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Phylogenetic systematics of the freshwater red algal order

The order Batrachospermales is a well-defined, almost certainly monophyletic group. The five consti-
tuent genera have been arranged in three families: the Batrachospermaceae (including Batrachospermum
sensu Necchi & Entwisle), the Lemaneaceae (Lemanea, Psilosiphon) and the Thoreaceae (Nemalionopsis,
Thorea). Our cladistic analyses of the five genera support the current familial arrangement, although further
information about the reproductive morphologies of Psilosiphon, Nemalionopsis and Thorea, and a better
understanding of the relationships of Batrachospermales to the other Rhodophyta (i.e. what is its sister
group?) are needed to verify this result. A key is provided to the currently accepted families and genera
in the Batrachospermales on the basis of vegetative characters.

Key Index

Words: Batrachospermum— Batrachospermales—cladistics—classification—freshwater—

Lemanea—Nemalionopsis—phylogenetics—Psilosiphon—Thorea.

The Batrachospermales is a clearly delimit-
ed order with at least two good synapomor-
phies—a heterotrichous life-history without
tetrasporic meiosis, and pit-connections with
an enlarged outer cap-layer (the latter pos-
sibly, but unlikely, to be homologous with the
pit-connections of the Corallinales). Mem-
bers of this order also have discoid to laminate
chloroplasts, determinate lateral filaments in
prominent phase, no auxillary cells and are
known only from freshwater habitats (Sheath

1984).
The Batrachospermales includes three fa-
miles, Batrachospermaceae, Lemaneaceae

and Thoreaceae, which until recently
(Pueschel and Cole 1982) were included in
Nemaliales. The Batrachopermaceae and
Lemaneaceae have always formed a tight knit
group due to their uniaxial construction and
distinctive life history. The genus Thorea,
placed in the Thoreaceae, has recently been
shown to have a similar life history to that
found in the Batrachospermaceae and
Lemaneaceae (Yoshizaki 1986; Necchi

1987a). So, in spite of the multiaxial con-
struction of the Thoreaceae, the three families
seem to be closely related and monophyletic.

Phylogenetic (or cladistic) analysis has not
been a widely used tool for studying relation-
ships in the red algae (Gabrielson and Garba-
ry 1987), but it is proving to be a useful com-
panion for both the older morphological ap-
proaches and the newer biochemical tech-
niques of modern systematics (Lindstrom
1988). We believe cladistics reasoning is
desirable for the study of pattern among liv-
ing organisms.

Our recent subjugation (Necchi and Ent-
wisle 1990) of four Batrachospermacean
genera (Batrachospermum, Nothocladus, Sirodotia
and Tuomeya) into one (Batrachospermum), the
discovery of sexual reproduction in Thorea
(Yoshizaki 1986, Necchi 1987a), and the
description of the new genus Psilosiphon (Ent-
wisle 1989) makes a reassessment of the
relationships between the genera in
Batrachospermales and an evaluation of the

current familial classification opportune.



Table 1. Comparative features of genera in the Batrachospermales and Liagoraceae. o
Batrachospermum' Nemalionopsis Psilosiphon Thorea BORY .
Character ROTH Lemanea BORY SKUJA ENTWISLE emend. NECCHI Liagoraceae
Information (other NECCHI & ATKINSON (1890); SWALE (1963); ENTWISLE (1989); BISCHOFF (1965); FRITSCH (1935);
sources as indicated) ENTWISLE FRITSCH (1935); HOWARD & and unpubl. YOSHIZAKI (1986); BOLD & WYNNE
(1990); and unpubl. MULLAHY (1952) PARKER (1979) observations NECCHI (1987a) (1985);
observations KRAFT (1989)
No. of species c. 150 20 1 1 12 —
Distribution Tropical Temperate, northern Tropical to Temperate, Tropical to Tropical to
throughout the world to temperate, hemisphere? temperate, south-eastern temperate, temperate
widespread northern hemisphere Australia widespread [marine]
53]
Morphology of Prostrate crust Prostrate crust Prostrate Prostrate crust Prostrate crust Free-living =
diploid stage or erect tufts & in some species crust and some erect and erect tufts diploid phase E
of life (VON STOSCH &  also erect tufts tufts erect tufts (MT
history THEIL 1979; -
BALAKRISHNAN & .
CHAUGULE 1980) ~
Number of axial 1 1 >1 1 >1 >1 §-
filaments in Z
prominent phase e
&
Thallus apex pseudo- No Yes No Yes No No 6
parenchymatous? A
=
Axial filaments sheathed Yes Yes or no No No No ?No
by rhizoidal filaments?
Number of periaxial 4-7 4 Not applicable 4 Not applicable Not applicable
cells cut off axial
cell if thallus
uniaxial
Interlaced medullary No No Yes Yes Yes Yes
filaments present?
Outer cortical cells No? Yes No Yes No No

forming cohesive outer
rind?



Number of plastids/cell

Plastid shape

Diameter of
thylakoids (nm)

1-3

Discoid

35-80

(BERGFELD 1970; THIRB

& BENSON-EVANS 1983;

BISCHOFF 1965; and
unpubl. observations)

Propagation by
adventitious
plantlets?

Ability to produce
monosporangia?

Spermatangia arising
from specialized

filaments?

Spermatangia in
superficial sori?

Shape of spermatangia
Carpogonial branch
accessory?

Number of cells in
carpogonial branch

Trichogyne inflated?

Trichogyne persisting
after fertilization?

First gonimoblast
initial cut from
fertilized carpogonium

No

Some species

No

No
Spherical to
obovoid

No

1-30

Yes

Yes

Longitudinal, or
rarely transverse

(see KUMANO &

4-10

Discoid

c. 14-17

No

No

Yes

Yes
Oblong to
ellipsoid
Yes

3-10

No

No

Oblique
distal

RATNASABAPATHY 1982)

several

Discoid (HARA &
CHIHARA 1974)
or laminate

Not known

No

No®

Not known

Not known

Not known

Not known

Not known

Not known

Not known

Not known

>6

Discoid

Yes

Not known

Not known

Not known

Not known

Not known

Not known

Not known

Not known

Not known

several

Laminate

No

No
Ellipsoid to
Obovoid
No

1-2

No

No

Oblique
distal

1

Laminate,
reticulate,
or stellate

?

No

?No

In three genera

No

Ellipsoid to
obovoid

In seven genera

usually 3 or 4

No
No
Transverse,

oblique or
longitudinal

sarewadsoyoenegq jo sonauadoldyg



In nine genera
Limited or
Terminal or chains
of terminal cells
Not known

unlimited
Punipolar

Unlimited
Terminal
Unipolar
Same

No

Not known
Not known
Not known
Not known
Not known

Not known
Not known
Not known
Not known

Same

Yes
Limited
Nearly all
Bipolar
Elimination

Limited, unlimited

or both
Elimination,

same or less

Terminal
Unipolar

No*

Continued.

Table 1.

Fusion cell in

primary gonimoblast?
growth

forming carposporangia

Gonimoblast filament
Cells of gonimoblast

Spore germination

Effect of MgCl, on

alcian blue staining
(SHEATH & COLE 1990)

Entwisle T. J. and Necchi O. Jr

This higher level phylogeny can then be used
to examine the pattern of relationships within
these genera and families.

Methods

Character data matrices obtained from pub-
lished and original observations were run
through both PAUP (Swofford 1990) and
Henning 86 (Farris 1988) programs using ex-
haustive search options. In the data matrix
(Table 2), a code of 9 indicates that the charac-
ter was either inapplicable, unreported or
known to be both present and absent in the
taxon (polymorphic). Characters coded as 9
were not used for that particular taxon in the
cladistic analyses. The shortest trees were
rooted by either: (1) using Liagoraceae as an
outgroup, or (2) by hypothesizing plesio-
morphic states in selected characters and us-
ing Lundberg rooting (see Discussion for
rationale behind these alternatives).

han most species of Batrachospermum, but
, Necchi 1987a). The real occor-

al herbarium specimens, both from Argentina

Results

hh,
fof

From a compilation of 25 comparative fea-
tures derived from published descriptions and
our own observations (Table 1) we extracted
18 characters suitable for cladistic analysis
(Table 2). The following features could not
be adequately tabulated but require some ex-
planation:

a) Tubular lamellae in chloroplasts were
suggested by Hara and Chihara (1974) to be
characteristic of the Batrachospermaceae, but
Sheath et al. (1979) have shown that their for-
mation is more likely to be environmentally
and developmentally controlled in a range of
taxa.

b) The life history features suggested by
Von Stosch and Theil (1979) and
Balakrishnan and Chaugule (1980) are not
yet well enough documented (Sheath 1984) to
be used in this analysis, but may eventually
proved a means of producing a more natural
classification.

c) The absence of phycobilisomes in scan-
ning electron micrographs was considered by
Bergfeld (1970) to be characteristic of

and Psil

spermum includes Nothocladus Skuja, Sirodotia Kylin and Tuomeya Harvey (see Necchi & Entwisle 1990).
There is only one literature record of the genus from the southern hemisphere (KLEEREKOPER 1955) and two addition:

(JOHN BLUM pers. comm. and observations of the second author).
rence of monosporangia in Thorea and Nemalionopsis has yet to be confirmed in light of the new information concerning sexual reproduction.

Batrachospermum americanum (Harvey) Necchi & Entwisle (previously Tuomeya americana Harvey) has a more cohesive outer cortex t
it is not separated from the medullary region as is found in L
Structures described as ‘monosporangia’ in these genera are probably misinterpreted spermatangia or carposporangia (Yoshizaki 1986

Report of a fusion cell in Tuomeya by Webster (1958) has yet to be confirmed.

U Batracho.

2
3
4
5
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Batrachospermum, but Ducket and Peel
(1978) argue that it is not clear whether the ab-
sence of phycobilisomes from some species is
‘a real taxonomic feature or merely the result
of poor fixation’.

d) Chromosome number has not yet been
documented for enough taxa (Sheath 1984,
Cole 1990) but may eventually prove to be a
powerful tool for phylogenetic analysis.

€) The position of the ‘elimination cells” af-
ter occurrence of meiosis in early stages of
gametophytic development (Magne 1967,
Balakrishnan and Chaugule 1975, 1980, Von
Stosch and Theil 1979, Necchi 1987b) may
also hold promise of a good character in fu-
ture, but still require further documentation.

f) Although the cell walls of Batrachosper-
males seem to be distinguished from those of
the marine red algae by their production of an
acidic rather than sulfated polysaccharides,
the comparison of a few Batrachospermum spe-
cies and Lemanea annulata Kitzing has shown
some generic (or familial) differences in cell
wall composition may exist (Gretz et al. 1991).

g) The long hair-like filaments that charac-
terize Thorea are certainly not analogous with
the hairs found in many species of Batrachosper-
mum. The difficulty in scoring this character
in genera other than Thorea and Nemalionopsis
necessitated our leaving it out of the table.
Nevertheless, it remains a useful diagnostic
character within the Thoreaceae.

Comparative features and characters scored

Eighteen features were considered suitable
for inclusion in the cladistic character set
(Table 2). The rationale for coding and (in
some cases) a priori polarizing of these charac-
ters is outlined below. Probable autapomor-
phies have been included in the analysis since
polarity of characters is somewhat nebulous
(and apparent autapomorphs may well be
plesiomorphic states in terms of global par-
simony).

1 Gametophyte uniaxial (1) or multiaxial
(0).

NOTES: A cladistic analysis of the
Dumontieae (Rhodophyta) by Lindstrom
(1988) resulted in the multiaxial condition
being considered plesiomorphic for that
group. This character was polarized a priori
concordant with that result.

2 Thallus apex pseudoparenchymatous (1)
or not (0).

NOTES: The early development at the
thallus apex of Lemanea and Psilosiphon is quite
distinctive and unlike that found in the other
genera (although Batrachospermum puiggaria-
num is superficially similar). Not polarized.

3 Axial filaments sheathed by rhizoidal fila-
ments (1) or not (0).
NOTES: Presumably an autapomorph for
Psilosiphon. Not polarized.

4 Number of periaxial cells cut off axial cell

Table 2. Data matrix of Batrachospermales used in cladistic analyses. The presence of an * beneath the

character number indicates that the zero score was assumed to be plesiomorphic for the Lundberg rooting.
Characters
1 1 1 1 1 1 1 1 1

Taxa l 2 3 t 2 6 7 § 9 0 }: 2 i 4 5 6 7
Ingroup
BAT 1 0 1 0 0 0 1 0 0 0 0 0 1 0 9 0 1 9
LEM 1 1 9 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1
NEM 0 0 0 9 0 1 9 0 9 0 9 9 9 9 9 9 9 0
PSI 1 1 0 1 1 1 1 1 9 9 9 9 9 9 9 9 9 9
THO 0 0 0 9 0 1 0 0 0 0 0 1 0 0 0 0 1 0
Outgroup

LIA 0 0 0 9 0 0 0 0
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(if thallus uniaxial) always 4 (1) or variable 4-
7 (0).

(NOTES: A fixed number of periaxial cells
could be considered homologous to what oc-
curs in the Rhodomelaceae (Ceramiales), a
highly derived group of red algae (Gabrielson
and Garbary 1987). Polarized with fixed num-
ber apomorphic.

5 Outer cortical cells forming cohesive out-
er rind (1) or not (0).

NOTES: A cohesive outer rind is likely to
be derived feature since it is difficult to im-
agine how it could proceed an open fascicle
structure in evolutionary terms. Polarized
with cohesive outer rind apomorphic.

6 Number of plastids per cell: 1-3 (0) or
>4 (1).
NOTES: Not polarized.

7 Plastids discoid (1) or laminate (0).
NOTES: Not polarized.

8 Propagation by adventitious plantlets (1)
or not (0).

NOTES: Adventitious plantlets appear to
be unique to the genus Psilosiphon. Such
propagules are also found in the Cerami-
aceae, but are not necessarily homologous.
The production of adventitious plantlets is
treated as an apomorphic character.

9 Spermatangia on specialized filaments
(1) or not (0).

NOTES: This feature needs to be further
evaluated, particularly in the genus
Batrachospermum, where species in a num-
ber of sections are described as having special-
ized spermatangial filaments (but presumably
not homologous with those described from
Lemanea). Not polarized.

10 Spermatangia in superficial sori (1) or dis-
tributed throughout whorl (0).

NOTES: Likely apomorphy for Lemanea ( or
Lemaneaceae). Not polarized.

11 Carpogonial branches accessory (1) or

not (0).

NOTES: Lindstrom (1988) regarded the
more advanced taxa of Dumontieae as having
a strongly recurved (accessory) carpogonial
branch, as did Kraft (1989) in the
Liagoraceae. We have polarized this charac-
ter likewise.

12 Number of cells in carpogonial branches:
constant or little variable (1) or highly vari-
able (0).

NOTES: Kraft (1989) found a major dis-
junction between those genera with low and
relatively consistent numbers of cells in car-
pogonial branches, and those with higher,
more indeterminate, numbers. A similar
split can be used in the Batrachospermales.
The latter state was considered by Kraft
(1989) to be plesiomorphic, and this polariza-
tion is followed here.

13 Trichogyne inflated and persistent (1) or
not (0).

NOTES: Sheath (1984) pointed out that
the occurrence of inflated and persistent
trichogynes is a feature of the life history of
most species of the Batrachospermales and
that it appears to be an adaptation for growth
in the unidirectional flow of rivers and
streams (the larger and more persistent sur-
face area could enhance the probability of
spermatangial contact). As a unique evolu-
tionary novelty among the Rhodophyta, the
inflated and persistent trichogyne is consid-
ered to be an apomorphy.

14 Fusion cell in primary gonimoblast
present (1) or absent (0).
NOTES: Not polarized.

15 Gonimoblast filaments growth at least
partly unlimited (0) or entirely limited (1).

NOTES: The continuum between loosely
constructed carposporophytes and compact
gonimoblasts is paralleled in the Liagoraceae
(Kraft 1989). Not polarized.

16 Carposporangia single terminal cell (1)
or in chains (0).
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NOTES: Pairs of chains of carposporangia
are reported from only two genera of the
Liagoraceae, but arise in parallel in the clado-
grams illustrated by Kraft (1989). Not pola-
rized.

17 Spore germination unipolar (1) or bipo-
lar (0).

NOTES: Although included in the analy-
sis, more material needs to be examined to
confirm the consistency of this character.
Not polarized.

18 MgCl, when added to alcian blue stain-
ing eliminating or reducing staining (1) or
having no effect (0).

NOTES: Extremely variable  within
Batrachospermum sensu lat. and may provide a

useful phylogenetic marker within that genus
(Sheath and Cole 1990). Not polarized.

The other features tabulated (Table 1) were
not used in the cladistic analysis for the follow-
ing reasons.

(a) Morphology of diploid stage of life
history: no suitable disjunctions found.

(b) Interlaced medullary filaments present
or absent: the medullary filaments in Psilosi-
phon are not homologous with those of Thorea
and Nemalionopsis since they develop in very
different ways (the latter two genera are
multiaxial while the medullary filaments of
Psilosiphon are derived from the periaxial
filaments of a single axial filament).

(c) Diameter of thylakoids: more speci-
mens and species of each genus need to be ex-
amined.

(d) Monosporangia present or absent: vari-
able within Batrachospermum and uncertain in
Thorea and Nemalionopsis (see note 5 of Table
1).

(e) Spermatangial shape: no clear disjunc-
tion found.

(f) Orientation of first gonimoblast initial:
no clear disjunction found and more informa-
tion needed to properly assess.

Cladograms
Using either Liagoraceae as an outgroup,

or by polarizing selected characters, we ob-
tained three equally parsimonious trees (Figs.
1, 2). The node giving rise to Batrachosper-
mum, Lemanea and Psilosiphon was always well
resolved, as was the nested node of Lemanea
and Psilosiphon. There is insufficient evi-
dence to decide between the three alternative
arrangements for Thorea, Nemalionopsis and
the Batrachospermum-Lemanea-Psilosiphon node:
Thorea and Nemalionopsis together could be
either monophyletic or paraphyletic.

The node shared by the Batrachosper-
maceae (Batrachospermum) and the Lemanea-
ceae (Lemanea and Psilosiphon) is defined by at
least one apparently reliable synapomorphy
[uniaxial gametophytes (character 1)], the
Lemaneaceae node by two [pseudoparen-
chymatous thallus apex (2), cohesive outer
rind (5)] and the Batrachospermaceae node by
one [only 1-3 plastids per cell (6); although if
Liagoraceae included as outgroup, this charac-
ter is a homoplasy]. All other characters sup-
porting these nodes are either unknown in
one or more taxa or vary within a taxon.

If a multiaxial gametophyte is considered
plesiomorphic to a uniaxial gametophyte, the
node supporting the Thoreaceae is poorly sup-
ported. More information is needed about
sexual reproduction in Nemalionopsis before
this part of the cladogram can be resolved.
From the information we have to date, it
appears that Nemalionopsis and Thorea have
either evolved separately or together, but that
other genera in the Batrachospermales share a
distinct common ancestory.

Discussion

Polarity of Characters

The Batrachospermales are described by
Gabrielson and Garbary (1986 p. 357, 1987
p. 134) as ‘clearly a monophyletic order’, due
the characteristic life history (Lemanea type)
with absence of tetrasporangia and their
restriction to freshwater. In addition, the
presence of an enlarged outer cap layer on the
pit plug is found only in Batrachospermales,
Corallinales and some  species of
Acrochetiales (Pueschel 1989). This combi-
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BAT LEM PSI THO NEM

c

Fig. 1. Three equally parsimonious cladograms (A, B and C) using Lundberg rooting based on assumed
plesiomorphic states of characters 1, 4, 5, 8, 11-13. CI=1.0. BAT=Batrachospermum; LEM = Lemanea;
NEM = Nemalionopsis; PSI= Psilosiphon, THO= Thorea. Unbounded numbers refer to characters and numbers
in parentheses refer to character states as listed in Table 2.

BAT LEM PSI NEM THO LIA

Fig. 2. Consensus tree using Liagoraceae as an outgroup. CI=0.9. BAT=Batrachospermum;
LEM=Lemanea; LIA=Liagoraceae; NEM = Nemalionopsis; PSI= Psilosiphon, THO=Thorea. ~ Unbounded
numbers refer to characters and numbers in parentheses refer to character states as listed in Table 2. The tree
above the Liagoraceae node is the same as the consensus tree derived from the cladograms in Fig. 1.
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nation of characters in a Florideophycean
group of algae make Batrachospermales a
well-defined entity almost certainly derived
from a common ancestor.

However, there is little published informa-
tion to help in the choice of a sister group for

the Batrachospermales.  Until recently
(Pueschel and Cole 1982), the families
Batrachospermaceae, Lemaneaceae and

Thoreaceae were placed in the Nemaliales,
but Gabrielson and Garbary (1987 p. 134)
conclude that from their cladistic analysis of
Rhodophycean orders, ‘there is no clear evi-
dence that Batrachospermales and Nemaliales
shared a common ancestory...,. In spite of
this, in their search for an ancestral red alga,
Gabrielson et al. (1985) reproduced a series of
cladograms grouping Nemaliales and
Batrachospermales together as a monophylet-
ic group. Closer inspection, however, re-
veals that the two characters responsible for
the shared branch are unlikely to be reliable.

Firstly, the coding of Batrachospermales as
having only unipolar spore germination is in-
correct (in both Gabrielson and Garbary 1987
and Gabrielson et al. 1985), as carpospore ger-
mination in Lemanea are reportedly bipolar
(Atkinson 1890; Mullahy 1952). In this
respect Batrachospermales is not the same as
Nemaliales which apparently always has
unipolar germination of spores. The second
character, the presence of an empty spore
mode of germination, is described by Gabriel-
son and Garbary (1987 p. 134) as a highly
homoplasic character and not one upon which
to base a sound phylogenetic tree. It must
also be stressed that Gabrielson et al. (1985)
conclude that the relationships between all
Florideophycidean orders are unresolved in
that analysis.

The Corallinales share only a single pit
plug character (the presence of a dome-like
outer cap layer) with Batrachospermales and
in all other respects are highly divergent
(Gabrielson and Garbary 1987). There is
also no evidence to suggest that the pit plug
structure found in the two orders are homolo-
gous, and the apparent absence of a ‘cap mem-
brane’ in the Corallinales (Pueschel 1987) indi-

cates a fundamental difference. The existing
cladistic analyses, therefore, do little to pro-
vide a suitable outgroup for Batrachosper-
males. We chose Liagoraceae as an out-
group since it is more likely to be a
monophyletic group than the whole of the
Nemaliales (Kraft 1989), and it has more
vegetative and reproductive features in com-
mon with the Batrachospermales than any
other Floridiophycidean group. However,
because there is no evidence to suggest that
the Liagoraceae are a sister group of
Batrachospermales, out scoring of plesio-
morphic characters may have resulted in a
tree that is not globally parsimonious.

An alternative view is that Batrachosper-
malean algae evolved in isolation from an
Acrochaetialean-like progenitor as suggested
by Mori (1975) for Batrachospermum, all
similarities between the upright cladome of
Batrachospermalean and that of other
Floridiophycidean algae have arisen by
parallelism. The unique life history mode
and requirement for freshwater of
Batrachospermalean algae support such a
view, implying that outgroup analysis would
only result in a globally parsimonious tree if
the Acrochaetiales were used as the sister-
group. Kumano (1979) considers that on the
basis of phycoerythrin absorption spectra
(type N = B-phycoerythrin), Batrachosper-
males are more closely related to the
Acrochaetiales than the Nemaliales.

Due to the simple vegetative structure of
Acrochaetialean algae, however, there are in-
sufficient common and shared characters
which can be scored for both the
Acrochaetiales and the Batrachospermales.
It is for this reason, and those mentioned
above, that we chose the Liagoraceae in spite
of some misgivings about the homology of
characters between it and Batrachosperm-
ales. As alternative means of rooting our
cladogram we, like Kraft (1989), used
hypothesised plesiomorphic states in certain
characters using informal outgroup compari-
sons (see characters scored).

Phylogenetic Relationships
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The relationships explicated here are not
novel; on the contrary, they reiterate wthat
phycologists have long presumed (e.g. Kylin
1956, Bourrelly 1985). Out hypothesized
phylogeny does not contradict the existing
familial structure of Thoreaceae (Thorea and
Nemalionopsis), Batrachospermaceae (Batracho-
spermum) and Lemaneaceae (Lemanea and
Psilosiphon), and it strongly supports the cir-
cumscription of the latter two families which
together form a monophyletic group.
Lemaneaceae and Batrachospermaceae are
therefore hypothesized as sister groups, a
result which will facilitate the study of relation-

ships within those two families. There is a
critical lack of information concerning
reproductive  morphology in all but

Batrachospermum and Lemanea, and the
confirmation, refutation or refinement of our
proposed phylogeny will depend on further in-
vestigations upon members of the smaller
Batrachospermalean genera.

The families and genera recognized in this
paper can be identified solely on the basis of
vegetative characters, as outlined in the fol-
lowing key.

Key to the families and genera of Batrachospermales

1 Gametophyte uniaxial =------veeeeeeeees 9
1 Gametophyte multiaxial:--(Thoreaceae) 4
2 Thallus apex not pseudoparenchyma-
tous; outer cortical cells not forming
COhCSiVC outer rind .....................

----- (Batrachospermaceae) Batracho-

spermum

2 Thallus apex pseudoparenchyma-
tous; outer cortical cells forming cohe-

sive outer rind separated from the axi-

al filament ----cc- (Lemaneaceae) 3

3 Thallus without any regular macroscopic
nodes and internodes; outer rows of corti-
cal cells nearly uniform in size and
Shape: - ««rwwereeerermrenie Psilosiphon

3 Thallus with regular macroscopic nodes;
outer rows of cortical cells differentiated
from large swollen inner cells to smaller su-
perficial cells «+-+o-oeeeeeeeeseeennes Lemanea

4 Thallus with long hair-like filaments
arising from periphery --+-:- Thorea

4 Thallus without long hairs protrud-
ing from periphery----- Nemalionopsis
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Kapraun, D. F. and Bailey, J. C. 1992. Karyology and cytophotometric estimation of nuclear DNA varia-
tion in seven species of Ulvales (Chlorophyta). Jpn. J. Phycol. 40: 15-26.

Chromosome complements of 1 N=8-12 are reported for seven species of Ulvales (Chlorophyta) from
coastal North Carolina. Microspectrophotometry with the DNA-localizing fluorochrome hydroethidine is
used to estimate nuclear genome sizes. Incorporation of fluorescence values for the angiosperm Antirrhinum
majus L. and the greeen alga Cladophora albida (Hudson) Kuetzing with known 2 C DNA contents permitted

quantification of I; values for the Ulvales.

In the seven species examined, 2 C DNA contents range from

0.6-1.0 pg. The absence of a positive correlation between estimated genome size and 1 N chromosome
complement excludes the possibility that speciation has resulted exclusively from loss or gain of
chromosomes and associated genome. Evidence in support of fusion/translocation processes is discussed.

Key Index Words:  Cytogenetics—DNA quantification—microspectrophotometry— Ulvales.

Comparative studies of ultrastructural fea-
tures in both vegetative and motile cells have
shown the order Ulvales, as circumscribed by
Bliding (1963, 1968), to be a heterogeneous as-
semblage (Hori 1973, Swanson and Floyd
1978, O’Kelly and Floyd 1983, Stuessy et al.
1983). Consequently, several genera have
been transfered to the Ulotrichales sensu
Kornmann (1964) or to the Ulvacean family
Kornmanniaceae (Hori 1973, O’Kelly ¢t al.
1984, Golden and Cole 1986). Blidingia, En-
teromorpha and Ulva have been retained in the
Ulvaceae on the basis of a large number of
shared ultrastructural features (Golden and
Cole 1986).

Chromosome numbers for species in the Ul-
vaceae suggest a basic haploid complement of
N=10, with numbers of N=>5-13 reported
(Yabu and Tokida 1960, Gayral 1967,
Kapraun 1970, Rhyne 1973, Sarma 1970,
1982, 1983). This aneuploid series could
have resulted from non-disjunction and subse-
quent chromosome loss or gain (Freshwater et
al. 1990). However, reported variations in
chromosome size and karyotype asymmetry
in species of Ulva and Enteromorpha (Niizeki

1957, Sarma and Chaudhary 1975) are consis-
tent with an alternate explanation. Specifical-
ly, centric fusion and/or fission as well as
translocations could have produced these
changes in chromosome numbers. Whereas
non-disjunction would be accompanied by
nuclear genome size changes, centric
fusion/fission could have occurred with little
or no change in the total amount of nuclear
DNA. Unfortunately, no quantitative data
are available for nuclear genome sizes in any
species of the Ulvaceae. Consequently, the
karyological processes which have accompa-
nied speciation in these green algae remain
speculative.

The present investigation was initiated to
obtain karyotype information for species of
Blidingia, Enteromorpha and Ulva representa-
tive of the Ulvaceae in coastal North Carolina
(Kapraun 1984). In addition, estimates of
nuclear genome sizes were obtained by
cytophotometry to elucidate karyological
processes which may have accompanied speci-
ation in these entities.
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Materials and Methods

Source of Specimens

Seven species of Ulvaceae were collected
from southeastern North Carolina, January
through March, 1990: Blindingia marginata (J.
Ag.) P. Dangeard, Blidingia minima (Naeg. ex
Kuetz.) Bliding, Enteromorpha clathrata (Roth)
Greville, Enteromorpha linza (L.) J. Agardh, En-
teromorpha prolifera (O. F. Muell.) J. Agardh,
Ulva curvata (Kuetz.) DeToni and Ulva fasciata
Delile. Habitat descriptions and location
map are available elsewhere (Kapraun 1984).

Fixation and Karyotype analysis

Field collected material was cleaned and
placed in enriched seawater medium
(Freshwater and Kapraun 1986). Fronds
with discolored distal portions indicative of
sporulation (Kapraun 1970) were transferred
to petri dishes lined with glass coverslips onto
which biflagellate swarmers readily settled
(Hinson and Kapraun 1991). In the Ul-
vaceae, both gametes and zoospores can be
biflagellate (Bliding 1963, 1968, Kapraun
1970). Consequently, the neutral term
“swarmers” is used in this communication for
biflagellate  motile  reproductive  cells.
Reproductive fronds were fixed at 24:00 and
swarmers within 4hr after attachment to
coverslips, in 3:1 absolute ethanol-glacial acet-
ic acid and stored in 70% ETOH. Fixed
material for karyotype analysis was transfered
to distilled water for 15 min, soaked in 1 N
HCL for 4-5min, and then stained with
aceto-orcein  as  previously  described
(Kapraun and Martin 1987), or with
hydroethidine as detailed below. Karyotypes
were prepared by viewing 35 mm Kodak
Plus-X film with a 48X microfiche reader and
tracing the projected images (Kapraun and
Freshwater 1987).

Fixed material for measurement of nuclear
DNA was treated as follows: 1) coverslips
with attached swarmers were emersed in dis-
tilled water for 15 min, 2) soaked in phos-
phate buffered saline (Polysciences # 8828) for
15 min, 3) stained 1-2 min in hydroethidine
(Polysciences, Warrington, PA), and 4)

returned to PBS and refrigerated for 24 hr
prior to examination.

Determination of nuclear DNA

Microspectrophotometric data for an an-
giosperm, snapdragon (Antirrhinum majus L.)
with a 2C DNA content of 3.2 picograms
(Bennet and Smith 1976, Leutwiler et al.
1984) and the green seaweed Cladophora albida
(Huds.) Kuetzing with a 2 C DNA content of
0.8 pg (Bot et al. 1989a, Kapraun and Dutch-
er 1991) were used to quantify fluorescence in-
tensity (Iy) values for specimens of the Ul-
vaceae. Proportionality of nuclear staining
between the angiosperm and Cladophora speci-
mens has been demonstrated (Kapraun and
Dutcher 1991). Angiosperm seeds were ger-
minated and root tips fixed and stained with
hydroethidine as previously described
(Kapraun and Dutcher 1991). Released
swarmers from C. albida were allowed to settle
on glass coverslips and then placed in fixative
as described above. Cladophora material fol-
lowing aceto-orcein staining revealed a
haploid chromosome complement of 1 N=12
(Kapraun and Gargiulo 1987). Consequent-
ly, it was assumed that swarmers had DNA
contents corresponding to 1C and 2C
haploid nuclei (Hinson and Kapraun 1991).

Fluorescence intensity (Iy) values of 1C
nuclei of C. albida and 2 C nuclei of Antirrhi-
num majus were determined (Fig. 11) and plot-
ted against their known DNA contents
(Kapraun et al. 1991) to derive a standard line
(Fig. 12). DNA contents for isolates of the
Ulvaceae were extrapolated by plotting their
I; values of G1- and G2-phase nuclei along
this Iy /DNA slope.

Instrumentation and methodology for
cytophotometry and I; data analysis have
been described previously (Kapraun and
Shipley 1990, Kapraun e al. 1991).

Observations and Discussion

Identification of Specimens

Members of the Ulvaceae are characterized
by poorly marked interspecific distinctions
and numerous intermediate forms. Much of



Nuclear genome size in Ulvales 15

the taxonomic confusion in this group is prob-
ably the result of reliance on criteria such as
frond size and color, and degree and pattern
of branching which are too variable to be relia-
ble (Bliding 1963, 1968, Kapraun 1984, Koe-
man 1985). In the present study, identifica-
tions were based on features considered to
have taxonomic significance including pyre-
noid number, cell size and dimension in sur-
face and section views.

Karyology

Use of DNA-localizing fluorochromes and
epifluorescence for karyological studies can
pose special photomicrographic difficulties.
Lightly stained material fluoresces too faintly
to produce a clear photographic image, while
over-stained specimens result in a fluorescent
blush, distorting the actual size of chromo-
somes. Consequently, absolute size compari-
sons between specimens stained at different
times should be avoided. Despite these poten-
tial problems, chromosomes visualized follow-
ing hydroethidine staining typically appear
less condensed than with aceto-orcein or
aceto-carmine (Kapraun et al. 1988, Kapraun
and Shipley 1990). Thus, constrictions
indicative of centromeric regions can often
be identified, and relative chromosome sizes
in individual preparations more accurately
determined with DNA-localizing fluoro-
chromes.

Chromosome numbers for the seven species
examined in this investigation are listed in Ta-
ble 1. Apparently, this is the first published
report of karyological data for Blidingia mar-
ginata and B. minima. Present results for En-
teromorpha and Ulva species are in general
agreement with previously published data
(Kapraun 1970, Rhyne 1973, Sarma and
Chaudhary 1975). However, chromosome
numbers differing from these have been
reported for Japanese populations of Enteromor-
pha linza (Niizeki 1957) and Ulva fasciata (Migi-
ta and Fujita 1987).

Both species of Blidingia are characterized
by 1 N=8 (Figs. 1 & 2), with early metaphase
chromosomes arranged in a circle (Fig. 1).
No size difference was apparent among these

highly condensed chromosomes. The three
species of Enteromorpha have haploid chromo-
some complements of 1 N=10 (Fig. 8). In
E. clathrata (Fig. 3) and E. prolifera (Fig. 5),
karyotypes show a gradual decrease from
large to small chromosomes (Fig. 8). In E.
linza (Fig. 4), the two larger chromosomes
with strongly constricted centromeric regions
(Fig. 8), can become dissociated in thinly
squashed preparations, suggesting the
presence of twelve chromosomes. In U. fascia-
ta, the haploid chromosome complement of
1 N=10 (Fig. 7) is characterized by four larg-
er, submetacentric chromosomes and an
asymmetric karyotype (Fig. 8).

Thus, the karyotypes of both Blidingia spe-
cies as well as those of Enteromorpha clathrata
and E. prolifera, show a uniform gradation
from large to small chromosomes (Fig. 8),
and can be characterized as asymmetric and
unspecialized (Jackson 1971). In contrast,
the karyotypes of Enteromorpha linza and Ulva
fasciata with their marked difference between
large and small chromosomes and the
presence of submetacentrics (Fig. 8), can be
characterized as asymmetric and specialized
(Jackson 1971).

Chromosome numbers in the Ulvaceae sug-
gest a basic haploid complement of N=10
(Fig. 9). However, reports of a haploid chro-
mosome complement of N=5 (Gayral 1967),
haploid meiosis (Hoxmark and Norby 1974)
and pairing of homologous chromosomes dur-
ing mitosis in haploid nuclei (Fig. 7) provide
evidence that N=>5 may be the basic chromo-
some number in the Ulvaceae, and that most
extant species have a polyploid origin.

DNA cytofluorometry

Microspectrophotometry has been used
previously with the marine green algae to esti-
mate relative DNA contents (Eckhart and
Schnetter 1984, Schnetter et al. 1984, Eckhart
and Schnetter 1986, Kapraun ¢t al. 1988, Cal-
derén-Saenz and Schnetter 1989, Beutlich et
al. 1990, Bodenbender and Schnetter 1990)
and to quantify their nuclear genomes
(Spring et al. 1978, Schnetter e al. 1981,
Kapraun and Shipley 1990, Hinson and
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Figs. 1-7. Haploid mitotic nuclei in seven species of Ulvaceae following hydroethidine staining. Scale bar
on photographs=>5 /m.
. Blidingia marginata with 1 N=8.
. Blidingia minima with 1 N=8. Note late prophase circle of chromosomes in top nucleus.
. Enteromorpha clathrata with 1 N=10.
. Enteromorpha linza after initiation of sporulation. Note presence of two chromosomes with pronounced
centromeric regions (arrows) in nucleus on left with 1 N=10.
. Enteromorpha prolifera with 1 N=10.
. Ulva curvata with 1 N=12.
7. Ulva fasciata with 1 N=10. Note presumed homologous pairing (arrows).

00 RO

O

Kapraun 1991). hydroethidine staining indicated unaccepta-
In the present study, initial observations  ble levels of fluorescence from extra-nuclear
made with vegetative cells following DNA, especially that associated with the
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8§58 00000000
E. LINZA N =10
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Fig. 8. Typical karyotypes for seven species
of Ulvaceae representing chromosomes in haploid
mitotic nuclei.

5 um

cup-shaped chloroplast, which ob-
Use of swarmers
which have a central nucleus distinct from
the small chloroplast (Fig. 10) was found to
greatly reduce extra-nuclear fluorescence.
However,

large,
scured the parietal nucleus.

significant variation of I; peaks
among periodic fixations of Enteromorpha linza
and Ulva curvata swarmers suggested that
different stages in the S-phase (DNA synthe-
sis) of the nuclear cycle were being observed.
Subsequently, I; observations were restricted
to swarmers fixed within 4 hr of release which
consistantly had estimated DNA values close-
ly approximating half the G2-phase (2C
DNA levels) obtained from vegetative cells
(Table 2).

Conditions necessary for use of microspec-
trophotometry (I; data) to estimate nuclear

Number of Species

15

=
o

o

5 6 7 8 9 10 11 12 13 14
1 N Chromosome Number

Fig. 9. Haploid chromosome complements
reported in species of Ulvaceae: Blidingia, Enteromor-
pha and Ulva. Data from present study, Yabu and
Tokida 1960, Yabu and Park 1968, Kapraun 1970,
Rhyne 1973, Hoxmark and Nordby 1974, Sarma
1982.

DNA contents are detailed elsewhere (Bennet
and Smith 1976, Kapraun and Shipley
1990).
Cladophora albida were found to give propor-
tionality between observed I; values and

Previously, Antirrhinum majus and

Fig. 10.
following hydroethidine staining.

Settled swarmers of Ulva fasciata
n=nucleus.
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Comparison of frequency distributions of relative DNA values for nuclei after hydroethidine stain-

ing. n=number of nuclei used to calculate C levels (Kapraun and Shipley 1990), I;=fluorescence intensity
mean*SD. Cladophora albida (A) and Antirrhinum majus (B) were used as standards for E. clathrata (C), E. prolifera

(D) and B. marginata (E).

known DNA contents (Kapraun and Shipley
1990, Kapraun and Dutcher 1991), and were
used in the present investigation to derive a
standard line (Fig. 12). The Antirrhinum
served as a standard for DNA quantification,
and the North Carolina isolate of Cladophora al-
bida was used to confirm the proportionality of
staining between the angiosperm and green al-
gal samples.

Comparison of I; values for the Ulvaceae
species (Fig. 11) permitted extrapolation of
their DNA contents (Fig. 12). Genome size
(pg) estimates for 1 C and 2 C nuclei from all
observations are listed in Table 2 and summa-
rized in Table 1. The standard deviation
(SD) for most observations was less than
0.1 pg, and seldom exceeded 0.2 pg. Mean
2 C nuclear DNA levels for all experiments
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Table 1.

Kapraun, D. F. and Bailey, J. C.

Comparison of haploid chromosome numbers and genome sizes for seven species of Ulvaceae.

Genome size estimates are based on observed I; values for 1 C and 2 C nuclei and on calculation of the mean 2 C

genome size from these I; data {2 C genome= 9

genome size (pg)/1 N chromosome number.

2(10)+2¢C

). Mean chromosome size was calculated from

Genome size estimates (pg)

Chromosome N Mean

Species number chromosome size

p (IN) o Observed ) Cal;u(l}ated (pg/chromosome)
Blidingia marginata 8 0.4 0.8 0.8 0.10
Blidingia minima 8 0.4 0.9 0.8 0.10
Enteromorpha clathrata 10 0.3 — 0.6 0.06
Entermorpha linza 10 0.3 0.6 0.6 0.06
Enteromorpha prolifera 10 0.5 0.9 1.0 0.10
Ulva curvata 12 0.4 0.7 0.7 0.05
Ulva fasciata 10 0.3 0.6 0.6 0.06

(Table 1) indicate a genome size of 0.6-1.0
pg for the seven species of Ulvaceae observed.
These derived nuclear DNA contents are
within the range of values reported for mul-
tinucleate green algae: Cladophora=0.3-
0.8 pg (Bot et al. 1989a, 1989b), Chaetomor-

3.5

y = 0.12x —0.001

GENOME SIZE (pg)
o ot N N w
° o o o o

°
o

pha=0.2-0.6 pg (Hinson and Kapraun
1991), Bryopsis=0.7-1.0 pg (Kapraun and
Shipley 1990) and Acetabularia=1.8 pg
(Spring et al. 1978) and slightly larger than
nuclear genome sizes for unicellular (uninucle-
ate) green algae: Chlamydomonas=0.3 pg and

/

A ANTIRRHINUM MAJUS
B CLADOPHORA ALBIDA
O E. CLATHRATA
® E. PROLIFERA
® B. MARGINATA

12 16

I'¢

1

20 28

24

Fig. 12. Fluorescence intensity (I;) values for Antirrhinum 2 C nuclei (A) and Cladophora (W) 1 C nuclei plot-
ted against their known DNA contents (Bennett and Smith 1976, Leutwiler et al. 1984, Bot et al. 1989, Kapraun
and Dutcher 1991) to derive a standard line. DNA contents for 1 C nuclei in E. clathrata (O), E. prolifera (®) and

B. marginata (®) are extrapolated from their I; values.
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N 'I)'abl::l 22C (g;nolllne sizel (p‘g) for 1C (G1- Polytoma=0.2 pg (Spring et al. 1978).
phase) an -phase) nuclei for seven species of : 3
Ulvaceae. Data standardized to the 2 C DNA level The three genera represen‘.ced in this St,udy
of Antirrhinum majus (3.2 pg). Mean=standard do not appear to be characterized by a unique
deviation is given for each sample. n=number of genome size (Table 1). It is perhaps notewor-
nuclei observed in each sample. : :
thy that the intraspecific range of genome
Species n 1C 2C sizes observed in Enteromorpha (0.6-1.0 pg) ex-
Blidingia 31 0.48% 07 cee‘d.s t‘he intergeneric range for Ulva . and
marginata 37 0.44+ .07 Blidingia. Results of the present study indi-
38 0.33%.12 cate no correlation between nuclear DNA con-
3f 0.27 .05 0.72%.04 tents and 1 N chromosome numbers (Fig.
13 0.78+.10 13). For example, the three species with
25 0.43%.10 I N=10 exhibit a greater range of genome
% =0.39 X=0.75 sizes than found between species with N=8
Blidingia 17 0.87+.10 and N=12. These data appear to exclude
minima 11 0.48+0.0 the possibility that speciation has been accom-

39 0.44£.10

32 0.43+ 10 panied exclusively by loss or gain of chromo-

somes (and associated genome). In such

X=0.43 X=0.87 cases, a positive correlation is predicted be-
E":Z:’m:‘:ha ?(3) gggfég tween chromosome number and genome size
35  0.33+.96 (Stucky and Jackson 1975, Ohri et al. 1981).
In the present study, linear regression analy-
Enteromorpha 58 oxzjigfz s%s of pg‘/chrom.osome (me?n clfromosome
linza 50 0.29+ 08 size) implies an inverse relationship between
49  0.26%.07 genome size and chromosome complement
gg 8§§f (I)g (Fig. 14). These observations are consistent
50  0.33+.13 with currently understood mechanisms such
26 0.58+.11 as translocations and centric fusion and/or fis-
26 0.26:+.08 sion which produce independent changes in
X=0.30 =058 chromosome numbers and nuclear DNA con-

Enteromorpha 42 0.58+.15 tents (Pichersky 1990).
prolifera i; 0.40% 11 0.18%1.3 A recent investigation of nuclear DNA base
59 043+ .06 pair compositions (mol % G+ C) of nuclear
18 1.10+.06 genomes in some Ulvales (Freshwater ef al.

35 0.36+.06

58 0.58.% 20 1990) provides indirect evidence of fusion/fis-

sion events in the evolution of these algae.

X=0.47 X=1.09 Results indicate G+C values of 36-54% for

Ulva curvata 30 0.42%.06 0.76:.05 nine species of Blidingia, Enteromorpha and
gg 0.39+.07 R Ulva. This relatively wide range of base pair

10 0.73£.06 compositions as well as the range of chromo-

ig gggf gg some numbers reported for these genera (Fig.

47 0.36+.08 9) are consistent with large-scale translocation

50 0.70%.12 events and differential loss or gain of centro-

%=0.36 2=0.73 mere assoFiated genome (Freshwater et al.

Ulsa fasciata 50 0.57+0.1 1990). It is perhaps noteworthy that chromo-
37 0.25%+0.0 some numbers less than 10 are nearly twice as

0.25 0.57 common as numbers greater than 10, suggest-

ing that chromosome fusions are more easily
tolerated than chromosome fissions.
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Fig. 13. Comparison of 2C DNA contents

and 1 N chromosome numbers for seven species of
Ulvaceae. Blidingia (®), Enteromorpha (®) and Ulva

(4).
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Yokohama, Y., Hirata, T., Misonou, T., Tanaka, J. and Yokochi, H. 1992. Distribution of green light-
harvesting pigments, siphonaxanthin and siphonein, and their precursors in marine green algae. Jpn. J.
Phycol. 40: 27-33.

The distribution of green light-harvesting pigments, siphonaxanthin and siphonein, and their precur-
sors, lutein and loroxanthin, was investigated in about 40 species of marine benthic green algae collected
from various habitats. Among the members of the Ulvales, Cladophorales and Siphonocladales a large
amount of lutein was detected only in shallow-water species, whereas a large amount of loroxanthin or
siphonaxanthin was in deep-water species. In the eusiphonean orders, Codiales, Derbesiales and Cauler-
pales, siphonaxanthin and siphonein were detected in all species, and a small amount of lutein or loroxan-
thin was present in some species collected from shallow waters. In Dichotomosiphon tuberosus, the only species
studied belonging to the Dichotomosiphonales, collected from sunny site in fresh-water, considerable
amounts of lutein, loroxanthin and siphonein were detected. The results implies that the eusiphonean
orders originated in deep waters. The fact that some species of the Caulerpales were found on sand at
depths exceeding 30 m suggests that the caulerpalean algae common on sand in shallow lagoon have come
from sand in deep waters.

The pigment composition of the eusiphonean algae, as well as the life style of the caulerpalean algae on
sand, may be in the most ancestral condition among green algae since the Chlorophyta is concluded to have
appeared about one thousand million years ago a time when strong ultraviolet rays at a lethal level

penetrated 5 to 10 m into seawater.

Key  Index

Words:  Caulerpales— Cladophorales— Codiales— Derbesiales—Dichot iphonales—loro

Indnl,

xanthin—lutein—siph iphonein—Siph

Siphonaxanthin and its ester, siphonein,
have been found in a number of siphonous
green algae (Strain 1951, 1965, Jeffrey 1965,
Kleinig and Egger 1967, Kleinig 1969). It
was reported by Kleinig (1969) that both
siphonaxanthin and siphonein were present
in all species examined of the three eusiphone-
an orders, Codiales, Derbesiales and Cauler-
pales, whereas in a fourth order
Dichotomosiphonales, only siphonein was
present, and in some species of the orders
Cladophorales and Siphonocladales, only

Contribution No. 537 from the Shimoda Marine
Research Center, University of Tsukuba.

Ulvales.

siphonaxanthin was present. He regarded
this specific pigment distribution as an aid in
the classification of the siphonous green algae.

However, Yokohama and his colleagues
have reported that siphonaxanthin is charac-
teristic of most deep-water green algae, and
that siphonaxanthin and siphonein function
as photosynthetic pigments harvesting green
light which prevails in deep waters (Kageyama
et al. 1977, Yokohama et al. 1977, Kageyama
and Yokohama 1978). The function of
siphonaxanthin was further confirmed by
Anderson (1983) who isolated a light-harvesting
siphonaxanthin-chlorophyll a/b-protein com-
plex from a Codium species.
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Yokohama (1981a) examined the distribu-
tion of siphonaxanthin and siphonein in
about 50 species of marine green algae with
special reference to their habitats. It was
confirmed that in all species of the eusiphonean
orders examined, siphonaxanthin and/or
siphonein was present. In the other orders,
the distribution of siphonaxanthin was re-
stricted within species found in deep or shaded
sites.

As pointed out by Yokohama (1981a,
1981b, 1982), the fact that all the members of
the eusiphonean orders have siphonaxanthin
and/or siphonein implies that they originated
in deep waters, and in fact, many species of
the eusiphonean orders were collected by
trawling from the depths of 50 m or more (Ueda
and Okada 1938). Although many species
of these orders inhabit sunny sites in shallow
waters, the amount of siphonaxanthin and its
ester, contained in them, is so small that these
pigments seem to be relics. It is very interest-
ing that most members of the Caulerpales
have well developed fibrous rhizoids which
anchors them on unstable sand. Many species
of this order can be found in calm lagoons sur-
rounded by reefs. Their original habitat may
be a sandy place in deep calm waters.

The present authors have searched for
species of Caulerpales inhabiting sand in deep
waters. In the spring of 1988, six species of
Caulerpales and one of Codiales were found
on sand at depths over 30 m in the southern-
most part of Japan. In the present paper,
the distribution of siphonaxanthin, siphonein
and their precursors, lutein and loroxanthin,
in marine green algae, including those algae
collected from sand in deep waters, is
reported.

Materials and Methods

Most species of Caulerpales and
Dichotomosiphonales and some species of
other orders were collected at the Yaeyama
Islands, in the southern part of Japan. Seven
species (Codium sp., Caulerpa filicoides, C. lentil-
lifera, C. subserrata, Udotea javensis, Tydemania
expeditionis and Halimeda opuntia f. opuntia)

were collected from sand at depths of 34 or
37m in Amitori Bay, Iriomote Island in
Yaeyama Islands. Some of these are shown
in Fig. 1.

Most species of orders other than Cauler-

“pales and Dichotomosiphonales were collect-

ed at Shimoda in Central Japan. Collected
thalli were soaked in a large volume of sea-
water and transported to the Shimoda Marine
Research Center, where pigment extraction
was undertaken. Species collected at the
Yaeyama Islands were transported frozen.

Both fresh and frozen material was extract-
ed with cold methanol which was subse-
quently mixed with a nearly equal volume of
diethylether. Pigments were transferred to
the ether layer by shaking with a 109 sodium
chloride solution. After repeated washing
with 109 sodium chloride, the ether layer
was evaporated under reduced pressure and
residue was redissolved in a small volume of
ether.

Chromatography of the pigments was car-
ried out on thin-layer plates of Kieselgel 60
(Merck). A mixture of petroleum ether 30°-
60° and acetone (7 : 3, v/v) was used as the
developing solvent. Each of xanthophylls
and chlorophyll a was eluted by a solvent from
thin-layer chromatogram under a stream of
nitrogen. The solvent for xanthophylls was
ethanol and that for chlorophyll a was
diethylether.

Absorbances of pigments were measured at
their absorption maxima by a Shimadzu UV-
3000 spectrophotometer with eluates from the
thin-layer chromatograms for each species,
and their quantities were calculated using the
following molar absorption coefficients: 91.0
for chlorophyll a, 145.0 for lutein, 103.0 for
loroxanthin and 69.7 for siphonaxanthin.
For the absorption coefficient for siphonein,
the value of siphonaxanthin was tentatively
used as that of siphonein is unknown.
Although the molar ratio of each xanthophyll
to chlorophyll a was calculated using these
values, that of chlorophyll 4 to chlorophyll a
was calculated from absorbances of the pig-
ment mixture in ether, at 642.5 nm and
660 nm, using the equation of Comar and
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Green algae of the eusiphonean orders from sand at depths over 30 m off Amitori of Iriomote Island
1, Tydemania expeditionis on sand at 34 m; 2, Caulerpa lentillifera on sand at 37 m; 3-6, C.

lentillifera, Udotea javensis, Halimeda opuniia and Codium sp. respectively collected from sand at 37 m. Barin 1,

2=15 cm; minimum division of scale in 3-6=1 mm.
Zsheile (1942) and their molecular weights.

Results

Fig. 2 shows the molar ratios of the xan-
thophylls to chlorophyll a, determined in
about 40 species of green algae collected from

different habitats. The ratio of chlorophyll 4
to chlorophyll @ is also shown, since it is closely
correlated with the light field of the habitat
(Yokohama 1973, Yokohama et al. 1977,
Kageyama and Yokohama 1978, Yokohama
and Misonou 1980).

As can be seen in the column which indi-
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Valonia macrophysa
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Codium Sp.
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C. contractum
C. fragile

C. intricatum
C. latum
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Bryopsis Sp.
Derbesia marina

T

»
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Halicystis ovalis
CAULERPALES
Caulerpa ambigua
C. cupressoides V. cupressoides
C. filicoides
C. lentillifera
C. racemosa V. laete-virens
C. subserrata
Udotea javensis
Tydemania expeditionis

Cultured*

Halimeda discoida
H. macroloba

tia f. tia

LT AN R

[T ITTTITTT7] ”“ ‘Hmll
TR e T

H. opunti opun
DICHOTOMOSIPHONALES
Dichotomosiphon tuberosus

o|Fresh-water

Fig. 2. Relative pigment composition of benthic green algae collected from different habitats. *Cultured
for more than one month under 2 klux of fluorescent light with a daylength of 14 hr at 20 °C. Closed circle and x
denote shaded site and sand, respectively. CGHL 4=chlorophyll a; CHL B= chlorophyll ; LOROX. =loroxan-

thin; SIPHONAX. =siphonaxanthin.

cates the habitat, some deep-water samples of
the eusiphonean orders grow on sand.
Among these Codium sp. is especially remarka-
ble. It was collected from sand at a depth of
37m and had delicate fibrous rhizoids as
shown in Fig. 1-6. All other species of Codi-
um, including deep-water ones, have sucker-
shaped rhizoids and grow on rocks. Tydema-
nia expeditionis is also an interesting species.
It was collected from sand at 34 m depth, as
shown in Fig. 1-1, while in shallow water it oc-
curs on rocks or dead coral.

The second column of Fig. 2 indicates a

general tendency, in chlorophyll 4/ ratio,
that samples collected from deeper or shaded
sites have higher components of chlorophyll
b. The other columns indicate that the distri-
bution of xanthophylls is clearly correlated
with habitat in the upper three orders, the Ul-
vales, Cladophorales and Siphonocladales.
In these orders, the green light-harvesting pig-
ment, siphonaxanthin, is found in algae in-
habiting deep or shaded sites, while lutein,
the precursor of siphonaxanthin, is found in
the algae inhabiting sunny sites in shallow
water, although a trace amount of lutein was
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Table 1. Distribution of xanthophylls in the seven orders of green algae.

Order Habitat Lutein Loroxanthin Siphonaxanthin Siphonein

Ulvales Sun + Trace or —

Cladophorales Deep or + - -
Shade Trace or —

Siphonocladales - +

Codiales Sun Trace or — Trace or —

Derbesiales Deep or + +
Shade - -

Caulerpales

Dichotomosiphonales Sun + + - +

detected in a deep-water species, Cladophora
wrightiana, which contained a large amount
of siphonaxanthin.

From these results it is clear that deep-
water species contain a large amount of
siphonaxanthin and shallow-water species
contain a large amount of lutein. However,
there are some deep-water species lacking
siphonaxanthin and containing a large
amount of loroxanthin, the intermediate
product from lutein to siphonaxanthin.
These also lacked lutein. There are some
shallow-water species containing both lutein
and loroxanthin. The total amount of lutein
and loroxanthin in these species seems equiva-
lent to that of lutein, loroxanthin or siphona-
xanthin in the other species. The molar ratios
of these pigments to chlorophyll a are around
0.3.

Microdictyon japonicum collected from a shad-
ed site is the exceptional species that con-
tained a large amount of lutein regardless of
habitat. However, it had a ratio of chlo-
rophyll 4 to chlorophyll a equivalent to other
species collected from deep or shaded sites.

Although in the upper three orders (Fig. 2),
siphonaxanthin is restricted to algae inhabit-
ing deep water or shaded shallow sites, the dis-
tribution of this pigment and its ester,
siphonein, is apparently not correlated with
habitat in the lower four orders. Both pig-
ments are present in all members of Codiales,
Derbesiales and Caulerpales regardless of
habitat, and siphonein is present in
Dichotomosiphon  tuberosus collected from a
sunny site in fresh-water. Lutein and loro-

xanthin are present in some members of these
orders inhabiting sunny sites in shallow
waters. However, the amounts of these pig-
ments are very small in species other than
Dichotomosiphon tuberosus.

Green algae cited in this study can be divid-
ed into three groups as shown in Table 1, ac-
cording to the correlation between pigment
composition and habitat. The first consists
of the Ulvales, Cladophorales and Siphonocla-
dales; the second and third are of the eusipho-
nean orders, the Codiales, Derbesiales,
Caulerpales (second group) and Dicho-
tomosiphonales (third group). Dichotomo-
siphon tuberosus, which is the only species
studied belonging to the Dichotomosiphonales,
is unique among the eusiphonean orders in
inhabiting fresh-water and having a large
amount of lutein and loroxanthin, while lack-
ing siphonaxanthin.

Discussion

It is clearly shown that the distribution of
the green light-harvesting pigment, siphona-
xanthin, has an ecological significance in the
Ulvales, Cladophorales and Siphonocladales,
as indicated in the upper half of Fig. 2, while
in the eusiphonean orders, the distribution of
this pigment and another green light-harvest-
ing pigment, siphonein, seems taxonomically
significant. The fact that all members of the
eusiphonean orders have the green light-har-
vesting pigment(s) implies that these groups
of green algae originated in deep waters. In
fact, seven species of these orders are found
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on sand at depths exceeding 30 m. Six be-
long to the Caulerpales. This suggests that
the caulerpalean algae in shallow water, most
of which are common on sand in lagoons,
have come from sand in deep waters.

A surprising fact is that a member of the
Codiales, Codium sp., inhabits sand at a depth
of 37 m. It has fibrous rhizoids which enable
it to grow on sand, while all other species of
Codiales, including deep-water species, have
sucker-shaped rhizoids and inhabit rocks.
The occurrence of Codium sp. on sand in the
deep water might indicate the primitive life
style of the Codiales.

In the Cladophorales and Siphonocladales
there are unique algae lacking siphonaxan-
thin, despite of their inhabiting deep or shad-
ed sites. They have a large amount of loro-
xanthin, the direct precursor or siphonaxan-
thin. Itis remarkable that lutein, the precur-
sor of loroxanthin, is nearly or completely ab-
sent in deep-water species while is abundant
in shallow-water species having neither loro-
xanthin nor siphonaxanthin. O’Kelly (1982),
who analyzed the chloroplast pigments of the
marine chaetophoracean and chaetosiphona-
cean algae, noticed that species having
siphonaxanthin, but lacking lutein, are re-
stricted to deeper water habitats. Lutein
seems essential to some shallow-water green
algae, as pointed out by Yokohama (1981b,
1982). It was suggested by Yokohama (1983)
that this xanthophyll might protect the pho-
tosynthetic apparatus from short wavelength
or ultraviolet light prevailing in shallow
sunny sites.

Yokohama (1981b, 1982, 1983) suggested
that deep-water species having loroxanthin in-
stead of siphonaxanthin might have originat-
ed from deep-water species with siphonaxan-
thin, by failing to oxidize loroxanthin into
siphonaxanthin. In the same fashion, shal-
low-water species with lutein might have origi-
nated from deep-water species with loroxan-
thin or siphonaxanthin.

It is reasonable to regard the ancestor of
green algae as a deep-water alga possessing
green light-harvesting pigment(s): Barghoorn
and Schopf (1965) concluded that the Chlo-

rophyta appeared about one thousand million
years ago, a time when strong ultraviolet rays
at a lethal level probably penetrated 5't6 10 m
into seawater (Barkner and Marshall 1965).

From the systematic viewpoint, it is also ac-
cepted that the ancestral green alga might
have possessed siphonaxanthin. Ricketts
(1970, 1971) reported that this pigment is
widely distributed in scaly green monads,
regarded by Stewart and Mattox (1978) as the
nearest extant relatives of the ancestral green
alga. Therefore, O’Kelly (1982) regarded the
presence of siphonaxanthin as the ancestral
condition, and Anderson (1983) regarded this
xanthophyll as an evolutionary relic in some
Chlorophyta.

The pigment composition of eusiphonean
algae, as well as the life style of caulerpalean
algae on sand, may be in the most ancestral
condition among green algae.
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Growth responses to salinity were investigated in twenty-one marine and estuarine benthic diatoms.
Estuarine diatoms tended to tolerate a wider salinity range than marine diatoms. Most marine diatoms did
not grow or their growth rate was reduced to less than a half of the maximum in the media with a salinity of
15% or less, although an optimum salinity and a suitable salinity range were not uniform. Growth
responses to salinity in marine benthic diatoms examined here were little different from those in planktonic
diatoms called typically marine species. Four of six estuarine diatoms were euryhaline but other two grew
well only in a narrow range from 15 to 29%; S. Growth response of the latter suggested that salinity was an

important factor in their distribution.

Key Index Words:

Salinity is one of factors limiting the distri-
bution of algae. Growth responses to salinity
have been studied in a number of marine and
estuarine diatoms (Guillard and Ryther 1962,
Guillard 1963, Lewin and Guillard 1963, Wil-
liams 1964, Paasche 1975, Eppley 1977). In
general, estuarine benthic and planktonic dia-
toms tend to be euryhaline, while marine
planktonic species are stenohaline (Eppley
1977). Since the information about growth
responses to salinity in marine benthic dia-
toms is limited, it is unclear whether or not
they are stenohaline. The salinity in the ma-
rine littoral zone where marine benthic dia-
toms live is variable, which is not the case in
the open sea. In the intertidal zone rain and
desiccation at low tide cause a low and high sa-
linity, respectively. The present study
reports the growth response of 21 marine and
estuarine diatoms at various salinities.

Materials and Methods

Twenty-one clonal diatoms were exam-
ined. Two clonal axenic diatoms were added
to 19 diatoms of my previous paper (Mizuno
1991). One was Fragilaria fasciculata (Ag.) L.-

benthic diatoms—estuarine—growth—marine—salinity.

Bert. var. fasciculata collected from Lake Ko-
muke-ko, Mombetsu, Hokkaido and another
was Navicula directa (W. Sm.) Ralfs in Pritch-
ard var. directa collected from Minamigaoka,
Mombetsu. All were benthic pennate dia-
toms except Coscinodiscus sp. which is centric
and seems to be planktonic habit.

Seawater concentrated by heating at 70-
80°C or diluted with distilled water was en-
riched in the same way as modified BSW-2
(Mizuno 1989). Chlorinities of the media
were measured by titration with AgNO;. Sa-
linity (S) was estimated by the following equa-
tion (Japan Meteorological Agency 1970):

Salinity (%)= 1.80655 X Chlorinity (%o)

The salinities of experimental media ranged
from 7 to 43% S. The stock culture was
grown in media of various salinities for 4-
16 days under experimental conditions prior
to initiation of the experiment. The experi-
ments were carried out at 18°C using a
16 : 8h LD cycle. The photon flux density
was 180 ¢E-m~2.571. After preculture, cells
were inoculated into media with the same sa-
linity and were cultured under the experimen-
tal conditions. Each experiment was run in
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triplicate. Some diatoms stick to the culture
vessel wall or grow in a gelatinous sheet.
Consequently, to obtain a good estimate of al-
gal abundance, cells were freed from culture
vessel wall or from the gelatinous sheet with
0.2-0.5 m/ of HNO; and heat. Three tubes
were prepared per replicate, and these tubes
were acid-treated as growth progressed.

The cells in 0.01-0.04 m/ of algal suspen-
sion were counted using a ruled counting
plate under a light microscope. The growth
rate in exponential growth phase was calcu-
lated by the following equation:

#=(In Nt—In No)/t,

where Nt and No are the cell number at times
t and zero, respectively, and ¢ is the growth
rate (day~!) (Guillard 1973).

Statistical analyses followed Sokal and
Rohlf (1973).

Results

Mean growth rates (¢; day~!) of 21 dia-
toms at various salinities were shown in Table
1. In the present study, the salinity where
the maximum growth rate occurred was con-
sidered as an optimum salinity. Furthermore,
the salinity range where the growth rate being
not significantly different from the maximum
growth rate (P>0.05; by a posterior compari-
son of one-way ANOVA) occurred was con-
sidered as a suitable salinity range.

Marine diatoms.  Fifteen diatoms were examin-
ed. Optimum salinity of each diatom
was different from diatom to diatom and
ranged from 24 to 39% S. Suitable salinity
range of each diatom was different from
diatom to diatom as well as the optimum
salinity. A wide suitable range of 20% S
was observed in Gyrosigma prolongatum var.
closterioides, Navicula complanatula and Navicula
directa var. cuneata. On the other hand, a nar-
row suitable range of 5% S was observed in
Coscinodiscus sp. and Muroran strain of
Pleurosigma intermedium var. nubecula. The low-
er limit of the suitable salinity range was 19-
20 or 24% S in most diatoms examined.
Most diatoms did not grow or their growth

rate was reduced to less than a half of the max-
imum at 15%; S or less. Growth rate at 38-
39% S was significantly smaller than the
maximum (P<0.05) in a half of diatoms
examined, although two diatoms (4mphora sp.
and Navicula sp.) grew optimally at this salini-
ty level. In Pleurosigma intermedium var. nubec-
ula, different growth responses were observed
in two strains collected from different locali-
ties.

Estuarine diatoms. Six diatoms were examin-
ed. Optimum salinity of each diatom oc-
curred between 15-24%; S. A wide suitable
salinity range was observed in Achnanthes
brevipes var. intermedia, Fragilaria fasciculata
var. fasciculata, Navicula cryptocephala var. cryp-
tocephala and Surirella ovata. Navicula elegans
and Pleurosigma elongatum showed a narrow
suitable salinity range and a poor growth at 7-
8% S and 33-34% S which is the same
strength as a natural seawater, or more.

Discussion

The present study has demonstrated that
there are diatoms with various optimum salin-
ities and suitable salinity ranges in the marine
littoral zone and in the estuarine region, and
shown that estuarine diatoms tend to tolerate
a wider salinity range than marine diatoms,
as Eppley (1977) pointed out. Although ma-
rine benthic diatoms in the present study
were not uniform in the optimum salinity and
the suitable salinity range, most of them were
suppressed to grow at 15%; S or less and grew
well at more than 19-20% S or more than
24%; S. Furthermore, their growth reduced
at a higher salinity than that of a natural sea-
water in a half of them. Ohgai and his col-
leagues showed that four marine benthic dia-
toms were suppressed to grow below 9% of
chlorinity (16% S) and grew well in the range
from 11 to 18% Cl (20-33%; S) (Ohgai et al.
1984, Ohgai et al. 1984). There is not much
difference in growth response to salinity be-
tween the present diatoms and the diatoms
reported by Ohgai and his colleagues.

Oceanic planktonic clone (13-1) of Cyclotella
nana (now named Thalassiosira pseudonana) iso-
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Table 1. Mean growth rate (#; day™') and SD (in parentheses) of diatoms in media of various salinities at
18°C and a 16: 8 h LD cycle with 180 #E-m~2%.s7 12,

Salinity (%)
7-8 15 19-20 24 29 33-3¢ 38-39 43

Diatom

Marine diatom

Amphora sp. (MIZ-13) — — 0.44 055 _061 067 _0.74 0.66
(0.02) (0.04) (0.07) (0.08) (0.04) (0.06)
Calonets linearis (Grun.) Boyer (MIZ-16) NG® NG 0.28 0.37 _0.43 0.41 0.31 —
(0.02) (0.04) (0.01) (0.04) (0.03)
Coscinodiscus sp. (MIZ-27) - NG 0.86 _ 1.46 1.40 1.21 1.05 -
(0.02) (0.01) (0.02) (0.08) (0.04)
Gyrosigma prolongatum var. NG NG 0.86 0.99 1.03 1.06 0.99 —
closterioides Grun. (MIZ-29) (0.12) (0.03) (0.09) (0.03) (0.02)
Gyrosigma tenuissimum (W. Sm.) NG NG 0.58 0.68 0.73 0.73 0.53 —
Cl. var. tenuissimum (MIZ-26) (0.03) (0.06) (0.02) (0.05) (0.02)
Licmophora abbreviata var. NG NG NG 0.97 0.97 1.04 0.85 —
pappeana (Grun.) Hust. (MIZ-22) (0.04) (0.02) (0.02) (0.02)
Licmophora gracilis var. — — 0.33 0.82 1.18 1.12 1.08 0.86
anglica (Kiitz.) Perag. (MIZ-3) (0.05) (0.05) (0.01) (0.04) (0.01) (0.01)
Navicula complanatula Hust. (MIZ-11) —_ 0.17 1.00 1.07 0.76 0.84 0.81 —
(0.20) (0.05) (0.12) (0.07) (0.10) (0.15)
Navicula directa (W. Sm.) NG NG 0.12 034 _0.49 _0.50¢ 0.32¢ —
Ralfs in Pritchard var. directa (MIZ-20)" (0.03) (0.01) (0.04) (0.01) (0.07)
Navicula directa var. cuneata Ostr. (MIZ-14) — 0.68 1.24 1.24 1.40 1.33 1.18 —
(0.15) (0.06) (0.02) (0.02) (0.06) (0.01)
Navicula sp. (MIZ-21)¢ - NG 008 _062 064 068 0.68 —

(0 ) (0.05 (0.03) (0.01) (0 )

Nitzschia bilobata var. minor Grun. (MIZ-24) NG 0.78 1.16 1.21 1.27 1.15  0.88 —
(0.03) (0.07) (0.03) (0.08) (0.13) (0.08)

Nitzschia sp. (MIZ-23) — NG NG 0.31 0.52 0.53  0.42 —
(0.07) (0.10) (0.09) (0.11)
Pleurosigma intermedium var. — 0.23 0.48 0.52 0.39 0.35 0.34 —
nubecula W. Sm. (Muroran) (MIZ-15) (0.04) (0.02) (0 ) (0.02) (0.02) (0.05)
Pleurosigma intermedium var. — NG 0.25 0.51 0.51 0.44 0.28 —
nubecula W. Sm. (Mombetsu) (MIZ-28) (0.02) (0.03) (0.01) (0.02) (0.04)
Estuarine diatom
Achnanthes brevipes var. 0.73 1.15 1.08 1.06 1.01 0.98 0.98 —
intermedia (Kutz.) Cl. (MIZ-32-1) 0.17) (0.04) (0.14) (0.11) (0.22) (0.06) (0.09)
Fragilaria fasciculata (Ag.) NG 1.00 1.09  0.97 1.02 1.01 0.95 —
L.-Bert. var. fasciculata (MI1Z-30) (0.04) (0.02) (0.03) (0.02) (0.02) (0.04)
Navicula cryptocephala 077 0.83 090 090 0.8 0.87 0.73 —
Kiitz. var. cryptocephala (MIZ-33) (0.02) (0.08) (0.02) (0.06) (0.06) (0.09) (0.04)
Navicula elegans W. Sm. (MIZ-34) 0.10 _0.23 028 0.23 0.23 0.11 NG —
(0.03) (0.01) (0.05) (0.01) (0.01) (0.01)
Pleurosigma elongatum W. Sm. (MIZ-36) NG 0.25 0.25 0.22 0.17¢  0.03¢  0.07 —
(0.01) (0.01) (0.04) (0.04) (0 ) (0.05)
Surirella ovata Kiitz. (xenic) (MIZ-35) 1.22 1.37 1.37 1.33 1.19 1.13 1.17 —

(0.07) (0.10) (0.06) (0.05) (0.05) (0.01) (0.06)

a Mean of 3 replicates. A double underline shows the maximum and a single underline shows the value which is not
significantly different from the maximum (P>0.05, by a posterior comparison of one-way ANOVA).

b No growth in pre- or experimental culture.

¢ Temperature dropped to 14°C during the culture experiment.

4 N=2.
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lated from Sargasso Sea did not even survive
at salinities below half-strength seawater
(17%; S, when a natural seawater is 34% S)
and grew well only in media above 24% S
(Guillard and Ryther 1962, Lewin and Guil-
lard 1963). The similar growth response to
salinity was observed in planktonic diatoms
examined by Ryther (1954) and Kain and
Fogg (1958), which were called “typically ma-
rine species” by Lewin and Guillard (1963),
and other oceanic planktonic diatoms (Guil-
lard 1963). It is found that the growth
response to salinity of marine benthic diatoms
is not much different from that of planktonic
diatoms called typically marine species.

It is probable that on a heavily rainy day
the littoral zone are exposed to the salinity of
15%o S where most of the present marine dia-
toms are suppressed to grow (Edelstein and
McLachlan 1975, Mizuno 1984). Fischer
(1963) reported that 50% of cells of the ma-
rine littoral diatom Gyrosigma balticum died
within 2 hours after transferring to 0.4 strength
natural seawater (14% S, when a natural sea-
water is 34%; S). Exposure to a low salinity
(14% S) for one hour per day completely sup-
pressed the growth of the marine tube-dwell-
ing diatom (Mizuno 1989). A low salinity oc-
curring inshore will damage the marine ben-
thic diatoms which live there. There is a
probability of a higher salinity than that of a
natural seawater occurring in the upper-supra
littoral zone (Edelstein and McLachlan 1975,
Mizuno 1984). The present study has shown
that a half of marine diatoms examined was
suppressed to grow at 38-39% S. A high sa-
linity in the upper-supra littoral zone will pre-
vent these diatoms from growing there.

Most estuarine diatoms are known to be eu-
ryhaline (Guillard and Ryther 1962, Williams
1964, Admiraal 1977, Eppley 1977). Four of
six estuarine diatoms examined here were eu-
ryhaline. On the other hand, it is confirmed
by the culture experiments that there are dia-
toms with stenohaline character in estuarine
ones ( Thalasstosira baltica and Skeletonema subsal-
sum in Paasche 1975). Two of the present es-
tuarine diatoms showed the similar behavior to
the stenohaline estuarine diatoms of Paasche

(1975) and grew well only in a narrow range
from 15 to 29%; S. Since the growth of these
diatoms was strongly suppressed in the salini-
ty of a natural seawater, they will be unable to
immigrate to the marine region. Salinity be-
low 15% S damaging them is likely to occur
in the estuarine region. The salinity may be
an important factor in the distribution of
these diatoms.
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Tsutsui, I. and Ohno, M. 1992. Growth, maturation and seasonal changes in morphological
characteristics of Ecklonia kurome at Shirahama, Wakayama Prefecture. Jpn. J. Phycol. 40: 41-48.

A study on the growth, maturation and seasonal changes in morphological characteristics of Ecklonia
kurome was carried out at Shirahama, the type locality, from April 1990 to January 1991. In this locality,
plants grow on the rocks at 3-6 m depth.

Plants attained maximum length (mean 77.6 cm) in spring and minimum length (mean 48.9 cm) in
autumn. Formation of zoosporangial sori began in spring and about 70% of individuals formed sori in
autumn.

Thickness of central lamina became maximum (mean 3.9 mm) in winter. Primary pinnae were
lanceolate in spring, summer and winter. Many secondary pinnae were observed in winter. Primary pin-
nae were more or less rugose in spring and summer, but not in autumn. On the other hand, primary pin-
nae without rugae were observed on upper part of the plants in winter. On marginal portion of primary

pinnae, sharp serration, blunt serration and double serration were observed in all seasons.
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Fig. 1. Map showing study site on E. kurome at Shirahama, Kii Peninsula.
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1 Stem Diameter
2 Stem Length
3 Central Lamina Length

4 Plant Length
”? § Central Lamina Width
: 2 |

6 Width of Central Portion
of Central Lamina
7 Thickness of Central Portion
of Central Lamina
8 Thickness of Marginal Porticn
of Central Lamina
9 Primary Pinna Length

10 Primary Pinna Width
11 Thickness of Primary Pinna
2 12 Secondary Pinna Length
é, 13 Secondary Pinna Width

Fig. 2. Diagrammatic illustration of measured parts for morphological study on E. kurome.
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Fig. 3. Changes of young plants of E. kurome collected on April 20, 1990. All the scales represent 10 cm.
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Fig. 4. Seasonal changes in mean plant length with 95% confidence limits in E. kurome collected from April

1990 to January 1991 at Shirahama.
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Fig. 5. Body shape of E. kurome collected from April 1990 to January 1991 at Shirahama. A, spring; B, sum-
mer; C, autumn; D, winter. All the scales represent 10 cm.
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Fig. 6. Reproductive periodicity of E. kurome
based on numbers of mature plants from April 1990
to January 1991 at Shirahama. @, plants with
sorus; [J, plants without sorus.
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Table 1. Stem size of E. kurome collected at
Shirahama from April 1990 to January 1991.

Maximum Minimum Mean S.E.*

0.483
0.015

Length 35.5 10.2 17.03
Diameter 1.54 1.04 1.28

* Standard error
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Fig. 7. Seasonal changes in mean thickness of

central portion (A) and marginal portion (B), and
ratio of those of central laminae (C) with 959% con-
fidence limits in E. kurome collected from April 1990
to January 1991 at Shirahama.
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Fig. 8. Seasonal changes in mean length,
width and thickness of primary pinnae with 95%
confidence limits in E. kurome collected from April
1990 to January 1991 at Shirahama.
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Fig. 9.

Primary pinnae of E. kurome collected from April 1990 to January 1991 at Shirahama. A, spring; B,

summer; C, autumn; D, winter. All the scales represent 10 cm.
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Fig. 10.
Shirahama.
2.5cm.
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SHRBZ EHVHBR TV A, QREZ » 4 T,
RRECHRINCH -2 LT, METIBRER
CHT-BHECEZNROEL It h, BEOTAIIZ &
> TIRERIN R D Z ED L LT -7,

Marginal portion of primary pinnae in E. kurome collected from April 1990 to January 1991 at
A, sharp serration; B, double serration; C, blunt serration; D, entire.

All the scales represent
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Fig. 11.
collected from April 1990 to January 1991 at

Ruga on primary pinnae of E. kurome

Shirahama. A, distinct ruga in the spring; B, in-
distinct ruga in the autumn; C, no ruga in the
winter.
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Tayu Kitapama and Tadao Yoshida, Department of Botany, Faculty of Science, Hokkaido University, Sapporo,

060 Japan

A microscopic alga referable to Phaecophila
dendroides (P. Crouan et H. Crouan) Batters
(Phaeophilaceae, Phaeophilales, Ul-
vophyceae) was collected as endophytes in
Hpyalosiphonia  caespitosa Okamura at Sali,
Aomori Pref. on 17 May 1988 (coll. T.
Kitayama) and as epiphytes on Halopteris filici-
na (Grateloup) Kiutzing at Kasumi, Hyogo
Pref. on 2 August 1990 (coll. S. Enomoto).
The thalli of P. dendroides are green in color
and composed of branched uniseriate fila-
ments (Fig. 1). Those cells are cylindrical or
irregular in shape, 35-110 #m in length and
13-45 ym in diameter. Each cell contains a
parietal chloroplast with many pyrenoids. Se-
tae (3-9 #m in diameter) are twisted. The
morphology of vegetative thalli agrees well
with the previous reports of the species
(O’Kelly and Yarish 1980, Correa et al.
1988).

Phacophila dendroides is a cosmopolitan spe-
cies, but this is the first report from the
western coast of the Pacific Ocean. Although
this species has a chaetophoraceous appear-
ance, it is more closely related to the Ulvel-
laceae (Ulvales, Ulvophyceae) in the struc-
ture of its characteristically twisted setae etc.,
according to O’Kelly and Floyd (1984). Re-
cently Chappell et al. (1990) proposed the
new order Phaeophilales and family
Phaeophilaceae because of its unique flagellar
apparatus provided with six microtubular
rootlets and single-lobed terminal caps, and
unique zoosporangia whose mother cells
became multinucleate in the early develop-
mental stage (O’Kelly and Yarish 1980). At
present only a single species is recognized in

the order.

In order to observe reproductive cells,
unialgal cultures were established from the
vegetative cells of the thalli collected at
Kasumi, using Provasoli’s ES medium
(Provasoli 1968). Culture conditions used

Fig. 1.
Crouan) Batters from nature (arrows), endophytic
in Hyalosiphonia caespitosa Okamura.

Phacophila dendroides (P. Crouan et H.
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20pm  20pm

Figs. 2-9.

Phacophila dendroides (P. Crouan et H. Crouan) Batters in culture at 20°C.

2. Seta on the

vegetative filament. 3. Mature zoosporangium with a long exit tube (arrow). 4. Terminal portion of vegetative

filament.

5, 6. Quadriflagellate zoospores showing a stigma (arrow).

7-9. Various stages of germination of

zoospores with a long, narrow germination tube (arrows). Scales in Fig. 5 and Fig. 8 apply also to Fig. 6 and Fig.

7 respectively.

were 5°C, 10°C, 15°C and 20°C, under
white fluorescent light of about 30 #Mm %5 ~!
(10°C) or 50 xMm~ 2%~ ! (5°C, 15°C and
20°C), L: D=16: 8 h, photoregime.

The initial filaments grew well at 10°C,
15°C and especially 20°C, however, they did
not elongate at 5°C. Vegetative cells in cul-
ture were narrow cylindrical, rather straight,
10-27 pm in diameter and 44-200 ym in
length, containing a parietal chloroplast with
6-24 pyrenoids. The chloroplasts in the ter-
minal cells are relatively large (Fig. 4). The
cells often had a twisted seta (3-5 #m in di-
ameter) (Fig. 2). Each vegetative cell could
form a thick protuberance and then it trans-
formed into zoosporangium at 10°C, 15°C
and 20°C (Figs. 3, 12). The sporangia were
cylindrical, straight or often bent, 15-30 p#m

in diameter, having a long exit tube. They
contained 22-58 zoospores. The zoospores
(5-7 rm X 9-12 pm) possessed four flagella and
a chloroplast with a prominent stigma (Figs.
5, 6, 10, 11). They were released through
the exit tube and swam showing positive
phototaxis. After the attachment to the sub-
stratum, the spore became rounded and then
extended a narrow germination tube giving
rise to a new vegetative filament (Figs. 7, 8,
9). Our culture results agreed well with
those of the previous reports (O’Kelly and
Yarish 1980, Correa et al. 1988).
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For Chorda filum (L.) Lamour., a common
species of Laminariales in the summer season
on the shores in the northern hemisphere, the
chromosome numbers have hitherto been
reported by three investigators, viz., Kylin
(1918), Nishibayashi and Inoh (1961) and
Evans (1965), as shown in Table 1. The
senior author of the present study has
preliminarily attempted for years to examine
the chromosome number of this species, using

& 5

Figs. 1-7.
10 #m. All figures are in the same scale.

1. A sporophyte cell with 32 chromosomes in dumb-bell shape.

the cytological methods employed by those in-
vestigators. Those methods, however, did
not offer satisfactory dividing nuclei to be able
to decide its exact chromosome number. In
the recent cytological study on the species of
Laminaria, Yabu and Yasui (1991) easily ob-
tained sufficient metaphase nuclei for chromo-
some counts in one- or two-celled sporo-
phytes, using aceto-alcohol (1:3) for fixing
and aceto-iron-haematoxylin-chloral hydrate

Metaphase chromosomes in the one-celled sporophytes of Chorda filum (L.) Lamour. Bar:

2. The same sporophyte as shown in Fig. 1, at

different focus level. 3. Camera-lucida drawing of the same sporophyte as shown in Fig. 1. 4. A sporophyte with

32 chromosomes in granular shape.
sporophyte with c¢. 60 chromosomes.

5. Camera-lucida drawing of the same sporophyte as shown in Fig. 4. 6. A
7. The same sporophyte as shown in Fig. 6, at different focus level.
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Table 1.

Data of previous and present cytological investigations for Chromosome number of Chorda filum.

Investigator and
locality of material

Chromosome number

Method

Kylin (1918) Sweden n=c. 20 in sporogenesis

2n=40 in meristematic portion

Nishibayashi and
Inoh (1961)
Seto Inland Sea, Japan

Evans (1965)
Anglesey, England

n=c. 30 in sporogenesis

female gametophytes

n=c. 28 in sporogenesis and

classical sectioned method, using strong Flem-
ming’s solution for fixing and iron-haematox-
ylin for staining

classical sectioned method, using Abe’s solu-
tion for fixing and iron-haematoxylin for
staining

sguash method, using mainly, aceto-alcohol
for fixing and acetocarmine for staining

2n=c. 56 in young sporophytes

n=32 in single-celled
sporophytes

Present stndy Moheji,
Hokkaido, Japan

aceto-alcohol for fixing and aceto-iron-
haematoxylin-chloral bydrate for staining

(Wittmann 1965) for staining. This study
was undertaken to observe the clear features
of chromosomes in the cells of such juvenile
sporophytes with this procedure.

The material dealt with in this description
was obtained on June 25, 1991, at Moheji
near Hakodate, Hokkaido. We fixed the
sporophytes which were produced from the
liberated zoospores derived from the female
gametophytes cultured for two weeks under
conditions, 10°C, 2,500 Lux, 12L and 12D
photoperiod in the filtered seawater with
0.01% SLP (Squid Liver Protein Powder) ex-
tract (Yabu et al. 1984). Eighty single-celled
sporophytes we observed exhibited 32 or
c. 30, and c. 60 chromosomes (Figs. 1-7).
These sporophytes in haploid and diploid
state occurred at the ratio 5 : 1 under this cul-
ture condition, probably due to the adherent
density of gametophytes relating to fertiliza-
tion. In both of the sporophytes, all of the
chromosomes all appeared either as elements
in granular shape of c. 0.8 #m diameter, or as
elements in slender dumb-bell shape of c.
1.0 #m length. Frequency of the sporophytes
having either the chromosomes in shape of
granule or dumb-bell was at the ratio 2: 1.

The reason for the occurrence of the chromo-
somes as those two types of elements at such
ratio is left to elucidate in our future studies.
In a temporal conclusion, the chromosome
number of Ch. filum was determined to be
n=32 from the aboue chromosome counts in
the single-celled sporophytes.
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Large blades of field materials have usually
been used for tissue cultures of Laminariales
seaweeds. Techniques of sterilization of ex-
plants and the results of cultures were report-
ed by Fries (1980), Fang et al. (1983), Saga
and Sakai (1983), Yan (1984), Lee (1985),
Polne-Fuller et al. (1986), Polne-Fuller and
Gibor (1987), Notoya (1988), Heather et al.
(1989) and Notoya and Aruga (1989, 1990).

This paper reports the results of tissue cul-
tures of explants from parthenogenetic and
normal young sporophytes of Ecklonia cava
Kjellman cultured xenically in laboratory.

Male and female gametophytes of E. cava
were separately cultured at 20°C under a
photoperiod of 10L: 14D illuminated by
cool white fluorescent lamps at 10-30 gmol
m~2s~!. Parthenogenetic sporophytes were
obtained in separate cultures of female
gametophytes, whereas normal sporophytes
were obtained by fertilization in culture of
female gametophytes after being mixed with
male gametophytes.

After 16 days parthenogenetic sporophytes
grew to 3-5mm long and callus-like mass
of cells were found at the tip of the par-
thenogenetic sporophyte (Fig. 1A, arrow-
head, and B). The cells were very similar
to the callus-like cells in tissue cultures from
field materials of Ecklonia cava (Notoya and
Aruga 1989), Eisenia bicyclis (Notoya and
Aruga 1990) and other species of Laminariales
(Lee 1985, Polne-Fuller et al, 1986, Polne-
Fuller and Gibor 1987). They were unpig-
mented and spherical, and bigger than the
sporophyte cells. A clump of the cells was
separated from the parthenosporophyte and

cultured in the liquid medium (PESI) at
15°C and 300-320 gmol m~2s~!. After two
weeks, the clump multiplied and some of the
cells became gradually pigmented to pale yel-
low (Fig. 1C). During the next two weeks,
these cells became more pigmented to become
brownish and after transverse cell divisions
they looked like they were in an early stage of
the sporophyte development (Fig. 1D, ar-
rowheads). These pigmented cells developed
to blade-like plantlets of irregular shape
within 6 weeks after inoculation of the callus-
like cells.

In the experiments with normal sporo-
phytes, blades of 3-5mm long were used
which were obtained by fertilization in co-cul-
ture of female and male gametophytes for a
month under the same conditions as for the
gametophyte stock culture.

Rectangular blade tissue fragments of 1-
2mm long were excised from the normal
young sporophyte. These fragments were
cultured in plastic Petri dishes with the lig-
uid medium at 15°C and 300-320 gmol m~2
s~!. In 4-day-old culture, newly regenerated
callus-like cells were observed on cut margins
of the excised tissue (Fig. 1E). The regenerat-
ed cells were white in color with only a little
pigmentation. One-cell-layered blades deve-
loped from the regenerated cells. On the other
hand, multi-cell-layered blades developed
from the regenerated callus-like clump.
After a week in culture, they grew up to about
200 ¢#m high on the cut margin of multi-cell-
layered fragment of the original blade (Fig.
1F). Then, a part of the regenerated callus-
like clump was separated from the original
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Fig. 1.
cava Kjellman. (A) Callus-like cells (arrowheads) developed at the tip of the parthenogenetic sporophyte from a
female gametophyte. (B) Enlargement of callus-like cells developed on the parthenogenetic sporophyte. (C) A
clump of callus-like cells cultured at 15°C and 300-320 #mol m~?s~! in the liquid medium. (D) Initial stage of

blade-like plantlet (arrowheads) after transverse cell divisions.

Tissue culture of parthenogenetic sporophyte (A-D) and normal young sporophyte (E-I) of Ecklonia

(E) A blade fragment from a normal young

sporophyte cultured for four days. Regenerated cells appeared from the cut edge. (F) In one-week-old culture,
the callus-like cells were seen growing at the cut edge of the blade fragment. (G) A clump of the callus-like cells
separated from the sporophyte. (H) In two-week-old culture, the clump of callus-like cells differentiated to a new
blade-like plantlet. (I) A more developed irregular plantlet.

sporophyte fragments and cultured under the
same conditions (Fig. 1G). In about a week,
some cells of the callus-like clump became
colored from faint yellow to brown, and in
some of these cells transverse divisions were
observed similar to the initial stage in the de-
velopment of the sporophyte (Fig. 1G). Ir-
regular sporophyte-like plantlets were formed
from these cells in a week (Fig. 1H & I).

In this experiment, the excised tissues from
normal as well as from parthenogenetic young
sporophytes produced the callus-like cells.
Their growth rate was very fast as compared
with that of the excised tissue from large natur-
al material. In general, it takes about one
year or more for tissues from natural material
to differentiate to sporophytic plantlets, whereas
for tissues from cultured young sporophytes it
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takes only 1-1.5 months to develop to the
sporophytic plantlets. The regeneration abili-
ty of cultured young sporophyte tissues would
be useful for micropropagation of this species.

Although the sporophytic plantlets ob-
tained from parthenogenetic tissues were not
cytologically examined, it is clear that callus-
like cells from the excised tissues differentiat-
ed directly to the sporophytic plantlet without
formation of male and female gametophytes.
These results were the same as those in tissue
cultures from large natural materials of Ecklo-
nia cava and Eisenia bicyclis (Notoya and Aruga
1989, 1990).

Unpigmented cells of the callus-like tissue
became pigmented and differentiated to the
sporophytic plantlet at a high light intensity of
300-320 #mol m~2s~! in the same manner as
in the tissue culture of Eisenia bicyclis (Notoya
and Aruga 1990). Thus, the high light inten-
sity seems to be an important factor for
differentiation of unpigmented callus cells to
pigmented cells.
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BRESEO LT 2V TII—RICIFLLHBDH
T, £4OEDOEETHUOM TV S EIFFEF B
bhTuwb, FlziE, EELEERYE - TV 28R
ZOWTh, —HOLDE LrFELIEL bR Tt
L, BRKFEEOBS, ¥4, L5757 Vi, ¥fids
TRt LEF) v 1B L, FESRELOBICIIEE
7BIRLD H, TOEOHMECLHEL EXBVWFHNX
BOCKEREAERLEBbhB, L LAFKED
BE, 7 VEBIAENCRIL-LEETHY, ¥4
PHEFDOTTONTOA A - ERIBEAY
AUREIE . Yy, FMOEELF T, —
BOACLP L THLERLTE,, ERIED T,
MELRIELELRS, A IEEOHRE, HENH
BT R T & 5 Netrium &2V T—DOAREET &,
DFMBRFEITTH LHbR 2,

FIT, EEBOFOERLDIOWT, BOFHK
5L O 1 X UTIRBE LAV, AT, 4
NERREINRTVBLDEDOWTE, BEECHE
KD B LDRFEEDOACE L, FLELZDOEL
DERYE LT, BHATHEN I <BEHEXS D
DIROWTIE, BRDOER AR,

LI AT, HEME LS DIRRRSCHI TEDL D,
220 L5FAE LT—ERELLELEEHXRL
V, EWBHANR SV, FHROBRDODH D DI, R
ERIERFIBIS L, L LZOKIL, B
FELhTWAMEBOFLIERAIND LS5 THS L,
LA, F5VHEROHNRLERLTLELRTV
BANE LD ThHbH, AT IRT 5F4 L WIER,
BEENLd DO TRV DT, Xb ERTOEDOHE
PHEXEL, BLARTWE DT, FRRERD
DBITHX TREE, ke bhh, FRHE -
T B LTELAER U TCT 574,
HLTHHETZEXE-> TV 5,

Actinotaenium (7 7Y %, FF5) : lADOH» 7 7)Y

(8BA) T3, ¥4 D Actinotaenium (%, F
) o 4 EED aktinos (EHRDOK) & taenium ()
»nb, ERBOBRMLMAT ORI LEBbhS, B
£ D cucurbita (X 2 » D X 57, obcuneatum (L7
F R B,

Closterium (3 #» V¥ %) : filRDOHEH=BA¥TH
5LIAML, L LEBLBTILTLI=AAW
OREIEH Y Tikig\, bR PEFETIHFAR
s 5, MBOMZRAN (1897) LlaTEV-5 (R
APAKERE, 1977), Closterium (X F Y ~ 4 5D
Kloster (#58) 75, acerosum (XL -7, #D X
575, angustatum (XHA\>, closterioides X I A V¥
EBIZfl7: (Ralfs, 1848 TiX Penium /&), cynthia
i3 Cynthus D%r, BEl% Hi# & FH DL Diana O
Z &, dianae (3% # Diana %> 5, ehrenbergii (%19
48 M1 v oY (FEF) %, Ehrenberg 225,
gracile (243 > % b Lz, B%E7, intermedium (15
B, leibleinii (19HATEN D DEWIHFFE Leiblein b
5, lineatum (X RDEHID DL Fz, lunula i3 A D,
moniliferum (X 1 7o —X, Fldxxy 7 VAD
o7, MEDIH»YFEIXLXHLHIDC.
moniliferum AHF Bt (BAF, 1897, 1904, A&
HATERE, 19771 L %), navicula (3D, par-
vulum (ZJEE /N &\, pritchardianum (38 (& )
O, ralfsii (219ABEE O FEHFHE Ralfs 1 b,
rostratum (L BIE LD H B, NiRE-ETE
WARBDE, striolaum T THACEODH B (C.
striolatum OFIKZIZ A $ A v+ ®, B (1897
1904), venus (X B — < DEDOLFIL,

Cosmarium (¥ ¥ i ®) : fiIlROEIAEHEZ LT\ 5,
ML (1897) % 7ok T h LIAT, Cosmarium (3
* Y v 4 ZED cosmina (FEff) 25, MREDORKE
i35 S D&EMiv L - TcFlA D B, decoratum (IR
G0 H B, obtusatum (XFL, LB\, punc-
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tulatum @ puncta (XX D H 5 KM,

Cosmocladium (£ F 7 7V &, FF) : 77V 2%
Rz ->TwbB & Z A Bbi$, Cosmocla-
dium @ Cosmo (1.5 7 VEETHE L\, cladium 138
(DHB), constrictum 117 7 VETHTL K %,
5

Cylindrocystis (7 2 & v %, H) : BBOERHH
2EH DD THB. ¥4D cylindrocystis 1%, ¥V ¥
+ SED kylindros (FIf) & kystis (KFQ, B &)
/5, brebissonii @ Brebisson (X HHKLT7 TV AD
BE¥EOLE], jenneri (X, Ralfs DEE FEEE
DV Y3 EHE, 184810 RE/K A i\ /- Jenner iIZ
Ais,

Debarya (R4 Y, FH) : e ¥+ VEHCEL,
BE4EENKY I FrE My LA UEERYES (U
B, 1977) ©T, ¥+ IV E FF L Licholen,
22 DERH H Mougeotiopsis IZ & ¥4 U £ FFH
Bbhic, BlELbE, RBEHI O THf,
Debarya (37 5 v A DEHE¥# deBary K @lis, &K
HEKRETHHH (LR, 1977), BFrITHEEBH»
L3 Ronsmd L bW iR b RDI,

Desmidium (# Y %) : %%, #AE, KWMOEK
e ER AR, 2 7 H 1 F Y EH1900FEDHEIDT,
FY) e FRUAEHES RS, LR (BE),
ABEHk (Z4%E) TRBRLL-TkYh, ByER
XBH, oA clanEEL TR Y, FEIC
GBI ARETHD, i, LVWOIBERYETL

DHb] hbTiEVAERY, LR (BB X
hE, ExIToR, ZHRBRTARSEVORTFOT
EDO[FYV 2y 2 BTV EVS, DE D,
vy Iy Vi st bhicn T, B0k
LODFY &, abLFY BEFHEINILEDZ L
TH %, Desmidium (L F Y > v ZED desmos (FEV
ffFsd o, k&) ChR, aptoldffiz 5,
gonum (3FHEDDH B, swartzii (X, A% (Swartz) D>
bo

Docidium (¥ &V =7 5, ¥ : BH o Rk,
INBEAT o 1ol A BULIED 7 $ 7 7 5 & LI (B
M, 1990), BEw#BE B D Elachista fucicola I 5
2 bR T IeDTEE, Docidium i3F Y & 4 FED
dokidion (/NE\EE) A B, undulatum (3T - 72,

5hBDEDF T Vi

Euastrum (1 K= %%, FH) : MROHE, £
LIFOBD X 5 THDH, ¥4L Euastrum, ¥ Y >
vyEDeu (FYD) & astron (B) DEW, BH

O ansatum (1.5 7 VEETH D H %5, oblongum (IX°
2E\, BAF D, verrucosum 1LFE (\iF) 0D,
ELEBTD,

Gonatozygon (¥ X % %) : #iff (1973) & Lhi¥, ME
DDV & H A5, Gonatozygon DT L% r AX €
LA, ERTRIeVS, BEBERIERRLTY
5LB5 | LHD, Gonatozygon i, ¥V ¥ +FED
goneia (AEEDHB) & zygo (DieAiot) hb,
MR D RN DTN - TV BREFAL LB
B, 14 D brebissonii (%Cylindrocystis DEH% &
&, monotaenium (¥ mono (1 *2?D) & taenium (#)
b,

Haplotaenium (b + YA €3 v HhA):: 2 v F(1FY
TB1LRNIHE (BE, 1988), ERELHL
C1ED D EZ A0 L%, Haplotaenium (% 1 &
DHDEWR, minutum (L7 7 VETKE /NI,
rectum (X E ~> B,

Hyalotheca (5 &% 3 Fwu, HH) : RRicH#lic-
BNV EFOL S RERATEENTVHDT
# %, hyalotheca (3% Y v 4 FED hyalos (&) &
theca (BB XUTEAR) M5, dissiliens 1ZRE S,
mucosa [T D,

Mesotaenium (¥ ¥ = 4 €, FH) : BrFETLIT
B DT, Mesotaenium L, FV < +5ED
mesos (FFR) & taenia (#f) » b,

Micrasterias (7 7 &4+ ¥, FHWH) : BicBEHRE
(1979 iz, 7 v~ 3 v F Y TDEHHB, Lo L,
MrEFi 2Babe@rsvk, s7vvave
FVERIMBELTCHECHD, TELHLLVLOT
7 V%t AF& LI, Micrasterias (XF YV ¥ + EED
micros (/N& W) & astron (B) 2B, BHD
apiculata {358 { K\~ b DH %, ceylanica iZ £ 1
2 v (H4) ©, decemdentata (110D DO H 5,
notata (X E1% {1372 (FEZED note), pinnatifida i
% (pinna) D X 5 I (fidus) 24172, thomasiana i1
A% (Thomas) 225, trunctata (ZHJHT X iz,

Mougeotia (k¥4 V) : BHEFH CEATRESE,
BERFT e dcllinis e sl s
5, M (1902) wixis<, MH (1916) iR L
%, Mougeotia (%, 19HFZDOEIEH¥E A. Mougeot
B ip, scalaris {15 7 VEB THF D, M. scalaris
i, #E (1910) KXY, ~vIEEHHRIAT
%, virescens 17 7 VEETHRZEED,

Mougeotiella (AT T4V, FHFR) : e ¥+ v ic
Tk h, LrbEEOE, MRO—TIIEBTF
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HY, MREERE (FAZV) & LTEBTFER
CRERTETORS (LK, 1977) OTHE,
Mougeotiella (% Mougeotia (& 4+ V), ella X/ &
WZ &R THEREE, sphaerocarpa @ sphaero {13k
D, carpa iZRE, BILEST.

Mougeotiopsis (k44 ) % N3, HFR) : Mougeotiop-
sis {X Mougeotia DA EF - LT 5FK, v ¥
AVERHCEL, BEAAB,A Y I Ve, T4 ¥
m LR UEBEERF> (LR, 1977) L2 A0 L&,

Neozygonema (A7 Tk~ 3 Feu, HH) : k> i ¥
T, LorLBERENS, AT eyt
ERU (LB, 1977) & Z AP BRES, Neold ¥
Y v 38D Neos (FH L) 75,

Netrium (% &%, ) : MEOHEHI B (~%)
BB EEOF (v) RUTWBDTHA Lich
PP & Netrium iZFV v+ BT, EEGoFLYE
Bk % Netron 125 TH - 1, digitus i35 7 VET
8, interruptum i, 57 VEBETEOIE -1, FiX
g,

Penium (27 7= %, &) : MBROHLFEH LT
WS H 4. Penium (X5 7 VEED penna (X
v, H) »bLBbh b, cylindrus (X,
margaritaceum (¥ E B {R ©, phymatosporum ©
phymato (X [EH % 72135 { B &, sporum ZMEF,
silvae-nigrae |3 2B\ R, spinospermum (3H D BH 5
%, spirostriolatum (IEIE THTHCHEOA 72,0

Pleurotaenium (2 ¥ #4 + Y %) : filAOEH, KE
i E DFHIROEALMLEM b i LT 5ER
DF (ZH20) Zfltwb Lz 505, AL, 1B
REBNT, [25230bbd] LbHs (KF,
1900), Pleurotaenium (¥ YV v + B CTHEOH, ZE
BENE<H Y, MRECABAMLTVHED
A M b, ehrenbergii (¥ Closterium D H%* & &,
nodosum (XD H 5, BECDOLr o1, HITP.
nodosum % 2 72 v 44 FV € (FK) &35,
trabecula (3.5 7 v T/ & ek,

Roya (F¥7 %%, FH) : MROWILET] (&
7o) T %, Roya iZEE¥ED J. Roy i b,
anglica (%1 ¥ Y A®D, cambrica {XV = — VXD,

Sirocladium (<% e ¥4V, FHF) : ¥4 Y EEhc
BT%, Siro 3% Y ¥ + ZBD seira (series, HHt)
cladium i35 7 VETE (DH5),

Sirogonium (A Y 3 Fe, FHK) : 74 § FeflT
VBN, EGEIREHOA - LEL,
Sirogonium (¥, F Y > 4 3ED seira & gon (EFEE

DEE) #Eb¥Ib D, sticticum (L, 77 V&
TARy bDBH 5B,

Sphaerozosma (H# ¥4 b=F 3 Ve, HHK) : 1 +=
* 3 Feiefii-dlan, SRR TERLOT
4o Sphaerozosma (¥, F Y < 4 FE®D sphaero (B
¥D) 2B, zosma (3B, aubertianum (¥, 191t
OB EBREED Aubert 225 & Bbh b,
granulata (XRCR D,

Spinoclosterium (b %" 3 7 V¥ E) : I AV F L
TWaH, fBROmERICRIA S5, Spinoclosterium
BROBHB I H Y FETOE, AEARKERE (1977)
H T\ %, cuspidatum (35 7 vEETERRAML /¢
%, < BV,

Spirogyra (74 3 Fwm) : HER{E (B, BF5RE).
PP RIMRESLZEDRLES, FIIBHFELICD
DELRBbhd, 74 I FrO0BZRXKFERK
(1899), AR (1897,1904) Rz % &5 (IHK
ZETIX, HEXHZEH), Spirogyraid, ¥V v+
FED speira (24 1, EAHIE Y, BEFD)
& gyros(hH A& 5%, Figclicn-TW5) ©
ERE T, T0EGGHOHE,LL, BEO
fluviatilis 12 7 7 YEETIR/MIKE L TV 5,
gracilis (XM, BFE7r, S. gracilis DFIKZiTe 2 7
4 3 Fr (M, 1910), micropunctata ® micro (¥
/N&7g, punctata (IREHHIXD X 57, yun-
nanensis ® Yunnan (37 7 VECHEDER, en-
sis (3 EED,

Spirotaenia (% %, ¥#H) : ERBEL XD IS5
EBNTWBDTHS, Spirotaenia (I F V) ¥ + FBD
speira (BBHER D) & taenia () 22 5,
erythrocephala @ erythro {377\ *, cephala {33H, con-
densata i}, 77 VET—HICAKRE » 7, oblonga
1157 VEBTRENIHL B D, obscura 1B\,
A e & N2 ]2 3

Spondylosium (4 b =F I Fr, FFF) : RRicdE iz
SN 1 ERASEZTLTVB L2 AL LRE,
Spondylosium (£ ¥ V ' + & spondylus (= H)
b, MEAHBLITV-%, moniliforme i,
—FloE—X, Fliiky 7 VRARKRD, leutke-
muelleri (31912 R~ 20 B D O BIFESE, J. Li-
tkemiiller 725,

Staurastrum (¥4 % €) : filRLENLER Y LT
Bo FHODE H Tt (FEH, 1990), B
OMEIXEE (1959) CR2 %, COBIIMLHK
gL, RARKHKEBOIOXNEETh T2,
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Staurastrum (3.5 Y < 4 E5D stauron (+FXiTXX)
L astron (B) D&M, aculeatum i35 7 V55 THI
+ X 57, armigerum (X RE L FF o fo, cerastes (X
Y 7 ~E, controversum {3\ D, furcigerum (&
T EhEF - DED ?japonicum (X H A D, or-
natum (X 8fib e, 3IJR7L, subsaltans (TIERMIE,

Temnogametum (=t b ¥4+ Y, FFR) : e ¥+ VEH
BBL, =+x74 % Fe t@AEORERXE> (L
K, 1977) O T#4%o, Temnogametum (1 ¥ Y & +
SED temno (YIWf, i) & gametum (HABT)
D&, boreale 1257 V3BT, LD,

Temnogyra (=t 7+ 3 Fer, FHH) : ILE (1977)
i, 743 rrBERICBL, =te¥FVE
B, TRMREEEGELYET 20 THE, Tem-
nogyra (3% Y ¥ » ED temno & gyros (A EHE
%) DEBK. punctata i3 Spirogyra £,

Tetmemorus (H A H 5%, HFHFR) : BERLTV3
DTHE, BEREEIFHRALAVILER (7))
Tetmemorus @ morus (33, laevis IX#F B 278,

Triploceras (A =/ 27+ +£v) : fifROHWENLLHE
Ihic, KF (1964) e Bx %, %4 D Triploceras
iXF U > £ 5ED triploos (3 f5D) & ceras (AE i
AROER) I H¥K, gracile 1% Closterium DI
¥R,

Xanthidium (N 7YY 1€, Hif) : rFObBY Y
$ RO HHB, Xanthidium (1F ) & » 58
O xanthi (&) 75, dium (322, apiculatum %
"L, KwW&Rbvops,

Zygnema (&> I Fe) : 1 AOMRK 2 EDH 5 ER
HOMRERZ LT\ 5%, &> 3 FeOZ3BECH
i (1902) T3, BEEEZE (FERTH) ©
X, wvrz s vemdh, IR (1918) T
fEbhicbvd (LR, #ME). Zygnema ¥ ) v
+BBD zygon (FH, < 'Z) & nema (k) L&
KT, TOEREDOHEM L, peliosporum D
pelios (XA DH B, porum 1XFL L MR,

Zygnemopsis (£ 3 FrE F&) kv FeHEf
CBL, BE4BRIey+ YV EFFLRLLDOTH
fFEhic (UK, 1967), i, KE (1964)i1% =+«
FY I FRrELTWAB, ¥4 D Zygnemopsis (L
Zygnema O L 5 7¢f4% L1z, quadrata (ZPHE D,

Zygogonium (XY &> I Ve, FHF) : A I Feric
UTw22, BEBEND LALDO THA,
Zygogonium {3 ¥ U & + FED zygo (Dighiot) &
goneia(AEDHB) D LB b, ericetorum
ZEAD 1 e — ADEZ TEF O,

feds, ARITEE (1990) & ITic Lic,

E | 33

AAKRTTEERFOTRIEHEEAE L AXRKEER
EMoIUEBELED BT, %< OB EZR
EVI, DHBREMOKELERLIC,

X [

Bl & - RHELE - \UERE - P B 1997. &
TR 275-759. IKMEALE - IURHRER BAR
ARERE. PHEEZWEFLE. 7.

RHAT 1988. Haplotaenium, a new  genus
separated from Pleurotaenium (Desmidiaceae,
Chlorophyta). Journ. Jap. Bot. 63: 169-178.

FHEEHE 1997. BEOLMHE. 701-728. BWR—£ -
TECHEAR BB, AT HR. BJ.

BEH  1990. BEAROEY¥. pp264 (HRHIK.

WNEE 1973. BAEEOERCHET AL h
(5). —3iInv*+E 0O 1—3RE 27(3): 64-68.

NEEK 1918, BFRBRKENF (B%). BER.
.

WRE= 1897. HEMEH. 3hR.

INES 1904, TEEDLE. .

KEFEE 1964 AABRKT 7 v 7 + vHE. REH.
KBR.

KEFER 1899. B A EAD—MRT 2EEDR
Bl. fH%E 13: 212-214.

REFER 1900. 2255050 b, MRHES, =iF¥
W, FEREAEDRE, TEBRIEET 19): 43.

FNGARE 1902. BAREAR. BEL. HF.

mF AR 1916. BABEAR. #2/R. pp362.
BEESEE. TR.

Ralfs, John 1848. The British Desmidieae. Reeve,
Benham and Reeve. London.

FHIIARER 1910. PSLEEIEMEE, THEME. K
AARE. Hi.

IWERE 1967. AREDT 4/ ¥5B, c¥ 3 Ve
EVFFBEIVFIT=v sBEO\T. BKE
BiE. #3%. i£F 2: 26-34.

WERFREE 1977, BOKBERE. AEEBESL. 5.

(930-01 EUHA2630 EILERIERASESLL)



Jpn. J. Phycol. (S6rui) 40: 61-81, March 10, 1992

Makoto M. Watanabe, Kiyoshi N. Satake, Tomiji Hagiwara, Sachiko
Ono and Kenichi Aizawa: NIES-Collection- The Microbial
Culture Collection at The National Institute

For Environmental Studies

Makoto M. Watanabe, Kiyoshi N. Satake, Tomiji Hagiwara®, Sachiko Ono* and Kenichi Aizawa*, The
National Institute for Environmental Studies, 16-2 Onogawa, Tsukuba, Ibaraki 305 Japan

The Microbial Culture Collection at the
National Institute for Environmental Studies
(NIES-Collection) was founded at 1983 as the
first collection center of environmental organ-
isms.

Although microalgae, bacteria and pro-
tozoa related to environmental problems will
be preserved in this collection in the future,
microalgae associated with water pollution
and cleaning have been collected and
preserved the most actively as the first step.
The specific name, source, conditions of culti-
vation and preservation, purity, morphologi-
cal and physiological characteristics, and en-
vironmental characteristics, of all the strains
collected have been reexamined, and the revis-
ed data processed using a personal computer.

The first list of microalgae maintained in
the NIES-Collection (Watanabe and Kasai
1985) offered 262 strains, together with the ex-
amples of NIES-Collection facilities, organiza-
tion and fundamental pattern of research.
Since then, as the result of our studies on
many strains isolated by us and given by col-
leagues, a considerable number of new algal
strains have been added and the supplemen-
tary lists (Watanabe and Kasai 1986, 1987),
the second list (Watanabe and Kasai 1988)
and the third list (Watanabe and Satake 1991)
published. The total numbers of strains of
algae in the NIES-Collection are now 510,
most of which were originally isolated by
phycologists in Japan during the list thirty
years.

* Present address: Environmental Research Center,
Co., Ltd., 3533-39 Kurihara, Tsukuba, Ibaraki 305

Japan.

We list all the strains of microalgae
preserved in the NIES-Collection together
with their data on source and culture state.

Ordering and Distribution of Strains

The distribution of the strains is made
through the Global Environmental Forum
(GEF). All the strains are available to any
academically and commercially interested in-
dividuals and organizations. Anyone who
uses a strain in a paper which is subsequently
published, is requested to give the full num-
ber of the strain, e.g. NIES-251, and send a
reprint to the GEF. In order to prevent trou-
ble, confusion, or difficulty in the collection,
accumulation and processing of strain infor-
mation and data, the distribution of any
strain to a third party is strictly prohibited.

All orders for strains must be requested by
letter. Orders should specify both the species
name and its strain number. The address
is:

Global Environmental Forum

c/o The National Institute for Environmen-
tal Studies, 16-2 Onogawa, Tsukuba,
Ibaraki 305 Japan

Deliveries usually can be made within 3-
4 weeks following receipt of the order, with an
invoice indicating the number of cultures and
the total charges (domestic individuals and
organizations, ¥6,000 each; foreign ones,
¥8,000 each) and a Strain Receipt Form.
The charge is made to cover the cost of
production, packing, postage, etc. Upon
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receipt of a strain, the Strain Receipt Form
should be completed and returned to the GEF
within the period designated by the GEF. If
any culture is received in a non-viable, im-
pure or atypical condition, the client is urged
to inform the GEF. The unsatisfactory cul-
tures are replaced with no fee if reported wi-
thin the period designated. The GEF does
not assume responsibility for loss or deteriora-
tion of cultures due to strikes or delay in customs
of the recipient country.

Deposition of Strains

Investigators using newly-isolated algal
strains in their researches are invited to send
their strains to the Collection at any time they
may have no objection to their distribution to
other workers according to the above rules.
The decision to accept the deposit of a strain
is made by Committee for Evaluating
Microbial Culture Strains composed of both
microbiologists from this institute and authori-
ties from other organizations. A strain for
deposit in the NIES-Collection should fit the
following criteria: 1) the source of the strain
and the specific name should be established,
though strains which have been used in a num-
ber of studies may be accepted
even if only the generic name is known, 2) it
should be a stable clonal strain in axenic or
unialgal state, and 3) as a rule, deposited
strains are available to the general public. At
the discretion of Commitee for Evaluating
Microbial Culture Strains, some microalgae
may be accepted for deposit, even if they did
not meet the above criteria.

Prospective depositors should not send live
material to the NIES-Collection in the first in-
stance. Deposits must be made by applying
first to the NIES-Collection which will furnish
the relevant form.

Explanatory Notes to the List of Strains

The strains are listed by genus and species
in alphabetical order. Strains under the
same species are given in the order of their
strain numbers. The number assigned to a

strain remains the same, regardless of any
change in nomenclature. The strain number
should be used with initials “NIES-". A
detailed example of a strain description is
presented below.

Achnanthes minutissima Kiitzing!; freshwater?

713 Kosaka River, Akita*, 1983%; axenic,
clonal®; isol. A. Yuri’

1) Scientific name with author (s)

2) Habitat

3) Strain number. The number should be
used with the collection initials “NIES-”,
e.g. NIES-71

4) Collection site

5) Collection date

6) State of the strain

7) Isolator

LIST OF STRAINS

Achnanthes lanceolata Brébisson; freshwater
406 Miyata River, Ibaraki, 1987;
unialgal; isol. F. Kasai

Achnanthes longipes Agardh; marine
330 Kawazu, Shizuoka, 1985; unialgal,
clonal; #sol. T. Sawaguchi

Achnanthes minutissima Kiitzing; freshwater
71 Kosaka River, Akita, 1983; axenic,
clonal; isol. A. Yuri
407 Miyata River, Ibaraki, 1987,
unialgal; isol. F. Kasai
408 Ashio, Gunma, 1987; clonal; isol. F.
Kasai
409 Ashio, Gunma, 1987; clonal; sol. F.
Kasai
410 Watarase River, Gunma, 1987;
unialgal; isol. F. Kasai
411 Miyata River, Ibaraki, 1987;
unialgal; isol. F. Kasai
412 Miyata River, Ibaraki, 1987;
unialgal; isol. F. Kasai
413 Miyata River, Ibaraki, 1987,
unialgal; isol. F. Kasai
414 Ooe River (Ozegahara), Fukushima,
1987; unialgal; isol. F. Kasai



NIES-Collection 63

Achnanthes minutissima Kobayashi et
Mayama var. saprophila; freshwater
372 Lake Kasumigaura, Ibaraki, 1985;
axenic, clonal; isol. T. Sawaguchi

Actinastrum hantzschii Lagerheim;
freshwater
415 Lake Kasumigaura, Ibaraki, 1983;
unialgal, clonal; isol. F. Kasai

Amphidinium britannicum (Herdman)
Lebour; marine
405 Hasaki, Ibaraki, 1987; unialgal,
clonal; isol. T. Sawaguchi

Amphidinium carterae Hulburt; marine
331 Iriomote Isl., Okinawa, 1986; axenic,
clonal; isol. T. Sawaguchi

Anabaena affinis Lemmermann; freshwater
40 Lake Kasumigaura, Ibaraki, 1974;
unialgal, clonal; isol. M. M. Watanabe

Anabaena circinalis Rabenhorst; freshwater
41 Lake Kasumigaura, Ibaraki, 1974;
unialgal, clonal; iso/. M. M. Watanabe

Anabaena cylindrica Lemmermann,;
freshwater
19 axenic

Anabaena flos-aquae Brébisson ex Bornet et

Flahault f. flos-aquae; freshwater

73 Lake Kasumigaura, Ibaraki, 1978;
unialgal, clonal; isol. M. Watanabe

74 Lake Kasumigaura, Ibaraki, 1978;
unialgal, clonal; isol. M. Watanabe

75 Lake Kasumigaura, Ibaraki, 1978;
unialgal, clonal; isol. M. Watanabe

Anabaena solitaria Klebahn f{. solitaria;
freshwater
80 Lake Kasumigaura, Ibaraki, 1978;
unialgal, clonal; isol. M. Watanabe

Anabaena spiroides Klebahn; freshwater
76 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; zsol. S. Suda

Anabaena spiroides f. crassa (Lemmermann)
Elenkin; freshwater
78 Lake Kasumigaura, Ibaraki, 1978;
unialgal, clonal; iso/. M. Watanabe

Anabaena spiroides Klebahn f. spiroides;

freshwater
77 Lake Kasumigaura, Ibaraki, 1978;
unialgal, clonal; iso/. M. Watanabe
79 Lake Kasumigaura, Ibaraki, 1978;
unialgal, clonal; isol. M. Watanabe

263 Lake Kasumigaura, Ibaraki, 1978;
unialgal, clonal; iso/. M. Watanabe

Anabaena variabilis Kiizing; freshwater
23 unialgal

Anabaenopsis circularis (G. S. West)
Woloszynska et Miller; freshwater
21 unialgal; isol. A. Watanabe

Aphanizomenon flos-aquae f. gracile
(Lemmermann) Elenkin; freshwater
81 Lake Kasumigaura, Ibaraki, 1978;
axenic, clonal; iso/. M. Watanabe

Aphanocapsa montana Cramer; freshwater
416 Nikko, Tochigi, 1987; unialgal; isol.
F. Kasai

Asterionella glacialis Castracane; marine
265 Matoya Bay, Mie, 1984; unialgal,
clonal; #s0l. T. Sawaguchi
417 Maizuru Bay, Kyoto, 1985; unialgal,
clonal; isol. C. E. Riquelme

Astrephomene gubernaculifera Pocock;
freshwater
418 Kaisei, Kanagawa, 1981; axenic,
clonal; isol. H. Nozaki
419 Kaisei, Kanagawa, 1981; axenic,
clonal; isol. H. Nozaki

Aulosira laxa Kirchner; freshwater
50 Pusa, India; unialgal; isol. G. S.
Venkataraman

Brachiomonas submarina Bohlin; marine,
brackish
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375 Hachinohe Harbor, Aomori, 1986;
axenic, clonal; isol. T. Sawaguchi

Cachonina niei Loeblich I1I; marine
420 Iriomote Isl., Okinawa, 1986; axenic,
clonal; isol. T. Sawaguchi

Calothrix brevissima G. S. West; freshwater
22 Parao Isl., 1941; unialgal; is0l. A.
Watanabe

Calothrix crustacea Thuret; marine
266 Oshoro Bay, Hokkaido, 1972;
unialgal, clonal; isol. M. M. Watanabe

Calothrix parasitica (Chauvin) Thuret;
marine
267 Oshoro Bay, Hokkaido, 1972;
unialgal, clonal; isol. M. M. Watanabe
334 Oshoro Bay, Hokkaido, 1973;
unialgal, clonal; isol. M. M. Watanabe

Calothrix scopulorum (Weber et Mohr)
Agardh; marine
268 Oshoro Bay, Hokkaido, 1972;
unialgal, clonal; isol. M. M. Watanabe

Carteria crucifera Korschikov in Pascher;
freshwater
421 Tsuchiura, Ibaraki, 1986; axenic,
clonal; zs0l. S. Suda

Carteria inversa (Korschikov) Bourrelly;
freshwater

422 Tsukuba, Ibaraki, 1982; axenic,
clonal; zsol. F. Kasai

423 Higashihiroshima, Hiroshima, 1983;
unialgal, clonal; isol. M. Erata

424 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; isol. S. Suda

Carteria klebsii (Dangeard) France;
freshwater

426 Tsuchiura, Ibaraki, 1986; unialgal,
clonal; isol. S. Suda

Carteria multifilis (Fresenius) Dill; freshwater
427 Kashiwa, Chiba, 1986; unialgal,
clonal; is0/. M. M. Watanabe

Carteria obtusa Dill; freshwater

428 Kashiwa, Chiba, 1986; unialgal,
clonal; isol. M. M. Watanabe

429 Tsuchiura, Ibaraki, 1986; axenic,
clonal; isol. S. Suda

430 Kashiwa, Chiba, 1986; unialgal,
clonal; isol. M. M. Watanabe

431 Tsuchiura, Ibaraki, 1986; axenic,
clonal; isol. S. Suda

Carteria radiosa Korschikov; freshwater
432 Tsukuba, Ibaraki, 1985; axenic,
clonal; isol. S. Suda

Ceratium hirundinella (O. F. Miiller)
Schrank; brackish, freshwater

376 Lake Hinuma, Ibaraki, 1986;
unialgal, clonal; isol. M. M. Watanabe

Chaetoceros debile Cleve; marine
270 Hachinohe Harbor, Aomori, 1985;
unialgal, clonal; isol. T. Sawaguchi

Chaetoceros sociale Lauder; marine
377 Shitaru Harbor, Shizuoka, 1985;
unialgal, clonal; isol. T. Sawaguchi

Chamaesiphon polymorphus Geitler;
freshwater

433 Lake Mashu, Hokkaido, 1987;
unialgal; isol. F. Kasai

Chamaesiphon subglobosus Lemmermann;
freshwater

434 Miyata River, Ibaraki, 1987,
unialgal; isol. F. Kasai

Charactum maxtmum S. Watanabe; soil
154 Sasebo, Nagasaki, 1975; unialgal; sol.
S. Watanabe

Characium polymorphum Printz; freshwater
436 between Ghorepani and Billethadi,
Nepal, 1965; unialgal, clonal; isol. T.

Ichimura

Chattonella antiqua (Hada) Ono; marine
1 Harima-Nada, Seto Inland Sea, 1978;
axenic, clonal; isol. M. M. Watanabe
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2 Osaka Bay, Osaka, 1982; axenic,
clonal; zsol. S. Yamochi
83 Off Hiketa, Seto Inland Sea, 1977;
axenic, clonal; is0/. C. Ono
84 Off Hiketa, Seto Inland Sea, 1972;
axenic, clonal; isol. T. Okaichi
85 Shodo Isl., Kagawa, 1978; axenic,
clonal; isol. S. Yoshimatsu
86 Uranouchi Bay, Kochi, 1980; axenic,
clonal; isol. S. Yoshimatsu
113 Naoshima Isl., Kagawa, 1982; axenic,
clonal; isol. S. Yoshimatsu
114 Harima-Nada, Seto Inland Sea, 1983;
axenic, clonal; is0l. S. Yoshimatsu
161 axenic, clonal

Chattonella marina (Subrahmanyan) Hara et

Chihara; marine
3 Osaka Bay, Osaka, 1982; axenic,
clonal; isol. S. Yamochi

14 Harima-Nada, Seto Inland Sea, 1983;
axenic, clonal; zsol. M. M. Watanabe

115 Kinko Bay, Kagoshima, 1978; axenic,
clonal; is0/. Aramaki & Yoshimatsu

116 Harima-Nada, Seto Inland Sea, 1981;
axenic, clonal; isol. S. Yoshimatsu

117 Naoshima Isl., Kagawa, 1983; axenic,
clonal; is0l. S. Yoshimatsu

118 Harima-Nada, Seto Inland Sea, 1983;
axenic, clonal; zsol. S. Yoshimatsu

121 Kagoshima Bay, Kagoshima, 1982;
axenic, clonal; isol. T. Aramaki

Chlamydomonas augustae S.Watanabe
var. ellipsoidea; soil
158 Sumatra, Indonesia, 1979; axenic,
clonal; isol. S. Watanabe

Chlamydomonas fasciata Ettl; freshwater
437 Tsukuba, Ibaraki, 1984; unialgal,
clonal; isol. S. Suda

Chlamydomonas monadina Stein
var. monadina; freshwater
438 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; isol. S. Suda

Chlamydomonas monticola S.Watanabe; soil
157 Mt. Shiroumadake, Nagano, 1980; .

axenic, clonal; isol. S. Watanabe

Chlamydomonas neglecta Korschikov in
Pascher; freshwater
439 Tsukuba, Ibaraki, 1984; axenic,
clonal; isol. S. Suda

Chlamydomonas parkeae Ettl; marine

440 Izumi Bay, Nagasaki, 1986; unialgal,
clonal; isol. S. Suda

441 Hachinohe Habor, Aomori, 1985;
unialgal, clonal; isol. S. Suda

Chlamydomonas pulsatilla Wollenweber;
freshwater
122 Muroran, Hokkaido, 1966; axenic,
clonal; zsol. T. Ichimura

Chlorella pyrenoidosa Chick; freshwater
226 axenic, clonal

Chlorella vulgaris Beijerinck; freshwater
227 axenic; isol. A. Watanabe

Chlorogonium metamorphum Skuja;
freshwater

123 Niseko, Hokkaido, 1964; axenic,
clonal; isol. T. Ichimura

446 Tsuchiura, Ibaraki, 1985; axenic,
clonal; isol. S. Suda

Chloromonas insignis (Anachin) Gerloff et
Ettl; freshwater
447 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; zsol. S. Suda

Chlorosarcinopsis caeca S.Watanabe; soil
160 Tottori, 1972; unialgal; isol. S.
Watanabe

Chlorosarcinopsis delicata S. Watanabe; soil
153 Kyoto, Kyoto, 1975; axenic, clonal;
isol. S. Watanabe

Closterium acerosum (Schrank) Ehrenberg ex
Ralfs; freshwater
124 Daramshara, Nepal, 1965; axenic,
clonal; isol. T. Ichimura
125 Rukumkot, Nepal, 1965; axenic,
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clonal; isol. T. Ichimura

126 Muna, Nepal, 1965; unialgal, clonal;
zsol. T. Ichimura

127 Sapporo, Hokkaido, axenic, clonal;
tsol. Y. Nishihama

448 axenic, clonal

Closterium aciculare W. et G. S. West
var. subpronum; freshwater

258 Lake Biwa, Shiga, 1983; axenic,
clonal; isol. M. M. Watanabe

259 Lake Biwa, Shiga, 1983; axenic,
clonal; isol. M. M. Watanabe

260 Lake Kasumigaura, Ibaraki, 1983;
unialgal, clonal; isol. F. Kasai

Clostertum calosporum Wittrock
var. calosporum; freshwater
271 Vermont, U.S.A.; unialgal, clonal;
isol. P. W. Cook

Closterium calosporum var. galiciense
Gutwinski; freshwater
128 Ibaraki, axenic, clonal; isol. M. M.
Watanabe
162 Ibaraki, unialgal, clonal; isol. M. M.
Watanabe
163 Ginama, Okinawa, 1973; axenic,
clonal; #sol. T. Ichimura
164 Ginama, Okinawa, 1973; unialgal,
clonal; isol. T. Ichimura
165 Iriomote Isl., Okinawa, 1973; axenic,
clonal; isol. T. Ichimura
166 Kagawacho, Kagawa, 1974; unialgal,
clonal; zs0l. T. Ichimura
167 Kagawacho, Kagawa, 1974; unialgal,
clonal; isol. T. Ichimura
168 Iriomote Isl., Okinawa, 1973;
unialgal, clonal; #sol. T. Ichimura

Closterium calosporum var. himalayense M.
Watanabe; freshwater
169 Shewaden, Nepal, 1972; unialgal,
clonal; isol. M. M. Watanabe
170 Suke, Nepal, 1972; unialgal, clonal;
isol. M. M. Watanabe
171 Suke, Nepal, 1972; unialgal, clonal;
isol. M. M. Watanabe
336 Suke, Nepal, 1972; axenic, clonal;

isol. M. M. Watanabe

Closterium ehrenbergii Meneghini ex Ralfs;
freshwater
228 Ebina, Kanagawa, 1975; axenic, clonal;
sol. T. Ichimura
229 Ebina, Kanagawa, 1975; axenic; esol. T.
Ichimura

Closterium gracile Brébisson ex Ralfs;
freshwater
179 Kathmandu, Nepal, 1968; unialgal,
clonal; isol. T. Ichimura
180 Kathmandu, Nepal, 1968; unialgal,
clonal; isol. T. Ichimura

Closterium incurvum Brébisson; freshwater
181 Dhorpatan, Nepal, 1965; unialgal,
clonal; isol. T. Ichimura
337 Nawakot, Nepal, 1965; unialgal; isol.
T. Ichimura

Closterium moniliferum (Bory) Ehrenberg ex
Ralfs var. moniliferum; freshwater
172 unialgal
173 Kitaadachigun, Saitama, 1969;
axenic, clonal; #sol. T. Ichimura
174 Ghorepani, Nepal, 1965; unialgal,
clonal; zsol. T. Ichimura

Closterium moniliferum var. submoniliferum
(Woronichin) Krieger; freshwater
182 Kitaadachigun, Saitama, 1969;
axenic, clonal; isol. T. Ichimura
183 Kitaadachigun, Saitama, 1969;
unialgal, clonal; isol. T. Ichimura

Closterium navicula (Brébisson) Liitkemiiller;
freshwater
175 Chingkhola, Nepal, 1965; unialgal,
clonal; #sol. T. Ichimura
176 Ghorepani, Nepal, 1965; unialgal,
clonal; isol. T. Ichimura
177 Billethadi, Nepal, 1965; unialgal,
clonal; isol. T. Ichimura
178 Shewaden, Nepal, 1972; unialgal,
clonal; isol. M. M. Watanabe

Closterium peracerosum-strigosum-littorale
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complex; freshwater

51 Katsuta, Ibaraki, 1974; unialgal,
clonal; isol. M. M. Watanabe, 1974

52 Katsuta, Ibaraki, 1974; axenic,
clonal; isol. M. M. Watanabe

53 Katsuta, Ibaraki, 1974; axenic,
clonal; isol. M. M. Watanabe

54 XKatsuta, Ibaraki, 1974; axenic,
clonal; isol. M. M. Watanabe

55 Katsuta, Ibaraki, 1975; axenic,
clonal; isol. M. M. Watanabe

56 Katsuta, Ibaraki, 1975; axenic,
clonal; zs0l. M. M. Watanabe

57 Katsuta, Ibaraki, 1975; axenic,
clonal; isol. M. M. Watanabe, 1975

58 Mito, Ibaraki, 1975; unialgal, clonal;
isol. M. M. Watanabe

59 Mito, Ibaraki, 1975; axenic, clonal;
isol. M. M. Watanabe

60 Mito, Ibaraki, 1975; axenic, clonal;
1sol. M. M. Watanabe

61 Mito, Ibaraki, 1975; axenic, clonal;
isol. M. M. Watanabe

62 Katsuta, Ibaraki, 1975; axenic,
clonal; zsol. M. M. Watanabe

63 Katsuta, Ibaraki, 1975; unialgal,
clonal; iso/. M. M. Watanabe

64 Lake Kasumigaura, Ibaraki, 1974;
axenic, clonal; iso/. M. M. Watanabe
65 Lake Kasumigaura, Ibaraki, 1974;
axenic, clonal; isol. M. M. Watanabe
66 Piuthan, Nepal, 1965; unialgal, clonal;
tsol. T. Ichimura

67 Damchan, Nepal, 1965; unialgal,
clonal; #sol. T. Ichimura

68 Damchan, Nepal, 1965; axenic,
clonal; isol. T. Ichimura

69 Lake Teganuma, Chiba, 1974;
unialgal, clonal; iso/. M. M. Watanabe
70 Lake Teganuma, Chiba, 1974;
axenic, clonal; isol. M. M. Watanabe

261 Katsuta, Ibaraki, 1974; unialgal,
clonal; isol. M. M. Watanabe

262 Piuthan, Nepal, 1965; unialgal,
clonal; isol. T. Ichimura

Closterium pleurodermatum West et West;

freshwater
449 Iriomote Isl., Okinawa, 1973;

unialgal; isol. T. Ichimura

Closterium praelongum var. brevius
Nordstedt; freshwater

450 Nawakot, Nepal, 1965; axenic; isol.
T. Ichimura

451 Billethadi, Nepal, 1965; mixed; isol.
T. Ichimura

Closterium pusillum var. maius Raciborski;
freshwater
185 Billethadi, Nepal, 1965; unialgal,
clonal; isol. T. Ichimura

Clostertum rostratum var. subrostratum
Krieger; freshwater
338 Kathmandu, Nepal, 1968; axenic,
clonal; isol. T. Ichimura

Closterium selenastrum M. Watanabe;
freshwater
339 Mt. Yonaha, Okinawa, 1972;
unialgal, clonal; iso/. T. Ichimura
340 Mzt. Yonaha, Okinawa, 1972;
unialgal, clonal; isol. T. Ichimura

Closterium spinosporum var. crassum M.

Watanabe; freshwater

186 Lake Akan, Hokkaido, 1973; axenic,
clonal; isol. M. Watanabe

187 Mt. Yonaha, Okinawa, 1973;
unialgal, clonal; isol. T. Ichimura

341 Mt. Yonaha, Okinawa, 1972; axenic,
clonal; isol. T. Ichimura

Closterium spinosporum var. malaysiense M.
Watanabe; freshwater
188 Penang, Malaysia, 1974; unialgal,
clonal; isol. M. Watanabe
189 Penang, Malaysia, 1974; unialgal,
clonal; isol. M. Watanabe

Closterium spinosporum var. ryukyuense M.
Watanabe; freshwater
191 Iriomote Isl., Okinawa, 1973;
unialgal, clonal; isol. T. Ichimura
192 Iriomote Isl., Okinawa, 1973;
unialgal, clonal; isol. T. Ichimura
193 Iriomote Isl., Okinawa, 1973;
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unialgal, clonal; #sol. T. Ichimura

Closterium spinosporum Hodgetts

var. spinosporum; freshwater

194 Tsukudemura, Aichi, 1972; axenic,
clonal; isol. T. Ichimura

195 Tsukudemura, Aichi, 1972; unialgal,
clonal; isol. M. M. Watanabe

196 Tsukudemura, Aichi, 1972; unialgal,
clonal; isol. M. M. Watanabe

197 Tsukudemura, Aichi, 1972; unialgal,
clonal; isol. M. M. Watanabe

Closterium tumidum Johnson
198 Billethadi, Nepal, 1965; unialgal,
clonal; zsol. T. Ichimura

Closterium venus Kiitzing ex Ralfs;
freshwater
199 XKathmandu, Nepal, 1968; unialgal,
clonal; isol. T. Ichimura

Clostertum wallichii Turner; freshwater

200 Kitaadachigun, Saitama, 1969;
unialgal, clonal; isol. T. Ichimura

201 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; zsol. F. Kasai

202 Ghasa, Nepal, 1965; axenic, clonal;
tsol. T. Ichimura

Coelastrum astroideum De Notaris;
freshwater
129 Lake Shoji, Yamanashi, 1981; axenic,
clonal; zs0l. M. Watanabe
130 Lake Shoji, Yamanashi, 1981; axenic,
clonal; isol. M. Watanabe
244 Lake Kasumigaura, Ibaraki, 1983;
unialgal, clonal; isol. F. Kasai
342 Lake Kawaguchi, Yamanashi, 1981;
unialgal, clonal; isol. M. Watanabe

Coelastrum morus W. et G. S. West;
freshwater
231 Hachijo Isl., Tokyo, 1984; axenic,
clonal; isol. F. Kasai

Coelastrum proboscideum Bohlin; freshwater
131 Near Tukcha, Nepal, 1965; unialgal,
clonal; #sol. T. Ichimura

Coelastrum reticulatum (Dangeard) Senn;
freshwater
132 Lake Yamanaka, Yamanashi, 1981;
unialgal, clonal; isol. M. Watanabe

Coelastrum reticulatum (Dangeard) Senn var.
reticulatum; freshwater
245 Lake Kasumigaura, Ibaraki, 1983;
unialgal, clonal; isol. F. Kasai

Coolia monotis Meunier; marine
343 Hachijo Isl., Tokyo, 1984; axenic,
clonal; #sol. S. Suda

Coscinodiscus granii Gough; marine
273 Hachinohe Harbor, Aomori, 1985;
unialgal, clonal; isol. T. Sawaguchi

Cosmarium contractum Kirchner; freshwater
133 Lake Yamanaka, Yamanashi, 1981;
unialgal, clonal; iso/. M. Watanabe

Cosmarium hians Borge; freshwater
452 Lake Yamanaka, Yamanashi, 1981;
unialgal, clonal; iso/. M. H. Watanabe

Cosmocladium constrictum (Archer) Archer;
freshwater
248 Lake Biwa, Shiga, 1983; unialgal,
clonal; isol. F. Kasai

Cricosphaera roscoffensis (Dangeard) Gayral
et Fresnel; marine
8 Osaka Bay, Osaka, 1978; axenic,
clonal; isol. S. Yamochi

Cryptomonas ovata Ehrenberg; freshwater

274 Tsuchiura, Ibaraki, 1982; axenic,
clonal; isol. M. Ishimitsu

275 Tsuchiura, Ibaraki, 1982; axenic,
clonal; zs0l. M. Ishimitsu

Cryptomonas platyuris Skuja; freshwater

276 Higashihiroshima, Hiroshima, 1983;
axenic, clonal; isol. M. Ishimitsu

344 Higashihiroshima, Hiroshima, 1983;
axenic, clonal; iso/. M. Ishimitsu

Cryptomonas rostratiformis Skuja; freshwater
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277 Hongo, Hiroshima, 1983; unialgal,
clonal; isol. M. Ishimitsu

278 Hongo, Hiroshima, 1983; unialgal,
clonal; is0l. M. Ishimitsu

345 Sugadaira, Nagano, 1982; axenic,
clonal; isol. M. Ishimitsu

Cryptomonas tetrapyrenoidosa Skuja;
freshwater
279 Higashihiroshima, Hiroshima, 1983;
axenic, clonal; isol. M. Ishimitsu
280 Sugadaira, Nagano, 1982; axenic,
clonal; isol. M. Ishimitsu
281 Minamiizu, Shizuoka, 1983; axenic,
clonal; is0l. M. Ishimitsu
282 Tsuchiura, Ibaraki, 1982; axenic,
clonal; iso/. M. Ishimitsu
346 Sugadaira, Nagano, 1982; axenic,
clonal; isol. M. Ishimitsu
347 Minamiizu, Shizuoka, 1983; axenic,
clonal; zs0/. M. Ishimitsu
348 Higashihiroshima, Hiroshima, 1983;
axenic, clonal; iso/. M. Ishimitsu

Cyanidium caldarium (Tilden) Geitler; hot
spring
250 unialgal

Cyanophora paradoxa Korschikoff
547 axenic; isol. E. Pringsheim

Cylindrocystis brebissonii Meneghini
var. brebissonit; freshwater
349 Lake Onuma, Hokkaido, 1967,

axenic, clonal; isol. M. Haga

Dictyochloropsis irregularis Nakano et Isagi;
aerial

378 Akkeshi, Hokkaido, 1982; unialgal; zsol.

Y. Isagi

Dictyosphaerium pulchellum Wood;
freshwater
453 Lake Kasumigaura, Ibaraki, 1988;
unialgal, clonal; isol. T. Yanai

Dimorphococcus lunatus A. Brown;
freshwater
134 Ozegahara, Gunma, 1983; unialgal,
clonal; isol. F. Kasai

135 Tsuchiura, Ibaraki, 1983; axenic,
clonal; isol. F. Kasai

Dinobryon divergens Imhof; freshwater
284 Lake Biwa, Shiga, 1983; unialgal; isol.
F. Kasai

Ditylum brightwellii (T. West) Grunow et
Heurck; marine
350 Shimoda, Shizuoka, 1985; unialgal,
clonal; isol. T. Sawaguchi

Docidium undulatum Bailey var. undulatum;
freshwater
285 Ogze, Fukushima, 1983; unialgal,
clonal; isol. F. Kasai

Draparnaldia plumosa (Vaucher) Agardh;
freshwater
454 Shirai River, Sapporo, 1987;
unialgal; isol. F. Kasai

Echinosphaeridium nordstedtii
Lemmermann; freshwater
137 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; isol. F. Kasai

Eremosphaera gigas (Archer) Fott et Kalina;
freshwater
379 Shinobugaoka, Osaka, 1968;
unialgal, clonal; isol. T. Ichimura

Eremosphaera viridis De Bary; freshwater
380 Ogze, Fukushima, 1983; unialgal,
clonal; isol. F. Kasai

Errerella bornhemiensis Conrad; freshwater
455 Between Ghorepani and Billethadi,
Nepal, 1965; unialgal, clonal; #sol. T.

Ichimura

Eudorina elegans Ehrenberg; freshwater
351 Lake Biwa, Shiga, 1983; unialgal,
clonal; isol. S. Suda

Eudorina elegans Ehrenberg var. elegans;
freshwater
456 Chiyodaku, Tokyo, 1977; axenic,
clonal; 7sol. H. Nozaki
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457 Chiyodaku, Tokyo, 1977; axenic,
clonal; zs0ol. H. Nozaki

Eudorina elegans var. synoica (Ehrenberg)
Goldstein; freshwater
458 Midoriku, Yokohama, Kanagawa,
1980; axenic, clonal; isol. H. Nozaki

Eudorina illinoisensis (Kofoid) Pascher;
freshwater
459 Nakaharaku, Kawasaki, Kanagawa,
1984; axenic, clonal; isol. H. Nozaki
460 Nakaharaku, Kawasaki, Kanagawa,
1984; axenic, clonal; iso/. H. Nozaki

Euglena clara Skuja; freshwater
253 Higashiyata River, Ibaraki, 1983;
axenic, clonal; isol. S. Suda

Euglena gracilis Klebs; freshwater
47 axenic, clonal
48 axenic, clonal

Euglena gracilis var. bacillaris Pringsheim;
freshwater
49 axenic, clonal

Euglena mutabilis Schmitz; freshwater
286 Takatori River, Ibaraki, 1984;
axenic, clonal; isol. S. Suda

Eunotia pectinalis var. minor (Kiitzing)
Rabenhorst; freshwater
461 Mt.Tsukuba, Ibaraki, 1987; unialgal;
isol. F. Kasai

Eunotia serra Ehrenberg var. serra;
freshwater
352 Tsukiyono, Gunma, 1985; unialgal,
clonal; #sol. T. Sawaguchi

Eutreptiella gymnastica Throndsen; marine
381 Yashima Bay, Kagawa, 1982; axenic,
clonal; isol. S. Yoshimatsu

Fibrocapsa japonica Toriumi et Takano;
marine
136 Tsuda Bay, Kagawa, 1978; axenic,
clonal; isol. K. Yuki

462 Hasaki, Ibaraki, 1987; axenic, clonal;
isol. T. Sawaguchi

Fragilaria capucina Desmaziéres; freshwater
391 Lake Kasumigaura, Ibaraki, 1985;
unialgal, clonal; isel. T. Sawaguchi

Gephyrocapsa oceanica Kamptner; marine
353 Tsushima, Nagasaki, 1986; axenic,
clonal; isol. T. Sawaguchi

Glenodiniopsis uliginosa (Schilling)
Woloszynska; freshwater
463 Shizukuishi, Iwate, 1984; unialgal,
clonal; isol. T. Sawaguchi

Gloeomonas lateperforata (Skuja) Ettl;
freshwater
464 Tsukuba, Ibaraki, 1982; axenic,
clonal; zs0l. F. Kasai

Gomphonema gracile Ehrenberg var. gracile;
freshwater ‘
465 Ashio, Gunma, 1987; clonal; isol.
F.Kasai

Gomphonema parvulum Kitzing
var. parvulum; freshwater
466 Shirai River, Sapporo, 1987;
unialgal; isol. F. Kasai
467 Shirai River, Sapporo, 1987; isol. F.
Kasai

Gonatozygon brebissonii De Bary; freshwater
138 Lake Kasumigaura, Ibaraki, 1974;
axenic, clonal
139 Lake Shoji, Yamanashi, 1981; axenic,
clonal; isol. M. Watanabe

Gonatozygon monotaenium De Bary;
freshwater
247 Tsukiyono, Gunma, 1984; axenic,
clonal; isol. F. Kasai
287 Lake Yamanaka, Yamanashi, 1981;
unialgal, clonal; is0/. M. Watanabe

Gonium pectorale Miiller var. pectorale;
freshwater
468 Kohokuku, Yokohama, Kanagawa,



NIES-Collection 71

1979; axenic, clonal; isol. H. Nozaki
469 Kohokuku, Yokohama, Kanagawa,
1979; axenic, clonal; isol. H. Nozaki

Gonium viridistellatum M. Watanabe;
freshwater

288 Okinawa, Okinawa, 1973; axenic,
clonal; isol. M. Watanabe

289 Okinawa, Okinawa, 1973; axenic,
clonal; isol. M. Watanabe

290 Okinawa, Okinawa, 1973; axenic,
clonal; isol. M. Watanabe

Gymnodinium breve Davis; marine
140 Harima-Nada, Seto Inland Sea, 1979;
axenic, clonal; isol. S. Yoshimatsu

Gymnodinium fuscum Stein; freshwater
470 Tsuchiura, Ibaraki, 1986; unialgal,
clonal; isol. T. Sawaguchi

Gymnodinium nagasakiense Takayama et
Adachi; marine
249 Harima-Nada, Seto Inland Sea, 1980;
axenic, clonal; zsol. K. Yuki

Gymnodinium sanguineum Hirasaka; marine
11 Harima-Nada, Seto Inland Sea, 1979;
axenic, clonal; isol. M. M. Watanabe
141 Uchinomi Bay, Kagawa, 1979;
axenic, clonal; isol. S. Yoshimatsu

Gyrodinium falcatum Kofoid et Swezy;
marine
142 Harima-Nada, Seto Inland Sea, 1981;
axenic, clonal; #s0l. S. Yoshimatsu

Gyrodinium instriatum Freudenthal et Lee;
marine
143 Shodo Isl., Kagawa, 1978; axenic,
clonal; zs0l. K. Yuki
354 Shimoda Harbor, Shizuoka, 1985;
axenic, clonal; isol. T. Sawaguchi

Haematococcus pluvialis Flotow; freshwater
144 Sapporo, Hokkaido, 1964; unialgal,

clonal; zsol. T. Ichimura

Hafniomonas montana (Geitler) Ettl et

Moestrup; freshwater
257 Tsukuba, Ibaraki, 1983; axenic,
clonal; #s0l. S. Suda

Hemidinium nasutum Stein; freshwater
471 Tsuchiura, Ibaraki, 1987; unialgal,
clonal; isol. T. Sawaguchi

Heterocapsa pygmaea Loeblich, Schmidt et
Sherley; marine
472 Kashiwazaki, Niigata, 1986; unialgal,
clonal; isol. T. Sawaguchi
473 Izuhara, Nagasaki, 1986; unialgal,
clonal; isol. T. Sawaguchi

Heterocapsa triguetra Stein; marine
7 Osaka Bay, Osaka, 1981; axenic,
clonal; is0l. S. Yamochi
235 Harima-Nada, Seto Inland Sea, 1982;
axenic, clonal; isol. S. Yoshimatsu

Heterosigma akashiwo (Hada) Hada; marine
4 Fukuyama Bay, Hiroshima, 1966;
axenic, clonal; isol. H. Iwasaki ef al.

5 Gokasho Bay, Mie, 1966; axenic,
clonal; isol. H. Iwasaki et al.
6 Osaka Bay, Osaka, 1979; axenic,
clonal; isol. M. M. Watanabe
9 Harima-Nada, Seto Inland Sea, 1983;
axenic, clonal; isol. M. M. Watanabe
10 Harima-Nada, Seto Inland Sea, 1983;
axenic, clonal; zsol. M. M. Watanabe
145 Nomaike, Kagoshima, 1978; axenic,
clonal; isol. S. Yoshimatsu
146 Shido Bay, Kagawa, 1978; axenic,
clonal; isol. K. Yuki
293 Onagawa Bay, Miyagi, 1984; axenic,
clonal; isol. S. Suda

Hyalotheca dissiliens (Smith) Brébisson ex

Ralfs; freshwater

147 Nagatoro, Saitama, 1969; unialgal,
clonal; isol. T. Ichimura

148 Nagatoro, Saitama, 1969; axenic,
clonal; isol. T. Ichimura

149 Lake Kasumigaura, Ibaraki, 1975;
axenic, clonal; isol. T. Ichimura

150 Lake Kasumigaura, Ibaraki, 1975;
axenic, clonal; isol. T. Ichimura
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Hyalotheca dissiliens var. dissiliens f.
tridentula (Nordstedt) Boldt; freshwater
294 Tsukuba, Ibaraki, 1982; unialgal,
clonal; zsol. F. Kasai

Hydrodictyon reticulatum (Lagerheim)
Lagerheim; freshwater

295 Kitakawachigun, Osaka, 1968;

unialgal, clonal; isol. T. Ichimura

Katodinium rotundatum (Lohmann)
Loeblich; marine
356 Hachinohe Harbor, Aomori, 1985;
axenic, clonal; isol. T. Sawaguchi

Lagerheimia ciliata (Lagerheim) Chodat;
freshwater
382 Lake Kasumigaura, Ibaraki, 1983;
unialgal, clonal; isol. F. Kasai

Leptocylindrus danicus Cleve; marine
383 Mera Harbor, Shizuoka, 1985;
unialgal, clonal; isol. T. Sawaguchi

Lobomonas monstruosa Korschikov;
freshwater
474 Iwaki, Fukushima, 1984; unialgal,
clonal; isol. S. Suda

Melosira ambigua (Grunow) O. Miiller;
freshwater
20 Tsuchiura, Ibaraki, 1983; axenic,
clonal; isol. F. Kasai

Melosira granulata var. angustissima O.
Miiller; freshwater
332 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; isol. F. Kasai

Melosira granulata var. angustissima f.
spiralis Hustedt; freshwater
333 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; is0l. T. Hiwatari

Merismopedia tenuissima Lemmermann;
freshwater
230 Tsukuba, Ibaraki, 1984; unialgal,
clonal; zs0l. F. Kasai

Mesostigma viride Lauterborn; freshwater

296 Mitsukaido, Ibaraki, 1985; unialgal,
clonal; isol. S. Suda

475 Mitsukaido, Ibaraki, 1986; unialgal,
clonal; #sol. S. Suda

476 Mitsukaido, Ibaraki, 1986; unialgal,
clonal; isol. S. Suda

477 Mitsukaido, Ibaraki, 1986; unialgal,
clonal; #sol. S. Suda

Micractinium pusillum Fresenius; freshwater

151 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; isol. F. Kasai

Micrasterias crux-melitensis (Ehrenberg)

Hassall ex Ralfs; freshwater
152 Kathmandu, Nepal, 1968; unialgal,
clonal; #sol. T. Ichimura

Micrasterias foliacea Bailey ex Ralfs var.

Joliacea; freshwater
297 Higashihiroshima, Hiroshima, 1983;
unialgal, clonal; isol. F. Kasai

Microcystis aeruginosa Kitzing f. aeruginosa;

freshwater

44 Lake Kasumigaura, Ibaraki, 1974;
axenic, clonal; isol. M. M. Watanabe

87 Lake Kasumigaura, Ibaraki, 1982;
axenic, clonal; isol. M. H. Watanabe
88 Lake Kawaguchi, Yamanashi, 1981;
unialgal, clonal; iso/. M. H. Watanabe
89 Lake Kawaguchi, Yamanashi, 1981;
axenic, clonal; iso/. M. H. Watanabe
90 Lake Kawaguchi, Yamanashi, 1981;
unialgal, clonal; iso/. M. H. Watanabe
91 Lake Kasumigaura, Ibaraki, 1982;
unialgal, clonal; isol. M. H. Watanabe
99 Lake Suwa, Nagano, 1982; unialgal,
clonal; isol. M. H. Watanabe

100 Lake Suwa, Nagano, 1982; unialgal,
clonal; isol. M. H. Watanabe

101 Lake Suwa, Nagano, 1982; unialgal,
clonal; is0ol. M. Watanabe

298 Lake Kasumigaura, Ibaraki, 1982;
axenic, clonal; isol. M. Watanabe

299 Lake Kasumigaura, Ibaraki, 1979;
unialgal, clonal; isol. N. Takamura
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Microcystis aeruginosa f. flos-aquae (Wittrock)
Elenkin; freshwater
98 Lake Kasumigaura, Ibaraki, 1982;
unialgal, clonal; iso/. M. H. Watanabe
478 Lake Kasumigaura, Ibaraki, 1977;
unialgal; isol. O. Yagi

Microcystis elabens var. minor Nygaard;
freshwater
42 Lake Kasumigaura, Ibaraki, 1974;
unialgal, clonal; iso/. M. M. Watanabe

Microcystis holsatica Lemmermann;
freshwater
43 Lake Kasumigaura, Ibaraki, 1974;
unialgal, clonal; iso/. M. M. Watanabe

Microcystis viridis (A .Brown) Lemmermann;
freshwater
102 Lake Kasumigaura, Ibaraki, 1982;
axenic, clonal; zso/. M. H. Watanabe
103 Lake Kasumigaura, Ibaraki, 1978;
unialgal, clonal; isol. M. Watanabe

Microcystis wesenbergii Komarek; freshwater

104 Chiyodaku, Tokyo, 1982; unialgal,
clonal; isol. M. H. Watanabe

105 Lake Kasumigaura, Ibaraki, 1982;
unialgal, clonal; iso/. M. H. Watanabe

106 Lake Kasumigaura, Ibaraki, 1982;
unialgal, clonal; isol. M. H. Watanabe

107 Lake Kawaguchi, Yamanashi, 1981;
axenic, clonal; zs0/. M. H. Watanabe

108 Lake Suwa, Nagano, 1982; unialgal,
clonal; isol. M. H. Watanabe

109 Lake Yogo, Shiga, 1982; unialgal,
clonal; isol. M. H. Watanabe

110 Lake Kasumigaura, Ibaraki, 1978;
unialgal, clonal; isol. M. Watanabe

111 Lake Kasumigaura, Ibaraki, 1978;
axenic, clonal; iso/. M. Watanabe

112 Lake Suwa, Nagano, 1982; axenic,
clonal; isol. M. Watanabe

Microthamnion kutzingianum Nageli;
freshwater
479 Toyohira River, Sapporo, 1987;
unialgal; isol. F. Kasai

Monomastix minuta Skuja; freshwater
255 Tsuchiura, Ibaraki, 1983; axenic,
clonal; #s0l. S. Suda
256 Oze, Gunma, 1983; axenic, clonal; sol.
S. Suda

Monoraphidium circinale (Nygaard)
Nygaard; freshwater
480 Tsuchiura, Ibaraki, 1983; mixed; sol.
S. Suda

Monoraphidium contortum (Thuret)
Komairkova-Legnerova,; freshwater
384 Lake Unagiike, Kagoshima, 1985;
unialgal, clonal; isol. T. Sawaguchi

Monoraphidium griffithii (Berkeley)
Komirkova-Legnerova; freshwater
385 Urizura, Ibaraki, 1984; axenic, clonal;
isol. T. Sawaguchi

Mpyxosarsina burmensis Skuja; freshwater
481 Mt.Tsukuba, Ibaraki, 1987; unialgal;
isol. F. Kasai

Nephroselmis aff. rotunda; marine
482 Ieshima Isls., Hyogo, 1984; unialgal,
clonal; isol. S. Suda

Nephroselmis astigmatica Inouye et Pienaar;
marine
252 Tateyama Harbor, Chiba, 1983;
axenic, clonal; isol. I. Inouye

Nephroselmis olivacea Stein; freshwater
483 Tsuchiura, Ibaraki, 1986; unialgal,
clonal; is0l. S. Suda
484 Tsuchiura, Ibaraki, 1986; axenic,
clonal; isol. S. Suda
485 Tsuchiura, Ibaraki, 1986; unialgal,
clonal; isol. S. Suda

Nephroselmis viridis Inouye; marine
486 Harima-Nada, Seto Inland Sea, 1983;
unialgal, clonal; isol. S. Suda

Nitzschia longissima var. reversa Grunow;
marine

358 Kawazu, Shizuoka, 1985; unialgal,
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clonal; isol. T. Sawaguchi

Nitzschia palea (Kitzing) W. Smith;

freshwater

487 Miyata River, Ibaraki, 1987;
unialgal; is0l. F. Kasai

488 Miyata River, Ibaraki, 1987,
unialgal; isol. F. Kasai

489 Ashio, Gunma, 1987, clonal; isol. F.
Kasai

Nostoc commune Vaucher; freshwater
24 Kurobe Valley, Toyama; unialgal;
1s0l. A. Watanabe
38 Marble Point; unialgal; isol. O.
Holm-Hansen

Nostoc linckia (Roth) Bornet et Flahault;
freshwater
25 Kagoshima, Kagoshima; unialgal;
isol. M. Ishikawa

Nostoc linckia var. arvense C.B.Rao;
freshwater
28 Kagoshima, Kagoshima; unialgal;
sol. M. Ishikawa

Nostoc minutum Desmaziéres; freshwater
26 Ishigaki Isl., Okinawa; unialgal; isol.
M. Ishikawa
29 Ishigaki Isl., Okinawa; unialgal; isol.
M. Ishikawa

Oedogonium obesum (Wittrock) Hirn;
freshwater
203 axenic, clonal; isol. E. Saito

Olisthodiscus luteus Carter; marine
15 Tamano, Okayama, Seto Inland Sea;
axenic, clonal; isol. I. Inouye

Oltmannsiellopsis unicellularis Inouye et
Chihara; marine
359 Ieshima Isls., Hyogo, 1984; axenic,
clonal; isol. S. Suda

Oltmannsiellopsis viridis (Hargraves et
Steele) Chihara et Inouye; marine
360 Onagawa Bay, Miyagi, 1984; axenic,
clonal; is0l. S. Suda

Oscillatoria agardhii Gomont; freshwater

204 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; is0l. S. Suda

205 Lake Kasumigaura, Ibaraki, 1982;
unialgal, clonal; iso/. M. Watanabe

Oscillatoria amphibia Agardh; marine
361 Asaji Bay, Nagasaki, 1985; unialgal,
clonal; isol. M. M. Watanabe

Oscillatoria animalis Agardh; freshwater
206 unialgal; isol. F. Murano

Oscillatoria laetevirens (Crouan) Gomont;
freshwater

31 Kawaji, Tochigi; unialgal; isol. M.
Ishikawa

Oscillatoria limnetica Lemmermann;
freshwater
36 Nakano, Tokyo; unialgal; isol. F.
Murano

Oscillatoria raciborskii Woloszynska;
freshwater

207 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; is0l. S. Suda

Oscillatoria rosea Utermohl; marine
208 Asaji Bay, Nagasaki, 1983; unialgal,
clonal; isol. Y. Ichimura

Oscillatoria tenuis Agardh; freshwater
33 Setagaya, Tokyo; unialgal; isol. M.
Ishikawa

Oxyrrhis marina Dujardin; marine
494 Hachinohe, Aomori, 1988; mixed;
isol. T. Sawaguchi

Pandorina morum (Miiller) Bory; freshwater
242 Lake Ozenuma, Fukushima, 1983;
axenic, clonal; isol. S. Suda
243 Lake Ozenuma, Fukushima, 1983;
axenic, clonal; s0l. S. Suda
362 Lake Ozenuma, Fukushima, 1983;
axenic, clonal; zs0l. S. Suda

Pediastrum angulosum (Ehrenberg) ex
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Meneghini var. angulosum; freshwater
300 Higashihiroshima, Hiroshima, 1983;
unialgal, clonal; isol. F. Kasai

Pediastrum boryanum (Turpin) Meneghini;
freshwater
209 Lake Kasumigaura, Ibaraki, 1982;
axenic, clonal; izs0l. M. H. Watanabe
301 Lake Shoji, Yamanashi, 1981;
unialgal, clonal; iso/. M. Watanabe

Pediastrum duplex Meyen; freshwater
212 Lake Kawaguchi, Yamanashi, 1981;
unialgal, clonal; isol. M. H. Watanabe

Pediastrum duplex Meyen var. duplex;
freshwater
210 Tsukuba, Ibaraki, 1983; axenic,
clonal; isol. A. Yuri
213 Tsukuba, Ibaraki, 1983; unialgal,
clonal; #s0l. T. Hiwatari

Pediastrum duplex var. gracillimum W. et
G. S. West; freshwater
211 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; isol. F. Kasai
214 Tsukuba, Ibaraki, 1983; unialgal,
clonal; isol. T. Hiwatari

Pediastrum simplex Meyen; freshwater
215 Lake Biwa, Shiga, 1982; axenic,
clonal; is0l. M. H. Watanabe
302 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; isol. F. Kasai

Pediastrum tetras (Ehrenberg) Ralfs;
freshwater
216 Lake Kasumigaura, Ibaraki, 1982;
unialgal, clonal; isol. M. H. Watanabe

Pedinomonas minor Korschikov; freshwater
363 Tsukuba, Ibaraki, 1984; axenic,
clonal; isol. S. Suda

Penium margaritaceum (Ehrenberg) ex
Brébisson; freshwater
217 Rumalbhara, Nepal, 1965; axenic,
clonal; isol. T. Ichimura
303 Tsukiyono, Gunma, 1984; axenic,

clonal; isol. F. Kasai

Peridinium bipes f. globosum Lindemann;
freshwater
495 Lake Onogawa, Fukushima, 1985;
unialgal, clonal; isol. T. Sawaguchi

Peridinium bipes f. occultatum (Lindemann)

Lefevre; freshwater

364 Lake Unagiike, Kagoshima, 1985;
axenic, clonal; isol. T. Sawaguchi

496 Isobe, Mie, 1986; unialgal, clonal;
isol. T. Sawaguchi

497 Lake Kizaki, Nagano, 1988; unialgal,
clonal; isol. T. Sawaguchi

Peridinium cunningtonii Lemmermann;
freshwater
498 Shiogama, Miyagi, 1988; unialgal,
clonal; is0l. T. Sawaguchi

Peridinium inconspicuum subsp. remotum
(Lefevre) Lefevre; freshwater
499 Iwai, Ibaraki, 1985; unialgal, clonal,
isol. T. Sawaguchi

Peridinium penardiforme Lindemann;
freshwater
386 Kochi, Kochi, 1982; unialgal; isol. S.
Yoshimatsu

Peridinium polonicum Woloszynska;
freshwater
500 Shiogama, Miyagi, 1988; axenic,
clonal; isol. T. Sawaguchi

Peridinium volzii Lemmermann; freshwater
365 Ajiro, Iwate, 1984; axenic, clonal;
isol. T. Sawaguchi
501 Tsuchiura, Ibaraki, 1986; unialgal,
clonal; isol. T. Sawaguchi

Peridinium wierzejskii Woloszynska;
freshwater
502 Tsuchiura, Ibaraki, 1985; unialgal,
clonal; isol. T. Sawaguchi

Peridinium willei Huitfeldt-Kaas; freshwater
304 Tsukiyono, Gunma, 1984; axenic,
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clonal; isol. T. Sawaguchi
366 Tsuchiura, Ibaraki, 1985; axenic,
clonal; #sol. T. Sawaguchi

Phacus agilis Skuja; freshwater
387 Kashiwa, Chiba, 1986; axenic, clonal;
tsol. M. M. Watanabe

Phaeocystis pouchetii (Hariot) Lagerheim;
marine
388 Hachijo Isl., Tokyo, 1984; unialgal;
isol. T. Sawaguchi

Phormidium foveolarum Gomont; freshwater
32 Lake Shirakaba, Nagano; unialgal;
isol. M. Ishikawa
34 Sendai, Miyagi; unialgal; isol. M.
Ishikawa

Phormidium foveolarum Gomont; freshwater
503 Mt.Tsukuba, Ibaraki, 1987; unialgal;
isol. F. Kasai
504 Miyata River, Ibaraki, 1987,
unialgal; isol. F. Kasai
505 Watarase River, Gunma, 1987;
unialgal; #sol. F. Kasai

Phormidium jenkelianum G. Schmid,;
freshwater
506 Watarase River, Gunma, 1987;
unialgal; isol. F. Kasai
507 Watarase River, Gunma, 1987;
unialgal; isol. F. Kasai

Phormidium luridum (Kiitzing) Gomont;
freshwater
508 Takatori River, Ibaraki, 1984;
unialgal, clonal; is0l. S. Suda

Phormidium molle Gomont; freshwater
509 Watarase River, Gunma, 1987;
unialgal; isol. F. Kasai

Phormidium mucicola Huber-Pestalozzi et
Naum; freshwater
510 Mt.Tsukuba, Ibaraki, 1987; unialgal;
isol. F. Kasai

Phormidium ramosum Boye-Petersen;

freshwater

305 Takatori River, Ibaraki, 1984;
unialgal, clonal; isol. S. Suda

511 Watarase River, Gunma, 1987,
unialgal; isol. F. Kasai

Phormidium tenue (Meneghini) Gomont;
freshwater
30 Akita, Akita; unialgal; isol. M. Ishikawa
512 Nagoya, Aichi, 1981; axenic; isol. N.
Yamada

Pinnularia acrosphaeria W. Smith
var. acrosphaeria; freshwater
367 Tsukiyono, Gunma, 1984; unialgal,
clonal; isol. T. Sawaguchi

Pinnularia gentilis (Donkin) Cleve;
freshwater
368 Tsukiyono, Gunma, 1985; unialgal,
clonal; isol. T. Sawaguchi

Pinnularia gibba Ehrenberg; freshwater
513 Shirai River, Sapporo, 1987;
unialgal; isol. F. Kasai

Planktonema lauterbornit Schmidle;
freshwater
514 Lake Kasumigaura, Ibaraki, 1988;
axenic, clonal; isol. Y. Niiyama

Plectonema radiosum (Schiederm.) Gomont;
freshwater

515 Nikko, Tochigi, 1987; unialgal; isol.
F. Kasai

Pleurotaenium cylindricum var. stuhlmannii
(Hieronymus) Krieger; freshwater
306 Niimi, Okayama, 1983; unialgal,
clonal; zsol. F. Kasai

Pleurotaenium ehrenbergii var. curtum

Krieger; freshwater

307 Nakagun, Wakayama, 1969; axenic,
clonal; is0l. T. Ichimura

308 Nakagun, Wakayama, 1969; axenic,
clonal; isol. T. Ichimura

311 Iriomote Isl., Okinawa, 1973;
unialgal, clonal; isol. T. Ichimura
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Pleurotaenium ehrenbergii (Brébisson) De
Bary var. ehrenbergii; freshwater
309 Iriomote Isl., Okinawa, 1973;
unialgal, clonal; isol. T. Ichimura
310 Iriomote Isl., Okinawa, 1973;
unialgal, clonal; isol. T. Ichimura

Pleurotaenium nodosum (Bailey) Lundell
var. nodosum; freshwater
312 Higashihiroshima, Hiroshima, 1983;
unialgal, clonal; isol. F. Kasai

Pleurotaenium ovatum Nordstedt; freshwater
313 Niimi, Okayama, 1983; unialgal,
clonal; zsol. F. Kasai

Polyedriopsis spinulosa (Schmidle) Schmidle;
freshwater
232 Tsukuba, Ibaraki, 1984; unialgal,
clonal; isol. F. Kasai

Prorocentrum balticum (Lohmann) Loeblich
III; marine
516 Hachinohe, Aomori, 1988; unialgal,
clonal; isol. T. Sawaguchi

Prorocentrum dentatum Stein; marine
314 Hiuchi-Nada, Seto Inland Sea, 1979;
unialgal, clonal; #sol. S. Yoshimatsu

Prorocentrum gracile Schiitt; marine
315 Harima-Nada, Seto Inland Sea;
axenic, clonal; zs0/. S. Yoshimatsu

Prorocentrum lima (Ehrenberg) Dodge;
marine
517 Lake Obuchinuma, Aomori, 1987
unialgal, clonal; isol. T. Sawaguchi

Prorocentrum mexicanum Osorio Tafall;
marine
317 Harima-Nada, Seto Inland Sea;
axenic, clonal; zso/. S. Yoshimatsu

Prorocentrum micans Ehrenberg; marine
12 Osaka Bay, Osaka, 1981; axenic,
clonal; is0l. S. Yamochi
218 Yashima Bay, Kagawa, 1978; axenic,
clonal; zs0l. K. Yuki

316 Matoya Bay, Mie, 1984; axenic,
clonal; isol. T. Sawaguchi

Prorocentrum minimum (Pavillard) Schiller;
marine
237 Osaka Bay, Osaka, 1982; axenic,
clonal; isol. M. M. Watanabe
238 Harima-Nada, Seto Inland Sea, 1983;
axenic, clonal; isol. S. Yoshimatsu

Prorocentrum triestinum Schiller; marine
13 Osaka Bay, Osaka, 1982; axenic,
clonal; isol. M. M. Watanabe
219 Nomi Bay, Kochi, 1980; axenic,
clonal; isol. S. Yoshimatsu

Protoceratium reticulatum (Clapargde et
Lachmann) Biitschli; marine
318 Matoya Bay, Mie, 1984; axenic, clonal;
tsol. 'T. Sawaguchi
319 Naoshima Isl., Kagawa, 1982; axenic,
clonal; isol. S. Yoshimatsu

Protogonyaulax affinis Inoue et Fukuyo;
marine
518 Harima-Nada, Seto Inland Sea, 1980;
axenic, clonal; isol. S. Yoshimatsu

Protogonyaulax catenella (Whedon et Kofoid)
Taylor; marine

220 Tsuda Bay, Kagawa, 1980; axenic,
clonal; isol. S. Yoshimatsu

519 Owase Bay, Mie; axenic, clonal; isol.
T. Okaichi

520 Hachinohe Harbor, Aomori, 1988;
unialgal, clonal; isol. T. Sawaguchi

Protogonyaulax tamarensis (Lebour) Taylor;
marine
239 Harima-Nada, Seto Inland Sea, 1982;
axenic, clonal; isol. S. Yoshimatsu
521 Hachinohe, Aomori, 1988; unialgal,
clonal; isol. T. Sawaguchi

Pseudocarteria mucosa (Korschikov) Ettl;
freshwater
522 Izumi, Miyagi, 1985; unialgal, clonal;
sol. S. Suda
523 Higashiyata River, Ibaraki, 1983;
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unialgal, clonal; isol. S. Suda
524 Izumi, Miyagi, 1985; unialgal, clonal;
zsol. S. Suda

Pseudopleurococcus printzii var. longissimus
S.Watanabe; soil
159 Kyoto, 1975; unialgal; isol. S.
Watanabe

Pterosperma cristatum Schiller; marine
221 Harima-Nada, Seto Inland Sea, 1983;
axenic, clonal; isol. S. Suda

Pyramimonas aff. amylifera; marine
251 Yashima Bay, Kagawa, 1982; axenic,
clonal; #sol. S. Yoshimatsu
320 Onagawa Bay, Miyagi, 1984; axenic,
clonal; #sol. S. Suda

Pyramimonas parkeae Norris et Pearson;
marine
254 Hachijo Isl., Tokyo, 1984; axenic,
clonal; isol. S. Suda

Pyramimonas tetrarhynchus Schmarda;
freshwater
525 Sapporo, Hokkaido, 1986; axenic,
clonal; isol. S. Suda

Pyrophacus steinii (Schiller) Wall et Dale;
marine
222 Harima-Nada, Seto Inland Sea, 1981;
axenic, clonal; isol. S. Yoshimatsu
321 Matoya Bay, Mie, 1984; axenic,
clonal; isol. T. Sawaguchi

Scenedesmus acuminatus var. tetradesmoides
G. M. Smith; freshwater
92 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; isol. T. Hiwatari

Scenedesmus acutus Meyen; freshwater
94 Kosaka River, Akita, 1983; axenic,
clonal; isol. A. Yuri
95 Tsukuba, Ibaraki, 1983; axenic,
clonal; is0l. S. Suda
120 Tsukuba, Ibaraki, 1983; axenic,
clonal; isol. S. Suda

Scenedesmus dimorphus (Turpin) Kiitzing;
freshwater
93 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; isol. F. Kasai
119 Ozegahara, Gunma, 1983; unialgal,
clonal; isol. S. Suda

Scenedesmus quadricauda (Turpin) Brébisson
sensu Chodat; freshwater
96 Lake Shoji, Yamanashi, 1981; axenic,
clonal; is0l. M. Watanabe

Scenedesmus serratus (Corda) Bohlin;
freshwater
97 Lake Shoji, Yamanashi, 1981,
unialgal, clonal; isol. M. Watanabe

Schroederia setigera (Schroder)
Lemmermann; freshwater
246 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; isol. F. Kasai

Scrippsiella precaria Montresor et Zingone;
marine
526 Hachinohe, Aomori, 1988; unialgal,
clonal; isol. T. Sawaguchi

Scrippsiella trochoidea (Stein) Loeblich III;
marine

369 Hachinohe Harbor, Aomori, 1985;
axenic, clonal; isol. T. Sawaguchi

Selenastrum capricornutum Printz; freshwater
35 axenic, clonal

Skeletonema costatum (Greville) Cleve;
marine
16 Harima-Nada, Seto Inland Sea, 1982;
unialgal, clonal; iso/. M. M. Watanabe
17 Harima-Nada, Seto Inland Sea, 1983;
unialgal, clonal; zs0l. M. M. Watanabe
223 Shodo Isl., Kagawa, 1979; unialgal,
clonal; K. Yuki
323 Off Kishiwada, Osaka Bay, 1985;
axenic, clonal; zsol. S. Yamochi
324 Off Kobe, Osaka Bay, 1985; axenic;
tsol. S. Yamochi

Spinoclosterium cuspidatum (Bailey) Hirano;
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freshwater
325 Higashihiroshima, Hiroshima, 1983;
unialgal, clonal; isol. T. Ichimura

Spirulina platensis (Nordstedt) Geitler; salt
water
39 Lake Chad, Chad; axenic, clonal
46 Lake Texcoco, Mexico; axenic, clonal

Spirulina platensis (Nordstedt) Geitler;
freshwater
45 Lake Kasumigaura, Ibaraki, 1975;
unialgal, clonal; isol. M. M. Watanabe

Spirulina subsalsa Oersted; freshwater
27 axenic, clonal

Spirulina subsalsa Oersted; marine
527 Shikabe, Hokkaido, 1976; unialgal,
clonal; is0l. M. M. Watanabe

Staurastrum dejectum (Brébisson) Ralfs;
freshwater
224 Lake Yamanaka, Yamanashi, 1981;
unialgal, clonal; isol. M. Watanabe

Staurastrum inconspicuum Nordstedt;
freshwater
390 Oze, Gunma, 1983; unialgal, clonal;
wsol. F. Kasai

Staurastrum paradoxum Meyen; freshwater
528 Lake Kasumigaura, Ibaraki, 1982;
unialgal, clonal; isol. M. H. Watanabe

Stephanopyxis palmeriana (Greville) Grunow;
marine
327 Hachijo Isl., Tokyo, 1984; unialgal,
clonal; isol. T. Sawaguchi

Stichococcus bacillaris Nageli; freshwater

529 Watarase River, Gunma, 1987;
unialgal; isol. F. Kasai

530 Watarase River, Gunma, 1987;
unialgal; isol. F. Kasai

Stigeoclonium aestivale (Hazen) Collins;
freshwater
531 Miyata River, Ibaraki, 1987;

unialgal; isol. F. Kasai

Stigeoclonium fasciculare Kitzing
var. fasciculare; freshwater
532 Lake Mashu, Hokkaido, 1987; clonal;
wsol. F. Kasai

Synedra ulna (Nitzsch) Ehrenberg var. ulna;
freshwater
370 Lake Kasumigaura, Ibaraki, 1985;
unialgal, clonal; isol. T. Sawaguchi

Synura peterusenii Korschikov; freshwater
233 Higashiyata River, Ibaraki, 1983;
axenic, clonal; isol. S. Suda

Synura spinosa Korschikov; freshwater
234 Tsuchiura, Ibaraki, 1983; axenic,
clonal; is0l. S. Suda

Tabellaria flocculosa (Roth) Kiitzing;
freshwater

225 Ogze, Fukushima, 1983; unialgal,
clonal; isol. M. M. Watanabe

371 Tsuchiura, Ibaraki, 1985; unialgal,
clonal; is0l. T. Sawaguchi

Tetracystis chlorococcoides (Korschikov)
S.Watanabe; soil

155 Mt. Eboshidake, Nagasaki, 1975;
axenic, clonal; isol. S. Watanabe

Tetraedron incus (Teiling) G. M. Smith;
freshwater

392 Tsukuba, Ibaraki, 1984; unialgal,
clonal; isol. F. Kasai

Tetraselmis cordiformis (Carter) Stein;
freshwater
18 Oniishi, Gunma, 1980; axenic,
clonal; isol. M. M. Watanabe

533 Mitsukaido, Ibaraki, 1985; axenic,
clonal; #s0l. S. Suda

Thalassionema nitzschioides (Grunow)
Hustedt; marine
534 Matoya Bay, Mie, 1984; unialgal,
clonal; isol. T. Sawaguchi
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Thalassiosira pacifica Gran et Angst; marine
535 Hachinohe Harbor, Aomori, 1987,
unialgal, clonal; isol. T. Sawaguchi

Tolypothrix tenuis Kiitzing; freshwater
37 Borneo; unialgal; isol. A. Watanabe

Treubaria triappendiculata Bernard;
freshwater
394 Lake Kasumigaura, Ibaraki, 1983;
axenic, clonal; zsol. F. Kasai

Ulothrix variabilis Kiitzing; freshwater
329 Takatori River, Ibaraki, 1984;
unialgal, clonal; isol. S. Suda

Ulothrix zonata (Weber et Mohr) Kiitzing;
freshwater
536 Hitachi, Ibaraki, 1987; unialgal; isol.
F. Kasai
537 Shirai River, Sapporo, 1987;
unialgal; isol. F. Kasai

Urnella terrestris Playfair; soil
156 Pokhara, Nepal, 1975; axenic, clonal;
wsol. S. Watanabe

Uroglena americana Calkins; freshwater
395 Lake Biwa, Shiga, 1978; monoxenic;
isol. Y. Ishida

Uronema confervicolum Lagerheim;
freshwater
538 Miyata River, Ibaraki, 1987;
unialgal; isol. F. Kasai

Uronema gigas Vischer; freshwater

539 Miyata River, Ibaraki, 1987;
unialgal; isol. F. Kasai

540 Miyata River, Ibaraki, 1987;
unialgal; isol. F. Kasai

Volvox aureus Ehrenberg; freshwater

241 Nagatoro, Saitama, 1969; unialgal,
clonal; zs0l. T. Ichimura

396 Koshokugun, Nagano, 1983;
unialgal; Y. Ogasawara

Volvox aureus Ehrenberg var. aureus;

freshwater

541 Lake Yamanaka, Yamanashi, 1981;
axenic, clonal; izso/. H. Nozaki

542 Lake Yamanaka, Yamanashi, 1981;
axenic, clonal; zsol. H. Nozaki

Volvox carteri Stein; freshwater

397 Ichinomiya, Aichi, 1983; unialgal,
clonal; isol. Y. Ogasawara

398 Ichinomiya, Aichi, 1983; unialgal,
clonal; is0l. Y. Ogasawara

Volvox prolificus Iyengar; freshwater
543 unialgal, clonal; isol. Y. Ogasawara

Volvox tertius Meyer; freshwater
544 Kisofukushima, Nagano, 1986;
unialgal; isol. Y. Ogasawara

Volvulina steinii Playfair; freshwater

545 Hayama, Kanagawa, 1980; axenic,
clonal; zsol. H. Nozaki

546 Hayama, Kanagawa, 1980; axenic,
clonal; isol. H. Nozaki
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UE R (FERKXR)
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10: 00 (31) LHBERERDO+ ~ = €& turf OREE L FEELABYHECRIETRECOWT
ORKMAZEA* - B iRi* - EEE A - HW. ¥ a2~ Ve v™ (X - Wi
- A, MEAETE, YLK - KEE - Y, 77— 7K EW)
10 : 15 (32) BSEE T Ic Do\ T
BEXA (BLURAR)
10 : 30 (33) SEREHEOFHE
O¥MEET* - PEFREY MAERHHE, YAEX - B - W)
10 : 45 (34) vy 2 EHOBABE ST v/ b v T AT v AV —FR
L B (BRX - %% - 4%)
11 : 00 (35) BUEHERIGEEMN & LTD 3 H V%% (Closterium ehrenbergit) DRI D\ T
BA £ (BELUEEKX - &)
11:15 (36) BENA R (@FEH) R »ERERFEOEY
OfREF J&* - FypiRME* - R Al - EERE CHEX B - &8, RERAL
BAEERE)
11:30 (37) BE» ¥ =/ Vit B (DNA O—&kiE DR
OREHEH - M - JIIFEE ek - H - )
11:45 (38) 16S Y £ Y — ARNA (rRNA) IEEFTH LR &8~ T BORAENT LR D
OHRAE - MPHEET (LAX - 8F - &%)
12:00~13: 00 (B4kor)
# B (FROL)
13 : 00~13 : 30 B~ & H
(39) B23% Nostoc flagelliforme (BEEE) DEBH L EBRER
EEHE RKX - $85)
(40) AT Y OFEH
OB H*- A RBY (CmEKK - EREMEE, THEAKX - BH)
(41) B®, »=17 x5 H, Dilabifilum D—EE
OHRHFRE - HERY - BAEZY (KEK - B - i)
(42) H Y A GRROEENHEEE T
OFIATE - BIUBE - EEMMEE (ZEX - £HEF)
(43) fLE =7 VDR CO, KT TR
ORy L™ - BHEMHBE* - REWEF  RERFAIB . RE B« BERER™
CREBERARE v 5 —, WHUKA - B, YEKX, YHEEED)
(44) MEFERFERMC KT 2 BEOTZbI D ORI A
O K IL&TRE - HIIEX CRRESX - 44)
13:30 (45) A€/ ) OREMEREREOBES T
OZRPH/A* - . FEX - ZHIBHE™ - FEHER™ (FKK - 8, “EAKk - B
H#5H)
13 : 45 (46) HBBAYE/ VDT v 75 A DEE
Oy & - FE*BE CGHAK - B8)
14 : 00 (47) =2 v 7 B DR BEOHREREDOR A

OWBEFE" - BIRERE" (“KEFT - JLKBF, “*HigX - @)
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EH = v T BEYOXER—RESEICOWT
WAEFE (CKEFT - LK)
F V79 h A DRRELIRFECET 5HER—BESEORE
OFHERBE™ - HILETR™ - BRITHM™ ("BEEAEKR, *HR¥EEX - 4%, 5K
X - THEHSE)
BRESEOBEHSIC . AR & MRk
ORESHIT - /N W™ - EERE* (CERERIK, **EAmME
BFEBIBR L Y L 2 BOEEOME L it
OEREET* - X £ CREWRtV & —, “EHIREN
~7 b ¥& Gephyrocapsa oceanica W X % CO, EITE
OBERE* - BnKZE - #E E*-& Hl™™ - MEER* - AEME* . K&
B BRIESY™ (FAEA=X - 2— - =&, "HEELRERE v 2 —, *™HER¥
=K - &Y, BEREEN)
AEE (~7 HEHF) OXERRBTEH K=, 77 Ve F7—EDKE
OMIKER - FEF= - MAIFT GER¥EEKX - £%)
Dunaliella DEEEREF BT 5%
OBFER - /K 15 - HIRE#E - BlE—BF (KRHIH)
ERFOARELRENE (Tver i AL) ROVTORE
OEMBIERT* - 85K Fa** (Mbk - 2 - ddsF, **tX - &2 - BRELF)
5 V& Microcystis |& 3 Bk D IRRFEEERIZ O\ T
OMARAI* - IUALT* - BUWEZ* (KX - B - B, *ExEE)
BABEOMECRIFTRAIOYE
OFHAR - WEAT* - FMILEh** - [UT E* CREMIEES, “REHF
K - &, PHEERILERDN)
R 7 A B Synedra rumpens var. familiaris DTUREER (2)
OFEEER* - I HEET* - BE ™ - BEARIL*™ (BMEMK - £#, “HLiX,
)| AFER)

EEFERS : 38290 (H) 15:00~16: 00 HEEBEBREHLHEE
F#EBS: 38298 (H) 16:00~17: 00 EFEFRFEHELSHBE
J—4aw7 (BERBERES) : 3A278 (&) BHES

3 A278~3 FA28H
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BRER

Melkonian, M.: Developing new model systems in
algal cell biology: the flagellate algal cell

The lecture will review strategies employed to
develop new model systems for algal cell biology
using flagellate green algal cells. In particular the
model systems used in our laboratory to address
questions about the structure, function and
development of the cytoskeleton, analysis of
phototaxis, and Golgi function during biosysthesis of
scales will be presented and discussed in detail. To
serve as a model system an organism needs to fulfill
certain requirements including: reproducible rapid
growth; at least partial synchronization of the cell
cycle and/or synchronization of the cellular process
under study; possibilities to dissect the cellular
process using all possible methods including
biochemical, and  molecular  analysis; and
reconstitution of cellular functions in vitro using
different levels of subcellular complexity.

The cell biology of two model flagellates will be
presented: 1) Spermatozopsis similis (a model for the
structure, function and development of the
cytoskeleton and for phototaxis), and 2) Scherffelia
dubia (a model for Golgi function during scale
biogenesis). The discovery of the organisms, their
recognition as model systems, and the actual state of
the art of the analysis of the respective cellular
process will be reviewed. For the cytoskeleton
emphasis is placed on the basal apparatus (centrin,
assemblin), its structure, function and development
during the cell cycle; for phototaxis emphasis is on
the structure, function and the development of the
eyespot apparatus and its molecular components;and
for the Golgi function emphasis will be on the
structure and biochemical composition of scales, on
the isolation and biochemical characterization of the
Golgi apparatus and on the mechanisms of transport
of secretory products through the Golgi apparatus.

From the discussion it will be apparent that each
algal taxon has peculiar aspects that can make it a
model system for addressing important questions of
contemporary biology. The main difficulties don’t lie
in the recognition of their interesting peculiarities but
in making these amenable to sophisticated
biochemical and molecular techniques for functional
dissection.

(Botanisches Institut, Universitit zu Koln, FR.G.)
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() OEBBIES - FEHN : SRROEEREC
+ )V ED—fEDiER

ERETIEROROBETE SN 7 F AOEE L
KEBLTWzEF ) YV Bn—E4+ 08, BELTE
BREBRRL -, EEERES ST, BIETFOREN
fAOH. ERONEEL Y 3> ORFZEELSZED SN
f=. M NRERTEREMEOS< T, RELT
SRR SE L 1K, BIKE. chomBZxabt
FORICER L1245 RICHKECEEEERIEAEE
T2H0HRDSNTz. Kikikd S ITBETFISHE X
N, BURRECHIREIC - 12, BREIZEEL
T. BETFHHBET 2L & HIC. PREIH S—BH
ROBRKOESEHEN. FNSEET 2 b
N, EUZERE L 2o 12, SROED SITBEETA5
HEh, F2ORFEITRRECERE» SHEBENS
BT L REOEEH - > 1=, £1-. EEIEREA
ERUARFRIEE T2 2<EELTHEL
fz. BE (10—30C). HBEE(1-8 klw). HE(14L :
10D, 10L:14D) ##HAHEHE-EBEETCIL. BB
BBCLLLTREBTERNWC ., HEBIUBEEIC
BRI 52 L. ERIZISCTRLEL., 20
ARoESISE CEREIIHOmICET 2L, B
T, REOEFERIE P coccinea var. dawsoniil |F
FRETHET eREBF->1.  (BIAK - 520)

@ MREAER® -ORBHEER - FAHB"
ZHEE D) BENANTT) Y OKR

WHEJIEBERTIL) B TR OO T ) Vi
SCEMFAEBT, AFEREERE, RBCKIZIERE,
BE, BEOXELANSD, RREZEE (10~
30°C), BEE(1~8 klux), H&E(14L:10D, 10L:14D) %,
FREIZEE (0 ~25°C), BEE(4 klux), HEUOL:
14D) %A ADETHEREL L, RRERZI0~25CT
EBL, 0CORAZUBT RO BE, 7o WTHO
BEE, BETH BERIZIEROZERBDOLE
hot, BRRFEOERIE, BRCEFELL0RYV
2%°CcELh, FIBCOEHFHTCRbEL, ¥
Z2BEHL AT, SBEHRE2TORREICERK
Xhi, BRFEVREIGRERISEHEMICLRL
fro RREOERIBRBFEOT R 2108
(A E3EMBED O, EREOER & HKH#AIT1STC
THELEL, SEHICRBERESmICEL THFN, 7
BHCREBRFAEREI NI, 20CTRTEHICER
1micZ L TR FARAERE hic, BisFomdidls5~
BCTEE ImIcET 3R 2BENSBD OGN,
BCTRERFORBICIVEE 2mP EIIRB I &
i<, 1 BMOERTHEFLERFOHRIIAD
Shiih o7, 10CTIRERIGEE THEEREH 3mic
LEEy, BRLEBRFORREIADOhLI T,
I5RU20°CTH, BEREBXROOODIDEEL -
o

(* BkK - BE, UHEKK - EEHED)
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3) RBEEX* - OFHhEIM - FEEHB -
ZHBE L BEYTLT )Y OER BRI
RETEE BE BROYE

Y7 V7<) ) Porphyra lacerata Miura D&EE
EHRBICRITTRE, BE, BREOEEBLHOIMT
371, WRERJIIRERHIL) BTROOALERE,S
REFEBTHEREL, RREIZEE (10~30TC) ,
MBpEE (1~8klux) , HE (14L:10D, 10L:14D) %,
EREIEE (10~30C) , BEL4klux, BE (
14L:10D, 10L:14D) %2 ¥ A A&bEIEZHT CHEL I,
FRREFI0~BCTEEL, ERIB2RUBCORA
THEM oo WThOBRERUCBETH, BEICLS
ERDEC—FEOHEBRBAD ONE,N -1, BRIELFHE
DL, BRICHFEL 2D CoATED SO, GH
TRERTHEBK, RETIRIEHICHREINCE
Lico BEREDEFRIO~BCTRDON, R
I5CORHTRbEL, HEIBECIBFORRMN,
S5HBCERRTFOERNED SOz, 15COEH,
10°CokH, 10°CCOERTE, 2hFhT, 9, 128
B FRURRBFOERLBD Shi, 20CTIRA
BIcBREL 6 BHCHETFOIEREOID, BIBFO
ERESS DEITH -0 BCTRVTHORET
b, BTRURBRFOEREIBD dhidh -, g
Folti, BELHECHEFAELEI0~2BCTEADS
h, BREBEBIBHENBEE D, RPMMEEL 2, &
REDOAFI15~BCTRERBEA L BIZRAKTH -
722%, 10CTHERBINTIEROENKE BT,

(* WAK - 8B, *HAK - BEHH)

(4)  oDeshnmukhe G.V. « SMHIER : WYLV T 0
DY:EH, KBFsomatic diploidizationico\WT

B KOV 77 oiFEREDRECERE YA
JEJOEERELTHASNTVS, BHABIIHF
G TR D, unisporeid BRI L CHE O/
Rik@t) &Y, BFREMBELT 50 plurisporeid 5,
10,14,18°C. & - GEHFHT CRKEH Kt HRZ
BOETH, 5°C.hHEEICtEZBHET 3 NS,
SEDHMBMBFEO Tz o REMT HHRE, HE
BW-HEE U, HEEMBRARTIEL - 124,
kOt ENEN10-14°C KBT &, ThoDpluri
spore DH DHRFEERotE BT ST, AVELL
TFRFKRERY, RTFREBRTS IT KRELX,

7 4 =)V FONTE B ONT, ot EBCERNEER
(0SP-1) M\ T, DAPIHefic k 24%DNA B % HiE S
5 &, NTHIBRIZ2C, otifSRICO VNIV ERLI, &
DRIV 77 ootk (n=13-14, 2n=26-28) &
—E Lk, W% FHEM Y 2 sonatic diploidization
&, Wj#kD plurispore DM AMFLEDORIFHICE S
BIENOSP-1 ick-THohicE T,

bk - 3 - EEED

G NB—Bh:E4IINNIY (BE, hyE/
VE) OEBEBEIZOWT

439NN,/ Y Petalonia fascia DEFEEICD
WTRHZAZTWS OO REEND 505, HiEE
HEH-FDDOEE W, SH, LBEHEIZBRLEZRRX
Mgl WIEHEREZT>ABEERML, ENEE
2fio k.

AR, BEEKTARERB TS R, EREET
ik, BEBETHAEIBLRFBETHIBREEER
Wicb o BRHARKERL, HhYE/VEBOHREY
REFELARTH- R, LPLSEDOEETIE, &
EFrLRELABREFICENICEILENEL, 2
OBEMNBRETFEERERLE, SFE,rOHREI A
WEMRE, BENT, BRECRELETFEEER
LE., —HORFEHROEEMR»S RE L 2 HEE
Pt BOEFEEBBLE, 74—V FOERED
FRABRUVENEEDTo R, BBELAETFED»S
BEXhABEHERIE, RFERELTE/IINANY
YBROBENEEEL, ThIHETFREREMRLE. —#
DETEICHXRTIEUGFICHL ENER XN, 2
heDBRBFIREEIIIYNNVOBRBFL LIS
L, (dbX - 2 - &%)

® OMNBRK - JIFEE: aVvTEHORTFGHAY
RE e DHABE R

—EYNER, YIVER, Jr4SYFRIEaYT
By FHAIYMRBECHERTREBEDRFEOHBES
CBWTERBEEZER > T35, YN
TREFHEOEERXNOBMIIES L TARP o £, 2
CTAVTEOZAFTRONORENREIZO%, =
ONMRERRNOBEETV, RELOBEBRIzOoNWT
ERLE,

FHW2a 7HO4BTETE, REDHOKS]
ORGP LRP S SIBRMIC R B 1200, BRLE
DEIIRZFOMBIR IS 2EBRELSROINIZ LT
&5 % %, EDH%I DA Iz, Chorda tomentosa
ERE, RE-KE HE» R 0LEBIT®
ko ShizHLTaY7#, F¥4VYHOETE,
BGERHECAHEBEEOBWEIRSE 60T,
LHVEIBRBIC 2> £k, BERBLERROBT
WieoRMBERRL A,

(d6X - 2 - %)
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7 ¥ %4 b7 /BPedobesiaiz i, S D KLP.
clavaefornis, P. lamourouxii(7 V%7 b4 k%)
D2/E, MWREAOHMVP. feldvannii, P. ryukyu-
ensis(7 ¥V ¥t A4 b4), P. solierio> 3Fm,
S OEIEHBEIN TV B, H~ (Kobara & Chihara,
1984)%Paula & West(1986) A5 L2 &k 54z, ML
MIERE LT 2V ¥4 P FROMEIEN IED T
LCBBLTVE, 22T, zhok-L TR ES
Chote, TR, P L BP. ryukyvensisA-
belard & Knoepffler(1986)#¢3cdi L /P. solieri&
DRI REBHLBORS SNL VT Eibh -1,
B 513P. solieri D Fg < “carafe” RdplugTH:
VIShal ez noBoEL VERE LA, RiEL
HYv R THB & UAXEH 587P. ryukyuensisic
BUTbIoht, 851, HrBILROEEBLEL
HEDZHEEIC L O P. ryukyuensis® ¥ 1 7124 (Der-
besia ryukyuensis® ¥ 1 742X WA T 282518
T, 74 7HEAKICH “carafe” ROplughid 5 h 3 2 &
THERL 12, (xHEKX - B, »*AFREHKX)

® OdbilhAt - THELE: BH 7ol S5H
Sphacelaria sessilis Takamatsuk §. pyriformis
Nodao) IF

Sphacelaria sessilis & S. pyrifornisiz B F&
PERBTHMBERR L WEZEHIIZAZAER
(1943), BFH (1975) X ->TEBLnIRE N,
SERZBIFBAFINEALR S, pyrifornis o
isotype #BEL, FAREBLOTHET 3.

BRI NL isotype DFEKICIIR AL BRERE I
HOETERBENBOLNAL, COBMBIRERL W
SENEKEHRINBEBELALOT, BFOK
HOWR1~3#, REGICRASCROBRKROEBE
BEAHLNI:, ULNBEYPL, COBFERBES
HEHEMI XA Y HN—®8 Eurychasma dicksonii o
BFBLAELL, COHKICRONZEFHIE S,
vamadae NL DL RAEENZ DT, §. pyrifornis i
S. yamadaedR&£THBLEZ LN 3. GHROFEWL
S. sessilis nEFRITSEHEELA E. dicksonii
DRTFEELLIIBTEY, TOBEFHIE S. rigidula
DRBEHLTWVSG. Tz ehb, S sessilis i3
8. rigidula nRETHI I LHEFHEENS,

(d&x - = - &%)
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)  BREHE  WMARLRECRES RV Y
7 3 RO—BroWwT

HEESIBHCRESN IV IT753, B3H
ORMOEDOHECHBUOTROLEBER LKR
HREEL2bOZ LT, OF Vv ¥ 7 SEEXA &
h, FELEIoh 3,

AFAI3, 19894E 9 A 23 Hie A RN & 0¥
Be, MBAROYARKR S ORBIN, B8R
ONEBHLEE 1.2cn ETCOATEROERHL,
OEMECER%: 2-4 A d, EHR, £ & 58-
84cn ¢\ B HS5HOU L CIE 5.5-8.2nmx F & 1.8-
2.0mn EHBVEEBR_BERLED, WU BEELES
SHEBRAUELV ZFIEEREL 3, EBROED
REBARBE LT, BB > Bl AKX
Fh3BeeiaEd,. £ & 6.8-46.8nux 1§ 2.4~
12.5mn (SE#9 30. 8mnx7.6un) C\ £ /iHIX 1.9-9.9

(Ei§4.2)CHo o BETORBIRE K RIS

Bea@kHzcEs. 80&, AvERREE

(17%) LM W ERIREA (38%), T /-3 28 (46%) ©

Hol, ETHH, BIHOLMBIOSETREL

BEXRRZY, HABIEWNER2B0OET, EX

4.5-48. 5nnx {8 2.5-6.5om (SE3Y 9. Tomx4. 1om) ¢\ £

E/MBi31.3-4.6 (CEy2.4)TH- T, KR, E

®2.4-14.5omx E&R 2.2-11.0on (SE1Y 8. 5mmx6. Smm)
OB ERREAK T, BEEPCHRELS 2 ONS
Vo FREBLAERELKERBEDONZ W, #E
B ERKOBENRD D, BHEMBIZE L 2-8nn.
15 1.5-6ony E X 0.5mm OFRT, BTl —2E5
59 5, HERKOLMEBIES 4-5mm, 1§ 0.6-1m
OMERT, S—4ESELCRRIIZS,

(HK e B o BERP)

10) |HEXB: YSv7+=78 (HFH)
(L, vo7#) 015

BERGFpUBAORcEIRLPORY, B
i 0.5 -3 cm,BELHEEMPIRKEZL, BRI
RiZeBEeEXRICHEL, BHRTEEHOIK
BEAREL TRRAGEBRL 20, BUEER
H#ooHEHRREILSTAERREEL, T@HO
PEIZ660 um ICEL, KEEEL, BoKBTF
DOHIRBBABEOE2 -FA4XKBONIEOD
MAEICE—ICRIE—FEL, K& X1380-100
X 160-280 um, 2 — 4 ML SR EER%
AL, 1 o0BomMAEmMBEEL, MIH
FOOIRER20-30 um TZHERICHH
L, BASMFOIIR2-4BoSHEBIC
Lo THAMIHEDLN S,

(BRX -2 -BiE)
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an OMEH K" » BARR™ - HAME": ALK
¥y VYV EeIVFYVORBENITIZRYIHED
HR

ABHBHEHUL T TREBAZARTVARY VR
(Laurencia) D 2@, %% ¥V /(L. composita Yanada)
L IVFVYVY(L. okamurae Yamada) DREEHLE L
~HRRNEY Y, BROBBENIHFROBZIFLRCD
F-BEEREMNRICL THRE. ARCIHEHK, M
BROWBR 28, SEHoH, ERRNRERR
WMAHO_RGBEAEK, AORRERTRTERH
U TRTERATIHSRTFE, HEORRESL
ETARENS<Aoh3, EMRNBIRTRIBR
KR(FIrVYVTRESEIZ, IYFYYTRIFTAIS
B ARBEOER(BREORIIEE), ERNY
BTRESOBLEWMERIHRATES OV OITH
U, 883 &asBCRREERRBLAaTORXHRE
BE)THEIEhD, _RRBEHTREAFF N/
4 FOXRABHEBMzBRY . 2V Vikpacifenol
Lprepacifenol, IV FY Vitlaurinterol 24K
B,

(*dek - 3= - {#iP, ~dtK - = LF)

(12) &HH H: TRERCBIEAAM VY 7BEDHD
SEESH

FERTNIHT. AX/ LY ITREMERE L,
SEHFLBET X, CRLOBTVTNLEVRKIRT
EHP-RBETELNPL . RETEIZONT, AT/
YRELYD . ZRTBLEEN, FH) . BELYER
L7 2 XEREL S, SHEBBY 5 3HERIT
3IriztopL< . I<RELLKOHESEN»S . K
BB 2~3BOLDEAFALY . 3~6HDL
DEPIATAAA LYY 2~3BTHREDARD
BB RERCOVZLDEL VK4S
YL HELE, FERESIEBERLITNEES
W0~20mDEHr L% 2., AL AMIZIIEZRALEH
WOBTHISRE BN BT . 2 ICABENELR
THREL LN BEBRFREORBHFTE S, i
HOBZ2ENT 3 /MIDKIE—FESRHNREZ LW,
FEREBTZAAA LY IEEBIOSLIE. 0k 5
LHERADMIE . 2RICHE PHERNS AABICE
B93, 3@ONHRIZ. 1 VKA Y 71KRFN
2. TIAPFAA LY 7@BBN 2L emlick>T
BB Lhibirot,

(HHA -2 - &)

(13) OO @ K BWH’:A—-2X+F3Y7
ROy 7a—TANRIDARLLT 7 1 F&
n1EWIEONVT

A—2 k3 TERE, F4 by —NoFAOHE
DTy /O—TRTEBLABEINI 7 4 KRO1 B
PHELL. ARIGER. FHORETS Ko MEN
XRROERICBTN, BROKREBRTS. BB
AETTREMOBECEEMROBRS S bR
3. BEMLBEMBIZEABTRENCM LS.
BIHE, 6 15 2KOWEIL 1 &GTHNBU 3 B%
BE MEBRFAHUIRMBECTHS, FRERER
MBTH20E MBRALCECENTS, EL/
AKREERK 1 BS>BEL, BRICEFF34
KAA DB, MEREICIESHONS % IR B
HETSE, BEEBICEBIAVRAIANRIAVYT T
AR EHEET S, 20, MRGRSCIIBESRN
N7y a—LMICEBOMEND D . RNMCEHOTS.

AROMBMEE, BADT 7 + KEROWTFAOE
ML LBL-TEY. vy hATERCET 5@
LEbND.

(xEMA - BT, * * BBk - EMHER)

(1) O¥NBRB— - - HFRE - sAXZY KW
A, FHE TrebouxiaB o —HE

BEREETRE)OFRBEDE EMDREL MK,
AFSYIrBo—#E. Catillaria sp. D{XAERERH
BERUEGR. BMREOEELBSH, KES
¥ TrebouxiaBICBT AT L #BRBLE., Z0#EK
DEBFMAIF12-20X 15-27 un OFERE, =3I
T, EREGBHRICELGhRABR, PLICHDEL
)4 REFUYI VB CHEbATHWS, RPRF. XU
SR 2AKOEERRFOEEFICLY, BHELMEST
W, BERFEIBRLEY, FHREBEIBRERESLLD
o7, Trebouxia @ik, HKOEERLLTZhET
C2TEABEZNTHS, CThO2THOH T, FE
DEREMI % FDOMIE Trebouxia pyriformis —# D
BRTHEN, COMDEV ) A RITYT VR EE
¥, SEBEONEEREEIRRS, £, Z0#EKD
BALUEREMBRIMBOBICHARELLKEN, Zh
S0REBAL, CoBEKEFEL L TR, Tre-
bouxia pyrenoidosa &% L=,

(F&k - 3 - )




(15 OfiHE#H - FHFRE - SAEZY : fiRkkK
Megalospora sulphurata Meyen var. sulphurata?®

SEEIhELER

A 703 RS IS B (Megalospora)id, B
MPOBRBFCAHTTEFL, R TCHAEIDSH, BR
TRIFHAERZHLTWD, ChFETCIC/oaR>d
FBO2MEASLAERL L THEE Dictyochloropsis
simbiontica var. pauciautosporica AEEH T
% (Tschermak-Woess 1970 ). ABFRTIE. rBRE
Y by oaxR>I4 (M. sulphurata var. sulphu-
rata) OXEREEFHE - BRL, FEERWREITL
2k, ¥O&K&R, VOaR IS BoEELLT
Dictyochloropsis reticurata % ICHERLE., K
HuEMREoRET, RKEMRE 9-16 wmoRE T
HY., EREKGHEEOBBERELEESEL, L4
KR, FHEEHGERLT, BEEME AR
F. BERTF. RUBETFOHRICL D, KEDH#EE
FREVWCEANE2KXDEROEELFEFD. M. 20
FEEFIRIFHALOEGHEPEZE TR, Bl
KA T1IRHURICREEhZ Z LA EREhE,

(K&K - H - 1)

(16) FBNEAF -0 LBHET - RG—F: 4V /
VohrENER

AV 7V BEABEMRBKTH S, PEIIRAMEL
BishiHERAOMBERENOKEEINTHS. —@
NDHBEKFRTOREAANREXRBS 28R 2
EERBHLAE (YD) 2AWTUE- L, 24 %h
LORELFAANICREL THBRON, S EHBRT S
HHA2BELRBEEHO _>DBRALLEBRL
. A/ REZHEBEDO%RL EYBBT,
DEBIZYL>TRBEEABREZ B WBEXFIAL
THMBEE>HANICREZEIEZ L LY, —F, #
EBBANH AT ERICHFWEELZLTHRHLTINS
B, E2DBENFTITIRONMNE—EHETHEET S
TERE-TERED BB ICHECHHEERETL
SkAbLNB, AT /VUDHIEIDERIE. BRER
DEFBRC LB VMBAETBICHEELLWY, 2 /Y
BRHBERL LTOBAORBERXHALCHALTE
BERZTXI6LWV. LPLInk S ITRMEMIC
B BB E T4 EAMBEES LW, EHapl
L3 ) DABENDVLEDDT7O—FLLTH
F/UREELMBLEL3, (AREZA - EM)
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anD kAR K IEEED Y THEOLER LR
DI E

JtBEBRICIE Laminaria japonica, L. rel-
igiosa, L. ochotensis, L. diabolica, Cymatha-
ere japonica, L. longissima, L. coriacea,
L. angustata, Kjellmaniella crassifolia o
EEREND 3,

Zho0D ) HETS MIE B tIEEERO0%
BII3BRIIHHT B, Chold HEFORBF
sk OBEXEFEEUN, 05 bogEltkoE
wAER Y AT (L religiosa) 14, =2 v 7
(L. japomica), Y VY a7 (L. ochotensis) ,
=327 (L diabolica) , 7y nNZRYav7
(C. japonica) 124, +# a7 (L. longiss-
im), ¥y#753ar7 (L coriacea) , IVAY
327 (L. angustata) , # = 2A (K, crassifol-
i) BEFCETE 24, YRETHREIMIGIEhA
£, z0oHBFEFIMUBbDEBRDNS, Fathl
HIZ2KEZBHOD—DIEIHLEEZI OO, 2EFHOD
BRTECTOERBRTERVLWES>TH B, /2, HR
RTIRAFH, REGHCOEFOBO EHHEIIH
L

FEMNFRO—DICBERONBHETEEZH LE
(N.B., 0.B. 0EENK UN 3) 2 RTbDERIL
WHOND 3, FIFIIRRRE BREIBERREICS
AN

(EfEkERRS - 9 - 155

(18) JIUSEE— : dtig @B REA = 1 ~ JLaninaria
diabolica Miyabe( 2~ 7H) OBEEERIIOVT

ERENOIAEEBERERAITEroBODT
A hy THBRBCEET 242V 7O 2EEBEEKD
R IFER (1902) LMWL -RBMLEORFELE
22EMEL, EOERIZMAL . FiES0cor MR,
A MASHRCEL, SONIETF HEMOEL WIEBL
BMOfhic, MR, BEEHS STKT, Figiz20
cokih, PHBEIRART, BOROFMHOLESCH 2
HERETWAVWRRERNSHY, MIRECHhO%E
AnE—HEL LTHR-> TS (JIIB1989)

hizchonERSHEFRHOMAFE, ORDON S
PEET A0, 19905FET AL E 6 AIZOBE
T1EHEREEL, SitiEs SERHSIFIZ10-100cn
OBEORLZ 2DV THFE, HELIZ. 20
£R, 1 -OEETERC 2 OMMNEBERE N,
Ao 2 EEDORERICEYT 2. OEKITHERT
MO ERENAT, BOOFEBLIELAERL
MERIC LTSS H 545, 2 OBROMTESHE
2HERTOSELEX2OTECAEL TERETH
Lz, (EHEETEHHHE 4-29-15)



98

(19) AR IV YAV THEFEROEE
HE. BHHINERBOBE

IVA YAV T OBEEFREREBFERMS. BME
HERABECIDBEELEOTHET 5,

IVA YAy T TR—DORFRICBEOEETFH
EREhs, BEFREERCBVWTERKIHL =&,
HEOREUBRANICIH L., 2UEORBEM S
3. SR LEEFRAICBVWTHHU/MNE (MTs) B8
HRBETRONIRBHEROTN L AERBVWE
Wo TRZNOKIEFICHEST 2 —HH0PLFPS
HTSIE BRI O, BHET 2o OF e BEE U,
& UTREBFRNZTZY bOABEET S, S
HHCIINTSIZ AR A 2 TER L. MIFEE (ST BHTsIE
HERT D, REMICR > ERETHOFRESEED
HicHME L, 2EOBENRE LD B BETFOH
BOWEIRKICHRZHMLT 2D, REOKHIIHE
ERMEORVWKHICT TICERTE 3. ThEeERKIC
b F 5 SHRRE IS & THEHRICHT T 2NTsIE
Bickb, PhoTHMERERNERS NS, BE
ICHREARICE>THZ OBEEFHTRT 2.

(JEK - B - )

(200 OHHKE " - #EALTF " : YUYNX (T
IYJHH. BR) OEMEBAETOHBRE

TIVIUHEOYNAIYEBIIBRREBHEIASNT
W2WHEENFZW, BRAREBMICEFTTSY 7N
A Dictyopteris undulata Holmes T %, BB D
FRIZAShTWwWarok, SEBABREDORIN
B BIUAFRRROBERIzBWT, Kic4 oM
FHICRU > THERBE BERBEIRRIAE
DT, ThEOEMBEOHRBERANRE,

458F. B HFOREMKIE. REAEOBY
OFMIcEEZ > THEREIh 3, BPXESIRIFFA-
T. 1@ 05-07mm, EX 1.0-1.5mm OHFAK
ThHd. 4FRFOSIHLPHERMIIBHL LRHIE
. ARTRENTEZV,. HTOSHIZAVWOTE
BIRENTE 3, 4FRFOSLWMIEMAOFIE
MLTCTES, ChHRBBEBLDEHLTED, 3
RETH B, 4 7RFOS5IGHEHE 80 - 100 xm, 5Fi
HWESOD 40-50,m THD, TOREXTHERKE
NT&3. MTFOSRAE2ERMEREICTE, BX
50 um FEHELICED EMB,

(T ESZRZE MW - Y, LRk BE)

Q1) BEAE: NGHEDORR Characiochloris
sp. DML LETESR

Characiochloris S BMROHERRMO—HET,
Pascher (1927) #EE# L TLIk, SHEWOHWMENSH S
2, BEHSOBERIRELVLDEEDNE, TR
IR BRI SR OIEIR L HERLICABEEE b
HERHELTEY, 2avAEBIRAESATVS,

WERNETHOKEORE Y, Characiochloris &
RAESh34ENM- 70—V BHL, ZOHBEREE
ESREAFERET CHRECHE L, FFOXEM
K@l L Tey, KEUERFOGRIZIBED
v/ 4 FEbo/IE, C characioides Korshikov
ex Pascher 213 4%, MIOKFMAIAEARTS S
HHRN B, MIKET 5L, MiakodiT, 100
PloWEFEERT 5. BETFRER_BFERT,
B L, FEMICRET 5, BRI L
Tit, MREEOhICER 1 BoKIBRTEERT 5.
KIRIATFRBRET, BohEAREELE, RRTS
LRBBEET 3, KBRRTERFSEL L, 4D
ZEWENOBRETFNMEMREEL D BEH L,

(BEEBEE)

@QDOW MW= -HAEA": BREFEF vV Y
Dictyosphaeria cavernosa DR LR mEok it

HE#HEESHICB IRk EE. BIRESR
DERHEEHFREROHMEICLZBOTHEIZLIZDD
LHBAXATWS, Fuavw s YoBSRORES.
HEOH—BHETHAREL S, ZOBTI L
BHLREEIEEABICHEL T, REEBIHIICH
KE-BHLHEIBEBEOWRE - ERTHI LR X
hiz, EBERRPHAFRETICHHRRLELTEES
(ZOFL, TOBRLEZOLEEEZROS LW
DT, REHLWIELES) . il BIEEERA
BizZEbD., REERNMELZ-> THEEIZSRT 2.
LHL, ZhoRETHEABICEALTWSZ L2554
QETHEID N E, AREWT - RO L2RETHOR
2 EBH}E. COBTEASIE W, BIFERZ
FET 20, #HELUE BAOEEZRKVALRE
Wo ZOZ Ll REBORRLEAABIDI SF X
T, HBERETUVHA—LLTOABRELTWEEB Y
B3hs, coOLogakg@liEZ47yE. 2 F
VB EWIC -t TH LB bN S,

(RFBEK - EMHER, *xWFL - 8- £



(23) oEHRHF— -8B MW= MAB; AR
Trebouxia®REicAaoh s YL/ 4 F - BERGEES
"3

EFORRAKLELET I L/ 4 Fit, XaBKOB
BEELH VY7o -2-1,5-=2 Y vBALNES L5
— € (Rubisco) DEEBHF ELEL >N TV, bhb
hiz, ERBE7919Y5, 2ELY S, 79/ 1
Sy, BREBER I L I Fo oGt RGH
DNADS EV/ 4 FERCBETIEVWSIHRLEARS
ROwKLlko COE3REL/ L FEBBEDLAY
BrPrORETHEISN3 b0 THEILEHESHICT S
dbic, F2/7FEy PABLARZHOYE 2INMER
FEEERDAPIRBIC L 3R AHENABEEEEZ LD E
e T ORR. 1% $BParmelia sp..Physcia
sp. DOEMTrebouxia sp.icBWT., XGEHBE
BEBEIRILSEECL/ 4 FOEbDEBES L5
EROBATVIONBS SN, 4. —BoKER
B, EVv/ 4 FOEb Y EBRHREFHML TV A,

(REX - £EPBER)

(24) OEHEE—BB, #A {§ * : KB, Cyanophora
tetracyanea Korschikov DFZHE & HimigE

Cyanophora /&icit, C. paradoxa & C. tetracyanea &
BREBPEhTVIY, FFJIERESEoh, BENBE
RO R STHRL2OHRBLEINTVWEIORMYLT, %
i3, Korschikov (1941) K& D ¥HTER & hicibiz,
Skuja (1956) ick D X DEENBFEREL TV ST,
ZORMALBENEYR, SEFNNERIRNHOL LTS 3,

1987 £ 1 A, XBRKGEHON2HORFLEY v
Fiwi o . tetracyanea ESBEEB T LM TEL,

Wi, FE >R 5 LMLV LIRKNE, Ehbh
L>R3EEBHE (UFE) T, RERO I XOWER, <
O~NCBOEROSRUL, BERCSEREE (MLS)
BogE: L Bo. AREBELALGBRER ¢ @T, 4
O RBEHEBEET 2. Y752 ik, AfllicSv—
FMREBEEED, LIAECHERDS>EERELS
TETVWS, KE&i, # 8-11pun, B 5.5-Tun BH
3unTHoteo CHOLOBMBEOKEIE, BBz
cEANIC—FK LT

(OHZX®m v 2BRER, *EILREH)
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(25)  OmMMEM - #E B: 45HEELONT b
BoMREEOHEESHE

AFBEEESONT I EEEREIOBRBM L. 4%
HEXLOERINT I BBLIUTZDOEROEBHY T
BODTORETHS. N7 PR<IFLIE, H30LmD
BET, 3/ VRT3, 2EHOBFEL5, £
D 1813 Chrysochromulina ericina I8l 5. i
EL/A4AFORE, ANVFARITORBIRIY Y /0L
JFBOELDOEE—HTS. LHLEHEE, UTO
HTC ericinak 3R 3. 1) WlaY 1 X (C. ericina:
8um, HHE: 18y mOMBRER), 2) FIRkBEHFOESX
(C. ericina: 12p m, &H:8um), 3) BREMAKEEN (C
ericina {3 b>, FHETHTL).

WEXBEHE 4 FX0EBENMOREBR2FEEE D
DHDONT P EOEBENMBBERDOZAICHMULT
W3, HARELNINEREERERAD0 YV /D
LYVFOZHICHLTHETH), LErdIhoRBER
EULREER->-TV3. ARFPOREOEH A
ETILENH LN, SABSKIERLS, XEE
YV I 0L FBROFHELTERTI008R4E
EZoh5.

(S K - £9)

(26) OREKET * - KBTI BY **! REFEHRED
HEFEHEHD NAROES

WX, 7HAIFORRYIFOERBEHBZINRT
DEAZEUHNBVEHREZVLEATEY, XEd
REBBFAROREABIESEU L EBETSS LT
hT&k. UL, Hamada(1985, 1987)iXClosterium
ehrenbergii DLEEBL2FEBUTHDNABOELE
HHEUHAARL, REBFEMARCED NABRBEHET S
ERROXLY, HXOBX LB RKRU L.

AW TIL, C. ehrenbergii, Zygnema sp. BXY
Spirogyra spp. (Sp-1~Sp-4) 2RV, EHLHRE
RBEFERBCBISEDNABROEHLANRER,
HamadaD HEVHEHI I h, UTOZ EBHo IR
>/, © DNAOHERIBHPECA-THoBIRDh
h, ROBEME CILHARAREBRTITS. @ 0Ih
DIFED, KEMAROZDNARIRBFERD 1~
5 CEET 2.3~2.9) FEEGETh L. O Sp-4D
¥EMAROED NARUBEFEROB LS E 2, 3,
4 ERREERE - RFEOIED S, BBEOFE
BHEIHh 3.

(* ABHRBFKX - £Y, ™ BTIYT IV —F)
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@n ORIWEE  §iNfTs SEMEUEK: HEHE
BOEELH L EERME

HEHBCRIBEOBEENEFTLTBY., RWEHET
BHAVHARREENAMNERCES, Zhik, ¥H
HWTHRATHCERBECESRESORRRHORE
WHE L, EE#HMN TR h OB ORI EE I HR
EhTWBEDLEXBLATNS,

AREECRABCHTIEEERE T2, B
DRRBYAFT—NEIOEBOMHE2RE L, 5C
MH4T.5CECHEREMMS5CE =ix2.5CT > HICK
BELTRNOAAREELFREAMEL. Theh
DA FT—NVORBELCLOBBREHARE, 20K
B OBHBREEDY A F -V ETIRIZEHE
HEDHDICHRBRKBCH LTHWEGED 2L,
ZOBEKERETFRBOKBELEE-BLTWSZ
thbhotz, £, BKECHEBLTWAETIE
ER-EE FR-BEHEIBEEAzb0 TRRZL,
BRI VE—3 LB Z->DE—2%2¥2&5 R
BRI 3BHEMH BN,

(ZBX-EPER)

(28) HEXH: BUBCHTIPMBEERRED

ZonationiZ W T

AFRE, RFABCHTIHMTHEREOMESR
FTOEENNAMELHAOCIRTIEMNT, 19794
L1980ED25yERXDEYVRBNOHNER. B/ 5
(BE®) . W (BA) . "Ml (B®) . BB LV
HFO6MACBWTHELREBLL. AEXFEL
Y4 ALHB8AETOHSERDLEVEAD KB
F, WFhotSKBWTHLHEBOEEGTR BT
SHMHEERBEFEEZHRLEL., 5 0cnMEF THEML
OenEHFDNIEHRZITOALGEROFHRL2EIRK
ML, HLEROLLETRETORBMBIZDEZY., £AIK
HARACHBRETIHEXHOMBE LM, —FTRERY
DEEZR 779 FLbDFERELY R,

WMEHCRT 2 ERHOMMEK (5 -6 1) k. BF
CHRTRIGHMTRALEL, #MFTRIMTR LY
v, BERXBFTRIHL., XWTLE. HROMH
KE, Bl TRECVENELAGOAL, EESHY
OLEBIZ., BEEEIERELRVWVERLELLEDOH W
T L OMZ1 30cndMERBAGHhE, HEX%. #
EBIUVEELSAHOMCHTIMBLRETE L.
BFEBWTH QLIS EBLEFERIABMESL DA
o —F, BELETEEHMAMORTMFA R ERD L
R MMi-BEHMTE66. T%ERLELUESEYL
BwZ b oilk, (HigA - @)

(29) O/NEIAEE - IIOKETF - BENlIE— B9 &4
BERBOL/ ) X VEIDOERBIIOVT

V) FVESZ, EREHEEE, ST T
DR OHBEHORVERICEEL, CoMBoFHE
BREMBRETH 3, ABOLEE, BRORKLERS
PO EFEBERBICBVTINIELANS 128
whIT, DEEEE, BEELER, 2)BAI0H
BiEES, KRR, 3) kA, BI04
HHSEHIE L, TOKRERET 50

LEEE, ¥R, ERE L5 AL oagucHmL,
THBIEAE, 1.0 ~1.6 X10* & /nf, 43cn, 0.71
g/x%ER LI, COXIBIRENEEOENIZT 8 A
THE T o UEEIE. BEAOTH T 3~14%,
R TId 3~16K, HETIY 4~3K, fEOREE
BTHTIX 1, PREPTI1~5m, EBTIELI~
2cn, OB, THTIE0.5 ~ 2en, R
BT 0.4~1cn, LETIR1~2m?>7, £EFER
36 Ar oA dhi, £O8IZ. THTIIO~TME,
th#fTid4 0~26 0f@, EEBTIZ90~5001
&, bieiEemli, GEERX - k)

B0 4SE R:AV/VENRHCREZTHES
B EXYMERRS L CHREORERA

RIVNTRIV VIS TRIVEENDAV IVE
BBAMEFBCBELTWASE Fh DR LWE
BEALATWEW, ZZTIREhEREL LTEN
FMAHEPMRESHICRB T TRESOHB B
B. 2HEHASL L CERENHBEICOWT1990~91
FIRBL. DEBMAMAER/L A7/ VEIZH
HBEOTEBRRORKRHEOACEFL MALRS
L3BIcE—2 L) BRICHALL BB»LTFHS
Ry bRITOERWOARER S & (D) BEWFERE
ESWEITHHRLR . ZORRKIBBHODFTE,
B AEEFECBWTLBRABINLE 2L
BEE—BRICNPEVWTEE(FEE8Bn) B TOTSHE
CHIENE(FSHMDLEHZ Ty EREIPE
ELTWaIE ABHPEELFROBEORRS,
5 BREFHRMIC YL ZRSFESH T HESE
Blci2mP3< HRE, LR 2 L 204AFRKIZ
THLZMBEEZ EOTWR LHEEINS,

—H. T IRy P BOREHFIINMCHOAETH
RENTWETHHMBEERINTWS L #EE R
BABERT60g/n? BAFRE OcnicBL 22,

(A R)



31) o FKRIFEAY - BB a0k - [FE A%k - H.
V. Yanrveskkk: LBEEROY Y TEBturf
OBELEENFVHICRETEEICH>VT

HE St EEROMEHOY v TE@turl TR
HETO, turfO# & BEFHYEOZ/LICBEET
BIEERHOMCT B LMK, HEEEHSen
EHBRROBELBR VK, 0.5mEFORE LTHE
ML Z0hh o EEFEEBED T THI0XEEOBY
2KBL 7, ChoZ2EARE, BEHM(SEEEH
Y B, ERE, 2RE. HiRBmosi L EE
T KL CTESiteBICBYICDVWTHEERT-
tzo Site ARABIEHL THKOREL XL . &2
ERNHEL, #H0BEKIE00~3.000THh . %
7507 b RBRT B LONE N D, Site Bik
BRI THL, SOERNELET 528, 800~7.500
AkLBE LS, BRBLBRAENETH D1, Th
FturfORAKENRE L, EBRYNELSEBLTVEA
LEZONB, —HSite CRABISRMEL &VH

oy F7—VCHRENELDS, BEEKL400~1.

500& B bV, G LK - B - Y. R BE
BF. kkk dbK - KEE - P Y T — 7K - Y

(32)
BREXM: ARTIEONT

BE 2ESMGTRETMERLLTSED. 19904
EAEFMERL ZBNAECIZERRIIROS B
WBRTBB/IMBELTNRLINTWS, HETR
IFEROKE M SBRBINAOSATED, 1892£R
Rick-> TERIBAIh TR HHERRES 8
HYIERTYV R YOBBEYERVERERY
ffbhTZEk, LML, SHORKITIORECRKHROD
FREZ+ACRAIATEST, BRVOBILEE
LT3, BAECLBRRITOBERAESL, &K, 7
—OBEEHIC X SEFRBEBRSTEMA» S H#H
$rdgEE T, Bl BHREZEDTCEES L
TW3, $EIE BRLFAROEATVWD Y _—HEM
EfHCHATIBRIEOVWT BREOCHEOHE
2ENT 5, (BLURKEXRE)
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(33) O¥FH{EE*  HHRE*  ALERFHBEOZF
A

RAEERR, BLOBYPRBE WL 21 OREN X
BEEREHELIVE, HESCREBTHOLBREOK
EFRBBEFECO VT, TORMEIL2HAELL, 20
HE, UTO 30 KERFRBCRAFLIOELR
KeéohBnwI ERBERIhT,

1) Apatococcus lobatusB¥#® (HBHMOEZ X KER
BEou=—2KR) EME2EUCERHBBEE
DEETHo I,

2) Klebsornidium flaccidumB¥i§ (=9 / + K
tegBaoRoao=—%E,): K. flaccidun,
Chlorella@ B * OB LEBRBHE BRSO L I
o

3) ChaetophoraH ® —fE K U* Apatococcus loba-
tus DEBETARE (F++HEL)BLHEBRBMGE
s oninhs i,

4) Trocyscia aspera KU ] asgiella alpicola
OBETHIHE (M +HEE)BEEZ2RELY, BE
MHicdoh3BHEHh - I,

(> LEREHE, EEKXH - #Y)

(34)
Bih g:> > Y7 BRIy 7 i
THTLIINY - R

eV 7EHoTLaNY -HRELTE, $TI
KERADADDVIZTY /7 - VHEBIIC X 2 REER
(Su et al.,1973), I LI ZDHCENTH S EFHLE
Mick 3, EKEMDEE Nitschia [ontd 2 £AKIE
AoMEL VML T WA H (Hiun-Andersen et al
..1980,82), —HTIHAEBBHICIEICNL > LBEICD
WTHOFEMLRE L SN T3 (Forsberg et al.
L1990), AEEC oL S LBA» LR ERAL,
1) A4DL0MEMICLEPIFRA T, DO
LoH HeOl Hrwidzva oz r L AEHICHARE
DERICHTEEFENRIFZOLN, ZOHRIEEIC
LERLH>TLFMMHERERT. 2) £FRHAKE
DWT, A7IFINYITY - ATAICLBEIDE
MEzmBHr o, Harris $EBIC L TFEH 18.7%(SD=7.
3) BEOHEYHRSADON, BicXY /- LEH
EFLHLWLPIFRAMORBLEEVWHALNBED HNL
3) ChLHYBRyEL T, BHRETFRAMB X
UGCHSAHDMR, AREDHKEOMEL L TR T
S/ EELLHE, MEEDOBHAKEOHEIIZ CHZOH

AMEZ LR RUEKFERDLDLERE SN S,
(BRX - HF - £9)
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(35) OEH 1C:REFYIEEEMELTnILY
¥ (Closterium ehrenbergii) NHRAEIZOWT
EER2DFBOKEREL, BB, BRELCH
REMBEICEVEBEREINTWS, 22T, ChLBIE
BED, ENLHLVWDBEICLDEARICE ST
LEENEWIEE, MRICL2LESMIEFLE
> TEL, ZNHBDEFEME LTI AV XER
RLTALLTA, I4VFEIZELRNE) TR
4944 24 ROBRAWETH 5% F I 74 TI107°
ppm,  F7CHEAIRDKRIROREWE TH 57KkB T
3 x107*~10"ppmT, I, A TFHRNRE ZEEC
L, BICZ0—-AT>72=a0-0D)L S hiitEmE
Tb, AE»HEZIT5BE L ITIR LIRET, ¥
REATFEREE#ECT. CHIAVEETFX}
%, FIZIFIN7HTHECAVWONARERN S 2
==(z7ango=))TiT-oTAHASL, 0.0017ppm
TRELBEATFOEERISR b, —FEEEDKE
k& L THFHEEIZ0. 0dppm, BRBIT OBk IR HilfE
120.dppm& 7 > TWT, CHLDBETIII AV FE
HFCIMER BT TL L, a4R&R, X THHE
BH2 HUNIFERRETH D, ABI~DOBELEZ
BEINIBH D72, (BWWEELX - &)

(36) OME¥ % - Fmiislt: - mR B - W
£ @ENFEO (HFTH) 0B ERRHER
DEB

1) B1BEERHMD »oBBH T roAOBITH
1. AHAEMTIE, CHIAOEH + 1.6 0 NHIEML
EAKRD “CEHKffE LT 6340 yr.B.P (K#&,
1991) 287, X, CHADHER + 1.9~+ 2.0 n
METFARYRKIURFBREE N2, 1991),

Zhiz#6300yr.B.P.2RT(FIEHS,1982),
o T AAEMICHB I 2B 1 BEERHMD ho 8
BHETr.AOBITHMNI.BLE6000F/THS
tHEzxbh3,

L) 3 OBIESIDORK L OBIHE: 3LETO000E
FIMH66 00 0EFDI 1000 FEMICHEETS3D
DEBEBHETri-1, Tri-z, Tri-; PP 1BEER
WMD XT3, LED3IOOBBWH Tri-.,
Tri-z, Tri-; d)ﬁmi.klﬁzﬁtiﬁﬁi@t%ﬁ#&
THLSICHAREINAEIIIOWEIICL 3 HBEOE
BERBMRLTWAESICBHh 3B,

CHAX-E £, RRRALEAYHERHS)

(37 OB - MEE%Z - JIFHEE : BBAYE
J VI8 % r DN AD—RBHED A

BEEDREIEDOFTRGEEHFHOEAL B
WeTaHEN—REL LTHAEOBELYDNAD
Ml ET, 2O—WicoE rDNA (VKRY—AR
NABETF) O—KRBEOWTE BT 2>/, rDN
AZTRTOEDHFEL, EL-BERNERDPEN
BEBREFOBLY L EROAEWERERETOHS
2RORD, ZOMRFIERELBRSEBLIENSS
BOWThIoWTHARAFHELRZLEXBNS,

SEIEB Y ICIEERICBVWTREL LT H IR,
AYE/VHIBOERFELYDNARZHHLEY
vAs054 RELCHBLEDL, Y59XDTD
NA¥7O—Fe LEYFUEBILYBTESB I
ko £, JYBMRBITEITS DI AYE/Y
(Scytosiphon lomentaria)iz>WWCTrDNA%* -
vitLi, 70—k 8k bd r DNAREE
e BATEY, TO—MIi>EHEBINERELR
FEbIirork.

(e - & - )

(38) OWEAE #H - YWFHRXRT :165YKY —ARNA
RN EXEF » SBRBENAEBORKERBIH 2 KA 3

BENDHFARBERORRICEL Y, £hBHFORKD
HBEAWTEBENORKBRERT T LA
BOPHBEICTER LS >»TETWS, $ERIG
OEMBORERITICLITLIEMEDR S, 16SrRNA
NEFBELEERINZHBT I LICL > TAEBREND
ERORKERITTIRAE T, DESHELFH
RALEY Y H—RIED7 T 42—k, 3D 16SrRNA
CHENLRERFNZHW, FHHS008E 2 HAY,
I+ BNAE (Bryopsis sp.)IZ/NA E (B.plumosad & 1)
LAANKE Bomaxima) LERTH S & W) HIRERE
HARSE RFLP S OBRFXF S L,

CONFRIGECHES B, BEEEHMTRE
BTLIILAEEZERE W LML TWS, Ly
ILNAERATIEBWAALRALZ LS, ThbD
BoRMLIZHEWHBHICES LI LA RBEhL, &
2, BEDIRRNAF FD2RMBENA LN Z LI AE
RBOENLNELEL2 L TEELRWRLEL S,

(KX -HHF -£H)



BoRER

(39) HBE#B : &3 Nostoc flagelliforme (#
B) nEFHLEFRE

EROEXEX (koXv, 77— 7 1) Nostac
flagelliforme X hEENRAEScHS. BXAT
EX0EFHEOVTE (> TV ARSETEN
LBbha, 1914678, PEREEKEEBRE TED
£FoRSE Ri@LE5XbhktoT, tOBEL
&7 5.

A#Eix, hERNBEOES LAEEONEH oL ERA
REBFLTBY, —Ho+-E (terrestrial algae)
THb. B OTHOXDBEVELEYRTELRE
F3gRlLrllototoXEk, FEKTELSK
Boh, Ko ES SUEDHTHhTroBRRcE
STW3bDtBbnd, KBERBELHERLTS
Ry oRERMESH, B ciih do il
HORIARRCETh TV 3. FERZEROFREI
- 7R S VEBRZHMR L BREBERRASNTS
Y, FARBOHEMNERAEESHRFTORRES v
- 7R &Y EBERPFRRITOh TV 3.

(HEKEX)

40 ORH#F & -EE R**: 47/ o

HEAKEDERERAKRETHSH 7 /) YPrasiola
japonicai, Yatabe(189D)ick » T, #HAREHK, B
BRME, BRARZNLLOBRIESHWTERKSH
1bDTH3, TDH, ZLOWREFK LT, 1 H
Frofist (BARMEICE CFHIZROKHID 2BV
T, GARRIEILITE O KFELHHEIECHIIO
BERBICOIERTZE VS, HREUSHETRS
ENRRFSMThTNS,

ERUBDICE>T, SHHOEMARLE ShTH
30, TORFLICAHERERL LGHERET 5,
wWEhd, BRBDICEVBEIN TV RFHFOE
BTRHBN, BEITICHT ) VOEBRERESH
1 LDENRDS HFRTH 3, THbL, REHH
BHEE #HR)IREFHHI, XSRTETHEE
KA ERKBAER LD, BARREMREARFTO
Jlo

i, TTIAT ) YHHEE L - THEE D H 3 EH
KoWTHEET 3,

CEHKK - BEMR, *FkKX - B8
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@D OFFRE - FHEH - SAXZ8 . BE,
I h7#5H, Dilabifilum O—&FH

ZHR, HEREOIY 7Y — NBICHABLTHWE
REOID=--%RIM - BFRUEER, R¥oMRO
MR LAROBEIBEE2FEL, 4XDEES
BOBEFEERT 2EENSEEAE, ZhH 0%
iz, ¥, A b 74358, Dilabifilun B& —¥
T35, ChETCAKBDHME LT D. arthopyreniae,
D. incrustans, D. printzii®d 3EAHEZH TS
(Tschermak-Woess 1970), 4 E#H»h=##k% John-
son and John (1990) mFEE#L Lk - REFLE. £
KB, ZoOHBE D. arthopyreniae (KRB EHTH
BZLABESHICRSEN, CoML Y ATROED
Bw, £, Co#&kiA080osMEEDREY R
Sh, BECa0=—-DFTHEFEEZECHERT S,
ZhL0RFEDS. OB DilabifilunB O
L #®%, Dilabifilum densesporallum &L E,

(KX -2 - )

(42) OBINfTE - BILEE - BEHMMUE: H I X\
PHROEENHEET IV

BRAROBMECEENE2BMNT 26 L b EERE
BRAPBIUHEIHRANORXRETH 5. €2 T.
IABBHRICOWT, KRFBEAARBHEEERCL
o, BELEENEHETIREETVE2EET S, ¥
ETFNVICLBRNSA—-VEIR]1) H5 R0 HE/L.
2) BHIRNBREABIKE 3) BRKBIUHED
BEXEE. 4) BUOKER - KHBRETH3, 20D
BEETNVIKOWT, KB HBECHEKOHBEEE
EFEXFELEE, N—VFIVIVYE2—FLETY
Sab—-vavEiEfTW ZhH0BEEANHEOEEN
CRETHEHCOWTHRELE, FYN2BEBKD
HREBERELEBE  KR200UETRY Y AHHE
BEILBRZWLOER:2@E, Chid. ZhETO
WERBLIC-BLTWE, ¥ £EHOREM
BEHBEL D DL —BL. *BEETFTIVOEEESR
hOoNhiz, WIYAHBOEENPHBOERIIED
BARZESE2RETERAR. Boici3BKoBHE
BOMATHAIZ L bR,

(ZBX - £9HH)
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@43 OF #lx-HH Bk HH B
BRE AE-FE B BHE Efs
{I¥AT ) VHOBC O KT TOER

COFRFIADTREERIES C &, WU WCDERE
ZHEELHOPIRT I ERABELT, BR3
CO¥EBE T CA T ) Y ¥H(Gracilaria chilensis,
Gracilaria sp )RR U, TORERLRU L. BE
(FX%920 cm)%350 ppm, 1000 ppmz 2121600 ppmd
CO R BUERBERU 2520 C, 3004E m2s~1F
HEU, TOMERNUEVRER, SREDC,ZER
UkHDEEMENLI W EBHI MRS, 15K
#WDpHld , 350,1000,1600 ppm CODWV T hDIFTICH
VWTh, BREEEDREMCERACETU TRIEE
WEL, A ER LRV CRSEIET SN
—YRRUEk. £, GREDOC2ERLEDLOIFY,
HEREPO0IC (FRERRE) BENEL, Bl
3N0;" DR YAAERZB VT EPRP o2, —F,
DICR10 mME TR R @KP THEEDI ALV
ThoEEEIEDBHSINRR . HEEDCIT L
342 ) EOBRIGED , BERPOLER R
BEO/E O KK - REEORERAOKAR &
3b0&EFxX0N B, FBROMERESBELY Y —,
HEUKK, #ERA, HHBEENGR))

() ORII&FEE - BINEX: NENEHRERBICE
TABMOoBHbh» EOMBER

MR - KEE - —BAORMICHT MRS
BEiZZUWw, B BAVNRAREFEULOEE
MER1EEOLEUENRY YIS - v HAHIY -
TFHYEALGT. LHRUEOLEENEDL Y FIZRA,
EDOTAAIRBEFATWS, ¥k by b
T¥ - BXIPREBBRETHEHERALERIR. $EU
TChHoke. Thid. MER - PEREMTHEMICH
TEHRYEN+ATRVEDEZERDOND, RIT. %
HIHESEAN QT IR T IcHEE h A - PER
DEMBMET. BMOBDALETEL THk,

NEROBHMETIR. BMERI TEZIEDA
TWhEH, ZO®RIIKOPFOMZREMELTHTS
BEWTIV IV ERTET R R PEROK
BMETE. BHEFBRLHARICEBL £ OZIBM0ER
T. RITOBMETER. BR- 77307 Fvedbic®
PRVWHEC RO TS, BERTIhA¥YHERE
BRI AE. CAZTLD IR LOESHEMICE-> &
BWEZATRELIT V. ZRLLTRALPOMNE
BLBETRERE»Z 5D, (RREXEK - W)

—REER

A5 OZR#HA* - BEE - WK -
HEHBE - 29V oRBEBRERKDOER
ST

MEZYE ) TR, BEFORFHIIEESHL
Boh, 4GBBoRFEAIBRESFICHLT 30
T, BEERGERVAERHERICK DS T
THETH 5, ZAFRTE, RYE) ) ORBIEBERE
RgZHERRUZBE LTESE, BESTZET
Kot ROREFERERRIGLIGE, REES
BF, RRERZBERERL, F, BERETIEER
EHERMSBIAXSGREADF ASHEFEETEL
feo SO EMD, RBBHRIBE—DEUREFOXR
2ZUTWBEEFEEIN S, TLRBBLEAEEER
RS, REESHF, RRERFERERL
foo COARRBIREBREZFERGBRZFIER
MIER L 2 BEFHEBTHEEEI OIS, 2O
R@icHI3F, BERATIR, REBELGEEDEH,
KHERIHFLVWASEENZ 48 0BEEIS
BARGREADF A SHBHAETE L 2o BT
HORKE BEBCEXTERSERoBAEENETY
Bhofed, RERLREHORETFIRL 5 HHEH
KBT3ZL0RHEh, HFERLHFLOWEBR TS
tBEfoARIIck - TELELDDEEZ SN S,

(* BkK - BE, HEAkK - BEHM)

(46) Oyl « HEMBE - IRV ) YOT T
TR b OEE

WEEEMROHBRLAVTAYE ) VEREH &
TOFTI A RBEHU, TORERERREU 1.
T 7S5 OBERIERICL VLU, By
WHOEREDSEH U 27O TS5R P CUEHRTSH
2D U, EHHT0E OIEREH S BEU LT T b
TIZ M TUEELEDShERI SR, BRALEORIZ
BV3EEEABAE, TV b=, YLE p—
Ny Ya—=70—2APBBLULTBY, NaCl2BV3 EEE
REETU ko EREPOEETERNOREIIR AL
(0.2~0.1M day™!) T A NEEREE P> <
LFITL— b PR RROMIEE L T
W, REE (26.5~265 @ cn?) OBE LV BEE
(2650 $HL cm?) DBADHBELERIIED - 1. B
REPRBYPOBFH U LT TSR P 2IERT 35,
B, MRERHEL LK, THINCHHU, KEL
U, BRALERVEL TTEROERKIZ - 1.
COFEHOERED» S FERFMKE S, OBl
FRAFU TERBR R 5 ke —F, ERIED LT
EDGCHEEURTO TSR RERT 58, 21T,
BRIRTFP BT L FRODBERTERKI R - k.
(KK - #50)



UD  OREHE* - BMEEE*: 2> 7 HHEWER
FORBREOKS

REBH TR &L 2 RBEEITHOATY
52, ZDESBFERZIEWL O OBBESENBD,
BERFERARANOHEIEE -T2, BHLAH
EDOWTERAEERFTOLEENRBRBEINATWEHO
D, BEZOWTREBDTHR W, 2T, SEER
HMBOREEICHT AREHRARO—-RELT, 2
Y7 BEWORBEERME HEHAALE, TH
HEEET, BAEFEPTHESY, REOME
P,

#F =37 (laninaria diabolica) iRl fB{AsE
EHRE JEHARBR (YAFLANT 2 FVF,
YIER=-V) IZBRIE, —40°CETOH-LDER
H(BARXRFO-NUOBELET 1 -7 7V - -%4#
M) Lt BBEERPICRALE, 4 BRICEREAE
FPSoWMDHL, A0CCOBKPTREKICREL 2o B
FIEOHIUI TN ATV - ez & 2EFERHNE T
W, EFEEERKDE, HRAOEEZIZEDL - 24, &
HEOHRBBREERL AL S, HBOMHEERE
BErcesTEE,

(OKEEFT - dboKER, >HBX - HBE¥E)

48) FHEFE: EEEaTEEMOXESHE-B
EEfticonT

+H 27 (Laninaria longissima) iXEHERRE &
DFBIBIREL, ERG»SBETICRBLNE
EEBT 5. ABXEENICHEEREMTH 571,
ZOEBZEAFEICHTIARIZEDDTZLV. &
ik, 7T ORER - BEHFEL ZOEMEL
EHFERE,
YIRTRERMEOSHEME T, EMRETICETT
53K TEEEL, BERLDANIKR-F-TH
HLEWAEEYS DT 1 X7 ERERIEOHRM
L, 2BHEKTHAEL 2100 nlOBETAKCT 4
AV%EAN, HROBEFHEDTTL yFax-},
1 UFax- MHIBOBHHEEI A V77 —HTE
BL, TOMMEXERE L.

11~ 1 BOEFETIE, XEMRBEREX20~25°CT
Hoe

(KEEF - dbokaf)
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49  OBEERB* - HILETE* - BRI
F T OH A DRREEEFEICE T ERER-BE
DB

BEHEOREoHRRRETE >EE IR, Fitil
REM|UEMHREDOMDEE - BRBICHET 2 BESKHN
BIE-TWBLEEDNTWS, THA BT EEETF
DRFEHETH ARG LBTFEOHES. Thodrdk
BT 3KBPHAORBICRESHIERBVAY D S, Lk
Ao THEOERTFHOEICHHERBDOD 3 Z LAFH
ENBILEDS, ZETEMEINEF VT AADE
HRICH T 3 HAREBE L OBREAN, RiRE
1222°C. 1500~20001x, 12L-12DDS&HT CERNLH
ENHDTHY .. BFHRRIEAEEINIRIREGIIC
BRT 29 FEERROBETEMELA-DDTEH 2,
ZOHRE. RREOARBHEEIL2T.5CTHY .
FETIR2.5CTH o Ty CORBEEE S
L& LTEWEHEAERTEEGRIRRED I 5 255K
Mot 5. RBERE L Y BEVEERETIIRRE
OTEHEAEMEICEL . BRBREEL VEVWEETH 3
30°CTRED - 120

CERAER HEREEK-EY,
IR ATHEBERE VS —)

(500 OREFT* - PEM  EEHRE* HEBER
HOBRBEG 1. tERENELTERE

ERAEOBERAIOLES I X BERNIC G EEE
BA4BLTWS, 20REFRETEE20CTIU LK
ENaH, £HREUNRETECETAY, £Pick -
TBHPTHELWRELLRS, T THBEREOMHK
HEFRBZLICEY, BERFEICHT 2 EIC OB
EHoMCLEI ELE, HRHIBEMUT-2 N V-0
-2 HEALOBLERR & Y SHEL 2)0b7 Chlorella
sp. 824kkL . ®M& U TEAFEIYT Chlorella pyre
noidosa IAM C-28%k% v/, Rtz MERSAMSE)
O, BEHAzAERNEICEY PL, B - BRZ
tELE2OMBHEOE(LEETA A XS TREL,
EBICHEFICBLTHBCCBT 2 REAREELNE
L, 20O&ER, MIWCTETCFTFEEZERICHEL
TH, HBE/I/OLS CREEREEE2ERDRDM S L
A, BEETRIILALFOERE K. £, %
DLEHEBE/ULS CRERORKERHTAITH >
Y, BHREECREETH>E. ThbDI LD,
HEE/ULIOMEECODVWTSET S,

(EFER K, »+HAHBRE)
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6D ONFEER® - BOE" : aFRSIIEREL
0 8L 1z 2 EOESEOIE L THEdE

BRICIENWAVWALEESERTAZ pHISNATY
355, THhSOERRIC W TORE REEEe, Mg
HICHOWTIERBROEHZ0. HESIX1990E 97
REFEOBIBROFRL S L iz 2EOERE
Fischerella maior, Placoma vesiculosa®DJFHER4E
B, DOHRGS, IEEERIC L ANEREEHES LUEN
SOTFEEREIC DWW TR0 THET 5.

WFTNGEE JUB TSI L 28ROER, &<
IP. vesiculosall DWWV Tid 2 h & THRED 420> f-4
HESHO» L o1z, ThROBEHAHLORESH
SEBDERTHNT THERIKESFOEL, HERIERE R
WIcEEh, FOPOED &L D ITEFIL Tz VAN
AR R TR UAER, F.paior i340~50°CiC, P.
vesiculosalZ40°CAHHTICRBEREARL Iz, F12F.
maior |X60°C TIOBREEIFTE, OB LEHEND
R DBREDSHAUTz. P.vesiculosald65°CT 20/
FTE, COFSTIHHEROBRENED, KEIHAR
WELirofz. TO& D LTMEMEITERE LR OZE
{LTHEEINSE L Vbh TS, 2 TICLCIZE
B EEOEAE LRghEE 2 T U TSR, WL bR
BT & > THSHRIERDRD SNz,

(* BIEHREY y—, ENIBEH

(52) OMERE - -BOKZE-#H Ws- 8| HW
% - FEHesx - QRAE - RF M BHRETe*
% : N7 N#Gephyrocapsa oceanica X &k BC0[E%E

G.oceanica DAKALIZ X B5C0-BEXRMSI;ILT S
H&TRA2SC0.ME (0.036, 0.2, 0.5%) T6EHMD
EERREREL- (BE: 20°C, YHE : 200 4 nol
photons/nt/s) . A KALREE X RIREE B i%0.036% 5 K
HRL,KRVT0.25TH o1, 0.53TRRWAL b >
T2o TOED0.220.58DpHXIBHIZLTZHER
8.2 57.5LT. 2L ET L. HHUFARDOKELLT
PHOETHEEX =D T, RiZpi%8.2iIza> b —
WUTEROBREIT o/, TR, HRMEE IX3H
LHERERBOVRASA RPN, GRIAERIX0.2
£0.55DF 5%0.0368 Iz LE R T 2. 5B E Do 2. TD
CLECO. MEAB NI LIZEY, lEOHBOY A X
BHRL, REREHRL, AREREED L ER
THOTHo. DLORERENIS,plE2 > bO—)
FTHEILIEY,HC.RETAKILERBEIEZZ L
DA THB L HHEAL )=,

(xBEIR - 2—--xX (K) , » (&) BERS
By ¥ —, voalHEERE, sl FHEH (B)

(63) CHMEE - HEEZ  BEREFF:AEE (N
7 MEWF) OXERICBIFSE A-—KowITFTUE
ko —¥DBE

MECWMMAKETH 5HGHED Pleurochrysis
carterae ¢ Emiliania huxleyi OX&KIcBIF 24
—KZwI7 e FI7—¥CNOBRFICOVWTHARL
o TOHRKOMR %2,

(1) COZHBOMARIZMBAICCAEENRE XN,
ZOEMITEKED Chlamydomonas reinhardtii I
BRoh32 CAVEHDL/20~1/60Th %, (QZhb
HAaROXEMKCPH 8.2) Tk, XAMEEDL/2 Vnax
#7135 HCOo 3B [Km(HCOo™) ] I%#91.5 mMTC.rein-
hardtii OWIETH-%. QVHFEFICBIT 22D
Kn(HCOs™) f#id CADRERWMERTH 27 YV — )
TIRLZPFYY—-NVTIPRRENDILIHBRLE
M. ZOMEIZHCO-BEOHME XiIcHLAL LA, (B)
P. carterae OEBEAF 4 T LFOLRBBELBEHE
DL (12 ) PSERELAN (40 u M) icF
ABE. CAEMHIZEMUE, 20O, YUNIEER
HEROY A 7UANFYSAIFL2BMTEEEROH
mxMmuEhz, ChoDBRR. CO_FoMARR
DXERITHREDREE 200 BB L TWB 21X
BA. BRKEMMBELOEE LRI CA HRMHERE
W RRRHMEZHRCTCWEILEZRLTWS,
(RFEFEZEK - &%)

(54) ORhFHH - Ih#His BEEZ . WLE—8:
Dunalielladd FREBERICBIT 2 WK

Dunaliellad iR & %217 Ich =D, HMAMAER
WAL ILEND S, BEETKLTUT7—CHDOAE
BEBRIZED, BEIMELTIZLERRLTWEY
BRIILIMROBBLERNICRBTELN > £,

4 E. Dunaliellap’NRMICEH/IT 57V wu—1
PERLBICIVARNCBEHRIICLAFAL. B
RILL2MRBROERLIIERILADTHET 3.

FEELLTE ERRGTHELAMRE LMY L
Ch-LBERICEBRL. SEEREMRT30C, 1
HHRSEE A% RBBEPOY)to— L 2BRE
FERHRIOV LIS T 4—CERT 3,

MEfF-EER HMREBOEC20EBZ &M
BRTABLEHE, FROV YV u—Ar@iNc
BHL. EROICHENTRETHZZ LAHBEL %,
Gk AFERZRAVACEAREBR2Y. 0@
FTTOMT IR MEEITRASBROBRELITOFE
TdHh 5o

(KR I#H)



(55)  o#IBIEF" HAE : AMEFOBHKHEM
HME (Frorihn KoV TORE

ABFORT % CRIETK - NARTFE) 0o
mitdhae, WKL, ESMPIcHELRELH
BEBsLEhTVS, LL, S OHEET, X}
WO CRFERUSEH, FRE2OTTHES
#£TH &, RFRESICHESTREBHARELTY
3lEMohTVE, CORKLMSBHABBHK
RFALT, CREOMEEROLDORTFRPEL
ER I hioH (Tatewaki et al. 1989), € DRI FE 4
BYBRD—o L LT, BAOLFO LY ) —ilithey
POBMBINIBEREABHROS 3RS vy
BERY, £0F MY I LEERABEROBRIM
BMEXMHERURD, 4 P/ VB EDORFHEICOW
TOTVany—EEEHR, TOHR, BHL4
X0 MBIV I ITFATFIIZ VR
(Kakisawa et al,1987) & El#kic 2ppm BLLOBET
FLOHFEEASAS N,

CdbK - B« 530, B - BREBI(LE)

(56) OMBMAl - WWABTF BAHZ*: S VR
Hicrocystis M3 KDIBHBEKICOWT

HRELLOEAZHMABTIX, BMichE 3L WHicro-
cystis Bk B37FaDRENFLL,ZOERD
—HMOBHIOBUHT,COBADOIHENZHLD
WEOTETWB, ZBETIX Nicrocystis viridis,
¥. wesenbergii. H. elabens D3 LD MERIC D
WTH BLE,

K. viridis & K. wesenbergii O XBZIBRIRRIL,
C16:0C 2RO S b D45-50r013% D, EDIF
Mz C18:1, C18:2, C18:3, C18:4 @ AfaAfig
BB EATWE, —F., N elabens TIFC14:0,
C16:0, C16: 102 DERHDT, WRD2KD LS
BCIBKYY FAMMBERIZBLEAENT  Hicrocystis
BEnix, ClBOoRYFHMABHEREZEEZVWEND
BT Anacystis. Symechococcus I & D 3EWHRAHER#
BThHok. b, FPHHMBMANPSRBMLET T
IOMBBERIZOWTHIHL, 7Fa20E2MR
BTHB N viridis DHMRLBERALTHEL %
Hrd*=,

(BA-B-BRL - *EIXM¥OWEE)
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6D OHFHYM * - WEBE* - A= h** - (4T
B Y AFOMMIIRETRAOEE

ZhE CAMKANKADEYPLEXZEELOL
TURBLLOBEBRENTE LY, KREEBRLBY
ZEEZL UTEERANL2HE->TVLIFEANOLE
2RABEREBEHORL. T T, EEHEKSE
BEOTROEHNEHVT, BE&#E (EIZ Cylindro-
cystis brebissonii, —# Closterium ehrenbergii)
ORBEERIFTEELHABL 2. TOER, £&EHEK
FRIEHOMBEHAET 3 &5 RYEANEEL, B
ek > TEILT 3 HBEOBIRE» S ZOYHR
EHFBMA THATUHENGV L, EFHOBHI L
TREOREE UREEERSBEEATSEE85 35
b, BRI ERGEHBRTHV THRVESEA®S Y,
ARV DEABEAMCZOEABELL, UbdRL
BHET 3y, HEEMC L > THEEANKECE
HEXh3CtREPEREThE. o2, FREEL
BFBZTEREST, AKEODOBEYPLE X B ¥
ELRWICHETESAMENSRBEENS.
(*|EWPUTEEE, EBATK - EY,
i L EHp)

***H’E‘

(58) oBMEERE* - NHMT * - HMIS* x - FEAT* % *
: 4R’y 1 A Synedra rumpens var. familiaris OEMTR (2)

AROBBERIZOWTRAODMEORMIIOWTHES(BDABE L E,
@2 KE North Carolina M. Durham (25 5 Duke K*¥:HINT 1991 /£ 8 A
TR 450 BEBRLEOT. AELRMRLTEL S,

AXRDOWTEHOHAMIZKRDOLES>TH 5,

CRBURIT R - BT, % WKk, % % % BEENIARIR)

Synedra ruapens KMtz. var.famiilaris (KUtz.) Grun. 3RE:TIOO$AIE
# &
i M
FIOME | F1-7X¢®
Wizue 30.5 21.9
o REOL TR | HIM 58.0 59.6
BT W 1.5 18.5
BB BEE-TC 1.2 14.6
INERBETORMR (AHT S 88.8 85.4
T4 RBROKBBOR FRABAR 4.0 84.8
<BIFLR 26.0 5.7
X.45umilk 6.7 3.5
kLt $:3 th.30-4dum 81.8 83.6
h.29umBlF 11.5 12.9
x...3.5u4m 5.1 11
484 h...3.0um 70.2 89.6
Mh...2.58m 4.7 9.3
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No.23

HISIEBIETER £ 5

F3FIIA BAREMSBLBERS

BAEMIBS, ZOLUVRELLEIBERLSICEVT, FISMEHHELHFLWHIERSOBRRELELLD

T, TDBEEZBALEVLET,

BARWESMBRICS I IAMTERERY

R 3F10A238 (K) BE¥HmoRHEE

BAYFSES 1I3ARLLICH LN FLT, —ETHE
L EIFET,

HAMNBY), BERERSBL, FrERFEEON
T AREREE LT, BEORLREZE), TH,
BEERVEREFBICHELRBRBEIEI LV IEALE
BERA-THNET,

AZICTENT T, S HICHAMNENLHCE» L ERE
HEEEBRT L0101, AIEEEr L HEREMIIRT T
LU, ¥hieBE—BRESEDIIEHVLETHET,
372, A EOEBRSMAAME EIC v, SHERER S
Ao EHYENEBRNLBEHKIESKDONTEN T,

22T, BEEHLHEOERICE2»NZL TL, BEN
HEREN—RNERNI-DHIZ, BEHHI»OFVBEa» 5
BEYER T EELIC, B¥ERENFEFICENT
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