHBWTLIEREN L E A TTY ( TEEREMSHEN
&0, (No29) M), e, By, XLz <
DIBE E FORMHEEM ORI, FREFANENYE
MNRR, VT ZDOHIBEENERNRBRIZE T
BOTEELrTHN 2T,

ZNZEnh, BEREMSEI, TUTHRENEEC

BT FERMENRKIC > THBTRETI L L LIS,

T VT HIBUC BT B MRS B Tl - th ok
FHuEIZ oW TEE#EL, e TT 2 THIBDOFHIFEL
MOEBRLER*EHL L LBMHEL T, REE
LT P TEMSHKERARTII L ELELE,
3 ZoOTUTEMSHEL BFEFHICERSL L VLFRE
Bich2 57 P THEBORERIC L M - Hhniey
DHWOEBRLSHETHY, FNERIIEHTKE(, BEK
EMSHR T,
TP TEMSBRENTERS (RER | B9E - BREM
SHEISR, BIEER IBER  Fask) 2HEL,
BREHLSNEBHIOT, BEICET, $E, EEriE
HTNWBEZATT,
%ﬁmﬁ?uuTma30T¢°
(1 £ #
B A%
(2) B #
117158 (A) <X (ERBE, BIHES)
By 73>
168 (k) &F (BHHEH)
178 (k) B RKFEREEES)
188 (K) ¢# (AHHHR), BL&R
3) & %
ZHERASHEN
[iﬁﬂﬁﬂzmz—l—sl
B|EE 03—3455—7591
4) smE
A>F, 4A>FRL7, L=, §4, k&&
RE, pEARKME, BE, 740>, 2L A4y
TOEEDERHEEBEE (THT I —%) ro#EBS
NIZAX - HERERRUERMERNE¥E2 14

SEOBREHITEH0, BRICKELA,

(BA&D 5L, EEXEEARFEMRSBRLSER N B
FRISEHGHENTFE)
(5) #% &
7o PHBIC BT DEMORRE ZDIzH D
AW,

ER 5 MR R EEED
EHICOWT
A%, BE, KREED -

RR—REFZREL, BXohHEssBRE2RS 2o,

W EEILT 52 OUEESMHIN TV 3T, ZoF
T, BB WT, BRRBERNES, EERHNESE,
o LnENR EZRETRANLENFREO hOM LI,
8yt EREE, 2ERTILDICATRNZ L THY,
F7z, ERMICEIrNIMBEERT 520 LEML S
LEEZLNET, T, BEREMESHETIE, KEE
IKBWT, BRFomsusEblifeR2ERL T, &
3D TOMBIC BT 2EXEOHHICL D27+ —
TLNEHE ZTNREBERLEL TS "33 L5487
B EE LRI 6L 2L,

REEI, HEENRETIEMFEORREE AL
2, BRMELZEEL TRAICEY) £ Lo, F0itEn
BENESE, BENKE, HRkoFELZEL,ICL, M
DTAT T AT A—EFRIEEZZEZD—BETRELY
12, ZOBRICEWT, MIBNESEDEHELEMIFEE
EHBERNOKHK Y LIRETHZL2AVETLIETLE
¥LMBEITTVWET,

FRL 6 FEICEAET 5 AXRHRE
HAEEERRR

B AR #iL, B2BEIA N ERRAYEESHNEE
LK, FXSEEZ TIC154DERLSH*BRE N ER
MERGE LEL CHMEL, RrEnays FHROER
KENM EICBHTCELEZAHTT,

EX6EEICENTY, REN6LH/LARFEHRT S
LilL, XFE6A2BH, TNHLNEBRLENREME L Z LIS
DWIHEBENHBE*ETIENMBTREZ2BILL,

$7:, FEL, FREE (199645 ) ERESHERS
BICOWTERERNPHELZ T THY, HYNIT12
A10BTT,

HL W, TREZTBMWEbEC(IZE N,

[Fv & bek)
B A¥ M HMEH R EMBERERRERXHE
H3503—3403—6291() 254, 255
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TR 6F (1994%F) EAXEHSH - EAPFHXEAFIAEHERIBBE

s B % % 8 mERRMLE - H¥S FE2UNEBEEEESH EI0mMLKILEERSH
B k@ | EREEES EREErS ERAE - AL e
BAMEES e () BAR{LES
* & B & $EERILEN TS
BEMFE A 5 1,100A E 1,000\ Es  300A
R 800A B 750A BN 700A
SMFEES (51,9008 (412E - 24k |5t 1,750 (88%ME - 2438) |3  1,000A (467 - 2 Huik)
B M ® | 7H108~158 (6 HME) 8 A21H~278 (7 HF) 7H248~298 (6 HR)
B i A | WEkT (B RHMERSE) mEm (B RHERESE) wEbT (EX R ERLE)
B O M W 4FEZL 4T 1wl 2
HEERS EISL#‘W ﬁ’%x-l:/i— HRBRERFEREL (EHEERSARE) IAEAFETES
£ B E|&% . 1 #H & & B E F H O K B ZFE
s @ 5 |FABERCEES BOBERER K %2 4> 7— | 52 DERREEEY 202
= L3 vEBRRS
Bk OB M HROEFS E?ﬁﬁF%lxyi—vay [EBRR e E o
BALE¥S () 1E8# o HAREERY S
£ A & | (8)8ARLCERME (% )ﬁﬁﬂ RAitH &
5 # 0 23
Hst smA B 400A Es 5004
A aiE EA 800A EA  800A .
Zm #F 1, 500/\ (305 ) B 1,200A (552 - 138) | & 1,300A (624 - 23tuik)
Bd f¢ B M| 7H3E~78 (58 10H2E~9H (8HM) 115198 ~248 (6 H)
BA & B Fr|MiEd (RRERTENSES) KEH (KBEY=v72T4) wEfTH (EMRHERESE)
B & M B |EE 28 % 4E
MBERS | BRI ERE E XM T REHE B AR MERRA 24 £ Wit R R AT
£ B KWk # R 8 — EE#HK B K # B mE K #
BASHSHTRABERS R RE ORI b & B (27 2 —F >
. o ¥HIELT)
THMFHRE CHHT D — BT (H152E, BARKFREAML
BA¥MEHIT, ¥HOREXERICERRZTT 520 SERER)
NiESHE LT, BAEMSBLAI»BEBME L - T, HR%
MNRICHEIBLHEHRSZEBL TVZT, (HAH )

ZOE, ROLHBHREEZEEL ETOT, BHLEL
V. SENFROERBLEBHLL T3],

(1) B B FHX5E11A268 (£) 13:00~16: 30

(2) & % BFEEHioH#EE

(T STRER AR TEES 1 5)
(3) F—= THREMEFERECHET S,
@4) RERUEE

« TERERREMBICET % 8RR 2B
Al — (ESWEHE, WALFRRFILERE
®)
cTEY 2 F—RNORR RS
MEEEF (F1B2R, RRTFAFRAAL
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