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The change of chloroplast nucleoids during zygote
formation in Spirogyra

Shigeru OGaAwA

Biological Institute, Faculty of Science, Tohoku University, Sendai, 980 Japan

Ocawa, S. 1986. The change of chloroplast nucleoids during zygote formation in Spirogyra.
Jap. J. Phycol. 34: 1-7.

The change of chloroplast nucleoids during zygote formation in Spirogyra was observed
by fluorescence microscopy using a DNA-specific fluorochrome 4/, 6-diamidino-2-phenylindole
(DAPI). Every chloroplast of the vegetative cells included numerous nucleoids distributed
throughout it and, usually, densely around pyrenoids. In each of the chloroplasts in young
zygotes many nucleoids were contained. At seven days or so after conjugation about a
half of the chloroplasts included in a zygote began to disintegrate, and they seemed to
contain nucleoids at high density as compared with the other half of the chloroplasts that
persisted in the zygote. Every disintegrating chloroplast subsequently became fragments
of various sizes, each with nucleoids. The nucleoids were generally smaller but, frequently,
some of them were larger than those in the persisting chloroplasts. The chloroplast frag-
ments were finally destroyed within two weeks after conjugation. In the persisting chlo-
roplast many nucleoids were present and adjacent ones situated around pyrenoids often

seemed to connect together at their opposite ends. The present results suggest that the
disintegrating chloroplast contains nucleoids until it is destroyed.

Key Index Words: Chloroplast DNA; chloroplast nucleoids; DAPI-staining; dis-
integration of chloroplast; Spirogyra; zygote formation.

In recent years fluorescence microscopy
using 4/, 6-diamidino-2-phenylindole (DAPI),
a fluorochrome sensitive and highly specific
to duplex DNA (HAJpDUK 1976), made it
possible to detect plastid DNA readily
(JAMES and Jope 1978, COLEMAN 1978, 1979,
KUROIWA et al. 1981). The plastids of
various plants examined, except for Aceta-
bularia (COLEMAN 1979, 1985, LUTTKE 1981)
and Volvox (COLEMAN and MAGUIRE 1982),
have been demonstrated to possess nucleoids,
and the size, shape, and number and distri-
bution in a plastid of them vary from species
to species and at the developmental stages
of the plastid (COLEMAN 1979, 1985, KURO-
IWA et al. 1981). DAPIl-staining method
revealed the preferential disappearance of
chloroplast nucleoids of the male gamete
origin after mating in Chlamydomonas
reinhardii (KUROIWA et al. 1982, 1985,
COLEMAN 1984).

DNA fibrils have been shown to be localized
in one or more of electron transparent areas
of plastid stroma in some green plants (RIS
and PLAUT 1962, HERRMANN and KOWALLIK
1970, KOwALLIK and HERRMANN 1972), and,
according to KUROIWA et al. (1981), numerous
(150-300) nucleoids are dispersed throughout
the chloroplast of the vegetative cell in a
species of Spirogyra. It is known that in
Spirogyra about a half of the chloroplasts
brought into the zygote through both the
male and female gametes decrease in volume,
becoming many fragments, and finally dis-
integrate during zygote maturation (CHMIE-
LEVSKY 1890). An electron microscopic
investigation demonstrated that in the dis-
integrating chloroplast thylakoid membranes
vesiculated and degraded, starch grains
almost disappeared, and plastoglobuli in-
creased in size and number (OGAWA 1982).
It is therefore probable that, accompanying



the marked changes in the internal struc-
tures of the disintegrating chloroplast, the
size and shape of nucleoids and their dis-
tribution in the chloroplast consequently
alter. As to the change of nucleoids in the
disintegrating chloroplast of Spirogyra, how-
ever, little information has been obtained.

The aim of the present study is to clarify
the change of nucleoids during zygote for-
mation in Spirogyra using DAPI as a probe
for chloroplast DNA.

Materials and Methods

Spirogyra verruculosa JAO, the vegetative
cell of which had generally five ribbonlike
chloroplasts, was used for the present study.

Many vegetatively growing filaments of the

species were collected from a pond in Sendai
and allowed to grow in a pot under natural
environments until conjugation took place.
The filaments, which had initiated to form
conjugation tubes, were -cultivated in a
vessel half-filled with pond water which had
passed through a filter paper, under white
fluorescent lamps (ca. 2,000 lux) on a 16
hour light-8 hour dark regime at 25°C.
For staining with DAPI, the materials
were fixed in phosphate-buffered 2.5%
glutaraldehyde (pH 7.2) for 30 min at 4°C
and rinsed in cold distilled water (DW) for
2 hr, and then, they were exposed to DAPI
(0.5 yg/m/ in DW) at 4°C for 10-20 min
(vegetative cells and young zygotes) or for
20 hr (zygotes three or more days old), with
or without DNase treatment. They were
then washed in DW for 2hr, mounted in
citrate-phosphate buffer (pH 5.6) containing
1% 2-mercaptoethanol, and examined with
an Olympus MMSP fluorescence microscope,
using a UV excitation filter (UG-1) in com-
bination with a 420nm supression filter
(L420) and SIApo 40 or SIFL 100 objective.
For electron microscopy, the materials
were fixed with glutaraldehyde and osmium
tetroxide, dehydrated in an ethanol series,
and embedded in epoxy resin, following the
method described previously (OGAwA 1982).
Silver  sections stained with lead acetate
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were examined with a Hitachi HS-9 electron
microscope.

Results

After staining with DAPI, the nucleus
emitted bright blue-white fluorescence char-
acteristic of DNA-DAPI complex, and, as
reported by KUROIWA et al. (1981), numerous
fluorescent particles of blue-white color could
be seen over the entire chloroplast (Fig. 1).
The particles were located densely around
pyrenoids and sometimes arranged like a
line of beads along the midrib of the chloro-
plast, and each of them was about 1.0 um
in size and was usually spherical or oval
and sometimes dumbbell-shaped (Figs. 2a
and 2b). Treatment with DNase before
dying with DAPI completely abolished
fluorescence such as mentioned above, but
not with RNase or trypsin. A rough
estimation indicated that several hundred or
more of fluorescent particles were present
over each chloroplast. The electron micro-
graphs of sections through vegetative cells
showed that many mitochondria lay in the
vicinity of the chloroplast (Fig. 3), suggesting
that some of the blue-white particles seen
over the chloroplast might be attributed to
them. But, cytoplasmic threads suspending
the nucleus, where mitochondria were- pre-
sent, did not contain clear fluorescent
bodies of blue-white color, and the fractioned
chloroplast fragments, nearly free - from
mitochondria, had numerous fluorescent
particles of blue-white color. These results
suggest that almost all of the fluorescent
particles are associated with the chloroplast.
Fine fibrils, each about 2 nm thick, could be
seen in stroma near pyrenoids (Fig. 4).

Every chloroplast of the one-day-old zygote
had many nucleoids like that of the vege-
tative cell (Figs. 5a and 5b). The male and
female pronuclei came close to each other
and occupied the central portion of the
zygote. The zygote wall gradually thickened
centripetally, and at several days after
conjugation the fluorescence from the
pronuclei as well as from the chloroplast
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Figs. 1-5. Light and electron micrographs of S. verruculosa. 1: Fluorescence micrograph of a
vegetative cell stained with DAPI, showing fluorescing particles over chloroplasts. x250. 2a and 2b:
The same view of chloroplasts of a vegetative cell after DAPI-staining. Fluorescing particles are
located densely around pyrenoids. x1,100. 3: Electron micrograph of a longitudinal section of a
vegetative cell, showing mitochondria (mt) lying near chloroplasts. Pyrenoid (p), starch grain (s).
% 6,600. 4: Chloroplast stroma with fine fibrils (arrows) about 2 nm thick. x134,000. 5a and 5b: The
same view of a one-day-old zygote after staining with DAPI. Each chloroplast includes many nucleoids.
x1,100. Figs. 1, 2, and 5. Scale=20 gm.



could not be detected, probably because some
components deposited in the wall almost
completely absorbed ultraviolet light for
excitation. In order to examine the changes
of the size and distribution of the chloroplast
nucleoids, some of the older zygotes were
squashed and their cytoplasmic contents
were pushed away from their thick zygote
walls (Figs. 6a and 6b).

At about seven days after conjugation the
disintegration of chloroplast commenced,
and about a half of the chloroplasts included
in a zygote turned yellow probably due
to chlorophyll degradation, while the other
half remained green. The density of
nucleoids per unit area of the disintegrating
chloroplast seemed to be higher than that
of the persisting one (Figs. 7a and 7b),
probably because the disintegrating chloro-
plast decreased in volume accompanying the
gradual reduction of starch. The persisting
chloroplast contained many oblong nucleoids
(Fig. 7b). The disintegrating chloroplast
then became many round fragments of
various sizes, each with numerous spherical
nucleoids. These chloroplast fragments
seemed to move gradually to the central
portion of the zygote near the two pronuclei,
which lay close to each other but did not
completely unite together (Figs. 8a and 8b).
Each of the relatively large chloroplast
fragments included nucleoids. Generally,
the nucleoids were smaller than those of the
persisting chloroplast, but, frequently, in
some of the chloroplast fragments larger
and brighter nucleoids were observed (Fig.
8b). As seen in Fig. 8b, one or two
spherical, slightly dark bodies without
fluorescence of DNA-DAPI complex were
present in the chloroplast fragment. In
terms of size, number, and shape, the
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respective body might be equivalent to a
pyrenoid core free from starch grains. The
chloroplast fragments were destroyed within
two weeks after conjugation. The persist-
ing chloroplast contained many nucleoids.
The boundary between adjacent nucleoids
localized around pyrenoids often became
obscure, and they seemed to join together
(Figs. 9a and 9b).

Discussion

Chloroplast DNA of Spirogyra could not
be always detected successfully by such
conventional cytochemical methods as
Feulgen, methyl green, and acridine orange
staining, and, hence, the results on the
presence of DNA reported by some workers
were contradictory to one another (STOCKING
and GIFFORD 1959, MEYER 1966, MASUBUCHI
1968). The present author employed these
cytochemical methods first, but they were
not effective in demonstrating the existence
of chloroplast DNA in any Spirogyra species
so far examined, though, occasionally, the
chloroplasts were observed to include many
dark green granules after dying with
methyl green. DAPI-staining method was
most useful for demonstrating chloroplast
DNA in Spirogyra with certainty. The
chloroplast of the present Spirogyra species
seems to contain so small quantity of DNA
as not to be visualized by the conventional
cytochemical methods.

As compared with the persisting chloro-
plast, the disintegrating one seemed to include
nucleoids at high density (Fig. 7b), and the
resulting chloroplast fragments often had
relatively large nucleoids (Fig. 8b). The
actual development of these larger nucleoids
in the disintegrating chloroplast remains

Figs. 6-9. Light micrographs of S. verruculosa. 6a and 6b: The same view of a DAPI-stained
zygote of five days old. Nucleoids can be seen in the chloroplasts pushed away from the thick zygote

wall but not in those enveloped in the wall. x780.

7a and 7b: The same view of a nine-day-old

zygote, showing the distribution of nucleoids in disintegrating chloroplasts (small arrow) and in per-
sisting ones with abundant starch (large arrow). x780. 8a and 8b: Pronuclei (arrows) and fragments

of disintegrating chloroplasts with larger nucleoids in a zygote of ten days old. x780.

Persisting chloroplasts of a 14-day-old zygote.

9a and 9b:

Some of the chloroplast nucleoids localized around

pyrenoids seem to connect together. x780. Figs. 6-9. Scale=20 gm.
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unclear, but it is possible that the peri-
pyrenoidal nucleoids come close to one
another as starch grains decrease in volume,
and then some of them gradually unite
together into larger ones.

In Chlamydomonas reinhardii the chloro-
plasts from both the male (mating type
minus) and female (mating type plus) gametes
fused together after mating (CAVALIER-
SMiTH 1970). The chloroplast nucleoids of
the male gamete origin disappeared before
chloroplast fusion, but those of the female
gamete origin persisted and united together
into a single or a few larger nucleoids in
the fused chloroplast (KUROIWA et al. 1982,
CoLEMAN 1984). In Spirogyra the chloro-
plast nucleoids seemed to be isolated from
one another in the vegetative cell (Fig. 2b)
and in the young zygote (Fig. 5b), but
the adjacent nucleoids located around pyre-
noids in the persisting chloroplast of the 14-
day-old zygote often appeared to connect
together at their opposed edges (Fig. 9b).
However, the assembly of the chloroplast
nucleoids into larger ones as found in
Chlamydomonas could not be seen in the
persisting chloroplast at least by 14 days
after conjugation.

As observed by COLEMAN (1985), the
chloroplast nucleoids were distributed densely
around pyrenoids in Spirogyra (Figs. 1 and
2b). The chloroplast nucleoids were spheri-
cal or oval in the vegetative cells (Fig. 2b)
and in young zygotes (Fig. 5b), but they
were oblong or narrow oblong in the
persisting chloroplasts of older zygotes (Fig.
7b). The dense distribution of chloroplast
nucleoids at peripyrenoidal regions and their
change in shape from spherical to oblong
may lead to the aspect of lateral union of
the chloroplast nucleoids located around
pyrenoids in the persisting chloroplast of
older zygotes (Fig. 9b). The process and
cause of the alteration in shape of the
nucleoids of persisting chloroplasts are
unclear.

The fully developed chloroplast of Vicia
faba included many nucleoids, but each of
the degenerated chloroplasts in the older

leaves had only a few small nucleoids
(KUROIWA et al. 1981). In Spirogyra the
disintegrating chloroplast, though decreased
markedly in volume, contained numerous
nucleoids (Fig. 7b). The nucleoids of the
disintegrating chloroplast fragments were
usually smaller but, frequently, some of them
were larger than those of the persisting
chloroplasts (Fig. 8b).

It has been repeatedly suggested that
in Spirogyra the chloroplast destroyed
during zygote formation is of the male
gamete origin (CHMIELEVSKY 1890).
However, no direct evidence was pre-
sented because an applicable method for
inducing sexual reproduction of Spirogyra
had not been established until comparatively
recently (GROTE 1977, SIMON et al. 1984)
and because the chloroplasts of both gametes
were indistinguishable from each other in
their submicroscopic structures (OGAWA
1982). The present fluorescence microscope
study was not successfull in demonstrating
the preferential elimination of the chloroplast
from the male gamete since the chloroplast
nucleoids of both gametes were very similar
in size, shape, and distribution. Further
investigations would be required for demon-
strating the selective disintegration of
chloroplast in Spirogyra.
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Fine structure and taxonomy of the small and tiny Stephanodiscus
(Bacillariophyceae) species in Japan
4. Stephanodiscus costatilimbus sp. nov.

Hiromu KoBAYAS! and Hideaki KOBAYASHI
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KoBavas!, H. and KoBayasui, H. 1986. Fine structure and taxonomy of the small and
tiny Stephanodiscus (Bacillariophyceae) species in Japan. 4. Stephanodiscus costatilimbus

sp. nov. Jap. J. Phycol. 34: 8-12.

Stephanodiscus costatilimbus is described as a new species. It has only been found in
a plankton sample collected from a brackish lagoon, Hachirogata Regulation Pond, Akita

Prefecture, northern Japan.

Valves are small, less than 15 ym in diameter, with a flat

face and are strongly characterized by the costate mantle from which the specific epithet

is derived.

Key Index Words: Centric diatom; fine structure; new diatom species; plankton;

Stephanodiscus costatilimbus.

In a bottle of plankton sample collected
from Hachirogata Regulation Pond, a con-
siderable amount of small discoid centric
diatoms were found. These are Stephanodis-
cus tnvisitatus HOHN and HELL. (KOBAYASI
and INOUE 1985); S. hantzchii GRUN. form.
tenuis (HusT.) HAK. & STOERM. (KOBAYASI
et al. 1985a); S. minutullus (KUTZ.) ROUND
(KOBAYASI et al. 1985b); Cyclotella atomus
HusT. C. caspia GRUN. and C. meduanae
GERM. (NaGcumo and KoBAYASI 1985); C.
comta (EHR.) KUTZ., Thalassiosila pseudonana
HasLe & HEMD., T. weissflogii (GRUN.)
FRYX. & HASLE and a new taxon, Stephano-
discus costatilimbus. These specics are often
less than 15pum in diameter and are con-
sidered nanoplankton thought to be extremely
productive.

Materials and Methods

The sample for this study was collected
from the offshore of Imado of the Hachiro-

This work was partly supported by a grant from
the Nissan Science Foundation,

gata Regulation Pond which was reduced
to 2,797 ha in surface area by land recla-
mation by drainage, Akita Prefecture,
northern Japan on 4th October 1983 by Mr.
Noboru KATANO of the Akita Prefectural
Office (sample no. N-1005, pH. 7.5, wt.
12.8°C, salinity 17.2%0). Methods of cleaning,
washing, preparing object for light and
electron microscopy are in KOBAYASI et al.
1985b).

Description of the new species

Stephanodiscus costatilimbus sp. nov.

Figs. 1-14.

Valvae circulales, superficie plana, daia-
metro 7-11 gm. Fasciculi compositi poris
duplicato vel triplicato seriatis in margine
et poris uni-seriato in centro, cirea 14 in 10
pm.  Spinae marginales praesentes in
quoque interfasciculo. Fultoportula centralis,
tigillis duobus, singularis prope ordinato-
centrum valvae. Fultoportulae marginales,
tigillis tribus, in omni tertio ad octavo inter-
fasciculo, infra spinas marginales. Inter-
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fasciculi elongati per limbum ad marginem
valvae. Costae limbi lineares. Rimoportula
marginalis in costa limbi singuralis, exterior-
apertura parva et elliptica infra spinam.
Valves circular with flat face, 7-11 gym in
diameter. Fascicles composed of double or
triple row of pores at the marginal zone
and single row of pores near the center,
about 14 in 10 gm. Marginal spine occurring
on the end of each interfascicle. One central
strutted process with two struts near the
pattern center of the valve. Marginal
strutted processes each with three struts
occurring in every 3rd to 8th interfascicle,
beneath marginal spines. Interfascicles
continue onto the mantle and terminate at
the flange. Mantle costae linear. Single
labiate process on a mantle costa with small
and elliptic outer opening beneath a spine.
Holotype: H.K. T-79in coll. H. KOBAYASI
Iconotype: Figs. 1, 2., photomicrographs
in different focus of the holotype speci-
men.
Type locality: Hachirogata Regulation
Pond, Akita Prefecture, northen Japan.

Observations

The morphological detail of this species is
indiscernible under light microscopy. How-
ever, as seen in Figs. 1 and 2, linear costae
on the mantle can be noticed when the
valve edge runs on the other object (Fig. 1,
arrow). This species is quite similar to
Stephanodiscus invisitatus in valve view when
observed with a light microscope (KOBAYASI
and INOUE 1985).

The diagramatic representation of the
features in SEM level is shown in Fig. 3.
The valve face is almost flat and the
marginal spines occur at the end of each
interfascicle. The interfascicles are raised
externally and flat internally (Figs. 4-6).
The mantle is a little deeper than that of
Stephanodiscus invisitatus and is almost
perpendicular to the valve surface (Figs. 4,
5 13, 14). The peculiar feature of this
species is the linear costae on the mantle as
an extension of each interfascicular costa.

These mantle costa are raised externally,
flat internally and reaching the mantle edge
(Figs. 3d, 4, 5, 7). The marginal spines are
slender and with an upward curved tip
(Fig. 1).

Each stria, a row of pores, on the mantle
is composed of five to six pores and three
to four pores beneath the marginal strutted
process. Between pairs of mantle costae,
two to four striae are packed as an extention
of each fascicle. The fascicle consists of
two to three rows of puncta near the margin
of the valve, narrowing to a single row near
the valve center. The fascicles and inter-
fasciclar costae become sinuous towards the
valve center (Figs. 3i, j, 4-13).

The marginal strutted process with two
struts occurs every 3rd to 8th marginal
costa just below and close to the spines.
Both outer and inner tubes of a marginal
strutted process are well developed (Figs. 5,
7, 11). A single strutted process with two
struts is generally seen towards the center
of the valve (Figs. 3g, 4, 6, 10, 12, 13).

The valves observed were all weakly
silicified, though the specimens were very
scarce in the material. The exterior opening
of each pore is more or less broad and the
pores are occluded by a flat cribrum inter-
nally (Fig. 11). In the case of extremely
thin valves, the lateral wall of each pore has
disappeared, leaving a broad fascicular
occlusion with regularly scattered perfor-
ations (Figs. 8, 9). In the case of somewhat
heavily silicified valves, only the central
region is thickned, and the pores of the
region are reduced in size and the pore
occlusions are slightly raised internally (Figs.
12, 13).

A single marginal labiate process occurs
on a mantle costa in the nearly opposite
direction to the central strutted process.
The exterior opening of the labiate process
is small and elliptic. It opens just beneath
the marginal spine, higher than the level
of the marginal ring of strutted processes
(Figs.4,13,arrow). In the case of S.invisitatus,
it opens lower than the level of the ring of
marginal strutted processes (Fig. 14, arrow).
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Plate 1. Figs. 1-7. Stephancdiscus costatilimbus sp. nov. Hachirogata. Figs. 1, 2. Holotype specimen
in different focuses. Notelthe¥linear costae”on the mantle arrowed. LM x2000 (bar=10,m). Fig. 3.
Diagramatic representation of the exterior valve structure. a. marginal spines, b. marginal strutted
processes, c. linear costae on the mantle, d. exterior opening of the labiate process, e. areolar rows
on the mantle, f. flange, g. central strutted process, h. pattern center, i. interfascicles, j. fascicles.
Fig. 4. Outside view of valve. Note the exterior opening of the labiate process arrowed. SEM x8000
(bar=1pm). Fig. 5. Enlargement of valve margin showing the costate mantle. SEM x20000 (bar=
L pm). Fig. 6. Inside view of whole valve. SEM x6000 (bar=1 pm). Fig. 7. Enlargement of inner
valve margin showing the marginal strutted process with two struts and interior linear costae of the
mantle. SEM x 28000 (bar=1 ;m).
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Plate 2. Figs. 8-13. Stephanodiscus costatilimbus sp. nov. Hachirogata. Fig. 14. S. invisiiatus Honx
& Herr.  Waku-ike (Waku Pond), Nagano Pref., Central Japan. Bars are all 1 ym. Fig. 8. Valve
view of extremely weakly silicified valve. TEM x9000. Fig. 9. Enlargement of valve margin showing
interfascicle, linear costae on the mantle and fused pore occlusions with regularly scattered perforations.
TEM x25000. Fig. 10. Outside view of valve. SEM x8000. Fig. 11. Inner view of broken valve @
margin showing the cross sections of the pore occlusions. SEM x 30000. Fig. 12. Inner view of valve
margin showing the labium. SEM x16000. Fig. 13. Outside view of valve margin showing the exterior
opening of the labiate process arrowed. SEM x10000. Fig. 14. Outside view of valve margin of S.
invisitatus showing the exterior opening of the labiate process arrowed. SEM x9600.
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The labium is situating parallel to the radial
axis internally (Figs. 6, 12).

The conspicuous features of this taxon in
having linearly costate, somewhat deep
mantle and highly situated external opening
of the single labiate process were considered
to be sufficient to regard this taxon as a
separate species, though this taxon co-occurs
with and resembles Stephanodiscus invi-
sitatus.
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BHARATHAN, G. and SHINMURA, I. 1986. A note on parthenogenesis in four species of

Laminariales. Jap. J. Phycol. 43: 13-18.

Observations on parthenogenesis were made on 4 species of Laminariales, viz. Undaria

pinnatifida, U. peterseniana, Ecklonia cava and E. kurome.

Much higher reproductive

ability of oogonia was found in the isolated female gametophytes of Ecklonia than
in those of Undaria. The parthenogenetic sporophytes were produced at a higher rate in
Ecklonia than in Undaria. The proportion of the eggs attached on or detached from empty
oogonium to their germlings was examined in each species.

Key Index Words: Culture; Ecklonia cava; Ecklonia kurome; Laminariales; par-
thenogenesis; Undaria peterseniana; Undaria pinnatifida.

Parthenogenesis in various species of the
Laminariales has been reported by many
workers (SCHREIBER 1930, TOKIDA and YABU
1962, YABU 1964, NAKAHARA and NAKAMURA
1973, SANBONSUGA and NEUSHUL 1978, NAKA-
HARA 1984). During experiments involving
interspecific crossing in the genera Undaria
and Ecklonia, some interesting differences
were noted in the rate of parthenogenesis
and other features of reproductive behaviour
among these taxa. These observations are
reported in this note.

Materials and Methods

The female gametophytes being maintained
in culture at the Kagoshima Prefectural
Fisheries Research Station were used in
these experiments. Cultures had been
derived from single zoospores. Species
studied were Undaria pinnatifida, U. peter-
seniana, Ecklonia cava and E. kurome (Table
1).

Stock cultures were subcultured during
October 1983. These fresh cultures were
kept in a growth chamber at 23°C under

long day conditions (14 hr L : 10 hr D) for a
period of two weeks. The gametophytes
were then homogenized and inoculated into
petri dishes containing Miquel’s medium (1/
2 strength). The dishes were transferred
to a growth chamber maintained at 18°C
and short day conditions (10 hr L : 14 hr D).
These are conditions that induce formation
of gametangia in these species.
Observations were made daily to check
the onset of maturity. Final observations
involving the quantitative estimation of
reproductive parameters such as gametangial
formation and parthenogenesis were made
60 days after the initial cultures were
started ; that is, in December 1983.
Observations were made on gametophytes
as well as on detached eggs and embryos.
The following were counted : total oogonia
(t); “vegetative” branches (v)—the latter
included both truly vegetative branches and
immature oogonia-like branches. Of total
oogonia, counts were made of those branches
still bearing eggs (e) or parthenogenetic
sporophytes (p) or those that had shed their
eggs and were thus empty (). Ten random
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Habitat

Species

' wDate 6fiseecrjri7ng

Table 1. Mother plants and their notes.

Date of separating male

' Undaria f;';l;laﬁ;ﬁda 7 Akune, Kagoshima
Pref. Wild plant

Wakamatsu, Nagasaki
Pref. Wild plant

Futae, Kumamoto
Pref. Wild plant

Tsuno, Miyazaki
Pref. Wild plant

U. peterseniana
Ecklonia cava

E. kurome

fields of the microscope were examined in
this fashion. Separate counts were made
of eggs (ed) and parthenogenetic sporophytes
(pd) among detached eggs and sporophytes.
Fifteen such fields were counted. In both
cases the total number of eggs and parthe-
nogenetic sporophytes occurring in each field
of the microscope were counted.

From the above counts the relative pro-
portions of eggs and sporophytes were
calculated and the following parameters
estimated :

1. Reproductive ability was defined as the
proportion of oogonia among all branches,
both oogonial as well as “vegetative”, i.e.
t/(v+t) expressed as a percentage.

2. Rate of parthenogenesis was obtained
from two separate estimates as follows;
the proportions of detached eggs, A (A=ed/
(ed+pd)), and parthenogenetic sporophytes,
B (B=pd/(ed+pd)), were calculated. Assum-
ing then that ed and pd had been released
from oogonia in the same proportions as
indicated by A and B, the number of eggs
actually released from the empty oogonia ()
was estimated. These estimated numbers
were then summed with the numbers of
obsérved eggs and parthenogenetic sporo-
phytes, respectively, to obtain the actual
total number of eggs or parthenogenetic
sporophytes. The proportion of partheno-
genetic sporophytes calculated in this manner
was taken to be a measure of the rate of
parthenogenesis.

Results

Reproductive ability: The production of

Z00Spores and female gametophytes
Mar. 17, 1976  Aug. 1976
Jun. 5, 1976 Aug. 30, 1977
Nov. 13, 1980 Aug. 28, 1981
Nov. 5, 1976 Aug. 31, 1977

oogonia was much higher in Ecklonia. Of
the new branches formed, 56.8% in E. cava
and 62.7% in E. kurome produced eggs after
51 and 44 days, respectively. The percent-
age was slightly lower in U. peterseniana
(41.7%) and much lower in U. pinnatifida
(24.6%) (Table 2).

Parthenogenesis: The rate of production
of parthenogenetic sporophytes estimated
from the data of Tables 2-4 was high in
E. cava (66.1%), E. kurome (62.7%) and U.
pinnatifida (58.4%), but was lower in U.
peterseniana (30.0%) (Table 5). As to the
eggs attached on or detached from the
empty oogonium, the following proportions
relating to their germlings were observed
in each species. Among attached eggs and
germlings, the proportion of eggs was high
in Undaria (51.7% in U. pinnatifida and 63.6
% in U. peterseniana), while it was much
lower in Ecklonia (30.7% in E. cava and
33.2% in E. kurome) (Table 3). Among
detached eggs and germlings, the percentage
of eggs was higher in U. peterseniana (73.1
%) than in other three species (36.7% in U.
pinnatifida, 40.0% in E. cava and 44.4% in
E. kurome) (Table 4). In U. peterseniana,
E. cava and E. kurome, the proportion of
eggs was higher in detached ones (Table 4)
than in attached ones (Table 3). In U.
pinnatifida alone, the proportion of eggs was
lower in detached ones (36.7%) than in
attached ones (51.7%) (Table 3, 4, 5).

Discussion

Reproductive ability: Of the four species
studied, U. pinnatifida appears to be the least
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Table 2. Reproductive ability in four species of Laminariales.

“vegetative” Reproductive

Species Total oogonia Empty oogonia branches ability
t r v t/ (v+t) %
Undaria pinnatifida 89 60 272 24.6
U. peterseniana 166 111 232 41.7
Ecklonia cava 254 88 193 56.8
E. kurome 346 126 206 62.7
Table 3. Production of eggs in four species of Laminariales.
Oogonia-bearing
Species Oogonia-bearing eggs parthenogenetic Proportion of eggs
peci sporophytes
e P e/(e+p) %
Undaria pinnatifida 15 14 51.7
U. peterseniana 35 20 63.6
Ecklonia cava 51 115 30.7

E. kurome 73 147 33.2

Table 4. Production of parthenogenetic sporophytes in four species of Laminariales.

Detached

. Proportion of
Species thacged parthenogenetic Propgrtlgn of parthenogenetic
pecie g8 sporophytes g8 sporophytes -
ed . pd A=ed/(ed+pd)Y% B=pd/(ed+pd)%
Undaria pinnatifida -~ 105 " 181 36.7 63.3
U. peterseniana 114" 42 73.1 26.9
Ecklonia cava - 292 ’ 438 ) 40.0 60.0

E. kurome 252 . 315 44.4 55.6

Table 5. Rate of parthenogenesis in four species of Laminariales.

Estimated no. from

A Estimated total no. Partheno-
_ken:pty o?§on1a S - genesis
Species Parthenoge- Parthenoge-
Eggs netic sporo- Eggs netic sporo-
phytes phytes
Ee=Axr Ep=Bxr e+Ee . p+Ep (p+Ep)/t &%

Undaria pinnatifida 22 i} 38 37 52 58.4

U. peterseniana 81 ) 30 116 50 30.0

Ecklonia cava 35 53 86 168 66. 1

E. kurome 56 70 129 217 62.7
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prolific reproductively, its production of
oogonia being much lower than the others.
U. peterseniana was more prolific, although
much less so than Ecklonia spp. It is possible
that this feature is related to the ecological
requirement of these species. U. pinnatifida
has a very wide distribution with different
phenology in the northern and southern
parts of Japan where it occurs. It has a
long gametophytic phase of 2-5 months
lasting through summer. U. peterseniana
has a much more restricted distribution, but
also possesses a long gametophytic phase.
The greater propensity for vegetative growth
in U. pinnatifida and, to a smaller extent,
in U. peterseniana, may perhaps be related
to the long-lived nature of their gameto-
phytes. E. cava and E. kurome, on the
other hand, have a very short gametophytic
phase, reproduction being initiated even in
2-4 celled gametophytes which are formed
in autumn. A tendency to produce numerous
oogonia in a very short time should be
advantageous in such a situation. Perhaps
such a tendency is reflected in the high rate
of production of oogonia observed in the
present study.

A possibility is that plasmogamy occurs in
U. pinnatifida and, to a smaller extent, in
U. peterseniana, as suggested for Nereocystis
luetkeana by KEMmP and CoOLE (1961). As
noted also by SANBONSUGA and NEUSHUL
(1978), few eggs are produced in Macrocystis
and other kelps studied by them when only
female plants are present. However, no
comparative data for cultures containing
both male and female gametophytes are
available in the present study, and therefore
no comment can be made on this point.

Parthenogenesis: Parthenogenesis may be
considered in the above context. In the
present study, U. pinnatifida and Ecklonia
spp. showed a high rate of parthenogenesis,
while U. peterseniana had a low rate. This
indicates a greater sensitivity of the eggs
of U. peterseniana which appear to lack the
ability to develop themselves in the absence
of fertilization. This greater sensitivity
may be related to its more restricted

distribution. In this species, as well as in
the two species of Ecklonia, it was observed
that the proportion of eggs was higher in
the detached eggs and germlings than in
the attached ones, indicating that eggs drop
easier from the oogonium than do partheno-
genetic sporophytes. In U. pinnatifida,
however, the reverse holds true, and the
percentage of 2-celled or more germlings
actually increases in the detached eggs and
germlings. It is probable that in this case
many of the eggs divide after falling from
the oogonium. This feature may reflect the
more plastic nature of this species, which
has a wide and varied distribution.

In Undaria, the relatively low rate of
parthenogenesis was coupled with a moderate
rate of production of oogonia in one case
(U. peterseniana) and the relatively high
rate of parthenogenesis was coupled with a
low rate of reproduction in the other (U.
pinnatifida). This means that only a very
small number of parthenogenetic sporophytes
are formed and remain attached to gameto-
phytes (Figs. 1 and 2). In the two species
of Ecklonia, on the other hand, the high
rate of formation of reproductive organs as
well as of parthenogenetic sporophytes results
in the formation of several parthenogenetic
sporophytes per gametophyte (Figs. 3 and
4),

It is possible to estimate from YABU (1964)
the mean number of sporophytes produced
per gametophyte in the different species as
summarized in Table 6. While the culture
conditions may not have been standardized
and the observations were made after very
long periods, it is nevertheless interesting
to note some differences among the species
studied. Even if comparisons of the present
study with these figures are not strictly
correct, the similarity between the different
photographs may be noted (YABU 1964, plates
XV-XVII and XXIV D).

The rate of parthenogenesis may be com-
puted for Alaria crassifolia from Table 1
in NAKAHARA and NAKAMURA (1973). The
figure obtained is 25.9%. Their observations
were made 20 days after the transfer of
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Figs. 1-4. Parthenogenetic sporophytes from unfertilized eggs in pure cultures of female gameto-
phytes on Dec. 21, 1983 (60 days after the beginning of culture). Each gametophytes were maintained
under the same conditions (18°C, 3-5klux, 10 hr L: 14 hr D photoperiod). Parthenogenetic sporophytes
are recognized much more in Figs. 3 and 4 than in Figs. 1 and 2. 1, Undaria pinnatifida; 2, U. peter-
seniana; 3, Ecklonia cava; 4, E. kurome.

Table 6. The number of sporophytes per female
gametophyte in two species of Laminariales
estimated from the data by Yasu (1964).

Observed
o Sporophytes per
Species . after
female gametophyte (days)
Laminaria japonica 15.0 129-300
Undaria pinnatifida 1.6 228

gametophytes to inducing conditions and this
figure is therefore also not directly compa-
rable with the results of the present study.
However, it is clear from the photograph
(NAKAHARA and NAKAMURA 1973, Fig. 2B)

that the rate of production of attached
parthenogenetic sporophytes is high in this
species, resembling FEcklonia.

It is interesting to note that both Alaria
and Laminaria have relatively short-lived
gametophytes like Ecklonia. These admitted-
ly preliminary observations appear to indicate
distinct differences in reproductive strategy
among different species of seaweeds. A
detailed study of some of these aspects may
be relevant to an understanding of the
ecology and adaptive behaviour of these
algae.
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KumMaNo, S. 1986. Studies on freshwater red algae of Malaysia. VI. Morphology of
Batrachospermum gibberosum (KumaNo), comb. nov. Jap. J. Phycol. 34: 19-24.

Tuomeya gibberosa differs from T. americana in the presence of the secondary branch-
lets and the absence of the gonimoblast placenta, the latter of which is characteristic of
the genus Tuomeya. In the structure of thallus and the process of the fertilization, 7.
gibberosa is similar to the genus Batrachospermum. T. gibberosa is thus transferred to
the genus Batrachospermum as B. gibberosum (KumanoO) comb. nov., basionym Tuomeya

gibberosa Kumano.

Key Index Words: Batrachospermum gibberosum; freshwater Rhodophyta; Ma-
laysia; process of fertilization; structure of thallus; taxonomy; Tuomeya.

KUTZING (1857) described Baileya americana
based on the specimens collected by BAILEY.
On the other hand, HARVEY (1858) described
the same plant under the binomial Tuomeya
Sfluviatilis based on the specimens collected
by TUOMEY and BAILEY from North America.
According to PAPENFUSS (1958), the generic
name Baileya KUTZING (1857) is invalidated
by Baileya HARVEY (1849), although
KUTZING’s specific name americana has
priority over fluviatilis, this plant therefore
should be known as Tuomeya americana
(KUTzZING) PAPENFUSS. KUTZING (1857) and
HARVEY (1858) did not illustrate the reproduc-
tive organs of T. americana. However, the
carpogonium-bearing branches illustrated by
SETCHELL (1890), SKUJA (1944) and WEBSTER
(1958) are strongly curved and appear to be
similar to those found in the taxa of the
section Contorta of the genus Batrachosper-
mum. WEBSTER (1958) showed that T.
americana formed the gonimoblast placenta,
which has not been reported in the taxa of
the genus Batrachospermum. T. gibberosa
KuMaNo (1978) has also a twisted carpo-
gonium-bearing branch and produces a quite
compact gonimoblast as found in the genus

Batrachospermum. ENTWISLE and KRAFT
(1984) pointed out that 7. gibberosa appears
to resemble the taxa of the section Contorta
of the genus Batrachospermum and suggested
that the reproductive features of this species
should be re-examined. The present study
provides the details on the vegetative and
reproductive features of T. gibberosa.

Specimens examined in the present study

A holotype specimen and the duplicates
collected by KuUMANO from the type locality,
Sungai Maron Kanan, Negeri Sembilan,
Malaysia on April 26 and September 12,
1971, were examined. Other specimens ex-
amined were collected by M. RATNASABA-
PATHY of University of Malaya, from Sungai
Air Terjin, Pulau Langkawi, Malaysia on
November 11, 1979. All specimens examined
are deposited in the Herbarium of Faculty
of Science, Kobe University, Japan. Materials
for the cytological study were fixed with an
acetoalcohol (1:3) solution and WITTMANN’s
aceto - iron - haematoxylin - chloral hydrate
method (WITTMANN 1965) was used for
staining.
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Observations

Vegetative Features: The apical cells of the
thallus cuts off discoid segments, which are
divided by longitudinal walls to produce
several initials of primary branchlets, which
are called the basal cells of the primary
branchlets (Fig. 1). Primary branchlets are
dichotomously, sometimes trichotomously
branched and consist of 3-5 cell-strories (Figs.
1-2). Proximal cells of fascicles are barrel-
shaped, distal cells are ovoidal and the outer-
most cells smallest, ovoidal and sometimes
dome-shaped. A large parietal chromatophore
is contained in each cell of the fascicle (Figs.
1-6). Hair cells rarely occur at the tip of
primary branchlets and are varying in length
(Fig. 3). From the basal cell of the primary
branchlet, cortical filaments grow downwards
around the axial cell, extend over along the
next axial cell and tightly attached to it and
with each other (Fig. 4). The pseudopa-
renchymatous feature of the cortical filaments
is thus formed. The secondary branchlets are
sparsely, somtimes dichotomously branched,
consisting of 2-3 cell-stories and cover all
the internodes.

Reproductive Features: Spermatangia are 4-
6 p#m in diameter, globose and therminal both
on primary and secondary branchlets (Figs.
6, 21). In the process of the development of
a carpogonium-bearing branch, it becomes
twisted and coiled as the number of composing
cells increases (Figs. 7-12, 20). The degree
of twistings is two or three times. The walls
of cells of the carpogonium-bearing branch
are very thick and pit-connections are clearly
recognizable between these cells (Figs. 13-
15). The terminal portion of the young

carpogonium swells out (Fig. 8) to form a
rounded trichogyne initial (Fig. 9) and
becomes a cylindrical or club-shaped tricho-
gyne with a stalk (Figs. 10-15). The tricho-
gyne is somewhat asymmetrical and
slightly bent at the basal portion. The
cytoplasm of an unfertilized carpogonium
contains a female nucleus in the basal
portion of the carpogonium, but no nucleus
is seen in the trichogyne (Figs. 13-14).
After attaching -to the trichogyne, the
nucleus of the spermatium divides into two
nuclei, one of which fuses with the female
nucleus, but another remains in the tricho-
gyne (Fig. 15). After the male nucleus
reaches the female, the wall of the basal
portion of the trichogyne becomes thicker,
and eventually separate the trichogyne from
the carpogonium by the thick walled con-
nection. Gonimoblast filaments grow out
into radially branched, more or less compactly
agglomerated one (Figs. 15, 17). This
manner of the development of the carpo-
sporophyte is the same as those found in the
taxa of the genus Batrachospermum. Bracts
are frequent but very short, so that the
gonimoblast is naked and forms a wart-like
or semiglobular protuberance at the central
axis (Fig. 22). Carposporangia are terminal
on the compactly agglomerated gonimoblast
filaments (Fig. 23).

Discussion

HARVEY (1858) mentioned that thallus in
the genus Tuomeya possessed the solid axis
as in the genus Batrachospermum, shut up
within the tube as in the genus Lemanea,
and coated externally with the filaments as

Figs. 1-18. Batrachospermum gibberosum (Kumano) KumMano, comb. nov. 1. An apical portion of

thallus showing an apical cell, axial cells and primary branchlets; 2. A very young portion of thallus
showing an axial cell, three primary branchlets and two cortical filaments; 3. A hair cell terminal on
a primary branchlet; 4. A young portion of thallus showing axial cells, a primary branchlet, a cortical
filament with secondary branchlets (after Kumano 1978) ; 5. Primary branchlets, cortical filaments
with secondary branchlets at developed stage; 6. Spermatangia terminal on secondary branchlets (after
Kumano 1978) ; 7-12. Carpogonium-bearing branches at the early stages in development; 13-14. Spirally
twisted carpogonium-bearing branches with mature carpogonia showing female nucleus; 15. Fertilized
carpogonium and gonimoblast filaments; 16-17. Carposporangia terminal on gonimoblast filaments; 18.

A young germling of a carpospore.
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in the genus Thorea. SETCHELL (1890)
stated that the solid axis of the genus
Tuomeya certainly more closely resembles
that of certain species of the genus Lemanea,
but, in the earlier stage, is almost like that
of the genus Batrachospermum. SKUJA
(1944) mentioned that the genus Tuomeya
differed from the genus Nothocladus in having
the differentiated and compact outer cortex,
the swollen proximal cells of fascicle, no
secondary branchlets, an internodal cavity
between the axis and outer cortex.

The proximal cells of the fascicles in
Tuomeya americana, the type species of the
genus, are quite swollen and the distal cells
are united to form a compact outer cortex.
In T. americana, there are no secondary
branchlets, so that the internodal cavity is
present between the central axis and the
outer cortex. The proximal cells of the
fascicles in 7. gibberosa are also quite
swollen and consolidated to form a pseudo-
parenchymatous cortex (Figs. 1-6). In T.
gibberosa, there is no internodal cavity due
to the presence of secondary branchlets
(Figs. 4-5). According to MoRI (1975) and
ENTWISLE and KRAFT (1984), the presence
or absence of the secondary branchlets is
important at the species level in the genus
Batrachospermum. Moreover, ENTWISLE and
KRAFT (1984) emphasized that reproductive
features must be a better criterion for
separating the genera of the family Batra-
chospermaceae than vegetative features.

Confusing carposporangia with spermatan-
gia, SETCHELL (1890) misinterpreted that
the genus Tuomeya was closly related to the
genus Lemanea in the specialized sper-
matangial branchlets and their position at
the nodes. Spermatangia of T. americana
illustrated by SKUJA (1944) and WEBSTER
(1958) are terminal on the primary branchlets,

and are same as those found in T. gibberosa
(KuMANO 1978 and present study, Fig. 6),
and the taxa of the genus Batrachospermum.

SETCHELL (1890) observed that the carpo-
gonium-bearing branch of T. americana be-
comes spirally twisted as it increases in
length. The carpogonium-bearin branch of
T. americana illustrated by SKUJA (1944)
and WEBSTER (1958) and also that of T.
gibberosa (KUMANO 1978 and present study,
Figs. 7-15) are strongly curved. In having
the spirally coiled carpogonium-bearing
branch, the two species of the genus Tuomeya
resemble the section Contorta of the genus
Batrachospermum and the genus Nothocladus.
The trichogyne nucleus of T. gibberosa is
not recognized (Figs. 13-14). On the other
hand, the trichogyne nucleus of T. americana
is present, but just prior to the fertilization
it is not apparent and may be in a state of
degeneration (WEBSTER 1958). DAvVIs (1896)
reported the presence of a trichogyne nucleus
in two species of the genus Batrachospermum,
however, SCHMIDLE (1899), OSTERHOUT
(1900), KyrLIN (1917) and KuMANO and
RATNASABAPATHY (1982) were unable to find
out such a nucleus.

As shown in Figs. 15-17, it is observed
that the fertilized carpogonium in 7.
gibberosa enlarges and cuts off the initials
of gonimoblast filaments, which grow out
into radially branched ones. This manner
of the development of the gonimoblasts is
the same as in the genus Batrachospermum.
According to WEBSTER (1958), the gonimo-
blast placenta in T. americana is formed by
the fusion of the primary gonimoblast cells
with the gonimoblast initials at the distal
end of the carpogonium-bearing branch and
their nutritive cells. As a general rule, the
family Batrachospermaceae exhibits the
primitive characteristics in the absence of

Figs. 19-23. Batrachospermum gibberosum (Kumano) KuMANO, comb. nov. 19. A part of young thallus
showing cortical filaments, primary and secondary branchlets and a terminal portion of a trichogyne
(arrow) ; 20. A primary branchlet and a coiled carpogonium-bearing branch at the early stage in
development (arrow) ; 21. A cortical filament and spermatangia (arrow) terminal on secondary branch-
lets; 22. A wart-like or semiglobular gonimoblast; 23. Carposporangia terminal on compactly agglomer-

ated gonimoblast filaments.
pm for Fig. 22).

(Scale bars: ;10 yum for Figs. 20 and 21; 20 #m for Figs. 19 and 20; 40
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any fusion of a carpogonium with hypogy-
nous cells after fertilization and in the
formation of the gonimoblast filaments
produced directly from the undivided carpo-
gonium. The exceptions observed are such
as the formation of gonimoblasts from the
divided carpogonium in Batrachospermum
beraense (KUMANO and RATNASABAPATHY
1982) and the formation of the protoplasmic
connections between the carpogonium and
the hypogynous cells in B. hypogynum
(KuMANO and RATNASABAPATHY 1982).

As discussed above, T. gibberosa differs
from T. americana in the absence of the
gonimoblast placenta, which is character-
istic of the genus Tuomeya and has not been
reported in any taxa of the genus Batracho-
spermum. This result shows that 7. gib-
berosa should be transferred to the genus
Batrachospermum as B. gibberosum (KUMANO)
comb. nov., basionym Tuomeya gibberosa
KumMANO 1978, p. 105, fig. 7. B. gibberosum
appears to assign to the section Contorta,
which have a curved to spirally coiled
carpogonium-bearing branch. Among the
section Contorta, B. gibberosum is one of
the most differentiated species, because the
thick-walled cells of the carpogonium-bearing
branch are differentiated to a high degree
from the vegetative cells of fascicle.
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Hiroshi YABU:
HARVEY (Chlorophyceae)

On the aplanospore formation of Halichoryne wrightii

Key Index Words: Chromosome; Dasycladaceae ; Halicoryne wrightii.
Hiroshi Yabu, Faculty of Fisheries, Hokkaido University, Hakodate, Hokkaido, 041

Japan

The calcareous green alga, Halicoryne
wrightii HARVEY, a member of the family
Dasycladaceae, is a common species attached
to rocks at the high tide level on Ryukyu
and Ogasawara Islands in Japan. The
morphology of this alga has been described
by CRAMER (1895), SoLMS-LAUBACH (1895)
and OKAMURA (1909). Recently the nuclear
cytology was investigated by fluorescent
staining of DNA by LIDDLE and HoORI (1983).
The process of aplanospore formation has

not been described nor have chromosome
numbers been reported for H. wrightii.

H. wrightii specimens were collected 1 and
2 March, 1982, at Iyukihama, Hamajima in
the Ogasawara Islands. Mature blades were
immediately fixed in 1:3 acetic acid: alco-
hol. They were then decalcified in Pereny’s
solution for 6-9 hr. and washed in running
water for ca 1hr. To enhance staining

blades were immersed in 45% acetic acid
for 5 min.

Specimens were stained with




Figs. 1-13. Halicoryne wrightii Harviey. 1. A sterile blade just prior to reproductive cell develop-
ment. 2. Part of a young blade with several developing spheres. 3-6. Blades with one to four spheres
in various sizes. 7. A blade with several original nuclei leading to aplanospore formation. 8-10.
Part of a blade with numerous nuclei at mid-prophase (Fig. 8), late prophase (Fig. 9) and telophase

(Fig. 10) prior to aplanospore formation.
Aplanospores within a fertile blade.

11. Blade cytoplasm cleaving to form aplanospores. 12.
13. Metaphase chromosomes in a fertile blade leading to

aplanospore formation. Slightly larger chromosomes are indicated by arrows. Magnification: 1, 3-6 and

12, x80; 2 and 7-11, x450; 13, x1,360.

aceto-iron-haematoxylin-chloral hydrate so-
lution after WITTMANN (1965).

The sterile blade had a coarse, granular
cytoplasm dotted with 1.2 pm dia. nuclei
(Fig. 1). After inception of development,
the cytoplasm was usually concentrated into
one, occasionally several, spheres the pe-

ripheral cytoplasm of which was condensed
and homogeneous (Figs. 2-6). In some cases
only part of the cytoplasm degenerated.
The spheres grew larger and became
enveloped by a 1-4 layer thick membrane
(Figs. 3-6). Initially, only a few nuclei were
retained during aplanospore formation and
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the others omitted (Fig. 7). The retained
nuclei increased in size and took a darker
stain. These nuclei divided into ovoid or
ellipsoid daughter nuclei each with a small,
conspicuous nucleolus in the center. The
nuclei then continued to stain more darkly
and the nucleoli became obscure. Generally,
nuclear division was synchronous (Figs. 8-
10). If two or more spheres were produced
in the same blade, they fused. The spheres
increased in size before the cytoplasm began
to cleave to produce aplanospores (Fig. 11).
The newly formed nuclei were slightly
smaller. Three chromosomes were readily
observed at metaphase. One of the chromo-
somes was somewhat larger than the other
two (Fig. 13). Each fertile blade produced
ca. 2000 nuclei as reported by LIDDLE and
Hort (1983). The number of aplanospores
was no more than ca. 40 (Fig. 12). Apparent-
ly many of the nuclei are not segregated
into the aplanospores.

In the Dacycladaceae, the chromosome
number had been reported for 4 species as
follows ; 2n=20 (SCHULZE, 1939) for 2n=8-10
(Puiseux-Dao, 1966) for Acetabularia med:-
terranea, n(?)=ca. 20 (YABU & SHIHIRA-
ISHIKAWA, 1981) for A. ryukyuensis, 2n=14

(WERz, 1953) for Cymopolia barbata.
Compared with these data, Halicoryne
wrightii is remarkable in having the ex-
tremely low chromosome number of n=3.

I am much indebted to Mr. A. MIYAMOTO
and K. HoMURA for their kind support in
collection of the materials.
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Norova, M. 1986. Hypoglossum nipponicum YaMADA (Delesseriaceae, Rhodophyta) in
culture. Jap. J. Phycol. 34: 28-30. :

The life history of Hypoglossum nipponicum YAMADA was completed in culture using
material collected at Tanosawa, Aomori Prefecture, Japan. Most cultures were carried out
in modified GRUND medium at 20°C, and a photoperiod of 14 : I0h under 2000-4000 lux
light intensity. Tetraspore germlings grew into either male or female gametophytes in
1:1 ratio and female fronds gave rise to mature cystocarps on the mid rib and carpospores
were liberated within 60 days after tetraspore germination. Carpospore germlings grew up
to 20-30 mm tall after one month. When the germlings were transferred under short-day
condition (10 : 14 h), the frond produced tetrasporangia after 10 days. The culture study
revealed the “ Polysiphonia-type” life history without mixed phase.

Key Index Words: Delesseriaceae ; Hypoglossum nipponicum ; life history; Rhodo-
phyta.
Masahiro Notoya, Aquaculture Center, Aomori Prefecture, Moura, Hiranai, Aomori

Prefecture, 039-34 Japan.

Hypoglossum nipponicum YAMADA + ¥V > H <=
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Fig. 1.

of male and female gametophyte development from tetraspore.
Immature antheridial sorus (an arrow). D. Mature antheridial sori

seven-day-old germling. "C.
(arrows).
phyte having a procarp.

H-J. Successive stages of tetrasporophyte development from carpospore.
J. Forty-day-old mature tetrasporophyte showing mature

I. A seven day-old carpospore germling.

E. Forty-day-old mature male gametophyte.
G. Sixty-day-old mature cystocarp produced on mid-rib of the frond.

78 B L

Life history of Hypoglossum nipponicum YAmAaDA in culture. A-G. Successive stages

A. A liberated tetraspore. B. A
F. Forty-day-old mature female gameto-

H. A liberated carpospore.

tetrasporangia. (Scale; 200 #m in A is also for B, H-J; 50 #m in C is also for D and F; 500 ;m

in E is also for G.)
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Suzuki, M. 1985. Physiological investigations of blue-green algae endophytic in the red
alga Nemalion vermiculare 1. Transfer of C between Calothrix parasitica and N. ver-
miculare. Jap. J. Phycol. 34: 31-36.

.

The effect of light conditions on the transfer of photoassimilated “C from Nemalion
vermiculare SuUR. via culture medium to Calothrix parasitica (Cuauv.) THUR. and vice
versa were investigated. The transfer of “C between N. vermiculare and C. parasitica
increased as the light intensity increased in the range of 1.25 to 6.25 W-m~2.s”!. The
radioactivity of MC incorporated into C. parasitica was depressed at a light intensity of
9.33W-.m~2-s7!, and was accelerated when illuminated by red light rather than by white
or blue light. The radioautographic experiment demonstrated that the radiocarbon derived
from C. parasitica which was inserted into the tissue of N. vermiculare was translocated to
the cortical cells of the host plant and accumulated especially in the sporulating tissue.

Key Index Words:
location.

Calothrix ; endophyte; Nemalion; radioautography; trans-

Mitsuyoshi Suzuki, Itoh High School, Okairinomichi, Itoh-shi, Shizuoka, 414 Japan.
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(a)

Nemalion vermiculare

Calothrix parasitica

Agar — | l [— Medium
r | | !—-l
DT O AT OO (LT —Petri dish

Shaker

(b)
Calothrix parasitica

Nemalion vermiculare

I\gar-—' I

lTMedium

LVIPELETITTTTTILLLIATILIITTI) — Petri dish

Shaker
.

Fig. 1. Schmatic illustrations of culture ap-
paratus for a MC transfer between Calothrix
parasitica and Nemalion vermiculare (a), and for
autoradiography of the tissue of N. vermiculare

®).
50

Red
Blue

o [ransmittance (/)

500 600
Wavelength (nm)

Fig. 2. Transmission spectra of colored cel-
lophanes used for the experiment of C transfer
between Calothrix parasitica and Nemalion ver-
miculare.

400 700
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Fig. 3. Effect of light intensity on the
transfer of photoassimilated #C from Nemalion
vermiculare via culture medium to Calothrix
parasitica. Incubation was carried out at 20°C
under continuous illumination for 3 days. Each
symbol represents the mean value of radioactivity
of 3 experiments. The average radioactivity of
N. vermiculare was 4.44x10* dpm at the start of
incubation. a, N. vermiculare; b, C. parasitica;
¢, culture medium.
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Fig. 4. Effect of light intensity on the
transfer of photoassimilated 4C from Calothrix
parasitica via culture medium to Nemalion ver-
miculare. Incubation was carried out at 20°C
under continuous illumination for 3 days. Each
symbol represents the mean value of radioactivity
of 3 experiments. The average radioactivity of
C. parasitica was 1.26x 10* dpm at the start of
incubation. a, C. parasitica; b, N. vermiculare;
¢, culture medium.

Table 1. Effect of light quality on the transfer of photoassimilated ¥C from Nemalion
vermiculare via culture medium to Calothrix parasitica. Incubation was carried out at
20°C for 3 days under continuous illumination of white (1.25W-m=2.s72%), red (1.28 W-m~2.
s7!) or blue light (1.20 W-m~2-s7!). The radioactivity (mean +SD) after 3-day incubation
is shown. The average radioactivity of N. vermiculare was 3.05x10* dpm at the start of

incubation.
Radioactivity
llumination Nemalion vermiculare Culture medium Calothrix parasitica
(dpm) (dpm/mi) (dpm)
White 20803 +440 336+16 291 +24
Red 12297 +524 1015+24 504+133
Blue 17794 +1776 830+19 207 +55




34 Suzuki, M.

T R B (1979) oililiciny 3 vy 2y
DAF 74 P REIERL, T4 » 7 TEL BNH-
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76 9.33W-m2s™! o] CH#ETH -7 (Fig. 3c),
v 31y 2 upb C. parasitica ~o YC o i
B2 B WD e o B I~ B O K5 A Table 1
ISR T . MREKT LK TTo MC BB, §i
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C. parasitica )b 3 V' 2 B Lz YC i
1% Fig. 4b & bl s e, Yol N9 %1 ht -
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B Lrc “C i 1 fdfF 247 h 75 55dpm TH b,
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Figs. 5-8. Autoradiographs of C in the transverse section of Nemalion vermiculare.
The accumulation of MC derived from labelled Calothrix parasitica which was inserted
into the Nemalion tissue is shown as silver grain deposit (C) after 3-day translocation.

Scale bars =50 pm.

Fig. 5. Control Nemalion tissue showing no radioactivity. Fig. 6.

HC-labelled C. parasitica (bg) shortly after inoculation into Nemalion tissue. Fig. 7. Car-
posporophytes (arrows) in an early developmental stage. Fig. 8. Mature cystocarps (c).
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YokoHaMa, Y., KaTavyama, N. and Furuyva, K. 1985. An improved type of ‘Product-
meter’, a differential gas-volumeter, and its application to measuring photosynthesis of
seaweeds. Jap. J. Phycol. 34: 37-42.

An improvement was made on a gas-volumeter devised by YokoHAMA and ICHIMURA
(1969) and subsequently modified by YokoHAMA et al. (1980). The major improvement
is the replacement of the glass stop-cocks, capillary glass tubes and stoppers of the original
type, with rubber blocks, rubber capillary tubes and rubber plugs, respectively.

The improved type is just as accurate but is far simpler and can be used easily by
high school students. The instrument is suitable for the measurement of the photosynthetic
oxygen evolution of small plants or pieces of larger seaweeds, as well as the respiratory
oxygen consumption of small animals.

Since a compensation vessel is used in conjunction with the reaction vessel, measure-
ments can be performed without strict regulation of temperature in the water bath. When
flasks of about 50 m/ capacity are used as the reaction and compensation vessels, it is
recommended that about 5-10 m/ of filtered seawater is used in both vessels, with a piece
of algal frond approximately 3-5cm? in the reaction vessel. In such a case an adequate
interval of reading is 1-5 min and the measurement can be finished with 5 to 10 readings.

Key Index Words: Gasmetry; photosynthesis; respiration ; volumeter.
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The whole set of the ‘Productmeter’

Fig. 1.
equipped with the light source for measuring

photosynthetic oxygen evolution. The set con-
sists of the main part with its reaction and com-
pensation vessels, and a water bath equipped
with a motor to shake the vessels.
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Fig. 2. Schematic diagram of the main part
of the ‘Productmeter’. RB: rubber blocks, SH:
small holes, U: U-shaped capillary tube, FM:
fixed marks, I: index drop (kerosene containing
0.01-0.02% sudan black), G: graduated capillary
tube, F: colored fluid (aqueous solution of 2%
reversed soap such as benzethonium chloride and
0.01-0.02% eosine), FR: fluid reservoir, S: screw
clamp, RT: rubber capillary tubes, RP: rubber
plugs, R:reaction vessel, C: compensation vessel,
SA :side arm, P: plastic plate holding the system.
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Fig. 3. Rubber parts each of which is com-
posed of rubber plug (RP), rubber capillary tube
(RT) and rubber block (RB). SH: small holes,
H1: hole connected to the U-shaped capillary tube,
H2: hole connected to the graduated capillary
tube.
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Table 1. An example of recording oxygen
evolved by a frond piece of 3 cm? of Laminaria
angustata under light of 40 Klux at 15°C. A:
readings of the position of the colored fiuid
meniscus in the graduated capillary tube. B:
difference between the reading at O-time and
that at each time.

Mar. 19, 1985 Ozuchi, Iwate Pref.

Laminaria angustata 3.0 cm? (16.2 mg dry wt.)
Filtered seawater 7 ml

Light 40 Klux

Water bath 15°C

Room 16.1°C
A B
0 min 5.0 0 pl
2 9.0 4.0
4 15.9 10.9
6 22.0 17.0
8 28.9 23.9
10 36.9 31.9
12 43.0 38.0
14 50.0 45.0
16 56.3 51.3
18 63.0 58.0
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% 4L0F i
=
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- 30F i
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S 20f 4
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OJ‘ L 1 1 1
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TIME (min)

Fig. 4. Time course of oxygen evolution
from a 3cm? frond piece of Laminaria angustata
under a light intensity of 40 Klux at 15°C.
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Table 2. An example of recording oxygen
consumed by four frond pieces of 3cm?® of
Laminaria angustata in the dark at 15°C.
Notations are the same as in Table 1.

Mar. 20, 1985 Ozuchi , Iwate Pref.
Laminaria angustata 3.0 cm?x4(66.0 mg dry

wt.)
Filtered seawater 5m/
Dark
Water bath 15°C
Room 16.0°C
. B
0 min 71.2 0 pul
2 70.5 -0.7
4 68.8 —2.4
6 68. 2 -3.0
8 66. 3 —4.9
10 64.5 —6.7
12 64.0 -7.2
14 63.0 —-8.2
16 61.5 -9.7
18 60.8 —10.4
20 59.0 —12.2
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Fig. 5. Time course of oxygen consumption
by four frond pieces of 3 cm? of Laminaria angu-
stata in the dark at 15°C.
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)

YU B4 B T O BN RS AT
mo o= G - &%)

# x

JEE VR B R ZE MU A4 3T D ) PIJI 38 & ORI BE DR K BERL HIT D\~ T
OHiFR=" lBEF 5** (C*WMP LBk - BIERT, ™HEX - B - 4%)
RKKLEF A2 7 ) OLFERT & D 5 REBGAR
s A CGEEK - H - 4)
TLE K R 35 B
OfE W* . IREET* - FRAT* CHifhK, ¥Rk
MED (1981~1985%F) tLERBIC KT 5 &g DL BE
LE%E= (HXH)
BB B AT RIC 30 At h O B E
RZE=* - OfkEF 1™ (CBKBPF, **&IUKHEH)
L&Y > 7 /7 ) OEFREOWTO—ERZ—RRECERE TCOBREND
Rk (RK)
F. R. KJELLMAN (1897) ¢ “Japanska arter af sligtet Porphyra (7 =</ VJBDO B AZEM)”
DREBEADBE LHMR
BARM* - OIUERE (Ydbk - B -, ™D ERX - —BEBF - £9%)
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00~13 : 00 (Btka)
Ed B (FR0E)
100 (42) EEOASA4AT 7 ro—, XK - EREBRTRIIOWT
WEIRIEE (JLAKBF - SEHE)
15 (43) FHEOA1457 7/ ro—, FARILFECRIETFEM X BT OWLT
BEMRE S (ILKBF - H7H)
130 (44) KLEAVE/VEEMLSLO TR T IR FORELSVIZEESIZ AT
OMMEE= - FHER (REX - KiE)
145 (45) FLBAYHE/ VEGO TR T T A FESHIIADREE
OFMER - BHHEZ (RBK - KE)
100 (46) BEAFFVEXIORTT VR AV—BERIZOWT
Mg EX - MRRMEY - OBRFINEF - ME RY T - b, EEAR)
15 (47)  ~2Y 7 4 FE#ARTRESETOWT
O HEH* - iHEM™ - B EEY (MEEK - B - 4L, “PHEEX - 41k)
30 (48) FAREKEFALIc=2v2YV—t+7my s LOBROBER
Otk aL* . FRFIE* - FIFE - FHEFY (VBPPF - &4, EERD
45 (49) =V E7 E VFEBORBELL L ESHOBIBICOWLT
OKRBFIEk - RHIEF (BaK - lEkgEht v 5 -)
BERER
100 (50) HFrB & 4 Vv Stephanodiscus alpinus & B 5 h BB E LOFERIZOWT
CRAHFEA - Mk 8L CGREKX - £9))
(651) #EEKE~ V7 r— FEKROXBEEM
AR (EiRHE)
& P
15 (52) FEEBHEROERDSHINC L AEINMCKTB2ANT — 2 B HE © Hat—KEEBE)IK
FoBl
OXMEFT* - FHEREY MABRGHE, YEELX B -H)
30 (53) SIBBEIC BT 5583 6,000 FEHOEEEBIFECEDR
OBFEL - Bl & (WFEA-H - 4%
145 (54) PR 1 3 Cymbella turgidula DERM
BE B MRET . OFRBATF R, MHIRHIIK)
100 (55) #¥ Pseudocarteria mucosa DHEFFEFIZ DT
OEME—IF* - Bl B FHA=% « =— « = 2 (¥), PEILAED)
15 (56) HEIRHED Gonium DO—8 (FE - A4 ey <=7V H) Ko T
FHA (BILHBER
30 (57) BEA YV FIETOEERLHSBICONT
NFFES ek - 3 - )
45 (58) #FEEREH OB 1. Bicosta spinifera i XU B. minor O

O RUX* - BffAR™ (*HFX - BRBE, ™HFX - H - £4)
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FEEES 3A29R 15 : 00~16 : 00
FEES 3H229H  16:30~18:30
T—92 a7 (BKEHEORE - HERFEE) | 38318 17:00xh)~4H2H (12:00%T)

B R

()~(2) 1l "RE (BX - ABE)
(3)~(5) IBE= (AR
(6)~(7) ! BFR

(8)~(10) - kil & (BEX - &FH)

an~@13) 1| W= Bk - &%)

(149)~@15) : EAEA (WFk -2 - BiES)
(16)~(18) : BEEERRRk (FYK - THERE Vv £ —)
HeplREEE | ANIMEAF (BRK - #38)

(19)~(20) : FHEH#ME GRAK - D)

@eD~(22) 1 L f§ (Bik - #H)

(23)~(24) ! ILARIE (M@K - —BEFH - 4£9)
(25)~(26) : /bR BA (BREEK - 4%)

RIS | TR ¥k - &%)

(27)~(28) : BNEM GERK - BHEERNEL V5 )
(29)~(@31) : EtfxkiE (WFX - 2 - £4)
(32)~(34) : B

(35)~(36) : BB 1B (R&#hX)

(37)~(39) : FMGFIfE (B+WF - £4)

(40)~(41) : #HIEH (BREFK - KE)

(42)~(43) : %L 15 (ESLAER)

(49)~(45) 1 KFIER (RHEK - LY« v 5 —)
(46)~(47) : BREFETT RERL - B)
(48)~(49) : BHFEAR (ZEX - KiE)
(50)~(51) : BR

(52)~(54) : HE & (B#EK - &%)

(55)~(56) : mATHEE (K - JGBBF)
(57)~(58) : HP KA (EEHE)
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EEEEE \ ,

ELEF
FeJhER
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1. E8E T BT (L5H 5 1 BE105Y), BIsk/ 2 @FFH» & TR FHRAT
£ 721378 T AL X — PR AT I TR, TRIBERZE P T H (#9409),
2 . EAEAATE)| | IPER T B (LB & 1 BER), BOSK S R THIOA S R AT IR, TR
gL T (#4053 ),
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(1) HFRE- oHMIEF* | FHIHEME Arnoldi-
ella conchophila (G54 - A4 HE) (COWT

B EBpRIO/NTINC I\ T, WRA B
% Arnoldiella conchophila %1% B U 1. AL
A 740, vF79BHcBL, MILLER (1928) =X
hLKD e ¥ 7 hEHLHRE IhET, ABTOR
HEDOBNLIL

B, SR LIGRREDBICES LIcBEROEN
T, BR1~2m, & X0.5~ 1 mBEDME~HEK
¥, BoVEThbAEA LBRELTW%, Ml
%, 1815~20pm, £ X20~40pmDAEH~%5H T,
HEtt, ERAXER TSROV ) 4 Vo, %
REDOEREET D> #HKL, 4FEEOHEETFY
;; divhe p

SEERI Lo, BERPREBOBEIIKR B
BIKRCE TR B 58T, )IME2~ 3 m, HE0.2
~0.5m/sec BED/NZIcH)I| 215\, Eki3, ER
10~30emDAFBED, FE & U TKEAE DB AR
AE LT,

IEBK - B - Y, K ERET)

(2) Bl 8 XHEFEOMKEFSS > 7 b >
Coronastrum lunatum (FEH - yaonavw v 4
B) [E2WT

BEMWMrsrenay, s ABRZBTS Coronasturum
JBi%, THOMPSON (1938) I X »T7 AV, H v
ABED C. aestivale % type species & L TR X h,
ZDH FOTT (1947) (XA~ v, b C. ellipseud-
eum %, &6 FLINT (1950) (2 1 ¥V 2 m» b C
anglicum % THR L T\ %, %7 THOMPSON(1950)
137 2V Akl B C. ellipseudeum DEH #» B
BLEBRFLL C lunatum #ETHL T30, K
IOV TUEZ DB type locality LIAAmHitE -1
(EEIh T,

HEX, BRESBRTOZMUPMAED C. lun
atum LEZOhLEEEBLOT, Thiccs
XhTwb C. aestivale, C. ellipseudeum, C. angli-
cum & AR & OB O LT BEN MR o TG
35, (BRXK - 8F)

BAZEFSFE 0 RASERES

(3) HERARER: FHRRAFRCETIVEYLT
TAREOFHMERLEER

EFHREAAGBREOHTFIR CIB4ED 6 A L11AIC
KE¥ES5m, 10m, 15m, 20mD Y L7 F 2 B CEK
LEGRPEAREE LT YA T T ARECERMLLD
REBEMC L - THELXERL, 1EEORBIILE
1EFETHEBENIBRBEO LLc T3 Lic &
> THBESEYTRT, 5T, ZOBE X > TEE
HBZ ENTED, FRKFC KT HHE T ERE
h5~6METOEELEDHI, 1HIL5KET
DOHBEEIIKEIC L > TETOERBEH BN B HF
WT3LEhEh 6 Ai1323%, 38%, 23%, 12%, 4
%, 1181332%, 35%, 17%, 12%, 4% &ich, %
KEL D 1HEGOHBER 6 BIRltN11A DFHHE
WEHEARBRICh DD, £tk LTRERZ S
BEOBWRE LICEREYTR LT T, £
LIER, BEE, BE, ER, ERYALER, 3,
ARMOEETIIREINIZ EER, R, ERIKE(K
HEAHFED bhich, BEEPLERIKEC LB
BERDBRIEh -1, B, ER, ¥EE, EERIV
FEBBONBEE, OEREC ST 2EGTH OB
FROHEGXABMULER, £#KELL3, 4ok
MNEEDT0—80% % i 5 = L2 - 1,

(BEHRBRKREHHEE v 5 —)

(4) ORIFTE - EMMMES . BFHS A Q& H
REERRISONT

SEREEELERENREDH o A HKIZOWT, #
¥, AR, BCEOSEMIChcsT— 200, BT
RPOFCERLHEN R L, HE2ER-FIBT5
e DEBEL I D, AFHMBPEGREIFR LI,

2 V5 — bk LEGERE YA, FAEPBc
B LT XToBEE 2T, BURREOFETH Y
Kb, BHBOBA ORBEHE L, EFEMB LB
Teds, AP CIRET ARG A WG S h iR a2 RF
B& Lico FMBHBIETRLECERYHE TS
1o, 74 ARG TEIT YT cot. ZOK
B, 245 B ¥ T3, BEOSBTERFEERIA
THEEA B LRI, UL, TIEEE AR £ <, B
BOBRFPRENELFTERLEE L OIS, Thic
L, 245 B AT, FEURIEFMORE L



HmL, ZoBBRESIEARECEREELOID,

EFHELS 3 » AEOETFEGELHEL, £&
REER Lo » 2 2 DFEHFERIL12.45» BTHY,
HRREDIRFE3 12, ORI TRLIELHIB, B
Thot. ¥, FHORRIWSFELHEEINI,
(Z&EKX - KE)

(5) ORIIIFTE* - MIERREHY - BB 8%
TT A NS AEOREBRIFELE KRG SR 1
& HRA

BREETHHRBEBOT 5 4 « 7 2 A BECONT,
DEOKER—KBRE L OETBRONEEXFHL
<, XBRENORIHGBOEFTBRRLMAL LS LR
S iy

RicBKE (2, 4, 5m) »HERE A 75 4 -
h 2 AGEOKARIEMFIL, VW ThOKET T
b, ZEF10 klux THEFRCEL, Pmax 127 7 4D
HAL 2 X h@Edots, LL, 1.25klux BTFo
BT T, XEREER» A DHNEL, WL
LA —EBERIERNTH Y, EBEKF L DE
LA ERDB R -1, KEEAL, 75 2T
13$9400 lux, # ¥ 2 TI2H200 lux TH - foo

WO AMEOEETHARBEY MDD, EERE
R XOHEEROBESFELRUE Lic. TOKEE,
A Y AHETIHERECR LT, 0.6% L EOHERE
EOBHcET LTV, £2TC, B OBR%EL B
B, XAR—XBRE X UOBEE D OENRES
b, — B OREHBXHEILRDIE A,
FHWILAREEOD & T, 132E0.6 BOHENBE
THREACEL, FAHEE I —K L, T, 7
FALDWTIRL2HRBED, »L 2L h 223 EE
WM BE THEMESCETS LD LHE IR,
(F=FEK - KE, *HE A - THEHL V& —, ¥
BKK - HEH)

(6) OfEMmMZ - /I Bh:FLBEHAM )7 Tha
lassiosira eccentrica & Thalassiosira brama-

putrae DEAEELE

Thalassiosira eccentrica 3.2 ¥ TEIEFKIH
BEIR TV B2, SEAVGAARIS R ORKE
THHABBEBFTLOERLASDTH B, FHOBEHSE
LEERHEROZ A LOBE L& I —HTHHD
THoteht, SEOREC X > THERRBTIIRD 3
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DDEATHBHDBHI Edbhotc, RESLD S DI
4Hx LB, BRI ELRD, ORECBETS D
DX AHTH B EIFL-THROZE TS, B)F
DEEERIZS ~6 A LR LR E,

T. bramaputrae 3., ®RKH LK F CEEHEIIZH
Too THET 52, SELEKIR X b B -Eficoun
T, SEM X 5BExT-l. COMBMDEHELT
X, BEASTRCEITS, RELBREOHERC 14
DA B b, Fi, BRETC 17I0FEEES
HEOZ L, XU, 1HECBREEIREROFE
wEFIORMHFLEL, A~NIHOMBICHEIRKE
RALTHANLIVABOBEL L THO TS L L%
BF B ENTED, Ik, BFE Thalassiosira BD
BIPEEEZ LR TERD, ZOBEOBMIIPZETH
DEMmOBMFOTEC /NI HHREZRESLDTH-
7o ¥, ABEDO O TRBREOHEERBOFD
MAKBICEERERI LR LRI,

GE¥X - &%)

(7) OHBE=/\F 8. HROLBHMY7 Au-
lacoseira epidendron RU' A. asiatica (SKV.)
comb. nov. DEHMEFLICDOWNT

46, HwEDIR, BIHEAR, B )N (KR, #&
Il CGREFR) 0B EX VERL-BESRCHET
% Aulacoseira Bz >\ TEIL SEM # B\ THE
®{Tolo ZD5H A. epidendron WUNZ A. asia-
tica TOWTHET 5,

A. epidendron L [F%E T & BEML, WILEALF
LELRA, BREDHLCH D carinoportula (B
Re®) THEhARI ISP LR ERD, 20
EweHtomd 290 carinoportula #0751,
NEIEMBEHBRB R, ZOBEIZ, Bl T—F
LTkb, &%, Aulacoseira BOEOHFITIIEE
BB LBbHbh3,

A. asiatica (SKV.) comb. nov. {¥, SKVORTZOW
K2 X »T, M. roseana OEREL LT, 19384z
E#Edt% (IB#M) o Pin-chiang-sheng X b #K X
B THH. COBRICT, FHERLIEBROK
bbby, FERL Y- LT, BHAMER BET,
B2 X, ik, W ODRESrh LIcEEY
EBLVHIELVEEMRbN, T, BAWER
ik, 2~54&0%&EMN H Y, carinoportula (¥, 2
~4f@HBH, BAMTIE, ZhbD carinoportula
DR, Zhif85 &5 B ROBENR b i,
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A. roseana Tisi>b, A. epidendron &iX, b
CRATEAHEELFELALRE TV 50T, My OM
ELTHES ORELILE LB b5,

(R¥EX - &%)

(8) &Etkis . B - WALV LEREHOREE,
Paraphysomonas [CD\T

A v 7 BIEBodtolF, LoWRUA v 71
MR, 3B ARGT, 19834 1 A5 H19844F 1
AET, IFA1E, @BKEERkERELL, Thb
BENS 1 HEYELr 48D Paraphysomonas; P.
imperforata, P. vestita, P. butcheri & P. pauciser-
ialiforata n. sp. ¥ R L. AR HRTIEL S
T5H, BEE,»DIIRTOLRTHD. P. paucise-
rialiforata OFFIFER L, EFARC 2—4 Fl 0w
##%, Foraminifera B2 &5 h 5, KiFE13modt
DEWFTIX48, 5AE1ACABIALAENHE
Lice KESBmOILDOWTIX3IA, 6ALIANLH
£ 1 5 OMIM, KE 700mDA v 7 AEFRTIE3 A &
6 ABRE 1 AT, P. imperforata H\%E
CHB LT, filic P. vestita AL, P. pauci-
serialiforata H\4 v 7 Al 1 2B L.

(WEX - B - 4£4)

(9) OBB=Rp* - BEYPA®  EIED ice algae
THOLNIBEEZDOLTE

BROEKCITEER AT L L1, ice alage LI
EhABMBREIEETSHZ LR, — B X<Mmbh
T\ 5, BiHE DIXFH0KRFERBRAIBK k£ L 1o ice
algae HBHPF OB/ L L v REINBELLER,
HRBICREE LI-BEEED Prorocentrum |& 18 %
BRTHILNTEL, COBEDOARTIE I,
MEVCEAVRK T, M2 oK (valve) TH
BERTV %, BIROKE i3, 14~18um, fE11~
13um TH5, EEBTFEMECHETS L, ko
i L VERIARL, Xk 2EOHEEI &
MBI BB, chHDILD & & iz 1k TR (apical
spine) L IE# (apical collar) A& bh b, BEOE
XM FREE TR Bbh, BRCFIRILA
AHRNCFET 5,

ZOREIERD Weddell #5 X b FEIRLEAR X
b, BALECH (1965) »% Ezuviaella sp. & L T
L, BRCEROBAEBILT O X W ERE IR

¥th 6, HADA (1970) »' Ezuviaella antarctica &

WwaME L, BETIE  Prorocentum antarcticum
(HADA) BALECH ¢ Eh3fThBHEEX BB,
CBRITTLE®, K - G

(10) X#{57 : BHEEEROMESEE

HEOBAMAEAL CHE L B ON ERE LR
N, BRHHE T LA L MBBEE YRR L, M
BHE, F22akBLB (1983—84) Itk b, A v I/
B, F\WE, v 7+x77FTREZh, Lok —-20C
THHRBE IR T, Zhbid Ceratodon purpur-
eus, Pottia heimii, Bryum argenteum, B. pseudo-
triquetrum, Grimmia lawiana DFIEEE, HHUILE
BARELICHETh- o BA V7L Btk 2 8
DEER X VI S W B CLARICBTELLHL, ALV
AL Grimmia lawiana ¥ X & THELLLEBRLE
BEID T 5, —FH, v /-7 7Tz L s
Pottia austrogeorgica %M % 1- 6 MOEHEI LT L,
L RHELIBEIDH LT\ B, BARRMEL TR
BILIHR, UToREY R S hi, 7 vEER
Chroococcus, Gloeocapsa, Synechococcus, Myzxosar-
cina, Stigonema, Calothriz, Tolypothriz, Petalo-
nema, Nostoc, Anabaena, Phormidium, Lyngbya Tg
EHRHM T h, Nostoc ® Gloeocapsa DN E L
BLLTULELIERB L, £ &8 B3 Stichococcus,
Prasiococcus, Chlorella, Actinotaenium cucurbita
e &M, 7 4 @EUL Hantzschia amphiozxys, Navi-
cula muticopsis, Pinnularia borealis 7t HRH X
hic, BEREDO I RET D7 vV I/ H 77 Tllflio
2N, BEOEH, BEICHVWEHAEARDL
hico COBMBLELT, Y/ 7FRERTHEE
OBt & h 3, KEI ERBLTDHZ L, Hx
RAEBREY bOBERE DA THI L LBRLT
WhEEZBbND,

(BB HH)

(11) #EFEA - OXFTEXW: T MEGEYITY
SDOHHEICONT

< =Y & (Caulerpa matsueana Y AMADA) (%11
B (1944) X b7 v P EORGALEMEAR L LTE
WX i, £0%, ABCOVLTIMEHREIh T
AR

19854E11H, 7 v BN S 7/ — VIE W TAEY



BEICHE L fco BBAIIKEER 5 m ORI O H I
L Tt

L HEY (coral rock) ExRIMET AR (&
£2.0~4.0om) OEEE (rthizome), = h & b EIL
THEE AR (BER2.0~3.5m) o EZ¥ (upright
shoot), HIZ¥w 4T % /ME (ramulus) @ 35 Xk
Dic%b,

EILH (assimilator) OFEE, TricbbEIEOK
REBLONEOHEEE FORIIC_HAR N5, F
1 RGETZE AR T, DI ERR CHRARCE
35, F2RIENEIRE LAAERT, ML
~ITRTC—FECHED B EAMCEST 5, =
DE 2RI =Y =V 20FEBRETTARD R, T
LA7 7~ % (C. fergusonii MURRAY), ﬁ)bul
i3 C. bikinensis TAYLOR iZiF\ >, F7o, & OE3
ThEhR - BB ET 505, R
BECR—EE LcRET 5,

ERE, v/ 4 FOBRES X OVMEERORR S
7 EVOFEEMND, AT racemosa FEE L (I L,
ZRich, TeLAH C. lentillifera, C. okamurai 1L
BletniEx bR 5, (A - B - BRHESE)

(12) &EHEHHE: ¥4 B0 Sichang EEDBELZ
hCRETHo-HEOY

2 A BOBERIIHLE T 5 Sichang FHED/PMETE
WC, 19844108 ~11 A g0 Mdidk, » v+
12Xk % grazing & BT, A X2 40 1FEOME
YNOEGEEERESE YRR L 7.

RBRLOEEFIFAKEEDECENL LY,
TR EERIIIR Y~ = (Porites) F & o +
It h, BREEINBEABCHZ DN, #
X BRRES (Ralfsia, Kirtuthriz), ik
HA# (Lyngbya), BHEEO/NRARELERE,D 72 5
algal turf 234F, #EHD DY v THACTE B FH
2L, BROY VITELRBCHEE TS > THE, vV
THTRBEOEFTIHB Ih B, Ry v I£E
CHREEO KA AR, ToRECHEEN/ IR &
REFDELE, FLOWCIERAEOAX 4 £ 4
MEOVNCEREDCH /PR BE» B 7 5 fBEM
(algal lawn) &>, FEHRCIT BEEOEARY
DHYHENERL, BEOLEF - ARKCHLT, %
NHD grazing ERERVCEEN YR T Bb0 L
Ehbd, COXIRBETOKNIH-T, AX2AK
1 OMEHYHNOHEE, FHMRoyr v I EoKAD
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BRECEHFETH BRI, FhOoOEREEOENALLE
BiedbortEzbhs,
(Figk K - B ER¥E L v £ =)

(13) BNEAF :+RUDOHAY /Y

Acetabularia acetabulum (=mediterranea) (3.,
~TY VIHREERME Y BE L ch# H HETH
HETHZDHEN L - &% AU H T %, A
acetabulum 3PEF RV BEBTTHN VR P EE
BT25s 8 Atz ABE LB L LLOERBIT O
TSR TVt YA MEBEWAE TEHLhER
BRETCTIESCEBTHE Y /ebd, L1045
MEBTFHRED kbl & Fo¥EEIc 3 RMO
J=0/1E 2. 0% o

FH&IX60E 6 A TAIMG8 A LAE T, KA KT
YA PO~y &b %R ElREERATCH
EL, YA MERMO YA F AEEHLEEL, Rk
CERFMCHEE Sh T cliv v A P2 AV TRIRER
BORBE I oo BCKRF O A 2 RER
EHL, KIRMFBBROBEBIZBRL . BOBEIDA
P I%fs, WABRCLIBLDOTH S,

ZHREE A VICAB LB LD B b
—BDOYA L EBRTH, O EDOTERT BHEOR
HETH YA+ SO & 7t > TRIRICA %0 #9
2 y Ak, KIRZ15°CHIGRE R CRE S, B
PEEERLEBHEL T /&L A % b 2000
BOBRBTF L5, BBETFIXISCREAHET CHRERL
15°CH& BT CRET 5. o0z Lk, KR YR
F Ltk RIRD BB S h R & o> TEECHE
LT E BT AERBEYRETHLDOTH >

(KB - #3% - £9)

(14) OfkmERE* - Bl (5% - R BT - BEFLE™ !
FEEESE Heterosigma akashiwo (574 R
$H) O# DNA &L UERHE DNA OXE

A AR RS TR R T 3R AHEEE Hetero-
sigma akashiwo %, (VEHMRTH h fca’HMIaEE
Aisw, QUEBRAINCH AREESH R TE, &b
THk D BN YR T,

bhbhil, ARORRERERELHEILLT, T0H
HARFELELLICL, BAHEYEBELI9SEFEEFS
ERWCTHE L, AR KT, T ORFBERER
Fa AT DNA ¥ X U3ERE DNA O%FH4*H
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B,

AEBTIE, 1979F KBRBA)fET TREL R
X OB 7o H akashiwo HIFROEE 7 » — VI
(NIES—6) %, ATL#EKkist (ASP;) % MH\TH
F 1o BEEI320°C, BXEMNIT (6 x10°lux),
12651/ 1205 REIRE S D 4 F T 1T 7c» #co DNA
13 4’6-diamidino-2-phenylindole (DAPI) = 3fa 1,
HEEMET BB LI,

#%45%4® mitotic index (% light-on signal 72520
~2BMHEITE - 7 BR L1, ERERATHY v 7R
CIEFET 53R DNA i, Mifakood L Rk,
FORIMVERTHZ EVBE I, Eff DNA
DERNZORAN LB L T 2b0EE LB,
21 DNA 0HZBIL, light-off signal 7 5H21—
BREHBICDABE I, B DNA K L O E R4
DNA oAb R 5 2 LAVRE T,

CFHLBEK - 44, ¥FEILAEDF)

(15) oRHE—If-KkE #: BEHITS1XED
MEADOH & I O— X BHBMEDER

2= o AR EHRCE - -E L LTEFOM
BALRAEBRBETH B, FOBHMILERE L -
ZEBBEOEREROEL, NLARMAROMELR L,
Thicf IERER, OBRER IS, SEHE LT,
O XS I DTHBEAL &L £ v — A DOELE
L oBH#Y:, RUBHBERCRIETE«DEFHOHE
ZDOWTHRBEEBHEATHARUTOKREY B, 1. B
ffaDMIEEEL € L P — ABMRAE S E & L CHIRR R
LA HAE LS BAEET XX SRHEEY
RL, COFBRAREMRERETh- 1, 2D
EnbikkERC S MIlROHOEL ERHAL) 3,
FELTE~IY v 7 2DHKILIC X DB ERZ Xh+t
B — AR OEE OB TITER L /g 2 & AVR
BXhs, 2. BEHROBHMREOMIREER ME,
L B — AR OFLFNC A do b T I I AR s
FHCELE L, &4 » — A - R AR X
ehotce 3. BUNEGRIAEA, =reFvitrnm
—AEBAER, »raze—rkv 4 ML, FRE
FHIRORB A BEBIRE L. ThbOkSE
i3, MRoMHRER N ORBICKET L
— ABBHEORE L VREIND L\ 5 — 3t
L, #7702 XETRESYTULELEVZ EE2RT,
(&K - B - 44)

(16) OXEX H - 8HEM: BEITV/ 1 L5 YHE
DOHIREY ) —BICETEVYXZAS Y- BOFHE
e

= ' 4 v 4% (Pelvetia wrightii) ZREI8DOHIIIBET
WEeOREACTHENTHDRABEDAI Y —=V
IEfFotob B, YRAZY — v BHEO IR
OB L > TREEAPELIRLZ ENRVEEH
o
FREINLZRE 5 R OB I ER e €
Y —BEEHTH, cOE) —BEVYRAZY)—-vB
THETB L, RIREEI BB S h % I Tt g
R RELDRANEE X, Hic 8~ 9 BHEBII R
MeFERCEBEN LFCIBEbh B, ZoFhlkit
FEREHE L FERERCB->TRSH 5,
ZOEBHREDOEBC OV TRE LAKE) €)Y
-BoYBEHEEC X5 b0 Tl AbcEs
RRIETH D, i) Hlaet L MREOEE*LELL,
i) BABRFSEC L > THEIh ATP o5 L »
TRIE+TAC Lickhb, FalutiaEceRL,
o= R AF—RKERHDBRRTHBZ LA LMT
ot THLIEFEOAIERS © Ca®* % pM v
THEKRL, ¥/ La¥ - THEZINS,
CRLDERERND, ¥V -Brktasvy xRy
) — vBoRthE, IORGEHETLEBROERSY
(LI & DBHEI DV TERT 5,
(dex - 22 - H5E0F)

17) EEE# - oRfEER | EFRENXEOMIaE
ZHOKER

xR, Fere—AREHLLTHLARD (44
~xE] ORIRBENGF Y S VERBKABRYT A S
VEUTTOYVIFR/r= /574 -1 ko T
B-1, 3-HEADHESEL L L THLT5 L ke, S
BOKBYHRC P BRDI /L3 - Rz r—R L
LTHRETBZEXBLNE L, DX 5 iekRED
¥ECRD LN LD E THERE 2] OBE
DWW TIRNTS,

IR > THITRE R EAREL, chib
TAHY R Lo THBORAHESHL, For—2A
AIEHRRYEELE L, 5%BBO /L a2
DTHotco BOKMEIZ X 558+ > 7 v O
CHHIBEOYHRELYR LIS, JICHEEEDORENL
77 = VBB L ORBT X - THE O %R



Zitc, WxDFEBRHNOKE, BROLEEIZEY 7
N2 = AR FUES R, WBICE I L2 - AGHED
FEHCPINF YTV HBDLENTEL, ZOFY
FVREILRTANYVRETTCOSATFR/ 7~ 7
F74 -k THERLL,
BREKBICE—L L TADBRIMF ~ 5 ViIZon
TDAF S I B-1, 3-REDOEFEKEET
HBZL, FlIAh DT HAFALEDER
MHEAB—ATHBEZ LV ThEBEDI, Z2hb
DIERL T+ ~F 2] OFH EIGETIRLH- T
BHoto HEKX - B - &40

(18) oRBHFiT*: FLEE™ . .HE F™ - EH
B  BREA FLIDADOIEEBEK E R

4 ¥ =2 3 2 Cyanidium caldarium (34 3O
RACH T3 EMRAKE T, MRl
ETBBBENTHDB, 4 F=22 324121k RK-18
E M-88 L5 =onRMH D, HIlOKEXX, A
ARTFH, Ay x5 OBE, RLERKCHRS o
TRich, M-8HoJIBELEEL2DNhD, &, BE
HRODHo B A 7= 2 = 2 W ORI THRE
L7

B33, 38°C, 2,000 A 7 A D#ESHENE T CIREC X
hRZiw, BohicBbr A, HEg=F1LT
WL, VXN ehFas7r2 b ST 7 410X
D BEREEE & RALKFEH 0T, BRI 2 24kl
f2o SHTIE, 1% OV—1, %ot 10% DEGS # 7
AW AIBRT L « RRAARI PAKILE DI
Nl S L5Y 8

FORKR, RILKETIE, RK—1 it Cpro (RFE
B REFE) (46.3%), Cien (20.4%) fc &, M-
8EIZ Ciouy (43.4%), Cou (19.6%) & w%< 4
%, FEBEE<Ci, RK-1 &3 Cio (10.5%), Cisx
(53.1%) tc &, M-8 Bl Cye (33.5%), Cis (33.3
%) Tl w %L A, MHRBOACRLD Ebb
hotoe Bz, M-8 B DIERFEEARBIIALE Porphy-
ridium aeruginosa 12 X < FLIL Tuvie
CREEBAIK - B, ™HEHK - #F, "EHERFERX
“HET)

(19) #iu €. kFECHTIHEHESII 0
allelopathy IR

KRICBIDEE 75 V7 b v HHE O allelopathy
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W&z o\ Tit, PRATT (1940), PRATT & FONG
(1940), RICE(1954), J¢RGENSEN(1956), PROCTOR
(1957) e & OWMRTHERL, TOHEL O ERN
HERT B, SHRHIRBEE LT, EEAMES
DRWTHHEC X - T, NMNEOBBOEFEEHNEE X
ATV BHELHE X Ty 5 (PANKOW, 1961 ;
WIUM-ANDERSON et al., 1982), ¥ 7-¥R/KE DK
BERA7 7V TR L THEFRAEZ > TV L
S\ Tix, LALONDE (1970), SU et al. (1973) 7t
FRE-THEIRTEY, —FHhbKENERS
TV VERNLTHEANARERAYE - T & 25
HASLER & JONES (1949), £H s (1960) & & -
THEBIRATW32, ZOREYHEC OV TULRMT
H5o

SEEEL, LY, AAVY, 2 YRR EDEE
KYAER L BHET T v 7 b vOARAERSEOK
FE, TOREDOVEDELT, ZhHKEDOHWT
58 v=VRWELOBGRIED TEZ LD
DT, FOERCOVTHRE TS, (BRX - #HF)

(20) ABER . EHT7LHYV 7R 779—FiC L
BRGFHEBE) L Ok EFEE ZOMADOTEE
3

BWAFCES R Eh5 Y vLEH & L TERY v
BE DA REER R Y v VR L— B ER Y
VEEE BRI O D ARSI - THIBAK X hiEEL L
BHRIhBEEZLRTVS, LALEAD,
MFELFOERECTHETRE LI SKEXREHT
HHKFH T, ) VBEIRHE Ihi 2 E
BBV THLREEBRY voRERCIXEREL
AEB LAY, EROCEEEC L bh 2 HHE
Vv ERRIE- T, BAKPOBEEEEY vOFA
BBV EATRBER TV 5,

ARETRRFH X v Sl Ihic Anabaena sp.
YTOFEOTN—AB TV PV ry M X T
&Ntz Melosira spp. L b 3 81 X }1 7 alkaline
phosphatase % & B\ Tk, ERMEEK, FIO0E
MRS I h ABHFABREB )Y v oK BoOmTEE
t#, BIUCKRFHFHOREMRAY vREOCE/L,ID
LEHFEERY voFATECOWTRE LD T
BET+5,. (It EAER - KEH)
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(21) orfh:HEES - HEMS - PHFIR - REHEA
HIMEFOHTEHHEF BT 3 EHFHHEE (D
B ERAAE (A OB HH T

KEC BT 5 HMEHORSLHGC, RBER
EXoMoBEEGIELBESE LT3, LOLES
LEDSTBERHTIZ D> Th, BMEFHOE L
REREIIS, ChXBMESERCMSH0EEER
DHEETHZ EXTREL T 5, AR TIR, EBRE
AsH:Tic it 5 2 BERE OB ICHEERARS
DR DOHE, T hbOBHEMFEE OV THRET
LR, BONCHEERA7 2 -4 %AW, %
BEFRAERRC KT 545 BHHBRB T LA,

FTEEER6M - BB 1AV 2 BRARERC
BT, FEFA - HEER - ARIER S L UHRIUE
RAEFENA2 BN CHEERBESAHERE L. Th
LOMEFERE, HELIECLRATEN TS L
ZEh, <5 2—x—%KELTEL,

dx/dt=G X » (1—H, el X, /X mex
—a*H,;-eP?t X,/ X ™2%)

dXe/dt=Gg+ Xy (1 —Hj el Xp/X,mex
_ﬁ,Hz.eDl't.Xl/xzmaX)

BL, X, X B5EE, G, G, H,, H.: 1
HEERR, Xim, Xom ! RABRAREEE, o B
MEERGRK

b bROMEFRAGREEAV- LY, b
BERAKRERC ST HIEEHOBRETFNERL L
%, BAMEAHBIHL v ab— A ENTE
1o (BHRX - & - £W5RALE)

(22) OFHME= - MHAATH  BEIVI>2LT
DBEF LB FOBMEE

2 V7R OREET LB TFOBMBEYEC I Y
4 v a v 7 (Laminaria angustata) *#¥hc SEM
+« TEM 2B\ THERF L1

B S hicliE FREMTELLRVEIHEELEO
feWEWEBEEYE T5, SEM 0B X % LT
EDHTENLRIHCED > TEHIMPOE TV B, —D
DHRWB LoD HERBIES D LEH I IURCHE
LT 5, WEEBLY - B - TLSHIIBE
BN BEEMRA S D, T RIIAECR
BUEANDRBCLELEZOhOMEEWELXETS
MNP SBE IR,
BHIAEFOZSOEEOR SOLIIEET D

TheR¥EL W%, SEM OB CIXmFEEOH
R b7 b THRIREERC QIFA TR Y, WEER
MBRBEDO P vA AR E > TEH LTV BHRICR 2 5,
BFi 2 ~3@0ERGKIFEL TV B8, £hbd
X RTHEB R L 12 BRI BBIRIC b Do KT
O IEMEI RS hT, KB NRERAHEC X
S>THDBHLR T3, Bl A ETABEL TV
%,

BT - BT L LCHEERROBS, Flzof
HEZRLRABIE L YR ANEOEERRTITER
BRONEh 57, FRALEYMRTHHENMNEOH,
WPEE ML o7 CHEETRV AR b hic,

Rt BBy oWEEMROBTO 2 v TRETF O
B oW T ETOEBEEXRAARIL .

ek - B - fEEamr)

(23) NMBFE= BFET I TOELRICHTIHR

av7nFirE, EoBTHOERE»STHCH
LHEh3X5ERT D, —H, BEEORTHT
MHIAR, LeHsT5, BEE~2 v TOELRY,
Thon 1EREKCIRYERTSH8A, 118, BE
SAKIV2EHESTERNTH8 A0 4EBEL .
TORRO—FHDORDB, 2ERE (Bo RET % &
) %L, WhWwrEORI% [, 1FRL2HHD
BoOREBOE I FRFRL, L ETHELIX1IE
B8R l+h, NALBES Ag, I+L+hL, 24
BHB8AK I+l TEbEh, NARBOFLEDY, 5
Bz s xR L, LIL1FEH8AD 9.5
cnHBES TR HenEML, 11 7TemiT /g -
foh 8 Bic1l. 5em & M HA Lico LOBEILEIC
ELMhL0M LT L 5hE L, BTRTOMBIH
WMk oETEDLIND, LIT1EA8ACLD21Y
TR4ES B14% 06 8 Atz 0 Bicie~1tee 5 ALME
O LBEAEEE 1+ OMEXB L5 L O HERIER
BeEzbhd, —%, LIXIIALUEMEML, 248
8 Bttt L m50% & thddtc, = D [ OLRHIMEIR 1
SE£ET7.5emicwt L, 24EH5.8cm &G ot BOK
1R Ni=174, 248 N,=36KT, 26HTH
LW#FIEA 2R L. BoEE L EREB2»S58
P L EA LT LTV L HET S hi,

(AR



(24) oFHAE - 4B 5L =HFHIEMELCS
+37 7 A RBOFHHE(L & RBOBREFL]

BFROBRETH ), EHEROBELHFET
H5H7 7 *DERIVCEROEROEMICOWT, &
BrBohi-ocRET 5,

/NEFOES TS 0 D 5 BRI MO s\ T, 19844 7
Bhb8FEI0A M, 15 Aicl~2mE, KEOEE
10ARZEEL, i, EROFHAES LUHER
DHROETFIOWT, JIE - BEETR-1

Bhpi-hERERZ, 7~ 8 ACERBADK 600
g (£EE) CELTUERL L, NACEMRES O
120g Ligotco FEBTIIANH3AE TODT+ A
BEgE Ihic, A%, ERTIZ4ACEREADST
cmiZEL, 108 IEBBEDOK30cm & fc - Tohs, EE
T 7 ACEBRAOH 9en, 11AREMBIDH6
em&ig o tc, FIFEDIERE LER L DML, 108 D0.29
AEMBRAT, 11~4 ADRI#0.15Th -7 61
LI 058 RIZE S, FE\V THED I R e fIZEAR
R Ih, HECEFIC L, 10~11F i FHicfl
EDHZPBEINI. 2ANLHBOH BMUEL, Hu
THOBMNMIEITR S h, 3~5AzBom f
EoL BE I, 2FEHMALBELC, ¥k
T A% 2 RAUERIZ, 1cenkrH30cnEET, #
BT B> Toico HLWRRIZI0A 2 &R B
L, 4 BEBERRY EE Y, BRI NERERES
R DHIA0BITE L 1, (BB - £9)

(25) Gary L. Floyd* - Chales O’kelly** . O
£ BEOHE, HI FRILFZXHB Chaetop-
eltidales ord. nov.
MATTOX & STEWTRT) 4%

(Chlorophyceae sensu

Chaetopeltis aff. orbicularis, Hormotilopsis gel-
atinosa, H. tetravacuolaris, Phyllogloea aff. fimb-
riata, Planophila terrestris 3 XH¥BME L <L T
R R o, EBMROBMIEETIIV<
OHDIGBAN D Do WEREL L BAERIUSIET
Fieie bz &, { TV E D Proxinal Sheath pitk 2 &
DHEEXBEFFIZE, 1BLVL2BOAY—1
ARG REICAONAZ LI ETH D, IHITT7
4275 Aps H. tetravacuolaris THBE I T\
5o T HDEEBA 5, Chlorophyvceae sensu Mattox
& Stewart [ZB 3 5% L\ Chaetopeltidales * 4%
Lo A DEERIZS ¥ TD Volvocales, Tetrasp-

57

orales, Chlorococcales, Chlorosarcinales (3] T/s
W ERRL TS, B2, 2AEEOEET L
“> Hormotila blennista (3. Y3 BABEE TiX Hormoti-
lopsis £ X PTWBEEhTw 54, EEREHE
bbb EL LA Tetraspora X Chlamydomonas
D THEV fIARTC A 7y — L i ED, WERE
rHXFeESIShic BBl 2 o &0 b,
Chaetopeltidales % Chlorophyceae DA Cht b RA
Big /-7 ThBEEZDNS,

(A4 AMIIK, vv I K =2—-L—FVF,
BEILK - HH)

(26) O%EHITiL* - HFHEE™ | AT Closterium
ehrenbergii DAL 2 &k O FHEL FIHO TBH
2%

i V*% C. ehrenbergii OXBEHAD—7 v —
Y 0.2M < =t — A E I foBE s T A ~ 2 BfE
BE#THZ L L) ATHICEXRSRR 2 » — v 2181,
P-11-16X h FBE L -EAMIE 7 » — v R-11-16G D
FKBHIRD Y 4 XDFHEIL K X 370 pm, 1§ 74 pm
THY, & D R-11-16 DF X 237 pm, {E49 pm K
HRTELKREL 2 TH B C LHTRE S hic,
R-11-16G (ABD+ 7 v — v LRI 5 LIZITE
HCEASTFREIRF LI, RFEFOBBHSZILIE
F#HThy, Rafsfind R-11-16GiL 2546 TH 5
Z EDEEDD BT,

ABDO+7 v — v L R-11-16G L DR L HBBR
1= Fi B0 4EERIT40—70% T, LicisEs (X%
BELSETORE) LIcABLRFRHO2HEEDK
BIvEohi F BE0EFREEN LT, Fy
FEOZEMB L Tit, BEDAR (mt* #H-T
W5B) ERFZMAO 2 E4E (mtt/mt” HFEo T 5)
DBEECE 1 EOBEETH AT S 2BORFRAGD
BEALTRTA+HE—EVSHARCIDEI»—
e AHENIEEITED - fo (0—10%) DKL T,
BEOAT L AL 264 (mt/mt™ 2o T 5)
DB B I RFBEOHF - 5HENIEECE
Mot (58—78%). Z DRI KEREET © BB
BL Tk mt™ Amt* C L TERTHBEITH
FORLTCELRENEZR ILA/ERI BRI,

CKEILAEDE, MEX - IR
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(27) OBEBXAN* - HEEA - EEEAM*: T/
130F (AF YT OERRUBE

g ALHE R B ARG B OBYE iy OB L L L Tal
LhBHEFEOEMY vV I2O—f= /1 TrED
BEOEEYW ST HMNT, MILSEITRENTE
DEEEX ARG TERROFAEDIRE & HEFANI,
EROEREEIESEHE LICKRBEOE IRY
MEZETH LI X hRDIH, TOKE, B
T, 175—2400 pm/year, ffiB% T % 20—180 mm?/
year Litoto, LA B 1 EMOBEE O KRR
K& feFEMBRROM O OMNEM & bi3iF—HL
o FRRAEGLE mm AOY A LTHARRGKT
BRIERL, BEMMOBERKELBE L. HER
FREEROFOER, FCorUMRNNL DTN D
BED, MIKBELEES Lo RELTHLVLAR
FE I, TOTHRTRIF&GIERYTS
I owisotc, HAEREEROMP (5~25C, 5~
220 W - m™) IR, HHMEIEVIEE X RiE
L, 25°C—220 W - m™? 0T Tk 2 » AHITER
355 pm, WfAEEADOREE 1620 pm KE L1, L
LOFER?S, =4 IrenEREERTHDLH,
AN E DI EBRO L A e R L -
THEXZZT CLEFERT 2 ENTELLELD
hs, ek - K, Mgk - B

(28) HBEERXC : - THRTRESICHH T B |WEY
COTEICONT

W+ v T A BT A EEY v T E OEEEY &
LTOEEW LB T 5113, By v T8 Hf
THRELBECALh &MY v T g THRAT
HRERD B,

198342108 & 19844 8 Aic, HilkFIES RIE )
DKFEB6~115m DYHK T, FFH3E D FLv v ST
Vs, SROEH Y TERRBELLL, chbizwT
HLEHERR 1~6emd /7 £ a— A (FIKEEK;
rhodolith) #HK L Tk b, #EMOELFILH Gy-
psinaplana (CARTER) #%& < iz o T %, Thbh
R DAKEEIL £ * > 25 (REZAK et al., 1985)
< AHY v3#EE (MONTAGGIONI, 1979) i b
LxhTWBIEIRE Y, Vv IHERTGRERC 56
CHEETHLOTHHTEELD 5,

HWHZEMC, SREEMMORKERE £ R U
HEETHRKERD, HNUREFoy v IHEA

BB TH Y, BRRIIBCIEL 5% T 5 HRER
(RERAKE) OXBLEHOVED LTV 5,
R4k - 2 - EH )

(29) OBEEETF - EEASB - MIBER HEE
(N MEE) HOEBEL-2580 Ca* HASHE
DOMHE in vitro TO CaCO; HRKRICRIETEHE

FE#E L CaCO;s LEEHALHR BB (22 Y R)
R TH, ARE O —H,
fensis var. haptonemofera b\ Ca®t EEHELY D
D2MOEY = vEERE(A, B)R ML, A, B
D Ca* & FhFhl. 2 pmols/mg, 2.4 pmols
/mg THH, BOFMNIHEL D Ca* 2458 T %o
¥ o ARCME— D (EBIFIME L (Ca® Xt 3 % il
EH, 30x107°M) 2%, Biid{EHR A (),
98 x10-°M) L BB AMERA ([, 4.8%x107M) A3
ET%, A, Bov e vBGHE(w/w) X ZxhFh,
$946%, #I3B3% TH B, AITIIH T 7V v VEEDOZMN,
BRIIEI 7V 7 v VDG E N5, Bzt
T, BMERIGERIQROHERERE IR T 5, A,
BoHFAT T, Ca**+HCO;"—CaCO; | +H* oK
IZH\ T, CaCOs A RAND &, WHE & b#iH0.4
~B ppm TRIGEFELICHMET . TOHRL,
iz CaCO; BWHIAEHR DL FrEv=FY) F v -1,
1- Y4+ Ak vitg (HEDP) i CEB LD TH 5,
BEMYOR 7 F VBRI LA ERRD LT END
A, BLIZHRIOIMETHHEE 2%, A, Bix
a3 Y AMBUC B\ TEERR 7e CaCOs oIk L
HEOBELRETI LI E L DN D,

(GRZEX - 4:4)

Cricosphaera roscof-

(30) ORRBRFYF - FAK— : BHFEE Ceratium
furca DEE ~ KEFFHICOWT

Ceratium JZORPEE IR 2 5 B HORES I
BKPOXNKEHEELE XD ErHBR TV 5,
& DI 19844 F I KRB H PRI E 3 51
wraEk (RREE) R\ T Ceratium furca DERE TS
LUK ENHHBEL, Bohia il LK, &
7, BERE, KBBE L EOREEERPhOMY
70 Y ORHE OB ST OV THER R
1o

DX 9 [z itz BIE I\ T Ceratium furca
DOHRE - KESAAE, FREsIOREHEO 250



HHy@Ebd b, FEETE, 10:0021~2mf
13: 0012 ~3mfg, 16:00EEMSFE, LN
FOEABITL, SHLEOR IR X haEA
NROM, ZEBE TRAMOFLNEII I 00ICKFIC
HbH, 16 00iTEBH BT THM L T 7
(UK« BB - KRR

(31) o f5* - RAFI™ -k« B*-H#L
m***,;ﬁm%_ﬂu****.;’g ntﬁ****: _’FE%&*** :
SESRLYSBERShI-/007)La, bER
THIRWEZFICOVLT

19855 8 A 19H ~24 HiZ m i3 TIT bR iciR 3 ALALHE
#H#E KH 85-12 OBBT, AFREFMI KX
hcEBF L, BEOBFEEE LY SEHER LI, A
B, BERLRRET, hERELETHITITEL
{, BBoOThIVNELZ EnD, Gymnodinium &
CRBT2ETHD, AD 7 v v 7 4 AERY AN
ETA, 7mrueT7 4 abtbpERIN, 2rrT g
N CIFERR TE e o, 7w 7 40 al/b il
~1.3 Thotl, ¥, MWEEHANNY o =viX
MR T&Eieh o tfco KEROBMBE LA LA,
B (b v P 7TRBEEREEEOREYEL TV
fohd, EZECHEL TR, SERGKE L ZERCL-
Tkh, ILREhLEGHKLTINELE-T, =&
Bz hEEhTwic, ZoBEEGEORICHBRE
PLEEBE Y L ONRELRR LRI, B
MIETELLDIIMRTEhotce 7B R7 40 a,
b HETHEWMMN, »ichENEA TRILL T,
FRFEROEZB LR L TV 5 LBHR L,
CEMAER, ¥HAA - B - kE, WK - A
B, ¥HREER=2 - 2— - =2 ()

(32) ORKMKERA -/ A PREFM4 YT Sta-
DEASHERICAESHhS

uroneis phoenicenteron

HMEE EORHICOVT

Stauroneis BIXR DHOEABRABTELLIBEL,
ShhbRETE LR A IRE A MR L, R
(Stauros) ¥ T 52 LB E LTV 58, RO
BRI BT 2 MR A i O RBIRTH B,

SEEESIIBDE A T THD Scauroneis phoe-

nicenteron DEEN N BRI OV THMBILEOET
BMEBEY B ito T,
CHOINKBEC BT, B, FROEEFICL-
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THL OEBORBCHF I TV 5, LOHLEER
BHIC X ABAIREOBZE T, ch b oS BRI K
SRR, ALV OnDENED LR
oo T BIENI BT CIXBEF AT A Y »
FROBDZ b, AR CEhs, bice
DB BN IT IS U TH SRS LIBE L 7R
HHORERIT—HEOSRROBEXYETHERY
THh5bo

Zh oAl oM X b SEBRE LCER
SEHITXTREBAIRA—EACEC-TIVbD L
Bhhs, (¥ - %)

(33) OFEE {F* . /Hk BLF . W K
% - RAKEHS A )9 Thalassiosira BHIEICDOW
T

Thalassiosira [ 7 4 7 73 KE, KA, #®K
Bickbie 7o v b vELTCHBTSERTH S,
W4, SEM, TEM %A L -3 B¥NBE ORER
LR ELR, ZhboKBI B T3/ MEOMLE
HEORBLHELMT EhD2D0H 5, ABOERKER
WA & /NE D Cyclotelle J&, Thalassiosira &,
Stephanodiscus BHVREL THETIHBEN % <,
KBEOLTEDRBEEREC TS 2 LITKEHL
SEIEE DIk, AIPEHOEK - FKE < BB L
Thalassiosira BE 5 EEHC OV T, BAKELYEBE
L, HEBEFNEERT- 1. TORE, Ko 3IHEH
ZOoWT, ZORBEHLMCTHEEK, h b
DM EC OV T EFOMR %G1, Thalassio-
sira faurii (GASSE) HASLE ; [H1¥ 14--30pm, 4t
SR80 18/10 pm, FROLAHEERH 48, BUHHR
BB 6—9/10 pm, BWIREEH 2—4, T. guillardii
HASLE ; E% 4—14 pm, bt 44250 30/10 pm, by
FHERH 0—4, BUFRRERE 7—8/10 pm, FiK
MR 1o T. pseudoinana HASLE et HEIMDAL ; &
R 4—9 pm, Mt 4EB 30—35 ; 55—60/pm, FlH
i 0—1, A 2 B 7-9/10 pm, B
R 1,

A - B, PEK - RS, PR - 4)

(B9 # B= BEREENOBMEERNT
ROWEH 7 L e F ARO 8 AWEMOWELE

BB Y B A BRI NI, PR B3B3 %
WEHEOKMIROM D THD © SHEO HEE HE
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(bb) > 5 % 7T =2 FR % Lok el ROMNAEI
WoT3—1—3-x2—vTEFL, &Y 1H (th%
No.1&%3%) »EFD 1o bb (2% No. 2%
%) oLHw, s S L CHFET S, No. 1, 2
nhit, ThZh 2 FOB/MERRLRR TR
T\ 3,
#BEL2EORURCIREEI BB OFKE V5
NEBEFMIREBCH LB T L, 8
BB bhs D& 2 BT oMK Lz, Lnd 25
HER OB bbs AFFTRCHB I 5 & Laibh
o1 IRbbsiTEBEDHE bbs D+ Y 7 vy b R HARKE
Lo TRHEERTV 5, B LA 8EDRbbs D40
&, Bbbs D4 DL AR LI > T o0 RERY
WBRTBEEZOND, ZONME 2 — vEEDEL
FEERETHE, BofRTNo. 1 DB Ieh - 15
h 7o bbs ®5%, 1k Fi T, 2k F. T
Bh4fEix Fs T, Thth No. 1 o fiffico<
Litieb, & 5 Lo Filhik, BloficBickitfT
No. 1, 2 it/ b~ ¥ bbs OREENEHRE O LD
EAHEDZ LI X hATRE L T B,
(WK - %)

(35) OMIFRI=*.HEEF X! EIESREN E
EONANE S UFEBRNEDJKELRCONT

1985412, HLRBSRENBTAEDNPIIT, 4+
AV OBD1IET7 2 HvdAt 4 vCompsopogon
corticrassus CHIHARA et NAKAMURA r, R0
WAEHINT, +*F €KX 2 Nemalionopsis tortuosa
YONEDA et Yacl ARAFEINI, oRHiE LT
FALI YN, BELEHNTEXIN, HBREHE
LT\t 7Y A7 AF 42y v, BlLENRD
HhoF, KFE20—30enfLD & ZADNRE, Y+ ¥
7%, AAHFFEECEE, EX15—20cm, i
B 0.4—1mm, XSBERLAHLOE, RBEMAERRS3
Bioieh, ZomERTFEOKEE, NMNaFELED
fefenwz &, IR EORB Y, BMEECKEC X
BT 22, RABBMED, BIRECEL TR
INECENRD, A FFEX G ARBERBR IR
Ty, JIIE 3 —4 m, KEE20—30em D Hirh D /)
RieEE, RE10enfz T, TR LMHER S K
Sfeh, TOEEE»LHLMCRBETHS Z LAY,
HIB Ltce ek n)ilicid, # 7€ X2, NACE
ELTRBCEBTLTCC2008Abhic, 7Y 474
A4V VR ZDOLODNRNNE_OFERLIH

BhicA*F X213, 24 TERTIEECHER LT
Bh, fhoiM, B DERTIE, 3EACHER
LTWwa iz, $EOFMINIE XD TIERER
i bTh b,
CRFLEBEk - BREERT, M*MFEK - B - AW)

(36) HiE B RKLEFRS/ VOEHBELE
R BE

FAY /Y B, B - R L B IR <
DAL, 8—10@%Etr, ZhbOEOETRE, i
HEBERFEOMBICOWTIL, 7o ADRELD
%0 LML, BHEEBRECOWTOREILL, *
DD BRI O FEMMELPHE Tl ol &
BIERGRENNGEZR L VB F AL 7 Y (Thorea
okadai YAMADA)#RE L7c & = A, MMt ATERE
L, BREUBARYELACTHZ ENTELDOTE
CEBETB, BESRIKRDO LS THD, 1)
Wk, HMEEEREN S BLWMBTHB, 2) K
B#R - G2 BEHORA» BB, 3) MEHERK
TH5, 49 BFHIECRLROREE  kKikic
H£T %, 5) HBEBIMEE-L BT, E-Hu
ThoRbAbEL B, 6) FHK HBREBHILE
BERAEREL B, 7) BRRIEIBETCED > T
BT 50, RN TRLRDOBER > TRE L, HED
BB OBRA MR T 5. ULOBEER,LD, +
AL ) OFFEFENNEEYRHET 5,

(K - B - 4%)

(1) ofEaE H* - IHEETH - FRATF IR
KR OfFiE AR

LRI R3S, IR IIHE, IR 4
WA, Ai30E O EERE, 19854 8 A THICHAE
Lo

SEDFEER © DO 12 0~10.4mg/l, BOD i
1.4~20.8 mg/l, COD 12.4~41.9mg/l T, Mich
EORWHENRE -, FEBOB LML L TEELE
MHERTERDL S TH B,

Nitzschia palea 153
Navicula mutica 7
Cyclotella sp. 6 3
Synechocystis sp. 5
Melosira varians 3

3Hbe

Scenedesmus acuminatus



Navicula neoventricosa 2 i
Nav. viridula f. capitata 2R
Scenedesmus spinosus 2

£FAEMATHE L DO, BOD, COD /¢ & a8t
RERLHFE, SHREER KAGHLRTHEER
LB EHRE T 5,
CHREER, *HiRmIIk)

(38) MER=:HED (1981~1985%) {AHEHIL(C
&3 HhBEOHRE

TERBROMNBIVECR IS HEL, oK
NBEZ Y A2 AL ESL ORERPHBIL TEFBLT
W3 (#E 1977), I T, 19814, 1983~1985%F
D AEME, BE 6 A EERR ThEOFHE L £
L7

ROz v £v 58 (158), 7 <~
B (58) 7o 30@ABL, Zhc15EodEEs
AL T, REMEFEEERLCERIET, <
X7, 77a7Y, YLE, CavREI, TAXT T,
Yov=&kxs, Thes, 7VALE7, FVET T,
A4AvVve7, 7aF¥VYE7, aVvEs, T3i/4%, =
7Y, T=ETHot

BRACLLE7r 27 R BRCRLEL, BERKL
Bef (RER) D37~44%% 5%, FiC X 2EHN
Pl RWTY Y =2 E 2L, 15~28%, 7 2%
EIX3~12%, v AZVFE5~9Y, 7VACE
715 4~22%T, ZOSEIEC I HHBLEEOLH
2 i, BELHEIBERDOI~0% % LD, HE
DR HB T A2HhBOREE L2 5,

R, PR ST HERRBROMNELT HE 2,
YYRREIKESEDOR Y XY SR HET, F
DERIFMPHBEEIFERF—ETH > 1

GED)

(39) BER=*- ofH B BEB¥BRLEH
E&T 3R EOHRE

BBV ERUEBE CIfih#E s L 1680 EHY
L, Thefi+s218ofER REXI L T\ 3
CENIAR, 1978), LA L, MhBEOHBME 2 4%
FETACH LT IR TSV, 2T, 1982, 19
SIEFEIC Z DR THNROFAE X K L 7=
BEELEOHhEL AV £y SRS, 7285
R L31fE, chir2BolBEIMIELTEY, B

61

T30 A RERR S o, PEE TR TiL 6 BT 30 D
NELISEOEFERBENHR SR, TR i@
%<, RiEH24ME, BEHBETH- T,

5 A/l (@R~FIL) L8 & nE BU~%
M) Tia7HrE2, 7a¥Yyxs, anes, vV
2/ DAEIRNELE (BEE) ©79~94% %
i, WEEOMOHMBREE zoHE biziE—HK L1,
6 ADWMBINBETIT A EY, YY=2EIH65%%
o, fhoEERRECHRLE LEEERD 6 A0
HhE LT 50T, 3HEHHOMIEIRA—ZE &
HEINh B,

FUBTX6ficyy~xes, TR/ 2¥Y =
IS BREORE L —FKT B, BART»E /1%
SHBR LU, EBEEEPERGR CRL~FRC a8
LEILB L Riso 1o, BILBORAEIIEN Y 2 &L
RE,OHTE S MBROEENHE T2 LHEEIA
2o (A KB, STUKERAT)

(40) FGRE : TEVSH/YVOEFTBICOLTO
—ER - XARGPERETORENS

HRBAEEHLCH:2 5 > 7 Y Bangia fus-
co-purpurea (%, BIEIZARGCEbLREL, BE4
AXKEITRALIhD, ZOM, ERETOREFE1~2
B, REKF bkt ShiclRFoRFEYL D L,
12ATA»H 2 AFHEE Tid EHFESFHE - bioplar
developement 72T THH A, LTOHIIZBARAZAD
Conchocelis 1\ VA%, ABOBTC oW TER
REEIH B 012 Conchocelis thp i x TIT &, 2
BALIEL Conchocelis 12T s » THIA F THL
1o HEIRRZHFofR2 1 AHaLEKEE TR
120 7e35, Conchocelis A% # HHAF D £ L
B2 IBEOGARE, NOBRBCB L UEHRLLET
LEERFS I RFEBET2HE82, 3A+HY
F TR I RohienzoB3 S 2o #2o Conc-
hocelis (EDEFEXEIT T, BRIBELIL L S K Co-
nchospore b3 Ltk h, EFERFHEOL
TOBEWIL Conchocelis iz ic bFHESTZ &
SR Ieh o 1,

Bangia TOHEIRF & MM - RIRTF - R L 0%
i, MELEREGCRRET, ERRFE D Hn
Conchocelis R iz e B THH 4L, & D DREW D
BB FO@E D IELB D, HERMREBURIC A - fofk
A THLBHREEIR T8 % &L 2RTIi-H L,

1c3s, Texas K% D Starr’s collection /B E - T



62

Htz B. fusco-purpurea LA N 538 % 43R
A, FRIBIEREROLD L L, BETHLER
RERETRED, Bifhcfiofilarsisdo &
b kTR D > o (HX)

(41) BAZM*+ oIUARE™ : F. R. KJELLMAN
(1897) @ “Japanska arter af sligtet Porphyra
(7=/7VBOBAXER)” OREXOHBLFME

HAET </ ) BOSEHP%L KIELLMAN O
B OB DB TH Bo Btk J. PETERSEN DR
ME#RN, TiEen1~5FTcn5M%, Fic C. GOBI
XHHAREOLDLLTHRM SR 18 (TRED6)
M 6EAHEL L TRR L
(7 Aug., 1881)

2. P. suborbiculata =N T =/ Y

(#& May 25, 1881)

3. P.dentata # =77/

(R¥  June 9, 1881)

4. P. crispata V7 2T =/

(H#% May 26, 1881)

5. P. tenera TH 7%/ Y

(W5, ER%ERH)

6. P. seriata 41 =<V /Y

(GOBI D%k, EHERH)

b DEEAL Stockholm DERYE % fifi &
Uppsala A¥DBEARCRT T2, WELILZ
SR A B2 L KIELLMAN a0 & 5 H (1932)
OPF MG #BE LR, W oroFaR 81,
FhODBEHIZKRDOEHY THD, 1) P. areolata 1%
B (1932) & X b P. suborbiculata D F %4 & &
NEATEELE — f TIWL /oo 2) P dentata (%
KJELLMAN 23 BB & U re 2B ok ik lEmRBk ©
HBH, FHHE (1932) DR L1 P. dentste (TMERER
HKThHh, BBLRLDZOTHEIRA—B TR,
3) P. crispata DFEBEKET </ VR OLDOTILis
SFg#o e = 79 (Monostroma nitidum) & ¥k
Ihs,

(Kdek - B - R, YRRNERER - —REECE - 4

1. P. areolata

(42) BREE  BHHONMIAFI /02—, FICTH
B - IS ERECONT

HBULRBRDEY, KEOHH, EHoIRk, EHE
G, ALBES: - AR, TEEREH, 7-4v5

Nl E, FORBTEOCDENS - F RIEEE, LA
=R A F—, RRAFORBLIR AL LT
BIhr$rofRlElcrix T, HMEREXEHDO70%
Y EHDBEKECKE D FE KB =31 ¥ - 0FRHFIA
B BIDOKE A A~ AKFE LTHEBUIER
B Lot ZOXSKBREFHRELT,

BRER S ABEE oM LRy H ool
A% oT, HEWFHTH - CRAERES TR
Huit 5180, FBA1447 277/ e —cBTH4
ARk AL E L TAEICERL T\ 5, S04
A7 77 e —icBLTRBE T ceBHRo#E
HDD, EETROBHMAR L AL T EHELDT-T
i ihiciiz, BEOME - EMRES, MkT
%, BETFEIE 2 HfcoOWTHBCBEAT D, B
BlOME- Akl LT, BET T I B4ED
TR OVLTHE Sh T %, P OBFE TiBRIC
B U e h v AR B A O — Rt TR T 5 &
WO BRI S D ThH o o pd, BETIE, MABENS
FOREBOBRMOBEEREORREC LD, X HEE
TRHM AN EHERAFE L OKEFILKEE - 885H)

(43) BBEE: FHONM AT/ 00—, EICH
FTHOBETEMEAEMHICOVT

0 g A R A O M L9 fe B 13 19604 X 2
L O EHRAER L TRELTEL, MPYOM
facBorh iz Ricy, RAECEMRELRF
of, AR MR 2+ & Mg L e,
I oT, WEE bR CHRENRE L
hicofifa, Thbb 7 e b 75 A MmO
THRILARLDTH 5o

BBYRGCCEBEDOBEEO TR F 75 A Mg,
B E TIe38@o9E D b DI D EME I h Tk H, £
OWFRE, BKEREH 2R3, ¥EEBAIMEEE
NABABIBESHMERV 4R, WESMR
HRENIBISETH D, ZhETREL DREED
Lot 7 —EEEFIALTTr F 75 R FHE
xR TELD, 2V YEORBLEXELYS
THLERBEN DML o 12y, v =7 v €D
LEEEXRAVBZ LI D, HEDRKI->TT R
FSALDORBENTEDLS5ICot, 7o FF5A
DOHAERFEL—HOAETIBHBETE S,
— AN L < EIRTRERE LS, MlERE
BLTi, Fo@ER i, PEG &k BRH
fAWEYAGTTbh T\ 5, BETARE XM



BLTit, BKED7 T I FeFATERhIKXDO T 5
A3 F pYe argd %7 x— & L CUWEERIOLD)
LEcE WS MENHDDRT, WHE T KM
BRTHAN, AFEHEEDICLID 277 I FEFART
/7 VDT R b F3ALD Ti-7 5 A 3 Fiz X B8E
TFHANRA LR TV B,

GKBEF JLAKBF - K94

(44) OEMME= - FWEA I WFERYE /Y ELEHL
5078 77 AFOSEESTICEEICONT

FE, MoK BEDH D\ EEEMEL,NS T
P77 A FASEEI R, THhORBEHEOTUARR
MR A X AMEOIE 7 ViR, BER LN H
THRAZh->2h %, BRETLAKEOBAH TR + 7
FAIRDEEINRTVEN, 7ot 7 I5AFDORAIK
DWTORE I, AHE 7 Y OBFA O L (0
HoEEpb7m b 77 A b eoBL, MR#EA X
HHBIEH AT,

7 rt 77 A OSEERIEG, EAOMRSE, M,
BRI, A#, FONEE G OFIETT - o B
FMBIT it~ trF— A, AT —HF I AhEBX
CHIBERE RS, HDRAM L AR LAV, AR
EHLLTRY =51 v Y a—n (PEG), #VvE
=—aA7ra—n (PVA) oHRico> - TRERLT.

MEARRC IS NI Lo T, BEK1Iml &
15~105 D 7 e b 7S A I NI, 7R T
5 A % 20°C, 40001x (12:12) ©%&#TF, PES &
R THERLUICHER, 5 A% T TIFI50~60% 2 Hika
BEXHAE L, BEARLGOREANLDT w7
7 A FMERAWE PEG 5\ ik PVA BR*HENT 5
L7e b 7S5 AP AHEICESEL, 10~300 %I
WAz A RAER 2 FHRT 5 L@ a8 S hic,
Bi4 iz, PEG #in T10.4~12.3%, PVA #T
0~2.8%TH-1o (RWX - KpE)

(45) OKMFA - BAM=  AEXVE/ )ELED
70 75X FEAHEBOEE

BIEA Y/ ) O, GEMNEELS T T
FALESHEL, Thoo@AMREEERL, Rl
2 F, B oWTHAN,

e, 2,k Y+—Vv T, lcm L
Fictco THift 7 7 A 2 THRAESEL, EEKCIE
PES #Z& M1,

63

MAAROTMOERE Zhd TR, 12 BB
20~30MilR ORI A DEEGE L fr 5 1o & OBER
TEEITIREER, BOH0 - ARIES Sh, @
Hox&sb i bibThote, £O%K, REMLE
AioMlan 1 5loaziEfeh, Fhb X bhiERE
DRIUREE Lo ISER LA LDRIENOBEIEH
THIGOCmIZ FE L 1oo A HIRE B OEEAKIZ T h LB
BB R, O RIBAREN DD ¥ A 2
FATRBLI, TORMTEEHLIEAH, £
RO AR ORI & e o 1023, BRI TF L 410, &
LR IRB LD MM X hize LAL, WEED
RIETHEBOML LD, FEOARTFTLETN 1~
SHRADZEF AT LB i ote SDERMHD
TR L, BFHESOMAEFIREMAE (cybrid)
T - LTTBEME AR (REBSK - KE)

(46) #E B - HRERE - ORBFNE* - YH
B BEFFFIEIIVORTTLONS—8E
RAlco\WT

4 ¥ 97 % X7 (Cladoshiphone okamuranus) D¥:
BRI MEBOR R 2 B I X ROH B Z L HER
HED—AERH LG, chidd*xr7EX7%
ERCI OB OET XTS5 7 v e v —BKIFR
MENSEThTWDHEE 2, COENMELERE #
HERET B IDDOPFR LT - 10

AxFvEX7EMEE 22 — AR L, By
HEEOIR< b I T 4~ T X THEETH I LT
L OB—IeiEMEEB D LRI LI, O
YEIIALE A € 2 Y (Porphyra yezoensis) DiRIaT
B OBCRTO 7 v SRS B4 E Z B ppmD
KBECIET A&, ¥4, 5 7 4 ¥ Heterosigma
akashiwo X L CTIERE D ppm DOFPE T 100 %
FREHE R Z85 2 xRV L, AFEEY
Bo#BHMBCNTAEREAELLE A, AR
M HEREEER THS Chattonella marina &
Chattonella antiqua R U Gymnodinium nagasakien-
se B3I HTH 1 ppm TEB LI 100% FER L1

CRLBE K - b2, FFipRRKE)

(A7) oFMEEH* - MESEY - FMOEE™ AN
/4 BEMERTBESHEICOVLT

7oA VR AL & LR KBREN I~ Y v
& PR T AR ERLL (5 4 R 3 B RO FAEPRD B



64

hico TD5Be b= (Monostroma nitidum)
DKEWES D HIE S BEERERL, Totk¥s
FixfTotce ~-%Y 7 4 FiEMIZ, KbHBVIREKH
HiZ X > TELRHASHEKBRE r v EVEETD
Fehmx, 74 7Y 7 =% vOBREICH % F TORH
H bR VEVESEEL, chE~) VvEDERE
L1, 2EOREMADEBORIEHDO~ Y /4
FENARETDE, ~) VI D LB LIE,OR
WLEOMLIBEAEEREERICV IO E TERNTE
H b,

e b=/ OHSBCRVTL, tAr—AS AV
B r< b /574 —%BOEL, IHEHEOB
B3R, WEME, HBEASER, RUOHES FEX
ExRdic, 2 FEMCH FLEMMC b H—E0R
WERELTHERIhACEHIL-54/ —A 2FE
BREL, =27 A EAOMBEYSUHBELHETH
ofchl, Ve VRS Rk of, T OBEEED
BEEEA~SY OB LRI, FLAALKRT S
JHELTHERETILOTL o1,

CKREER « B« 44k, MEE@EKX - £4b)

(48) OEE B* - FWHAMEX - FFEEZF - FHE
T ARIKEHBLAEaZY—bTO9 LD
BEOEB

BHESUEORORAFE LT, RRKEFIFTS
THORBEMRA B L XN ETIEREYT»
too o, LAV F100%Da v sy —FT Ry
7ENBRELT, 2V MOBCARIKIOG 2EE
Lica vz ) —t7wry 2htAtes ORIy
7o BIBFIS9E10A 4 B il B AFYE A & i
W OKER 3 mOBEICILBL, 70 v 7 LOEED
BRICOWT 1EMBFH0EFTEE L, ok, #FEARKT
Rz& 70y 7 LR BEL QO fct e s L, AR
JEDEFBM EZSNBRKREDA 4 3 7 LRI
LT, LRKCERLBETRD 5 & As, T-Cr,
Cr(VI), Se, V O 5 THEXHEL, BOREFRER
ST LT,

BABBCEN BRI IOAEY 747 ) AAEEL
by, 1y BRI AMIED bR e s DR
TP TERBIHEA Lz, A 1EBICIEEED
* A s PShiky Cllif AR bR, mABEMOZE
Rux@Zd bl ot ¥fe, A4 27 B HOHE
TEHRBEE S HKKESX, MBX, RREX & RS
T, ZRIBADShich o, L oT, HEHEERED

BOERB L LTHRRAFIALEB b0 EELLR
= (BB - 44, UG

(499) OXBEX - REET:K-¥IFR-3ILE
7 FFEBORFEE(EE FBAORBECONT

Ve s DNBETHSDa VE S E N+ Sargassum
yamamotoi %, HEWREOWEFTHRCERS Y
ERLTW%, BEasEHTHY, RAEMECHIL
B A BB L, TEEH30cnLl Loy 5
BEWMET 201825 7TR0MTH B, BRI
g, 5~6 A THFAEMRR I migy, BREKE
F2mis TRy ET SHEGLD, EHBK
s AEA,ABABR, 7TAREERAEEHHEL, B
AroHLWEE,A RSN D, KB enD kI
A S, cDkdlaves e FEEBHNOREN
ED XTI > T BhFRNT,

KRGy, BEX1miEThy, B bk
BErnichbsicd, BERATHE I AEZVER
oo, BIFHBERE, FEWHcsWT, BRTH
D> EDE LB R D A, WL, FHE
THBBANTH E DEMED ot LTS K
B2~5meiB\VE AT Ho ol & BHEEN
WML, BT X BBEHRENFEr -1 EBbhb, &
K oBESME, TR (1m) TRBOSHD 1R
EieftoTote, ThBDORERY BAGCE L8k
DHAERE R v 57 5 8B, RBROXBO+ v
£y THG LT, BHORTRUNRLDLEEXLR
oo (BAK - fgEEEY v 2-)

(50) OXHFHA - ¥k Bh:ARLBHA YT Ste-
phanodiscus alpinus ICROhZEMBFEELOER
[C2WT

S. alpinus 1319424 HUSTEDTIC XL W7 LV 7 A D
BMBCEENCHEBR T L LCER IR LT, £
D% HAKANSSON & STOERMER (1984) #3% 4 7 A
4 F, BEKD SEM, SIUZThiFABEEREL
A=A LV TOL VY 2 AEORROKE L OB
BMBRE LT, HMLREET> T\ %,

4ME, FEDI, FARE»LEBLhCAR TSI,
AHEELAETXAMEAHELEBL. Chb¥EER IV
EBFMBZE LT, LR LU L5 HAKANSSON &
STOERMER D3 & Witk e U ickER, & OfEGdHIc
RO X5 i o7 DBMREE LT RM R



bhaZ Ehbhots,

OpLERRER, FE2HTHo e 11D
1 COERNL LRI,

(Q@%, BREEX1ED HRPOLLZIIATHD
BEERORMMIC TESH, ZoBGHTIE, SO
BEREEN1OTERERN 200 D, FLFHERE
BAR2OTEREEN 120 0, ROLEEREH 2
DOTEREEN 29D LDOMH D, ZhbTIE, Fb
ARERLBEREROMBHEA LTS,

(HEEK - £H)

(51) HFREP: EEXET -5 O—THARKED
REVZESH

BARDOEBEHEICIT IS~ v /v — Ty Rk
LT3, BENOEKIKICIE, BKEREE O
PEF T RN, RAKBEOREI KX IHE LY
KToazenmbhTn5, HioEELEEYBRT
2b0r1LTay = F+E (Bostrychia), 7v¥ ¥ 3
B (Caloglossa), 41V & y 7B (Catenella) BEH
BIFbhb, FELZ OBBKRICE KR COREHPH
BOBES M 5A/E L HED T 5,

BEREE~ V77— THRAIER I h B 03E
ERIALEST 5, REMBRCHAERNTR T, £
CAeLFrEAL UIBMBRERO e L XFRY%
BREL TS, LTI TOARERRAIRELCHEE
BOLDLERUTH B4, WKKROBBAVN
TedN SV BMITH B, Bostrychia moritziana, Cal-
oglossa adnata, C. leprieurii f. continua, Caten-
ella opuntia ¢ LIXFEMBICIAL CHETS, —
7, T Tt Bostrychia mizta, C. ogasawaraensis
RERER - BREDO~ v/ e - FHRIIZAE b higu
BEVEF L.

EEDMO -5 — ViR E bR TH H LA
b Rhizoclonium #:, Bostrychia-Caloglossa #,
Catenella H ¥ .5, L LEDOBEREIHE VT
&H L7\ ER, Catenella opuntia HEIEIH LH
LT TABRELR L T B CHIEE - B
RELIBHEERCLTV5, (ExsiFimm)

(52) o¥m@ER - PHRE™ | AHEERMEK O
FRFFRICLBRIICHT IANF - RESH*
DOBRF—IKBRBENKFEDBH

RERBEIIKRO 3#AT T, 19844E104,
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198561 B, 4 A, 7TRACHEEESHORERXTL,
BEBBNTO—FHETHDERS S H 2 AV THRITEY
Tote ThRELT, ANF—2 L LTHNEE,
BN AT bD, 1 or 0 XX EHAR
DL Ox AV, BHRBROKEXT- .

FOFER, NBAE YT BA R SRR RR
AEAXh, EHORT, MEAOET I HME Ihis,
HREEY FDE AN LBER, BERIESL
B P EBY T 5100, BEAROBMCIAR
HYTHote lor 0 DANTIE, BLHEELBEEHN
FSof\ s b, b LB Lo
REPRTFIAEEETHZ Llb -, MR
I b 5BBEA YT cBae, BEOBREYEHN
I 5 BBER D % 1T o 1o A TIE, HELBLT o1
A LRERBARENBLh., b, BEEYT
—ZHBRAL, B R SBRERS LicT— 2 %A
LEBETd, chbt3EAERBieToc &
TEL, (MEEREE, YREX - B - H)

(53) OR¥AL-MH & JIRERCHTIAEX
6,000 EROEFREMEDOES

198442108, SIBBFBEC 3o\ THRIR L IR
(£E12.75mD 2 74 v 7 1) o THEF Y
Tt

B[ ORER, T. P. —7.50~—0.25mDBAE T,
WAREEN B LT 5. Skeletonema sp., Thalassion-
ema nitzschoides, Navicula directa, Cocconeis
scutellum, Coscinodiscus lineatus H\BEEBETH 5.

—0.25~—0.04m DB TIX, Nitzschia sigma H’
BLT5, COBEOEIIRLS, RAIIBHT
slebkErLbhb,

—0.04~+-0. 15m OB #E T1x, WKEEHEL T %0
B L%, Achnanthes lanceolata & Eunotia lunaris
THbo

+0.15~+1.05m DB #E TI, HWAEREAB0%LLE
BT 00, HAEEL0%E HRET5, @k
BRI B Uiw BT, RAKEED Navicula
sabiniana TH 5.

+1.05~+3.50m O B# T1, RKEELELT B,
¥, hKIkA¥: D Fragilaria pinnata & Fragil-
aria construens var. venter H\EHT%, T, B
B D Eunotia praerupta var. bidens I UL &F
% Eunotia BHh\EL L, Bl FD LTI, Melosira
italica 25T %, (FFEX -8 - &%)
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(54) RS . IHBF* OFRATF  PRY4
¥ Cymbella turgidula DT RMY

276 G ZHE S OFHEECH > THERCAVI. 7
1 BONHEELATHEEORIR S el Sl L
TERE, ThI VB BHTAERY b2, T
FEPLBIELREER 352, ZoRHORB .
e DERNS Y, TIRTIIEFAR TREDOE LD
PO, < BIELREEH T EDFT, IFLE
HBEOCERNLZ LIS,

TR BRTH B2, ALTBEVLDL BB,
RSP DND, RPRPREVLDOETLAL
AEH IS,

RSP RIOWERE ST 2 2DBE NS o & b B
1~33¥Ths, BO—FEHECEALY, BHL
Y THHBIFFCEL AbNT, B4
L3,

SEORBOHAMEIKRD L 5 ThB, # 1 BRE29
~41 pm, €-— F37.38pm, M 9~13.5pm, E—VF
12pm T, ZOERREEDORFELIBERLTHD, I
Bl OB S iRt BRI TL0 pm 8 ~13K, & — F10K
FREBI2~16KTE — FI12KTH 5, S OBLEE
X, FRETT~12K, - ¥ 8K, Wil2~164,
- F12KTHhB, (FErhK, *EHIL)

(55) OAME—EF* - Bl {§%*  ®BF Fseudoc-
arteria mucosa DEFRICDONT

Pseudocarteria Jgi%, ETTL(1958)ic X b Carteria
Bo 5 by MRS oL Ty 48e ¥ &
DTRIINCET, OB DHW BN 2 8%
BERCTHooh, SE, RPT4RIB LD HHER
Ehic P. mucosa DEEER HEEHRERC L hHALS
KTHZENTELDT, HET S,

SEMEAETE Bl ERL E V2 4 AR
ch, EBxEET5, co%2H5H, B4H8L
TIRMREY4ET %,

BYAER A2 ) XA CREBEETHD, HHE
BFE, KX 8pm T, KiFE cHilaEs i
T, RBEMED 8HBI LIS THEL B, MRS
BT, K& X920 pm TR T, KFHRI T
EBh OMREEAECTEU 5, EATHEMEBT A
FEERCHEMEBTCHEL, MERBYIRSHE
5 & Ol Lic DM ELBF OB BE L,

EBEILREE T5. SAWEOHEBMEAT LY,
9 8 BERIMENKTE, MIREMCEROLTREL B,
NCHEBZEIEL, WE KT, EEALTS, BT
DR ETLOBRBAT S LFRBERCET D, K
BUAEETY 1 ¥ ARAEE, FEERRCAR
&, 1~2A%K4IREFENBE IR, ¥,
HEMEEMA T, HMRBT & «STEERLLCA,
HEMEBRBR T DA, A A Bt
GFAA=R « 22—« = A (F), *EILAEH)

(56) BFUGAZE  HETHED Gonium DO—3F (BH
cFHEeHFITYBR) [EOWT

MENBRETRRC HHKBOEKL: X H7HE - B
BB LI Gonium DB LAY XFHEL L
5, DToliERY B,

BEEHRC16L St OB D b, 168
Bt oML G. pectorale L RAFET, i 48,
o RAEC12BHRHES 3 545, AR O BE O
AEAMREL MY, EBERECHih 5 S TR,
= DT WEE DB HuBer-PEsTaLozzi (1961)
D G. formosum f. suecicum & X {15, 8Hifat: D
BT M. WATANABE (1977) 235088 L7cydRIRE D
G. viridistellatum r Rigc R 1, FoRE
7 EOMELS B RS 5, L LIEEOBRIIG.
wvirtaistellatusn b (B 7o 0, 16fRME O BEE L KR
ZHEMIROFEIMOREATWAIHER MY, ol
fa& OfEETNE L. RROGIILAIR, RO
Rzl a oL, BHEOERERKSS .m £ K&
AHEARCRERBTES T #ERATROPTIED
b HMREEA WL, KIRIREL 255, G. pect-
orale DRRCER L HREFTT L Lkl

G. formosum ODIEEIT X HPRIIVFLEALERT
FHF, il 8HllatkoBEbmbhTwitLDT,
PEMRZ LIXE 2R, 8 Mifatk 0Bk o MED
FIR L BETOMEL Y, BHEOKI G. viridist-
ellatum L@ BERThHHZ LRI S,

(BN 35 =)

(57) NFHER 1BFA SV FTETOEFLRESH
21T

4% TE7 (Gobia saxicola = Saundersella
sazxicola) 3FEIC PERBRE OEIMH Lo gk
FT5 B TH B, BFMEROER2OHET



%, BE15enBEOHFERVBIRT, BBTHLH
THwET 2, 40, AROKHMEOHFHCHKE, F
CHEEFRIC X O FOAEFRR RN,

BREAE (AFH) BkolEEF sk of
WRERET, 41V #9775 (Ralfsia) ¥ ORRMEIT R
#F5. Skt ERE?) LRATE 12
FIcIEMC 1 oM E >, Mo TFEYE
U, BABRENMCTE 3R A, LGRS
5, WEMIULEETF RO EY L, WOk
YR B, WET ¥ iodEER Rk OMRE
Thi, RUHBEIITHICBIINCEINERB LD
BROESHGE (aTh) 2RIET3, Z0%5ES
iR S Ol bl sELR E, TR - TH
THRYET 5,

AEIECENEEOHEND, EVEF+ VT A
v Saundersella simplex i T, >H =2 EH,
FH=VEFHCBTHIDEEhTEL, LAL, &
BEOBEOHE, REOEFEER XFHOLOD, HEE
BRBOMPRELTL, 1V 77 FHUOERG L
BFEAFHESZEVHELMC T, o T, Saun-
dersella BICEDZDIAHYTH D, FIPTHEA Y
75 HEDFCEZIREIND,

ek« B - )
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(38) O m*- BiEKAY . EHERBOSE
SRR I. Bicosta spinifera &5 X1 B. minor
DEHKE

BT RBI N B 5 B ARSI B\ THIE S
OHiRE L L TEELBRHEXH > T 24 WL B
ha, L LZORBGREIREBIIATELTS
COMBAIBRIRTVWB, §E, KERELIHIREX
Rto Bicosta BD 2R W THEFHNBER A2 1T
5,

Bicosta BIYTHEDBH X e YFEHOBRERFD
XML 3%, B. spinifera £ B. minor ik
i OBIKY TRE 2K E T 5 0IeR LEE RN
TREIZZELECETRAIEh D, L LKERE
I VY TRET AREB R OBEGFARE SRS,
AROHBH OR IR IVR IO B. minor OF
BRI A b B. spinifera Li3E5 & h o, #iC B.
minor LFBRCHIBIERID & &, EHORW
B. spinifera & Ris%h, ¥1- B. spinifera TIXRE
B CHER D E T B O LAR TILRERF TX
EL, RELEVGLONLT S HO~NDOE(L LAFH
Thoto UEDOEHEM LAY B minor TEH5
DONEMRTHA D, Fio B. spinifera 3K TRk
Lo RBWHBBEEOZ &%, B. minor 3I/NETRIBK
PEREL DBV LT ERENBERLETI0MHE
MThhHd,

CEEXA - BRBE, MEEL - B - £Y)
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