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A revision of the marine peridinioid genera (Pyrrhophyta)
utilizing hypothecal-cingular plate relationships
as a taxonomic guideline
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INDELICATO, S.R. and LoesLicH I, A.R. 1986. A revision of the marine peridinioid genera
(Pyrrhophyta) utilizing hypothecal-cingular plate relatonships as a taxonomic guideline.
Jap. J. Phycol. 34: 153-162.

The cingulum of peridinioid dinoflagellates is compared and the most probable thecal
plate homologies are indicated for these plates in the genera Ensiculifera, Pentapharsodi-
nium gen. nov., Peridinium, Protoperidinium and Scrippsiella. The newly proposed cin-
gular plate homologies in addition to cyst type and thecal morphology are used as criteria
to establish the new genus Pentapharsodinium. FEnsiculifera, originally invalidly described,
was not validated but placed in the synonymy of Scrippsiella because there are insufficient
thecal differences between the type species of the two genera to warrant separate generic
status. Three new marine orthoperidinioid species are described. Mutually exclusive
criteria that define each of the above four validly described genera are proposed.

Key Index Words: Calciodinellaceae; dinoflagellates; Pentapharsodinium gen. nov.;

taxonomy; theca.

Traditionally, thecate dinoflagellates are
classified according to the number and ar-
rangement of the “major” thecal plates, i.e.
the plates of the epitheca and hypotheca.
However, more recently, the marine Peri-
dinium species have been subdivided into
several genera based upon “minor” thecal
plate differences; specifically the number of
cingular plates.

BALECH (1959), who considered the num-
ber of plates in the cingulum and the ar-
rangement of the sulcal plates of prime im-
portance in distinguishing the orthoperidinioid
dinoflagellate genera, utilized these characters
as the basis for the description of the genus
Scrippsiella BALECH ex LOEBLICH 1965.
The sulcal and cingular areas were accorded
prime importance by him as they are “con-
nected with the most dynamic parts of the
cell”, and therefore were considered by him
to be less subject to evolutionary change.
BALECH (1967) subsequently described the

dinoflagellate genus Ensiculifera, emphasiz-
ing these same thecal regions. According
to BALECH, the type species of both of these
marine peridinioid genera have identical
thecal plate tabulations differing only in the
number of cingular plates; six for Scrip-
psiella and five for Ensiculifera, and several
other minor morphological differences. These
two genera are distinctly different from that
of many marine Peridinium Ehrenberg
species, which are now referred to Proto-
peridinium BERGH (LOEBLICH 1968, 1970,
BALECH 1974).

More recently, cyst morphology, al-
though mostly used in palynology, has been
emphasized as being an important criterion
for the taxonomy of the extant peridinioids
primarily due to its presumed conservative
nature (DALE 1977, 1978). Since 1967, the
morphological characteristics used to dis-
tinguish the genra Ensiculifera, Scrippsiella
and Peridinium have been considered and
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analyzed by several authors with varying
interpretations (BOURRELLY 1968, Cox and
ARNOTT 1971, BALECH 1974, FINE and
LOEBLICH 1976, DALE 1977, STEIDINGER and
BALECH 1977). In spite of the number of
studies of these genera a set of charac-
teristics that would allow unambiguous as-
signment of these species to these genera
has never been universally accepted. To
this day, these marine orthoperidinioid dino-
flagellates remain poorly defined.

Even when using both cyst morphology
and cingular plate numbers to classify these
organisms some problems remain. For ex-
ample, DALE (1977) isolated a dinoflagellate
from marine waters which he identified as
“Peridinium faeroense”. This isolate formed
resting cysts composed of organic material
similar to the freshwater Peridinium spp.
yet had a thecal tabulature identical to
Ensiculifera. Prior to this, the species P.
faeroense had been placed in the genus
Scrippsiella by BALECH and SOARES (1966).
In spite of sufficient descriptive knowledge
such as the type of cyst, thecal tabulature,
and general morphology necessary to sepa-
rate the organisms into species, little em-
phasis has been given to developing generic
diagnoses that are mutually exclusive for
these orthoperidinioid dinoflagellates. When
each species was described, the descriptions
of the species were made sequentially with-
out adequate reference to previously des-
cribed species or without clear concept of
generic diagnoses.

LoeBLICH and LOEBLICH (1979) utilized
thecal plate overlap as well as the concept
of “homologous plates” to distinguish evolu-
tionary trends within the gonyaulacoid and
peridinioid lineages. [See LOEBLICH and
LOEBLICH (1985) for a discussion of the
methodology we employ to determine thecal
plate homologies.] The peridinioid dino-
flagellates all have a typical hypothecal plate
tabulation of five postcingulars and two
antapicals. Fossil records of dinoflagellate
cysts show that this hypothecal tabulation
dates from the early Jurassic (BujAk and
DAvVIES 1983).

We find the relationship between the
position of the sutures separating adjacent
hypothecal plates and the position of the
sutures separating adjacent cingular plates
to be useful in assigning these species to
genera. For peridinioid species we detect
two collinear sutures (X and Y sutures, see
Fig. 1) among the hypothecal and cingular
series. The consistent occurrence of these
collinear sutures in peridinioids is considered
a conserved feature of their theca. This
suggests to us its usefulness in peridinioid
systematics.

In this paper we propose the incorpora-
tion of the above detected relationship as a
character of value in the generic descrip-
tions. In conjunction with cyst morphology
and several other morphological charac-
teristics, these plate relationships can serve
as a means of assigning peridinioid species
to individual genera. We will also attempt
to resolve some inconsistencies in the litera-
ture pertaining to these species as well as
to propose some revisions in the taxonomy
of these peridinioid species.

Hypothecal-cingular Plate Relationships

When the hypothecal plates of the peri-
dinioids are viewed from the antapical with
the cingular plates attached, several distinct
patterns can be seen (Fig. 1). A “transi-
tional” or small lc plate is only present in
the marine species. This characteristic
plate is never seen in the fresh water Peri-
dinium sensu stricto (s.s.) (i.e. Peridinium
cinctum).

There are two sutures of the cingular
series which we consider to be “homologous”
in a variety of species because they are
found in the same position on all fresh
water and marine peridinioids whose cin-
gular plates have been studied. One of
these is collinear or nealy collinear with the
suture between the 4’ and 5’ plates (labeled
X in Fig. 1) and the other is collinear or
nearly collinear with the suture between
the 1"’ and 2 plates (labeled Y). There
are two cingular plates which lie ventral to
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Fig. 1. Diagrams of hypothecal plates in antapical view of several peridinioid dinoflagellate
species showing the relationships of the hypothecal plates to the cingular plates. a) Scrip-
psiella tinctoria, b) Pentapharsodinium trachodium sp. nov., ¢) Pentapharsodinium dalei sp.
nov., d) Protoperidinium sp., and e) Peridinium cinctum.

these homologous sutures (excluding the
transitional plate) in all species studied. In
Peridinium s.s. these are labeled as the 1c
and 5c plates, in Scrippsiella as the 2c¢c and
6¢c, in Protoperidinium as the 2c¢c and 4c,
and in Pentapharsodinium gen. nov. (see
below) as the 2c and 5c. Generally these
cingular plates run along the complete
length of the 1”” and 5'” plates, being slightly
displaced along the 1’ plate only if a transi-
tional plate is present.

Major differences in the cingular plate
series of these genera occur dorsal to the
sutures that are interpreted as being homo-
logous in these species (termed sutures X
and Y). In Peridinium s.s., there are three
cingular plates dorsal to these sutures (2c,
3¢, and 4c). Because the sutures separating
the hypothecal plates in this genus are col-
linear with the sutures of the cingular

series, there is one cingular plate associated
with each hypothecal plate. Members of the
genus Peridinzum which do not have this
configuration of cingular plates should be
carefully studied for possible reassignment
to different genera.

Members of the genus Scrippsiella also
have three cingular plates dorsal to the two
homologous sutures (3c, 4c, and 5c¢). This
can easily be seen in the recently described
S. tinctoria (INDELICATO and LOEBLICH,
1985). However, the presence of the transi-
tional plate in members of this genus along
with their marine habitat would clearly
separate them from Peridinium s.s.

The protoperidinioids (Protoperidinium
and Diplopsalis), are noted for the absence
of any cingular sutures dorsal to the homo-
logous collinear sutures. The characteristic
3c plate in these genera begins at the 17°-2"”
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suture and completely wraps around the
organism to the 4’°-5 suture.

The genus, Pentapharsodinium gen.
nov., was created because the cingular plate
configuration does not resemble the Peri-
dinium s.s., Scrippsiella, or protoperidinioid
configurations (Fig. 1). Members of the
genus Pentapharsodinium also have five
cingular plates as does Peridinium s.s., how-
ever, the position of the sutures in the cin-
gulum of these two genera are fundamental-
ly different. In Pentapharsodinium, only
one cingular suture is found dorsal to the
two homologous sutures to form the plates
3c and 4c. This suture arises from the
center of the 3" plate. In Peridinium s.s.,
there are three cingular plates dorsal to
sutures X and Y (2¢, 3c, and 4c) and all of
the sutures are collinear with the sutures
of the hypothecal plates. Even though
Pentapharsodinium and Peridinium s.s. each
have five cingular plates, they are easily

separable because these cingular plates
border different hypothecal plates. Although
both genera have five cingular plates they
differ from each other in that Pentapharso-
dinium has a transitional plate, and Peri-
dinium s.s. has three cingular plates lying
dorsal to sutures X and Y rather than two.
These cingular plate configurations can
be better visualized using the following
suggested simple notation. Members of the
genus Scrippsiella have a “5-+4t” cingular
plate tabulation (five larger plates and one
transitional) ; Pentapharsodinium a “4-+t”;
protoperidinioids a “34-t”; and Peridinium
s.s. a “5+40” (Table 1). We prefer to
consider the small lc plate as a transitional
plate rather than the first cingular plate in
light of our belief that the X and Y sutures
(Fig. 1A-D) separate homologous plates in
all peridinioid species. Thus the lc plate
of Peridinium s.s. is the homolog of the 2c
plate in the marine peridinioid species.

Table 1. Summary of the characters useful in separating peridinioid dinoflagellates.

Genus - Habitat Cingular Plates Cyst Type Photosynthesis  Apical Pore

Scrippsiella M 6(5+t) Calcareous Acapsulate + +

Pentapharsodinium M 5(4+t) Organic Acapsulate + +

Protoperidinium M 4(3+t) Organic Acapsulate — +

Peridinium s.s. F 5(5+0) Organic Capsulate + + -
M=marine, F=freshwater, t=transition plate, + =present, —=absent,

+ — =variable, found in some but not all species.

Taxonomic Revisions

The confusion regarding the taxonomy
of the dinoflagellate genera Scrippsiella and
Ensiculifera can be traced to much of the
previous literature which contains incon-
sistencies, misinterpretations, inadequate
descriptions, and lack of suitable documenta-
tion e.g. photomicrographs. Some of these
taxonomic problems are addressed below.

Division Pyrrhophyta PASCHER, 1914
Order Peridiniales HAECKEL, 1894

Family Calciodinellaceae DEFLANDRE, 1947

Pentapharsodinium INDELICATO et LOE-

BLICH, gen. nov. Cellulae photosynthetici.
Formula laminarum: pp, pr, 4, 3a, 7”7, 5¢c
[4+t], 4s, 5’7, 2”7, dispositione orthoperi-

dinioidea. Cysta sphaerica, membrana
organica, acapsulata. Habitus: in aqua
marina.

Type species: Pentapharsodinium dalet sp.
nov.
Etymology: the name refers to the five
part cingular series on a rotating dinoflagel-
late. Taken from Greek: penta, for five;
pharsos, for part; dinos, for whirling or
rotation.

DALE (1977) made observations on dino-
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Figs. 2-4. Paulsen’s (1905, his fig. 5) original drawings of Peridinium faeroense. 2, cell
in ventral view; 3, epithecal view (anterior); 4, hypothecal view (posterior). Figs. 5-10.
Dale’s (1977, his figs. 1-5, and 7) original drawings of “Peridinium faeroense”. 5, Ventral
view; 6, lateral left view; 7, dorsal view; 8, sulcal plates; 9, apical view of epitheca; and 10,

antapical view of hypotheca.

flagellate cultures derived from the germina-
tion of two dissimilar cysts collected from
Cape Cod Bay and Norwegian fjord sedi-
ments. The first type, “spiny” cysts, gave
rise to cells which he identified as Scrip-
psiella trochoidea (STEIN) LOEBLICH. The
second type bore bifurcated spines and gave
rise to cultures which he identified as “Per:-
dinium faeroense”. Dale’s drawings (Figs.
5-10) and photomicrographs of the thecate
stage of the organisms derived from the
bifurcated spiny cysts, however, do not re-
semble Paulsen’s original line drawing of P.
faeroense (Figs. 2-4). Differences include
the overall shape of the cell, the width and
shape of the 1’ plate, the relative width of
the 3" plate and the differences in relative
sizes of the 1” and 7” plates. Even though
Paulsen’s (1905) illustrations would be con-
sidered inadequate for the description of a
new species by modern taxonomists, the

differences are great enough to indicate that
Dale’s specimens are not conspecific with
Paulsen’s. Dale’s drawings of “P. faeroense”
also differ significantly from the drawings
of S. faeroense by BALECH and SOARES
(1966). BALECH and SOARES’ S. faeroense
more closely resembles Paulsens original
drawing than Dale’s, particularly in refer-
ence to the cell shape and narrow 1’ plate.
We believe the organism Dale identified as
“P. faeroense” is not the P. faeroense that
Paulsen originally described, but is in fact
a previously undescribed species.

SCHILLER (1935) placed P. faeroense in
the synonymy of Peridinium trochoideum.
LATER PAULSEN (1949) considered his P.
faeroense to be synonymous with P. tro-
choideum in agreement with Schiller. This
conclusion is futher supported by the scan-
ning electron micrographic studies of Fine
and LOEBLICH (1976) and the light micro-
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scopic observations STEIDINGER and BALECH
(1977). In the absence of material fitting
the description of Paulsen’s P. faeroense
that shows any demonstrable differences
from S. trochoidea we concur with SCHILLER,
PAULSEN, FINE and LOEBLICH, and STEID-
INGER and BALECH in considering Peridinium
faeroense a subjective synonym of S. tro-
choidea.

Dale’s isolate of “P. faeroense” possesses
five cingular plates and an organic walled
“non-capsulate” cyst. These two charac-
teristics differ from the six cingular plates
and calcareous walled cysts formed by Scrip-
psiella species. This prompted Dale to con-
sider this organism as a marine member of
the genus Peridinium s. s. whose type species,
P. cinctum, is a freshwater organism. The
cingular plates of Dale’s marine isolate and
P. cinctum are not homologous to each
other. Dale’s isolate possesses a small lc
plate which is homologous to the transitional
(1c) plate of the scrippsielloids. Peridinium
cinctum, however, possesses no such transi-
tional plate (BOURRELLY 1968). The lc
plate of P. cinctum lines adjacent to the 1”
and 1’” plates, and appears to be the homo-
log of the two plates, 1c and 2c of Dale’s
isolate. All of the sutures of the cingular
series in P. cinctum are collinear with su-
tures in the precingular and postcingular
series, whereas Dale’s isolate possesses no
such cingular sutural relationship.

Peridinium cinctum also produces a dou-
ble walled organic “capsulate” cyst (DURR
1979) in contrast to the non-capsulate bifur-
cated spine bearing organic walled cyst of
Dale’s isolate. If cyst morphology and plate
homologies have any systematic value in
determining relationships then these charac-
teristics would argue against the placement
of Dale’s “faeroense” isolate within the
genus Peridinium. Dale himself suggests
the need for further subdivisions of the
genus Peridinium (DALE 1978). [See Bujak
and DAVIES (1983) for & discussion of the
evolutionary lineages of the family Peri-
diniaceae with regard to cyst morphology. ]
The vegetative cell of Dale’s isolate differs

from members of another marine peridinioid
genus, Protoperidinium, BERGH in that Dale’s
isolate is photosythetic and lacks the charac-
teristic 3c plate which in Protoperidinium
nearly encircles the entire cell (GRAHAM
1942). Morphologically, Dale’s isolate re-
sembles, but has fundamental thecal differ-
ences from Scrippsiella, the only well-reco-
gnized extant genus of the family Calcio-
dinellaceae. Consequently, we placed it in
a new genus, Pentapharsodinsium, and in-
clude it in the family Calciodinellaceae.
This assignment is made inspite of the
absence of a calcified cyst being present.
Since all extant members of this family
have not been tested for the presence of a
calcareous cyst, it is unknown whether this
trait should be used as a familial character.
Two species are included in Pentapharsodi-
nium gen. nov.

Pentapharsodihium dalei INDELICATO et
LOEBLICH, sp. nov.
Synonymy :
Peridinium faeroense (non PAULSEN 1905),
DALE 1977, p. 244, figs. 1-5, 7-8.
Peridinium faeroense (non PAULSEN 1905),
DoDpGE 1983, p. 162, figs. 18 n-p, PL III e-f.
Epitheca conica ad rotundatam, hypo-
theca rotundata. Epitheca poro apicali
eminente praedita. Hypotheca dorso-ventra-
liter compressa et longitudine epithecae
quasi aequa. Cingulum latum cavazoniforme,
descendens, per 1/2 partis latitudinis dis-
positum, sine laciniis. Sulcus latus pro-
fundusque, ad antapicem attingens. Collara
sulcaria angusta interdum adsunt. Formula
laminarum: pp, pr, 4, 3a, 77, bc, 4s, 57,
27, dispositione orthoperidinioidea. Cellula
18-35 ym long., 15-29 ym transdiametro.
Nucleus 15-20x12-18 #m, medius, sphericus
ad ovoideum. Flagellum longitudinale long-
itudini cellulae aequum. Cysta sphaerica,
membrana organica spinas bifurcatas in eius
superficie ferente.
Habitus: In aqua marina, in loco Lang-
viksbukta, Oslofjord, Norway dicto. Holo-
typus: figura inter verba 5.
Etymology: The dalei is a patronmic for
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Mr. Barrie Dale who first discovered this
species.

Pentapharsodinium trachodinm INDELI-
CATO et LOEBLICH, sp. nov.

Synonymy :

Ensiculifera loeblichii Cox et ARNOTT 1971,
pp. 125-135, figs. 1-34. Invalid ICBN Art.
43.1 [Ensiculifera invalid (Art. 36.2) there-
fore included species are invalid.].

Peridinium loeblichii (COX et ARNOTT) DALE
1977, pp. 244-247, figs. 6, 9, 12, 20, 22,
26. Invalid ICBN Art. 43.1 (basionym
invalid).

Latin diagnosis of Pentapharsodinium tra-
chodium sp. nov.: see Cox and ARNOTT
(1971, p. 124).

Habitus : in aqua marina, in loco Salton Sea,

California dicto. Holotypus: figura 26 in

Cox and ARNOTT (1971, p. 130).

Etymology: The epithet refers to the rough

surface ornamenation of the thecal plates;

trachodes taken from Greek meaning of rough
nature.

The second described species in the
genus Ensiculifera, E. loeblichii, was pro-
posed by Cox and ARNOTT (1971) and was
later transferred to Peridinium by DALE
(1977).  Ensiculifera loeblichii possesses a
plate tabulation similar to Pentapharsodinium
dalei, differing only in the shape and rela-
tive sizes of the sulcal plates, especially the
posterior sulcal (DALE 1977). Noted simi-
larities include identical major plate tabula-
tions (4, 7”, 5¢, 4s, 5’7, 2””), cingular plate
homologies, and overall size and shape of
the cell. Cysts from E. loeblichii are as yet
unknown.

As mentioned above, the genus Ensi-
culifera is invalid (ICBN Art. 36.2) and thus
the species E. loeblichii is invalid as the
genus in which it was described was never
validly described. The type species of
Ensiculifera was reinterpreted by us to be
a member of the genus Scrippsiella. Ensi-
culifera loeblichii of Cox and ANOTT how-
ever, differs in the number and basic homo-
logies of cingular plates from the type
species Scrippsiella sweeneyae (BALECH 1959).

With respect to the cingular tabulation it
more closely ressembles the new species we
describe as Pentapharsodinium dalei. Con-
clusions reached by an analysis of the cin-
gular plate number and homologies supports
placement of E. loeblichii into the genus
Pentapharsodinium. We validly describe
this species and place it the new genus
Pentapharsodinium as P. trachodium sp. nov.

Scrippsiella BALECH ex LOEBLICH, 1965

Scrippsiella mexicana INDELICATO et

LOEBLICH, sp. nov.

Synonymy :

Ensiculifera mexicana BALECH, 1967, p. 120~
122, plate 9, figs. 136-144. Invalid ICBN
Art. 36.2.

Epitheca conica, hypotheca rotundata, sine

cornibus projectionibus. Cingulum centrale

descendes per 1/2 latitudinis in regione
sulcali depositum. Poro apicali elevato.

Formula laminarum: pp, pr, 4, 3a, 77, 6c

(5-+t), 5s, 5 et 2”7, dispositione orthoperi-

dinioidea. Laminarum t cum spina majora.

Cellulae 42-45 pm longa, 35-36 ym lata.

Organismus photosyntheticus. Habitus: in

aqua marina, in loco Gulf of Mexico (26°

23’N, 90°44’W) dicto. Holotypus: figura

inter verba 11.

Etymology : mexicana refers to the Gulf of

Mexico type locality of the species.

BALECH (1967) described, from plankton
collected March 1, 1965 in the Gulf of

Mexico, the monotypic genus Ensiculifera

of which the type species, E. mexicana, dif-

fered from the type species of Scrippsiella
in three basic characteristics: the arrange-
ment and shape of the sulcal plates; the
possession of a long “knife”-like process on
the lc (transitional) plate; and E. mexicana
was originally thought to possess five cin-
gular plates as opposed to four for Proto-
peridinium species and six for Scrippsiella
species. In that monograph, BALECH’S
drawings (Figs. 11-18) of Ensiculifera
mexicana were sketchy and the placement
of the cingular plates was not consistent
with the description in his text. His draw-
ings indicated a sutural disposition that is
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Figs. 11-18. Balech’s (1967, his figs. 136-144) original drawings of Ensiculifera mexicana.
11, ventral view; 12, dorsal view: 13, right lateral view; 14, epitheca; 15, hypotheca; 16,
ventral view of the epitheca with pore plate; 17, ventral area and first cingular or “transi-
tional” plate; and 18, sulcal series and the “transitional” plate. Figs. 19-24. Balech’s (1974,
his figs. 4-8) original drawings of Ensiculifera (Figs. 19-21) and Scrippsiella (Figs. 22-24).
19, ventral view; 20, sulcal series and “transitional” plate; 21, cingular series; 22, ventral
view; 23, sulcal series and “transitional” plate; and 24, cingular series.

consistent with four cingular plates, much
in the same arrangement as those found in
Protoperidinium (GRAHAM 1942). In a later
paper (1974), Balech again presented a line
drawing (Figs. 19-21) of E. mexicana,
this time clearly with six cingular plates,
arranged identically to those found in Scrip-
psiella (Figs. 22-24). In the absence of
unequivocable data (i.e. photomicrographs)
on the correct number of cingular plates in

E. mexicana, we are left to justify the
separation of this genus from Scrippsiella
on Balech’s remaining two characteristics.
Variations in sulcal plate sizes and ar-
rangements have been noted among mem-
bers of Scrippsiella, i.e. S. subsalsa (STEID-
INGER and BALECH 1977), and S. sweeneyae
(BALECH 1959). The sulcal plate disposition
of S. mexicana does not differ significantly
from other Scrippsiella species and should
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not warrant the separation of a new genus.
The presence of a spine on the lc plate of
S. mexicana is Balech’s strongest argument
for the formation of the genus Ensiculifera
(hence the name “ensiculifera”). However,
differences in thecal processes or cell body
projections within a particular dinoflagellate
genus are not unusual, e.g. the presence or
absence of antapical spines in freshwater
Peridinium species or the variations in
antapical extensions of the cell exhibited by
different species of Protoperidinium (GRA-
HAM 1942). In the past this has not led to
the formation of new genera nor should it
now.

WALL et al. (1970) reported that E.
mexicana produces a calcareous cyst. This
would strongly support the placement of
this species in the genus Scrippsiella over
the genus Pentapharsodinium gen. nov. In
addition, the genus Ensiculifera and species
E. mexicana are not validly published since
no Latin description or diagnosis accom-
panied the description of this taxon. BALECH
(1967, p. 122) used the botanical suffix for
the family Peridiniaceae, therefore the
reader is left with the conclusion that he
considered E. mexicana a plant and a Latin
diagnosis was required as stated in the
International Code of Botanical Nomencla-
ture (Art. 36.2).

In summary to date with the changes
proposed in this paper there are two species
referable to Pentapharsodinium gen. nov.:
P. dalei sp. nov. and P. trachodium sp. nov.
In addition, there are seven species referable
to Scrippsiella: S. gregaria (LOMBARD et
CAPON) LOEBLICH, SHERLEY et SCHMIDT
1979, S. mexicana sp. nov., S. saladense
BALECH 1963, S. subsalsa (OSTENFELD)
STEIDINGER et BALECH 1977, S. sweeneyae
BALECH ex LOEBLICH 1965, S. tinctoria IN-
DELICATO et LOEBLICH, 1985, and S. tro-
choidea (STEIN) LOEBLICH 1976.
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The adaptive reaction of pigment synthesis to types of nutrition and spectral composi-
tion of light under photoautotrophic growth conditions was investigated in Chlorella sp. K.
A comparative study was made for the pigment composition of the cells from various
growth stages.

The types of nutrition and the spectral compositions of light had no effect on the
pigment composition of this alga. The cells contained B-carotene, lutein, violaxanthin,
loroxanthin, neoxanthin and 2 unidentified carotenoids and chlorophylls a and b. In all
variants the content ratios of each carotenoid to the total carotenoid were stable. Although
productivity of the photoautotrophic culture was at the lowest level, the pigment content
of these cells was significantly higher than in the cultures grown with organic substrate.
The cells of mixotrophic and heterotrophic conditions contained all pigments at practically
the same level. The “green light” variant maximally accumulated all pigments.

These results suggest that 1) the pigment synthetic system of Chlorella sp. K is
affected by the environmental conditions, and 2) these factors control the carotenoid
synthesis at the pre-carotene stages.

Key Index Words: Adaptation; carotenoids; Chlorella sp. K; chlorophylls; light

condition; types of nutrition,

The unicellular green algae are well
known as suitable material for the study
of photosynthesis and are used widely for
investigations of the photosynthetic pigment
systems. In these cases, however, most
interests are directed to the chlorophyll
pigments, and fthe “Second pigment” caro-
tenoids are much less investigated.

The carotenoid pigments are widely dis-
tributed in the living world. In the last 30
years, the growing interest of chemists in
this pigment has allowed the classification
and identification of more than 500 caro-
tenoid pigments from most natural sources.

* Address for reprint requests.
Present address: Department of Biology, Fac-
ulty of Education, Tokyo Gakugei University,
Koganei, Tokyo, 184 Japan.

But there is very little information about
the biological functions of these pigments.
The role as the photosynthetic light-harvest-
ing antenna was shown for B-carotene and
some xanthophylls (PREZELIN and Haxo
1976, KAGEYAMA et al. 1977, KAGEYAMA
and YOKOYAMA 1978, OQuIST et al. 1980,
MATHIS and SCHENCK 1982) and the role of
protecting chlorophylls against photodynamic
action was shown for jB-carotene and some
photosynthetic bacterial xanthophylls (KRIN-
SKY 1976, COGDELL 1978, OQUIST et al.
1980, MATHIS and SCHENCK 1982). But the
functions of the remainder are still unclear.

The thermophilic strain Chlorella sp. K has
been investigated for many years in
Institute of Plant Physiology, USSR Academy
of Sciences, and other laboratories. It
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has been shown that this Chlorella strain
has very high metabolic flexibility. When
the environmental conditions were varied,
they easily changed the structure of their
photosynthetic apparatus, contents of cell
components or rates of respiration and photo-
synthesis etc. (SEMENENKO et al. 1966,
VLADIMIROVA et al. 1968, VLADIMIROVA
1976, SEMENENKO 1982). The photosynthetic
pigments of this strain, however, have not
been studied in detail.

In this study, the adaptive reactions of
the pigment system (especially about caro-
tenoid pigments) of Chlorella sp. K under
various growth conditions (types of nutrition
and spectral compositions of light) were in-
vestigated.

Materials and Methods

A sterile culture of green alga Chlorella
sp. K from the culture collection of
Institute of Plant Physiology, USSR Academy
of Sciences, was used for the investi-
gation. This strain of Chlorella was isolated
by Kossikov through a selection method
which increases the temperature and salinity
of the medium (Kossikov 1972). It is pro-
posed, that this strain should be named
Chlorella vulgaris BEIJERINCK var. vulgaris
(SETRIC et al. 1975). This alga is thermo-
philic, grows at temperatures between 25 to
41°C, favours high intensity of light (light
saturation—over 400 W/m?) and has a high
productivity up to 30g// (VLADIMIROVA
1976).

The following composition of the culture
medium was used: KNO,, 5.0g//; MgSO,-
7H.0, 2.5g/!; KH,PO,, 1.25g// ; FeSO,-7H,0,
3mg/l; EDTA, 37mg/! and microelement
solution, 1mi// (Microelement solution:
HBO,, 2.86g//; MnCl,-4H,0, 1.81g//;
ZnSO,-7H,0, 222 mg//; MoO,, 176.4 mg/10/;
and NH,VO,, 229.6 mg/10/). The medium
was autoclaved. In the cases of mixo- and
chemoheterotrophic cultivation, 1% glucose
was added to the culture medium.

The culture was grown in 500 m/ flasks
with 200 m/ of medium in the shaker-incu-

bator (200 rpm) maintained at 35°C. Auto-
trophic and mixotrophic cultures were con-
tinuously illuminated with fluorescent light
(3500 lux). For the investigation of the
effect of spectral compositions of light, the
cells were cultured in a 250 m/ incubation
vessel with 100 m/ of culture medium. The
algal suspension was aerated with air (250
m//min), and continuously illuminated with
luminescent light through green, red or
without acryl filters. The light intensity
was fixed at 17 W/m? 2% of 10-day auto-
trophic culture (at the end of the log-phase)
was used as the starting material.

Each culture was tested occasionally for
contamination by bacteria or fungi by incu-
bating an aliquot with peptonic agar at 30°C
for at least 2 days in the dark.

The cells were ground using a glass
homogenizer with 0.3 mm glass beads, the
modified method of that previously described
(SEMENENKO and KASATKINA 1972), or dis-
rupted by a sonication with quartz sand
(400 W, 5min) on Labsonic 1510 (Braun,
USA).

The photosynthetic pigments were ex-
tracted as usual with acetone and then
removed to diethyl ether. The content of
chlorophylls ¢ and b was determined using
the following formulae,

Chl a (mg/1)=9.93X Dggp—0.78 X Dyse.5 ;
Chl b (mg/l)=17.6 X Dg4p.5—2.8 X Dgg0,

where Dy, =optical density at 660 nm and
Dsios=o0ptical density at 642.5nm (COMAR
and ZSCHEILE 1942). The suspension was
then saponified with 20% KOH in methanol
in the dark at room temperature over night.
Unsaponified carotenoid pigments were dis-
solved in diethyl ether and washed with
distilled water, dried with Na,SO,, concen-
trated and used for further experiments.
The total content of carotenoids was esti-
mated spectroscopically, using E1%,=2500
in diethyl ether at Amax (HERTZBERG and
LIAAEN-JENSEN 1966).

Individual carotenoids were isolated with
silicagel thinlayer chromatography (TLC) on
“Silufol UV-254" (Kavalier, Czechoslovakia)
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and “Kieselgel-60” (Merk, West Germany).
The isolated pigments were then immedi-
ately eluated from the TCL plate with
ethanol.

Each pigment was identified using the
following methods. 1. Comparison of the
visible absorption spectra in some organic
solvents with the data of previously de-
scribed studies (FOPPEN 1972 DAVIES 1976,).
2. HCl-test for determination of epoxy groups
(STRAIN et al. 1967). 3. %I/0 for identi-
fication of the endogroups (HAGER and
MEYER-BERTENRATH 1967). 4. Co-chromato-
graphy with B-carotene, violaxanthin, neo-
xanthin extracted from pea leaves and whole
carotenoid fraction from Scenedesmus obli-
quUus.

The content of individual carotenoid pig-
ment wsa calculated using the following
formula.

Elmax>< Vex Va

Carotenoid (mg)= % SV,

%10,
where Eqn.x=optical density at Amax, Ve=
volume of the pigment solution, eluated from
TLC plate, V,=total volume of aliquot,
E'% —=coefficient of extinction for each caro-
tenoid and V,=volume of the sample spotted
on TLC plate (DAVIES 1976).

All experiments were performed under dim
light using freshly distilled organic solvents.
Absorption spectra were measured on Beck-
man 35 (Beckman, USA) and SF-14 (USSR)
spectrophotometers.

Results

Fig. 1 shows the growth curves of Chlo-
rella sp. K under various types of nutrition
(A) and various spectral compositions of
light (B). The photoautotrophic culture had
a long exponential phase and reached the
steady state at the 9th day, while the
chemohetero- and the mixo-trophic cultures
grew significantly faster and reached the
steady state at the 2-3rd day. At the 8-9th
day, the heterotrophic culture began to
degrade.

The biomass at the steady state of the.

culture also depended on the types of nutri-
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Fig. 1. Growth curves of Chlorella sp. K

under various culture conditions. A) Under
various types of nutrition. @—@ : Photoauto-
trophic, A—A : chemoheterotrophic and H—M :
mixotrophic growth conditions. B) Photoauto-
trophic culture under various spectral composi-
tions of light. @ —@ : white, A—A : green and
H—M: red light.

tion. The maximal biomass of the culture
of the auto-, the hetero- and the mixo-
trophic growth conditions was 0.4g//, 1.8
g/l and 5.3 g//, respectively.

Cultures grown under white, green and
red light accumulated about the same level
of biomass (0.75g/{) at the stationary phase.
However, the “red” culture grew most rapid-
ly, and the “green” cells grew slightly slower
than the others.

The pigment contents of the cells under
various types of nutrition are shown in
Table 1. The carotenoid content of the
photoautotrophic cells increased according to
the growth curve of the culture and reached
the maximum at the stationary phase. The
content of chlorophyll a of this variant also
coincided with the increase of biomass. The
chlorophyll b content reached the maximum
at the end of the exponential phase. The
chlorophyll a/b ratios remained low level
through the growth.
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Table 1.

The content of the photosynthetic pigments and the chlorophyll a/b ratios of
Chlorella sp. K cultured under various types of nutrition.

Chl a Chl b .
Type of Growth carotenoid
nutrition stage* - _ Chl a/b
(mg/g dry wt.)
A 14.4 4.8 4.0 3.0
Autotrophic B 23.3 11.7 7.1 2.0
C 28.3 9.7 7.8 2.1
A 2.7 0.8 1.4 4.3
Heterotrophic B 9.4 2.2 1.6 4.3
c 3.5 0.8 1.0 4.4
A 6.9 2.3 1.6 3.0
Mixotrophic B 6.4 2.2 1.8 2.9
C 6.6 2.1 1.4 3.1

the exponential phase.

Under heterotrophic conditions, the chloro-
phylls @ and b content varied considerably
although the content of carotenoid pigments
was rather stable. The content of chloro-
phylls showed the maximum value at the
end of the exponential phase, and decreased
at the stationary phase of growth. Thus
the decrease in chlorophylls precedes the
degradation of the culture itself. The chloro-
phyll a/b ratios under this condition were
higher than in the other culture variants
through the growth stages.

The contents of all pigments in the mixo-
trophic cells were stable through the grow-
ing process and the values were closer to

* Growth stage of the culture. A: The middle of the exponential phase. B: The end of
C: The beginning of the stationary phase.

those of the heterotrophic culture. The
chlorophyll a/b ratios were also stable and
were between those of the hetero- and the
autotrophic conditions.

Table 2 shows the contents of pigments
in the cultures grown under various spectral
compositions of light. The content of all
the pigments in the “green” cells increased
according to the growth stages of the cul-
ture, while the “white” cells and the “red”
cells contained virtually steady amounts of
the pigments through the growth phases.
At the stationary phase, the “green” cells
accumulated all the pigments respectively
to a higher level than in any other variants

Table 2. The content of the photosynthetic pigments and the chlorophyll a/b ratios of

Chlorella sp. K cultured under various spectral compositions of light.

Total

Variation Growth Chl e Chl b carotenoid Chl a/b
of light stage* e
(mg/g dry wt.)
A 21.6 9.6 3.7 2.3
White B 23.2 9.9 5.5 2.3
c 20.9 9.8 5.6 2.1
A 16.5 6.5 4.3 2.5
Green B 24.1 9.9 6.6 2.4
C 43.7 18.1 10.6 2.4
A 19.5 6.8 3.7 2.9
Red B 17.6 7.6 3.5 2.3
C 17.2 6.7 2.9 2.6
* Growth stage of the culture. A: The middle of the exponential phase. B: The erd of

the exponential phase.

C: The beginning of the stationary phase.
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of the culture. The “red” cells seemed to
contain less pigments than the others. The
chlorophyll a/b ratios of all these cultures
were similar to that of the photoautotrophic
culture of Table 1 and varied within a
range of 2.0-3.0.

The carotenoid composition did not vary
with variation in culture condition. By the
TLC with a solvent system of hexane/ace-
tone (6 : 4), each of samples from all vari-
ants was separated into 7 spots as shown
in Fig. 2. With more or less polar solvent
systems, no other pigment spot appeared.
Each pigment fraction was eluated from the
zonal TLC and identified as follows.

Fraction 1: p-carotene

This pigment fraction was identified using
HCI test (—), comparing the visible absorp-
tion spectrum with the data of previously
described studies, co-TLC with pea leaves
B-carotene.

Fraction 3: lutein

On the TLC plate, this fraction slowly
changed color under HCI vapor from yellow
to brown, with color-reversal when this
vapor was removed (DAVIES 1976). Also
this pigment was identified as lutein from
the visible spectrum pattern and the medium
Rf value.

Fraction 5: violaxanthin

This fraction showed rapid change of
color from light-yellow to blue-violet with
the HCI test. The visible spectrum pattern
with a high %I/ (HAGER and MEYER-
BERTENRATH 1967) and co-TLC with pea
leaf violaxanthin showed that this pigment
was violaxanthin.

Fraction 6: loroxanthin

From the S-carotene-like visible absorption
spectrum, negative reaction to HCI test, and
co-TLC with carotenoid fraction of Scenedes-
mus obliquus, known to contain loroxanthin
(AITZETMULLER et al. 1969), this fraction
was identified as the xanthophyll, specific to
Chlorophyta—Iloroxanthin.
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Fig. 2. The chromatogram of carotenoids on
silicagel TLC plate. Solvent system—n-hexane
Jacetone (6:4). A: Carotenoid fraction of
Chlorella sp. K, B: carotenoid fraction of Scene-
desmus obliquus, C: pea leaves B-carotene, D:
pea leaves violaxanthin and E: pea leaves neo-
xanthin.

Fraction 7: neoxanthin

Under HCI vapor, this fraction changed
color from light-yellow to blue. And this
fraction was identified as neoxanthin by
the visible spectrum pattern, high %M/1I
value and co-TLC with pea neoxanthin.

Fractions 2 and 4

These trace fractions also showed a posi-
tive reaction to the HCI test. Their visible
spectra had a typical pattern of degradative
epoxide xanthophyll. We did not continue
further investigations on these fractions
with low content in the samples.

The relative contents of carotenoids in all
the variants are shown in w/w percentages
to the total carotenoid content in Table 3.
Not only the pigment composition, but also
the proportion of pigment content was
practically identical among the cultures
under various growth conditions and growth
stages.
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Table 3. The % ratios of individual caro-
tenoid to the total carotenoid content.

% (w/w) to total

Pigment carotenoid content
B-carotene 12.9+2.3*
No. 2 0.9+1.0
lutein 53.0+4.9
No. 4 1.8+1.0
violaxanthin 4.9+2.0
loroxanthin 4.0+2.8

neoxanthin 17.4+3.6

* Standard deviation

Lutein was the dominant carotenoid of
this strain and occupied up to 60% of the
total carotenoid content. The epoxide xantho-
phylls (violaxanthin and neoxanthin) were
comprised 23% and carotenes (only S-caro-
tene), 13%.

Discussion

The conservatism of carotenogenesis in
Chlorella sp. K was demonstrated in this
study on the effect of environmental condi-
tions on the pigment content of cells
(Table 3). The composition and ratio of
carotenoid content in the cells were fairly
stable under various growth conditions.
This suggests that in Chlorella sp. K, the
content of the individual carotenoid varies
in the same way. The results in Table 1
also show that light enhancement effect on
pigment synthesis is seen remarkably under
photoautotrophic condition and barely seen
under mixotrophic condition. However the
biomass of the mixotrophic culture was
conspicuously high. These results suggest
that when the environmental medium con-
tains organic substrate, Chlorella sp. K
synthesize the pigments only on the geneti-
cally provided basic level, i.e. as in the
dark condition.

Furthermore, stability in the proportion of
the individual carotenoid content suggests
that carotenogenesis is regulated by culture
conditions in the early stage at least, before
the appearance of carotenes.

It is widely known that the quality of
light has a notable effect on the chloroplast
structure, the content of its component
pigments, proteins and lipids and on other
metabolic systems. In our study, the cells
cultured under green light which is less
effective for photosynthesis in green plants,
accumulated considerably more pigments
than other variants. This might be con-
sidered as one of the adaptive reactions to
the environmental conditions of this alga.

For Chlorella sp. K, the ultrastructural
alterations in the organization of photo-
synthetic apparatus was shown, when the
culture was transferred to the chemohetero-
trophic condition (VLADIMIROVA 1976). It
is possible that our results of the variation
in pigment content under various types of
nutrition is related to this structural change.

The authors also studied the photosyn-
thetic activity of each culture. The results
show the different participation level of the
pigments in photosynthesis (unpublished).
EvaNs and BRITTON (1983) suggested that
in Scenedesmus obliquus, the carotenoids
synthesized in the dark were not incorpo-
rated into the thylakoid membranes and did
not function as the photosynthetic light
harvesting pigment, unless exposed to light.
Our results also supported this hypothesis.
However, further investigations are required
to clarify this problem.
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LEE, Y-P., Yosuipa, T. and KuroGi, M. 1986. Observations on the type of Liagorophila
endophytica YaAMADA (Acrochaetiaceae, Rhodophyta). Jap. J. Phycol. 34: 171-176.

The lectotype (SAP 20646) specimen of Liagorophila endophytica YAMADA WwWas e€x-
amined to know exact characteristics of the species. Plants are endophytic in Liagora
orientalis ]. AGARDH, composed of creeping filaments and erect ones, with a stellate
chloroplast per cell, and produce monosporangia. Fertilized carpogonia divide longitudinally.
Gonimoblast filaments develop horizontally and perpendicularly to the axis of the carpo-
gonium. Carposporangia are produced on the upper side of the cells of the gonimoblast
filaments.

The occurrence of the species in Hachijo Island, Japan, was newly recorded by an
examination of the specimens of Helminthocladia australis HARVEY collected by Y.
Yamapa. The relationship was discussed between the results from the present exami-

nation and previous records relevant to the species.

Key Index Words: Acrochaetiaceae; Liagorophila; L. endophytica; reproduction;

Rhodophyta; taxonomy.

The Acrochaetiaceae has long been an
object of much argument concerning the
generic circumscription. Five or six tax-
onomic systems for generic definition are
presented in the family (PAPENFUSS 1945,
1947, KYLIN 1956, FELDMANN 1962, WOEL-
KERLING 1971, DiXON and IRVINE 1977, GAR-
BARY 1979, STEGENGA 1979). The dis-
agreement among the proposed systems may
not be easily solved because almost the same
set of data is available for each opinion
(see also STEGENGA 1979). As none of the
systems is exclusively approved by most
phycologists, some confusion may continue
in the use of binomials of the members of
the Acrochaetiaceae. LEE (1980) has given
a clue to solve partly the systematic problem.

1) This paper is dedicated to Professor R.F.
ScAGEL, Department of Botany, University of
British Columbia, Canada, on the occasion of
his retirement.

Liagorophila was established by YAMADA
(1944) with an acrochaetioid alga L. endo-
phytica; an endophyte in Liagora orientalis
J. AGARDH collected at Daibanratu, Formosa.
He characterized Liagorophila as “---by the
structure of the carpogonial branches, and
by the development of the cystocarps”. He
described in details carpogonia and post-
fertilization development of the alga in his
previous paper where he thought the carpo-
gonia as the female structure of the host
(YAMADA 1938: fig. 1, D-H)." Thereafter,
FAN and L1 (1964) reported the species from
Hainan Island, China. ABBOTT (1966) also
reported the species occurring in Tanega-
shima Island, Japan. However, some charac-
teristics of the plants from the two localities
unfortunately contradicted each other. The
disagreement of descriptions between the
latter two plants arose some confusion in
the specific as well as in the generic circum-
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scription of Liagorophila.

The purpose of this study is to furnish
details on the characteristics of L. endo-
phytica with the lectotype material and
allied specimens, and to discuss the plants
from the two localities, Hainan Island and
Tanegashima Island.

Materials and Methods

Three materials of L. endophytica collected
by Y. YAMADA were examined. These are
represented here by the name of host species
as follows; 1) Liagora orientalis J. AGARDH,
Daibanratu (Formosa), March 1924 (SAPO
20646) ; 2) Helminthocladia australis HARVEY,
Hachijo Island (Japan), 19th of July 1951
(SAPO 47546); 3) Helminthocladia australis
HARVEY, Hachijo Island (Japan), 17th of
July 1951. The first and the second ma-
terials are dried herbarium specimens, while
the third one is microscopic slides. The
morphological description in this paper is
mainly based on the third material identified
by Y. YAMADA.

For microscopic observation small pieces
of the host thallus of the dried herbarium
specimens were taken off and soaked in 10%
aqueous sodium carbonate for 1-4 hrs (WOEL-
KERLING 1970) and they were stained with
0.5% (w/v) cotton blue in lactic acid/phenol
/glycerol/water (1:1:1:1) solution and
mounted in 50% glycerol-seawater on micro-
scopic slides. The material of Liagora was
decalcified in 5% aqueous hydrochloric acid
for 30-60 min before staining.

Results

Most part of the thallus of Liagorophila
endophytica weaves among the assimilatory
filaments (cortical layer) of the hosts, and
gives rise to erect filaments toward the host
surface. The thallus° shows the hetero-
trichous habit composed of creeping and
erect filaments (Figs. 2and 3). The creeping
filaments are sinuous and undulated, and
issue branches like themselves resulting in
a complicated network of the filaments in

the cortical layer of the host. However,
no creeping filaments penetrate into the
medullary layer or protrude beyond the
surface of the host. Occasionally a part of
the creeping filaments approaches the host
surface and produces sessile carpogonia or
monosporangia as well as short (one- or
two-celled) erect filaments. Cells of creep-
ing filaments are fusiform when they do
not issue branches, 10-15 ym wide and 30-
45 pym long. If a cell issues branches, it
usually protrudes toward the branches show-
ing a T-shape or a triangular shape.

Erect filaments usually consist of three
to five cells. The erect filament branches
dichotomously or trichotomously from the
distal part of its component cell. The apex
of erect filaments comes to lie on a plane
parallel to the tips of the assimilatory fila-
ments of the host. When a cell issues
branches, there is no protrusion of the cell.
Even if there is, the protrusion is less
prominent than those in creeping filaments.
The cells of erect filaments are gradually
getting shorter toward the tips of erect
filaments, pyriform to glebose in shape,
8-13 pm wide and 9-35pm long. Chloro-
plasts are stellate with a central pyrenoid
(Figs. 1 and 4). There is no difference in
the chloroplast morphology between creeping
filaments and erect ones. Hair or hair-like
structures were not observed. However,
short bar-like structures measuring 5-6 yum
thick and up to 30 gm long were often
encountered on the terminal cell of erect
filaments. The bar-like structure is
sometimes produced by means of regeneration
in an empty monosporangium. Although no
chloroplast was confirmed in the structure,
it is not hyaline as is the hairs of acro-
chaetioid algae.

Monosporangia (Fig. 13) are terminal,
solitary or rarely in pairs on a cell of erect
filaments, obovate to globose in shape, 11-15
#m wide and 15-18 ym long with a stellate
chloroplast. It is not so easy to discern
monosporangia because of their morphologi-
cal similarity to vegetative cells. Empty
monosporangia are quite common on the
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Figs. 1-20. Liagorophila endophytica Yamapa. All figures are drawn from the plants collected in

Hachijo Island unless otherwise indicated. CF, creeping filament; EF, erect filament; T, trichogvne.
Scale bar in Figs. 2 and 3 (50 #m) ; in Fig. 20 (30 #m) ; in the others (10 pzm).
1. Stellate chloroplast (arrow heads) of the lectotype. 2. Thallus habit of the lectotype. 3. Thallus
habit. 4. Stellate chloroplast. 5. Gonimoblast filament in development (arrow head) of the lectotype.
6. Postfertilization development (arrow head) of the lectotype. 7, 15 and 17. Postfertilization develop-
ment (arrow heads). 8. Spermatangial branch bearing spermatangia (arrow heads) of the lectotype.
9. Older carposporophyte showing most carposporangia being empty (arrow head) of the lectotype.
10. Postfertilization development somewhat advanced (arrow head). 11. Thallus showing a monoecious
form with a carpogonium (arrow head) and many spermatangia on the terminal cells of erect filaments.
12. Regeneration in an empty monosporangium (arrow head) of the lectotype. 13. Monosporangium.
14. Empty monosporangium showing a successive formation of sporangium in an old membrane. 16 and
18. Fertilized carpogonia being inflated (arrow head). 19. Longitudinal division of a fertilized carpo-
gonium (arrow head). 20. Mature carposporophyte. Note carposporangia on the cells of gonimoblast
filaments (arrow heads).
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terminal cells of erect filaments. Regenera-
tion of monosporangia is presumed to occur
two or three times in an empty sporangium
from the frequent appearance of two- or
three-folded empty walls (Figs. 12 and 14).

The plants of L. endophytica are mono-
ecious (Fig. 11). Spermatangial mother cells
are rather isodiametric, 7-9 um wide and
7-10 pm long, and sometimes appear in
groups on erect filaments constructing a
spermatangial branch (Fig. 8). Spermatangia
are ellipsoid to ovoid, 5-6 yum wide and 6-8
pm long. Two to four spermatangia are
produced terminally or subterminally on a
spermatangial mother cell. No spermatangia
were produced on the cells of creeping
filaments. Regeneration in an empty sper-
matangium was not seen. Spermatia attach-
ed to trichogynes are ca. 5 ym in diameter.

Carpogonia are usually produced laterally
or sometimes terminally on the cells of
upper parts of erect filaments, flask-shaped,
5-10 ym wide and 10-13 #um long with an
acute apex. Trichogynes are thick-walled
and rigid, ca. 2 ym wide and 18-30 #m long
with an inflated tip. The inflated tip of a
trichogyne is 5-6 ym in diameter and seems
to be filled with dense material, but it
becomes empty and transparent after fertili-
zation. The trichogyne of this species is
persistent after fertilization even until
mature carposporangia are released (Fig. 9).
Upon fertilization the carpogonium inflates
on one side and divides with a longitudinal
wall (Figs. 16, 18 and 19). Such events occur
from the other sides of the carpogonium
simultaneously or somewhat later (Figs. 6,
7,15 and 17). As a result, two to four cells
are produced from the carpogonium (Figs.
5and 10). Each cell becomes the origin of a
few-celled gonimoblast filament. The cell
of gonimoblast filaments is small and various
in shape, measuring 5-7 pm in diameter.
The gonimoblast filaments develop perpen-
dicularly to the axis of the carpogonium.
Each cell of the gonimoblast filament pro-
duces one to three carposporangia uni-
laterally on the upper side of the cells of
the gonimoblast filaments (Fig. 20). The

carposporangia are pyriform to ellipsoid,
6-8 ym wide and 13-15 ym long, and slightly
curved toward the initial of the gonimoblast
filaments. Although YAMADA (1938) record-
ed regeneration in empty carposporangia,
it was rarely seen in the plants of both
Formosa and Hachijo Island. The plants of
Formosa usually bore older carposporophytes
in which most carposporangia were empty
than those of Hachijo Island, even though
the latter plants were collected in the later
season than the former.

Discussion

The plants of Hachijo Island agree well
with those of Formosa as Y. YAMADA
already indicated on the specimens. The
plants of Tanegashima Island observed by
ABBOTT (1966) differ from those of Formosa
in having a parietal laminate chloroplast
and in producing no monosporangia while
the thallus habit of the former is similar to
the latter (see ABBOTT 1966: Figs. 1-3).
The chloroplast morphology has been one
of the major characters for identification of
species in the Acrochaetiaceae because it
has little intraspecific variation. Thus, the
plants of Tanegashima Island must be
regarded as an independent species from L.
endophytica. The plants of Hainan Island
reported by FAN and L1 (1964) shares some
characteristics with those of Formosa, such
as stellate chloroplasts, production of mono-
sporangia, and postfertilization development.
No cells bearing a monosporangium showed
a concave form in the plants of Hachijo
Island as do the plants of Hainan Island.
FaAN and L1 (1964) reported the occurrence of
active regeneration in empty carposporangia.
It also seems to us that the plants of Hainan
Island are hardly regarded as L. endophytica
in view of the thallus habit, the shape of
monosporangial mother cells, and the sexu-
ality (see also FAN and L1 1964, ABBOTT
1966, GARBARY 1980). Thus, it is inferred
that more species may be attributed to
Liagorophila. L. endophytica also differs
from Auduinella imitator (ABBOTT) GARBARY
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Table 1.

from each locality.

Comparison of some characteristics of the plants

fil. =filaments, W/L=width/length.

175

Localit Daibanratu Hainan Isl. Tanegashima Isl. Hachijo Isl.
y Formosa China Japan Japan

Host Liagora Liagora Liagora Helminthocladia
orientalis sp. tanakae australis
creeping and creeping fil. creeping and creeping and

Thallus erect fil. only erect fil. erect fil.

Cell form long doliiform triangular fusiform fusiform

size (W/L) 16 pm/16-32 pm 8-10 pm/10-22 pgm  10-15 pm/25-35 pm 10-15 pm/30-45 pm

Chloroplast stellate stellate laminate stellate

Monosporangia present present absent present

Sexuality monoecious dioecious* monoecious monoecious

Pyrenoid present ? present present
YAaMapa (1938) FaN and L1 AsBoTT (1966) present study

References YamaDpa (1944) (1964) :

SAPO 20646

* QOccasionally monoecious.

in chloroplast morphology and postfertiliza-
tion development of a carpogonium (ABBOTT
1962). It needs further study for the
critical comparison among L. endophytica,
A. imitator and A. liagorae (B@RGESEN)
WOELKERLING as well as the plants of
Hainan Island and Tanegashima Island.
Several characteristics of the plants from
Hainan Island, Tanegashima Island, and
Hachijo Island are compared with the lecto-
type specimen (SAPO 20646) in Table 1.
KYLIN (1956) and FELDMANN (1962) recog-
nized the genus Liagorophila. WOELKER-
LING (1971) regarded Liagorophila as a
doubtfully distinct genus, emphasizing the
necessity of further study. STEGENGA
(1979) and WOELKERLING (1983) placed stress
on the necessity of caution for having an
outspoken opinion on the validity of distin-
guishing Liagorophila without observation
of the plants relevant to the genus by
themselves. LEE and KUROGI (1978) preferred
to use the original valid generic epithet
for Rhodochorton subimmersum SETCHELL
et GARDNER until a generally recognized
taxonomic system is provided in the Acro-
chaetiaceae. However, GARBARY (1980)

synonymized Liagorophila under Auduinella,
proposing a new name A. yamadae GARBARY
for the type species of the former genus
(see also GARBARY 1979). He pointed out
that the use of the characteristics based on
the development of a fertilized carpogonium
for generic circumscription will be difficult
until sexual reproduction is demonstrated in
most species of the Acrochaetiaceae. We
also think that at present the information
on sexual reproduction has been provided
in too few species to be based on the
generic circumscription in the family. We
prefer to maintain Liagorophila as a distinct
genus and characterize the genus by the
production of monosporangia, the longitudi-
nal division of a fertilized carpogonium,
the horizontal development of gonimoblast
filaments, and the production of carpo-
sporangia on the upper side of the cells of
the gonimoblast filaments.
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Observations on morphology of Hypoglossum minimum YAMADA
and H. geminatum OKAMURA (Delesseriaceae, Rhodophyta)
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Yosuipa, T. and Mikami, H. 1986. Observations on morphology of Hypoglossum minimum
Yamapa and H. geminatum OxamurRa (Delesseriaceae, Rhodophyta). Jap. J. Phycol. 34:
177-184.

Among the species of Hypoglossum attributed to Japan, reproductive as well as vege-
tative structures of H. minimum Yamapa and H. geminatum OkaMURA were studied with
materials recently collected at Wakayama Prefecture, Japan.

H. minimum, usually with simple blades, has procarps composed of a supporting cell,
a 4-celled carpogonial branch and 2 groups of sterile cells. Cystocarps are spherical with
a conspicuous ostiole. Spermatangial sori are small linear patches arranged parallelly on
both sides of midrib. Tetrasporangia are cut off adaxially from 2nd and 3rd order cells
including lateral pericentral cells and form an elliptical sorus along the midrib.

H. geminatum has creeping blades from which pairs of blades are formed on the dorsal
side of the midrib. The female structure is similar to that of H. minimum. Spermatangial
sori are ovate to elongate elliptical in shape and formed on both sides of the midrib.
Tetrasporangia are cut off adaxially from the cells of 2nd order row including lateral
pericentral cells. In the tetrasporangial sorus, no 3rd order cell row is formed. In this re-
spect, the mode of tetrasporangial formation is similar to H. revolutum known from Australia.

Key Index Words: Delesseriaceae; Hypoglossum; H. geminatum; H. minimum;

Rhodophyta; taxonomy.

The genus Hypoglossum KUTZING (1843),
based on H. woodwardii KUTZING (=H.
hypoglossoides (STACKHOUSE) COLLINS et
HERVEY), is characterized in the Delesseria-
ceae by having all tertiary apical cells
reaching the thallus margin, the absence of
intercalary division in every order of cell
rows, tetrasporangia being formed from
cortical cells, having the alae only one cell
thick and branching from the midrib. In
their study of South Australian species,
WOMERSLEY and SHEPLEY (1982) extended
the circumscription of the genus to include
species where (1) not all second-order cells
produce third-order cell rows and (2) tetra-
sporangia are produced from cells of second-
and third-order rows and in some species
(but not all) from cortical cells and separate
cover cells do not occur.

Up to the present, 7 species are assigned
to the Hypoglossum from Japanese coast.
Among these species, H. serratifolium OKA-
MURA was recently reported on its morpho-
logical features (MikKAMI 1985). Concerning
the other species, reproductive as well as
vegetative structures were not well docu-
mented, because of scantiness of suitable
materials. We were able to obtain freshly
collected specimens of H. minimum YAMADA
and H. geminatum OKAMURA with repro-
ductive structures. Observations on these
materials are given here.

Materials and Methods

Collections were carried out in late No-
vember 1984 by skin diving at several localities
in Wakayama Prefecture, Pacific coast of
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central Japan. Formalin preserved materials
were stained with erythrosin aqueous so-
lution and mounted in glycerin. Specimens
deposited in the herbarium of the Faculty
of Science, Hokkaido University (SAP) were
also examined.

Results

Hypoglossum minimum Y AMADA
Vegetative structure: Several blades arise
from a small flattened basal disc (Figs. 1,
4), attaching to old branches of Sargassum
in the subtidal zone. The blades are erect,
usually simples, spatulate or oblanceolate
in shape, with round apex and entire margin,
measuring up to 9mm long and 2mm
wide, very rarely issuing branches from the
midrib. The blades are single layered
except the midrib (Fig. 3). Lateral vein is
absent. An apical cell divides transversely
to give rise to a first-order cell row. All
cells of second-order rows produce third-
order cell rows abaxially, and all apical
cells of the third-order rows reach the
thallus margin. No intercalary cell division
occurs in every cell rows (Fig. 2).
Reproductive structure : Spermatangial sori
are produced on both sides of the midrib

and Mikawmi, H.

forming somewhat parallel patches, sepa-
rated by sterile area (Figs. 1b, 5, 6, 7).
The procarp is borne acropetally on the first-
order cell row (Fig. 8). It consists of a
supporting cell, a 4-celled carpogonial branch
and 2 groups of sterile cells. The first and
second cells of the carpogonial branch are
round in shape, the second one (cb,) being
the largest. One cystocarp usually develops
on the midrib of the upper part of a blade
(Figs. la, 11), rarely 2 to 3 cystocarps are
observed with only one matured. The cysto-
carp (Fig. 12) is nearly spherical in shape pro-
vided with a definite aperture. Carposporo-
phyte is composed of much branched gonimo-
blast filaments (Figs. 9, 10). Carposporangia
develop terminally, obovoid to pyriform in
shape, measuring 50-60 gm in diameter.
Well defined tetrasporangial sori develop
on the upper part of the blade, ovate to
somewhat irregularly elongated in shape
(Fig. 13). Tetrasporangia are first cut off
acropetally from the lateral pericentral cells,
then from other adjacent second- and third-
order cells (Fig. 14). They are formed
neither from transverse pericentral nor from
cortical cells. Mature tetrasporangia are
70-100 gm in diameter. Cortical cells are
present at or before the initiation of tetra-

Fig. 1. Hypoglossum minimum Y AMADA.

a, female, b, male, and ¢, tetrasporangial plants.
Hikigawa, Wakayama Pref., Nov. 26, 1984. T. YosHIDA.
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Figs. 2-8. Hypoglossum minimum. 2. Young blade, showing all third-order initials reach thallus
margin. a, apical cell; iy, i3, initials of 2nd and 3rd order rows; numerals 4-16, segments of
apical cell. 3. Cross section of blade. cc, central cell. 4. Basal part with attaching disc. 5.
Male plant. ss, spermatangial sorus. 6. Young spermatangial sori. 7. Mature spermatangial
sorus. sp, spermatangium. 8. Development of procarp. cbi, initial cell of carpogonial branch;
cb;_g, first, second and third cells of carpogonial branch; cp, carpogonium; pc, pericentral cell;

sc, supporting cell; stcymc, stceme, mother cells of first and second groups of sterile cells; tr,
trichogyne.
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)
ap.
o

Q0
0T

Figs. 9-14. Hypoglossum minimum. 9. Young carposporophyte. fu, fusion cell; gi, gonimoblast
initial; stc, sterile cell. 10. Mature carposporophyte. ca, carposporangium; g, gonimoblast. 11.
Blade with cystocarp. cy, cystocarp. 12. Cystocarp. po, ostiole. 13. Blade with tetrasporangial
sorus (ts). 14. Tetrasporangial sorus. cc, central cell; p, tetrasporangial primordia; pc, peri-
central cell; sor, second order row; t, tetrasporangium; tor, third order row.
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sporangial primordia.

This species was originally described by
YAMADA (1936) based on the materials col-
lected from Naha, Okinawa Prefecture,
South Japan. The original materials used by
him were 4 microscopic slides deposited in
SAP. The lectotype was selected from them.
[t is a tetrasporic specimen about 2 mm long
and 0.6 mm wide. The type was said to be
epiphytic on a species of Carpopeltis. But
the specimens at hand were found growing
on the old Sargassum plants, and a report
of this species from Sado Island, Niigata
Prefecture (KonnO and Noba 1980), was
also based on the plants on Sargassum.

Hypoglossum geminatum OKAMURA
Vegetative structure: The thallus grows
on the frond of Carpopeltis angusta found
in subtidal region, and consists of creeping
blades issued from a small attaching disc
(Figs. 15¢, 19) and distal free lateral blades.
The creeping primary blades are linear in
shape, with entire margin, measuring 5 mm
or more in length and less than 1 mm in
width. Terminal part of the creeping blade
often transforms into a new secondary
attaching disc, which again gives rise to
new blades. From the dorsal side of a
midrib, several pairs of laterals are issued
(Figs. 15¢, 17, 18). They may become in-

| / e
1cm >

)W’V’ff Iﬁ-/}‘(ﬁ_w”. ”h’ “1cm

Fig. 15. Hypoglossum geminatum OKAMURA.

determinate creeping axes equivalent to the
parent axis, giving rise to next order blades.

Growth takes place by the activity of an
apical cell which divides transversely form-
ing a first-order cell row (Fig. 16). All
cells of the second-order rows bear third-
order rows. All third-order initials reach
thallus margin. The thallus is single layered
except the midrib. Vein is absent on alae.

Reproductive structure : Spermatangial sori
are usually formed on the ultimate blades
and occupy both sides of midrib, and are
ovate to long elliptical in shape (Fig. 20).
Spermatangia develop on the cells of second-
and third-order rows (Fig. 21). Formation
of the spermatangia proceeds from proximal
to distal area. Pericentral cells usually do
not produce spermatangia and remain sterile,
so that the spermatangial sori are separated
on each ala.

The orocarp is produced acropetally on the
first order cell row of ultimate blades (Fig.
22). It is composed of a supporting cell, a
4-celled carpogonial branch and 2 groups of
sterile cells. The second cell of the carpo-
gonial branch (cb,) is the largest in size
(Fig. 22).

Before fertilization, the first and second
sterile cells remain undivided. One cystocarp
usually develops on the midrib of the ultimate
blade (Fig. 24). The cystocarp (Fig. 25) is

va

RN

the lectotype. Misaki, Kanagawa Pref., K.

YeEnDO. b, Yenoshima, Kanagawa Pref., K. Oxkamura. ¢, Young plant. Ichie, Wakayama Pref.,

Nov. 26, 1984. T. YOSHIDA.
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Figs. 16-22. Hypoglossum geminatum. 16. Blade apex. 17-18. Production of new blades. 19.
Basal attaching disc. 20. Male plant. 21. Spermatangial sorus. 22. Development of procarp. For
abbreviations, see Figs. 2-14.

urceolate in shape with a widely open
ostiole. Carposporangia are formed termi-
nally on the well branched gonimoblast
filaments (Fig. 23).

The tetrasporangial sorus is formed on the '

upper part of ultimate blades, oval to el-

liptical in outline (Fig. 26). Tetrasporangia
are cut off adaxially from second-order cells,
including lateral pericentral cells, measuring
70-80 pm in diameter (Fig. 27). No third-
order cell row is formed within the sorus,
but it is present outside the sorus.
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Figs. 23-27. Hypoglossum geminatum. 23. Mature carposporophyte. 24. Cystocarpic plant. 25.

Cystocarp. po, ostiole.
see Figs. 2-14.

This species was first described by Oka-
MURA (1908). He observed two specimens.
The one (Fig. 15a) was collected by Yendo
from Misaki, Kanagawa Prefecture, Pacific
coast of central Japan. This seems to be
suitable for selection as the lectotype,
because this was used for the original illus-
tration by OKAMURA. The other specimen
(Fig. 15b) was collected by OKAMURA him-
self from Yenoshima, Kanagawa Prefecture,
and was clearly noted that it grew on
Carpopeltis angusta. Our specimens were
also found growing on old thalli of the same
species. In his illustration, OKAMURA (1908,
pl. 32, fig. 12) gave a figure of cystocarp

26. Tetrasporangial plant.

27. Tetrasporangial sorus. For abbreviations,

with serrated ostiole margin. This might
be caused from the fact that he observed
only dried materials. Our specimens have
ostioles always with smooth margin as
shown in Fig. 25.

Discussion

Many species of the genus Hypoglossum,
including the type H. hypoglossoides, have
usually their thalli of more than 10 cm high,
up to 40cm in H. harveyanum (J. AGARDH)
WOMERSLEY & SHEPLEY (1982). As for the
Japanese species, H. serratifolium OKAMURA
attains more than 25cm high (MikAMI
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1985). The thalli of H. minimum and H.
geminatum, here treated, are less than 1cm in
length, and constitute the smallest members
of the genus. H. minimum is unique in
the genus in that this species has usually
simple blades and branching is very rarely
encountered. H. caloglossoides WYNNE &
KRAFT (1985), recently described from Lord
Howe Island, South Pacific, is similar in
size and habit to H. geminatum. In these
two species, the primary blades become
creeping on the substratum, and secondary
blades are issued in pairs from the dorsal
side of the primary ones.

There are two types in the mode of tetra-
sporangium formation in the genus Hypo-
glossum. In one type, the tetrasporangial
initials are cut off from the second and
third-order cell rows as in many species
observed up to data. The mode of tetra-
sporangium formation of H. minimum (Fig.
14) is similar to that of H. protendens (J.
AGARDH) J. AGARDH reported by WOMERS-
LEY and SHEPLEY (1982), but in H. minimum
tetrasporangia are not originated from trans-
verse pericentral cells. In another type, the
tetrasporangial initials are cut off only from
second-order cells, and development of third-
order cell rows is suppressed within the
tetrasporangial sorus (Fig. 27). This type
was first recognized in H. revolutum (HAR-
VEY) J. AGARDH from Australia (WOMERSLEY
and SHEPLEY, 1982) and was verified here
in H. geminatum. This is the second
example in the genus.

The shape of spermatangial sori is another
characteristic in recognizing the species.
In species such as H. heterocystoideum (].

AGARDH) ]. AGARDH (=H. hypoglossoides
(HARVEY) WOMERSLEY et SHEPLEY) and H.
geminatum, the sori form elongate patches
along the midrib (Fig. 20). Whereas in H.
harveyanum and H. minimum, the sori are
small linear patches separated by sterile
areas arranged parallelly on both sides of
the midrib (Figs. 1b, 5).
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Isolation and structure

of a 357 nm UV-absorbing substance, usujirene, from the red alga Palmaria palmata (L.)

0. KunTzE. Jap. ]J. Phycol. 34: 185-188.

Usujirene, a new mycosporine-like amino acid, was isolated from the red alga Palmaria
palmata. This compound shows a UV-absorption maximum at 357 nm and its structure is

determined to be 2.

Key Index Words: Palmaria palmata; Rhodophyta; UV-absorbing substance.

It is well known that compounds having
a strong absorption maxima from 310 to
360 nm are present in many marine plants
and animals, as reviewed by TSUJINO in
1983. In a previous paper, we described
the isolation of shinorine (Amax 333-334 nm)
from the red alga Chondrus yendoi and
elucidated its structure (TSUJINO et al.
1980a). In 1978, TAKANO et al. isolated a
mycosporine-like amino acid (4max 360 nm)
from the sea anemone Palythoa tuberculosa
and named it palythene 1. The stereo-
chemistry of the amino propene moiety of
1 is trans-form. In this communication, we
will report the isolation of a new myco-
sporine-like amino amino acid (Amax 357 nm)
usujirene 2 from the red alga Palmaria
palmata (L.) O. KUNTZE the stereochemistry
of which is cis-form.

Materials and Methods

The fronds of P. palmata were collected
in February at Usujiri, Minami-Kayabe, Hok-

D To whom correspondence should be addressed.

kaido, Japan. They were carefully freed of
any foreign matter, and immediately frozen
at —18°C. The frozen thalli were immersed
in an equal weight of ethanol. After being
left for several days with occasional shakes,
the mixture was centrifuged. The su-
pernatant was evaporated under reduced
pressure at temperatures below 40°C to
one-twentieth of its original volume. The
resulting slurry was treated with methanol
by a method described previously (TSUJINO
et al. 1980a, 1980b). The aqueous layer
was applied to a column of silica gel
(Wakogel C-100, Wako Junyaku Co.). The
column was first washed with water and
then eluted with 509% methanol. The
fractions containing a 360 nm UV-absorbing
substance were combined and concentrated
to dryness under the same condition as the
above, dissolved in water and subjected to
the second column chromatography similar
to the above, using water as the eluent.
Preparative paper chromatography on
Whatman No. 3MM paper was employed
for purification using solvent A (isopropanol :
water=8 : 2, v/v, multiple ascent) as a
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solvent system. The areas including UV-
absorbing materials were cut and the paper
strips were eluted with 80% ethanol. The
eluate was concentrated similarly and the
residue was dissolved in ethanol. Crude
usujirene was precipitated by adding ether
to the ethanolic solution.

The same preparative paper chromato-
graphy was carried out for further purifi-
cation, but using solvent B (CHCI, : MeOH :
water=35 : 65 : 40, v/v, multiple ascent) as
developer. Two UV-absorbing substances
were detected on the paper chromatogram.
The faster moving substance was extracted
with water and lyophilized. The resulting
residue was dissolved in ethanol. By adding
ether to the ethanolic solution, a refined
usujirene preparation was obtained.

The melting point of the purified usujirene
was determined on a Shimadzu micromelt-
ing apparatus Type MM-2 and was uncor-
rected. Optical rotation was measured with
a Union model PM-101 Automatic Digital
Polarimeter. UV-spectra were recorded on
a Hitachi 124 Spectrometer. FD-HR-MS
spectrometry was performed on a JEOL
01SG-2 spectrometer. Proton NMR spectra
were taken in D,0 on JEOL FX-500 and
Varian XL-200 spectrometers using DSS as
an internal standard. Proton-decoupled and
off-resonance decoupling *C NMR spectra
were obtained with a JEOL FX-100 spec-
trometer using acetone (30.4ppm) as an
internal standard. Paper chromatographic
identification was carried out with Toyo
No. 50 paper employing the solvent system
of A, B (for UV-absorbing materials) and
C (pyridine : water=65 : 35, v/v, for gly-
cine). Further examination of the UV-ab-
sorbing materials was performed according
to a procedure described previously (TsujiNo
et al. 1979).

Results and Discussion

Usujirene was obtained as an amorphous
powder by the repeated precipitation from
ethanol by the addition of ether. It exhibited
the following physical constants: mp. 129-

132° (dec.), [al®—41.3° (c=1.79, H,0) and
UV Amax 357 nm (H,0). Its molecular for-
mula was C,;H,,N,Os by FD-HR-MS [Found :
m/z 285.1448 (MH*). Calcd: 285.1449] and
3C NMR methods. The 'H NMR spectra
of 2 consisted of two AB patterns due to
methylene protons o 2.81, 2.93 (each 1H,
ABq, J=17.4Hz), 2.86, 2.89 (each 1H, AB,,
J=13.1Hz) and three sharp singlets at 3.59
(2H, —CH,—0-), 3.70 (3H, —OCH,) and
4,07 (2H, >N—CH,—) ppm. These signals
were similar to those of 1. The signals of
olefinic protons were observed at 5.38 (1H,
dq, J=7.0, 7.0Hz) and 6.38 (1H, br. d, J=
7.0 Hz) coupled with methyl proton at 1.76
(3H, dd, J=1.5, 7.0Hz), which obviously
indicated the presence of a group, >N—
CH=CH-—CHj,, in 2.

The presence of the amino propene moiety
was further supported by the catalytic hy-
drogenation of 2 with palladium black in
methanol. The resulting dihydrousujirene
[FD-MS: m/z 287 (MH*)] showed 'H NMR
spectra at & 0.95 (3H, t, J=7.6Hz), 1.66
(2H, sextet, J=7.6Hz) and 3.42 (2H, t, J=
7.6 Hz) ppm due to >N—CH,—CH,—CH,.
Dihydrousujirene was identified as dihydro-
palythene by comparing the 'H NMR and
13C NMR spectra (TAKANO et al. 1978). The
stereochemistry of the amino propene moiety
of 2 was readily determined by 'H NMR
measurement, that is, the coupling constant
of two olefinic protons (7.0 Hz) clearly indi-
cated that 2 has a cis-form (SAUER und
PrAHL 1966). The *C NMR data are sum-
marized in Table 1.

Furthermore, usujirene yielded glycine by
treating with ammonium hydroxide, and
palythine (TSUJINO et al. 1978) by treating
with dilute hydrochloric acid. Based on
these results, the structure of usujirene
was established to be 2.

Beside usujirene, palythene 1 was also
obtained from the same extract by prepara-
tive paper chromatography (solvent B, slower
moving substance). Its analytical data (*H
NMR and *C NMR) were found to be iden-
tical to those reported previously for paly-
thene (TAKANO et al. 1978). The yields of
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Table 1. 3C NMR shifts? of 1 and 2 in D,O.
1 2
C-1 161.5¢ sb 161.94 sb
C-2 126.4 s 126.2 s
Cc-3 154.2¢ s 154.44 s
C-4 33.8 t 33.3 t
C-5 71.8 s 71.2 s
C-6 33.8 t 33.3 t
C-7 68.4 t 67.7 t
C-8 60.3 q 59.5 q
C-9 47.6 t 47.0 t
C-10 175.4 s 174.0 s
C-11 124.5 d 122.1 d
C-12 117.9 d 116.5 d
C-13 15.2 q 14.4 q

a) 6 in ppm. Internal standard (1, dioxane;
2, acetone).

b) Multiplicity in the off-resonance decoupled
spectrum.

c,d) Each assignment may be exchanged.

13
Rp=CH3

Structures of palythene (1)

Fig. 1.
and usujirene (2).

1 and 2 compounds were 0.0007% and
0.0029%, respectively. These formulas are
biogenetically plausible if it is derived from

porphyra-334 (TAKANO et al. 1979) through
decarboxlation followed by dehydration.

The physiological roles, the distribution
and the composition of mycosporine-like
amino acids in marine organism are under
investigation.
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International Society for Diatom Research

This new Society welcomes all diatomists as members. The first part of the journal “Diatom
Research” (152 pages) is published and Part 2 will appear shortly. Volume 2 (Parts 1 and 2) will
appear in 1987. The subscription due now for 1986 is £20 ($30). The subscription for 1987 is due
on January lst 1987.

Please send following subscription form to Miss Patricia A. Sims, Botany Department, British
Museum (Natural History), Cromwell Road, London SW7 5BD, U.K.

Please include me as a member of the International Society for Diatom Research. I enclose my
initial subscription of £20 (or dollar equivalent).
Signed
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The main purposes of my two-month stay
in Japan were (1) to take whatever steps
were necessary and feasible to facilitate the
completion of a monographic account of the
green algal genus Codium (Japanese name :
miru) as represented in Japan, a study that
was begun thirty years ago but discontinued
because of pressure from other commitments ;
and (2) to strengthen contacts between phy-
cologists at the University of California in
Berkeley and those in Japan. I believe that
both purposes were fulfilled, thanks to the
generosity of the Japan Society for the
Promotion of Science, the careful planning
and continuous attention to detail given by
the host scientist (Professor Mitsuo CHIHARA),
the splendid support provided by the host
institution (the University of Tsukuba), and
the enthusiastic cooperation and warm hospi-
tality of numerous Japanese phycologists
ranging from Kyushu to Hokkaido.

A base of operations was firmly established
at the University of Tsukuba, where I was
provided a convenient office, typewriter,
microscope, and other required equipment
and supplies. At the end of the first week,
the annual meetings of the Japanese Society
of Phycology were held at the University of
Tsukuba, and I was k'ndly invited to give
a special lecture. 1 chose to discuss the
morphology, taxonomy, and phylogeny of
the green algal genus Codium with special
reference to the Japanese representatives.

1) Editor’s note: This report was submitted by
Dr. Silva at the conclusion of a visit to Japan
(March 23-May 23, 1986) sponsored by the
Japanese Society for the Promotion of Science.
It seemed of sufficient interest to Japanese
phycologists to warrant publication in Sérui,
and Dr. Silva was pleased to agree.

More than 125 phycologists attended the
meetings, giving me an excellent opportunity
to meet some whom I would not see again,
but more importantly those whose insti-
tutions I planned to visit.

During the two-month period, three major
trips were made inside Japan. The first,
April 6-13, took me to Tokyo, where I
visited the National Science Museum (Dr.
Jiro TaNAKA) and the University of Tokyo
(Dr. Yasuwo FUKUYO), examining specimens
of Codium in both institutions. I then joined
a group of students at the Shimoda Marine
Research Center of the University of Tsu-
kuba, where they were taking a short course
in marine algae taught by Professor CHIHARA
and Dr. Yoshiaki HARA. At Shimoda, I col-
lected with the students at two sites and
had profitable discussions with the resident
phycologist, Dr. Yasutsugu YOKOHAMA.

The second trip, April 20-May 1, took me
to southern and western Japan. The itiner-
ary included Kobe (Dr. Shigeru KuMANO of
Kobe University and Dr. Ryozo SETO of
Kobe College), Iwaya Marine Biological Sta-
tion on Awaji Island (Dr. Sachito ENOMOTO,
Dr. Hideo OuBa), Kyoto University (Prof.
Isamu UMEzAKI, Dr. Tetsuro AJISAKA, Dr.
Yoichi YosHIDA), Kagoshima University
(Emeritus Prof. Takesi TANAKA, Dr. Hiroshi
ITONO, Dr. Tadahide NOrRO), Kagoshima Prefec-
tural Fisheries Experimental Station (Dr.
Iwao SHINMURA), and the Marine Biological
Station of Shimane University at Oki Islands
(Mr. Mitsuo KAJIMURA). I gave a seminar
on Codium at Kyoto University and discussed
the research of various graduate students
there and at Iwaya Marine Biological Sta-
tion and Kagoshima University. I collected
at Hanaze near Kagoshima and at Kamo,
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Oki Islands.

The third trip, May 8-16, was to Hokkaido,
where [ visited the Department of Botany
in the Faculty of Science of Hokkaido Uni-
versity at Sapporo (Emeritus Professors Yosi-
teru NAKAMURA and Munenao KUROGI, Prof.
Tadao YosHIDA, Dr. Hiroshi Kawail, Dr.
Michio MAsUDA), the Institute of Algological
Research of the Faculty of Science of Hok-
kaido University at Muroran (Dr. Masakazu
TATEWAKI, Dr. Kazuo KASAHARA, Dr. Taizo
MoTOMURA), the Faculty of Fisheries of
Hokkaido University at Hakodate (Prof. To-
mitaro MASAKI, Dr. Hiroshi YABU, Dr. Yu-
zuru SAITO), the Usujiri Fisheries Station of
the Faculty of Fisheries, Hakodate (Dr. Hiro-
toshi YAMAMOTO), the Hokkaido Institute of
Mariculture at Shikabe (Dr. Takashi FUNA-
NO), and the Hokkaido Hakodate Fisheries
Experimental Station (Dr. Shoji KAWASHIMA).
At Sapporo, I presented a seminar on the
taxonomy, distribution, and ecology of the
marine algae of San Francisco Bay. At
Muroran, I collected with a small group of
students. I discussed the research of gradu-
ate students at Sapporo, Muroran, and
Hakodate.

In addition to these three trips, I spent
two exceptionally profitable days at Toho
University, Funabashi (Mr. Makoto YOSHI-
ZAKI1, Dr. Kazuyuki MiyAjI).

With regard to the first goal of my stay
in Japan—obtaining sufficient material and
distributional data to allow me to complete
my study of Japanese Codium—it turned out
that my personal collecting was useful only
in a general way and that I was dependent
upon existing collections, housed in various
institutions and waiting to be studied. There
were four treasure troves of Codium col-
lections, which the curators have generously
shared with me, providing more than enough
material for the projected monograph: Toho
University at Funabashi, the National Science
Museum in Tokyo, Iwaya Marine Biological
Station, and Kagoshima University. (I had
previously received an unusually fine series
of specimens collected by Mr. KAJIMURA
from the Oki Islands and the San-in coast

of Honshu.)

With regard to the second goal of my stay
in Japan—strengthening professional con-
tacts between the University of California
at Berkeley and Japanese institutions—the
success has been overwhelming. Berkeley
has a long tradition of playing host to
Japanese phycologists, extending back to the
late Prof. Yukio YAMADA, who worked there
in 1928 and 1929. Since World War II, four-
teen Japanese phycologists have studied or
conducted research at Berkeley for periods
ranging from two weeks to two years.
Personal contacts having been made with
numerous graduate students and young
faculty members during my stay in Japan,
the tradition seems likely to continue.

The most time-consuming academic activ-
ity during my stay in Japan was the review-
ing of manuscripts prepared by Japanese
phycologists. The reviewing process included
criticizing the research and its presentation
as well as putting the English version into
an idiomatic form. During my visit, several
Japanese phycologists expressed their re-
luctance tosubmit manuscripts to international
refereed journals because of anticipated
language difficulties. Much research of in-
ternational significance is being published in
Japanese journals of very limited distribu-
tion, often in Japanese. To maximize the
effectiveness of Japanese research, a national
program designed to help authors prepare
their manuscripts for submission to inter-
national journals not only seems warranted,
but to have high priority. The difficulty of
finding editors who know the subject matter
in addition to knowing how to write ef-
fectively is worldwide and suggests the need
for academic programs to train such per-
sonnel. Many persons are able to carry out
excellent research, but few can communicate
their results effectively without resorting to
external help.

Japan has long been known internationally
as a leading center of phycological research.
The number of phycologists is impressive,
being one of the highest per capita of any
nation. The support of so many phycologists
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is warranted in a country in which fisheries
are of paramount importance and seaweeds
are socially, diatetically, and economically
significant. From the beginning, Japanese
phycology has been largely concerned with
marine macroalgae, but in the last two
decades there has been diversification into
microalgae, whose study has been greatly
facilitated by the development of the com-
puter and of such new techniques as trans-
mission electron microscopy, scanning elec-
tron microscopy, microspectrophotometry,
and immunological analysis. The need for
research on microalgae continues to increase
in proportion to the growth of the Japanese
economy. The aqueous environment of
Japan, both freshwater and marine, is ad-
versely affected by industrial, commercial,
agricultural, and domestic wastes. Micro-
algae play essential roles in ameliorating the
impact of society on the water supply but
at the same time can have deleterious effects
(such as producing toxic red tides) that are
correlated in part with human activities.

I was favorably impressed by the quantity
and quality of phycological facilities in Japan.
In general, the availability of state-of-the-art
scientific apparatus exceeds that in the
United States. Most of the buildings are
fairly new and appear to be pleasant places
to work, but while the marine stations are
uniformly spacious, the universities tend to
be cramped. Physical facilities of the Faculty
of Science at Sapporo are not commensurate
with the international recognition accorded
the Department of Botany as a major center
of research on macroalgae. Like the phy-
cological facilities at Berkeley, they are
badly in need of being replaced. (The two
institutions have much in common with
regard to phycology : they both offer tradi-
tion, high standards, excellent faculty and
staff, and exceptionally fine libraries, but
their physical facilities are substandard.)

Several aspects of phycology in Japan
seem especially meritorious. First, graduate
students are encouraged to take short courses
or seek individual instruction from specialists
in other institutions. For example, when I

was at the Shimoda Marine Research Center,
I met a student from Muroran (Hokkaido
University Institute of Algological Research)
who was spending several days with Dr. Y.
YOKOHAMA learning the techniques of
measuring rates of photosynthesis and res-
piration in macroalgae. As another ex-
ample, a student from the Tokyo University
of Fisheries was at Hakodate when [ was
there, learning cytological techniques from
Dr. H. YaBU. Closely related to this praise-
worthy practice is the custom for professors
to give short courses at universities other
than their own. The ultimate result of this
interchange of professors and graduate
students is an extremely healthful cross-
fertilization of ideas.

The second aspect of phycology in Japan
that seems especially commendable is the
recent development of teamwork, with a
group of highly skilled specialists from various
institutions collaborating in the execution of
a significant piece of research. One of the
manuscripts that I reviewed (by M. WATA-
NABE, Y. TAKEDA, T. Sasa, 1. INOUYE, S.
Supa, T. SAwAGUcHI and M. CHIHARA) on
a green dinoflagellate is an excellent example
of teamwork?®.

Still another aspect of phycology in Japan
that deserves favorable notice is the exten-
sive network of guest housing and research
facilities provided by the various marine and
freshwater biological stations.

In visiting the various phycological centers
in Japan, I have become aware of the specter
of reduced support for basic research in the
intermediate if not immediate future. As in
the United States, Canada, and every Euro-
pean country that I have visited, high-level
decisions to support molecular biology un-
fortunately seem to entail unspoken and un-
written decisions to reduce support for basic
biology proportionately. Such a policy would
soon weaken the foundations that support
the top-heavy mass of data accumulating
from current research in molecular (rather
1) Read at the 10th Annual Meetings of the

Japanese Society of Phycology held at the
University of Tsukuba on March 31, 1986.
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than organismal) fields. It would be a seri-
ous mistake to replace retiring faculty mem-
bers in organismal biology with molecular
biologists. The development of high-techno-
logy is making possible the carrying out of
research at a previously unthinkable level
of sophistication and importance to human
welfare, but at the same time it is opening
new frontiers for research in such basic
fields as life-history determination, embry-
ology, developmental and adult morphology,
ecology, and taxonomy. Any administrative
program designed to strengthen research and
teaching in biology should attempt to im-
prove the basic fields while simultaneously
promoting the development of the most
sophisticated molecular part of the spectrum.

In visiting various herbaria, I became
aware of the possible usefulness of comment-
ing on their current status and use. The
main purpose of a herbarium is to house the
documentation for published research. Just
as the results of research should be made
available to the international scientific com-
munity, so should the documentation. The
herbaria of the world can be classified ac-
cording to their scope: international, nation-
al, regional, and local. Local herbaria should
confine their holdings to teaching collections.
Specimens cited in the literature should be
deposited in herbaria that traditionally lend
material to other institutions for study by a
qualified investigator. In no case should a
cited specimen remain in a private herbarium.
Phycologists are scattered at institutions
throughout Japan. Most of these institutions
have had no herbarium until a recently hired
phycologist established a collection in his
office ; moreover, there is no reason to believe

that these institutions will maintain their
collections of algae so that they will be
available to the scientific community 10, 20,
or 50 years from now. I encountered several
collections that were gathering dust in
storage rooms, of no use to any current
occupant of the building. Therefore, [ should
like to recommend that the Japanese Society
of Phycology, by educating its members and
exercising editorial control in its journal,
promote the following policy :

(1) All cited specimens should be deposited
in herbaria that either have a tradition for
lending material to the international scien-
tific community or lend material at the pre-
sent time and have good prospects of con-
tinuing to do so in the future.

(2) When cited, specimens in private
herbaria should be transferred to a herbarium
as described in (1).

(3) Collections of algae housed at insti-
tutions without organized herbaria or system-
atic phycologists should be transferred to a
herbarium as described in (1).

I have noted that specimens of algae in
Japanese herbaria frequently have labels
written exclusively in kanji and kana. In
order that Japanese collections may be used
effectively by foreign monographers, the
labels should include a romanized version.

My general impression of Japan is of a
nation in the front rank of scientific and
technological advance, a nation whose people
are bright, industrious, conscientious, polite,
and hospitable. There can be no doubt that
the economic miracle of modern Japan is at
least partly the result of an effective national
policy in scientific research and technological
development.
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SumMiTa, M. and WaranaBg, T. 1986. The changes of benthic diatom assemblages affected
by dam construction and its completion on the Tedorigawa River in Ishikawa Prefecture.

Jap. J. Phycol. 34: 194-202.

During the period of the construction work, the values of ignition loss of the sediments
on the river bed (representing the standing crops of microorganisms) decreased. However,
in the year after the finish of this work, the values were recovered to the same level or
slightly lower level than that estimated before the construction.

The ratio of ignition loss to the amounts of inorganic silt deposited on the river bed
decreased after the finish of dam construction work.

During the period of the dam construction, the specific components of benthic diatom
assemblages on the river beds were simplified at the stations in the downstream from the
site of the constructions. Dominant taxa in the assemblages, were Cymbella ventricosa
and Navicula viridula. It appears that the increase in turbidity of the river water during
the construction period markedly affected the specific components of the diatoms.

After finish of dam construction, a few diatom taxa preferring the clean water were
found in the diatom assemblages at the stations affected by tributaries. It was proved
that water quality of the downstream became slightly cleaner after the completion of the

dam.

Key Index Words: Benthic diatom assemblages; biological indicator; dam con-

struction ; ignition loss; similarity index.

Michiaki Sumita, Komatsu Meiho High School, Komatsu, Ishikawa Prefecture,

923 Japan.

Toshiharu Watanabe, Biological Institute, Faculty of Science, Nara Women Uni-

versity, Nara, 630 Japan.
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Benthic diatom assemblages in Tedorigawa River
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e
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n: BIRAHAR THRYE LI BURHK

t (n—1, 0.05): BERE n—1, WHI5%D

t o34
HMBERAMOER (R)COWTH, AROFHEC X
> THE LA, ¥ L/R I3, BHREHRD L,R O
FHET X » TRDA, THFRITMEML, REFL
DIBDLIFEP L, TDOT EhD L/R ExEHET

WO 1 OOIREE L LTL DY b1

BREER

(1) XkiE& pH

KR, pH ZFTRTOEXBKOEEXWE LI D
WROKLIEHTL2, FF, KFEOKERIZ, HA,
EERC L > TRE-»TIEWT D, FFIFI5~18°C,
KFE LT 13~16°C Th -1, pH 1%, £BAEM%
HMUT, THEEBEFRRL, 7.2~9.0 OREFEAN TEH)
LT\, fods, THHhDI978E8 A5 HIL, AJIIR
it AETET I KERELX T- DT, TOMREY
Tab. 1 &R L, ,

(2) MmBEE LHBBRAYE

MEBRE (L) 2 EH0oRER LA THE, £H0
EREREE LA BIA I hic ORI EARARALT

Table 1. The character of river water under the dam construction (Aug. 5, 1978).

Station wr TPy SS COD  Cl  NOmN NO-N NH-N Kj-N T-P
T GO (em) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
1. Kazaarashi 21.8  >30 8.9 <0.5 1.0 53 0.00 0.18 0.11 0.27 0.01
2. Onabara  20.4 >30 9.0 <05 0.8 7.4 0.00 070 022 0.22 0.0
3. Bushigano 22.0 >30 9.2 <0.5 0.7 7.4 0.00 0.62 0.08 0.31 0.01
4. Kinameri 168 >30 83 20 03 7.8 0.00 0.44 021 0.37 0.02
5. Kamino  22.2  >30 87 47 07 9.2 000 072 0.1l 02l 0.0
6. Gouzu 244 >30 90 25 08 9.6 0.0 0.8 012 022 002
7. Turugi 235 >3 87 L2 L8 9.9 0.02 0.8 009 025 0.0
8. Ao 2.6 >3 85 05 02 67 000 0.8 015 0.27 0.02

WT, water temperature; TP, transparency.
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Under dam construction
7 198
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Fig. 2. The annual change of ignition loss (mg) of the
sediments collected from 5cm square on the river bed of each
station (in spring). Bar graph: the average of ignition loss.
Arrow line: its confidence interval with 95 percent.
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Fig. 3. The annual change of ignition loss (mg) of the
sediments collected from 5cm square on the river bed of each
station (in autumn). Bar graph: the average of ignition loss.
Arrow line: its confidence interval with 95 percent.



Benthic diatom assemblages in Tedorigawa River 199

m construction
jnder dam constru
Jun.1980

o 79
Yoar Jun.1o78  Jund197

May,1975  May,1976

Station
~

-

Fig. 4. The annual change of the ratio of ignition loss to
ignition residue of the sediment collected from 5cm square
on the river bed of each station (in spring).
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Fig. 5. The annual change of the ratio of ignition loss to
ignition residue of the sediments collected from 5cm square
on the river bed of each station (in autumn).
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Table 2. The list of benthic diatom taxa occurred in the period of this survey.

Melosira distans
M. varians
Cyclotella stelligera
Diatom elongatum

*D. hiemale var. mesodon

*D. vulgare

*D. vulgare var, brevis

Meridion circulare
Asterionella formosa

*Ceratoneis arcus var. recta
Fragilaria crotonensis

F. pinnata

*F. vaucheriae
Synedra inaequalis
S. ranmpens

S. rumpens var. familiaris

S. ulna

*S. ulna var. ramesi
Eunotia arcus

E. sp.

*Cocconeis pediculus

*C. placentula var. lineata

Achnanthes coarctata
A. convergens

A, exigua

*A. japonica

*A. lanceolata

*A. minutissima

*Rhoicosphenia curvata

i

'

{

Frustulia rhomboides var. amphz’pleuroides‘

F. vulgaris
Gyrosigma spencerii
Caloneis bacillum
Stauroneis kriegeri

Navicula cryptocephala
*N. cryptocephala var. veneta

halophila
heufleri
hungarica
lapidosa

. mutica

. neoventricosa
. pupula

ZZ2Z2ZZZ

|
i
|
|
|
i

Navicula radiosa

N. rhynchocephala

. rhynchocephala var. germainii
. salinarum var. intermedia
secreta var. apiculata

. viridula

. viridula var. avenacea

. viridula var. slesvicensis
. ventralis

Pinnularia braunii

P. microstauron

Amphora veneta

Cymbella cuspidata

C. gracilis

C. prostrata

*C. sinuata

C. tumida

*C. turgidula

*C. turgidula var. nipponica
*C. ventricosa

Gomphonema angustatum

G. angustatum var. producta
G. gracile

G. parvulum

G. quadripunctatum

*G. vastum var. elongata
Rhopalodia gibba

Bacillaria paradoxa
Nitzschia amphibia

N. apiculata

N. denticula

*N. dissipata

*N. frustulum var. perpusilla
. ignorata

. linearis

palea

. paleacea

. sinuata var. tabellaria
Surirella angusta

S. lapponica

S. ovata

S. ovata var. pinnatae

Zzz2zzxz

2z22 2

* Dominant taxon (occurred over ten percent in relative frequency).
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Fig. 6. Cluster analysis of similarity index between the benthic diatom assemblages
on the river bed of sampling stations (in spring).

: Diatoma vulgare

: Fragilaria vaucheria

: Synedra ulna var. ramesi
: Ceratoneis arcus var. recta
: Rhoicosphenia curuata

: Achnanthes japonica

: A minutissima

Co. ped : Cocconeis pediculus

Co. pla : C. placentula var. lineata
N. cry : Navicula cryptocephala var. veneta
N. sec : N. secreta var. apiculata

A. jap
A. min

N. vir : Navicula viridula

C. sin : Cymbella sinuata

C. tur : C. turgidula

C. nip : C. turgidula var. nipponica

C. ven : C. ventricosa

G. ang : Gomphonema angustatum var. producta
G. qua : G. quadripunctatum

G. vas : G. vastum var. elongata

Ni. amp : Nitzschia amphibia

Ni. dis : N. dissipata

Ni. fru : N. frustulum var. perpusilla
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Under dam construction
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Fig. 7. Cluster analysis of similarity index between the benthic diatom
assemblages on the river bed of sampling stations (in autumn).
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Kawai, H. 1986. On the life history of Japanese Eudesme virescens (CarM.) J. AG.
(Phaeophyceae, Chordariales) in culture. Jap. J. Phycol. 34: 203-208.

A direct type of life history was shown in Japanese Eudesme virescens (CARM.) J. AG.
in culture. Zoospores released from the unilocular sporangia on the plant in nature ger-
minated unipolarly to form sterile compact prostrate filaments, from which the erect fila-
ments bearing unilocular sporangia (sporophyte) were issued. The erect filaments occurred
both under short day and long day conditions at 5°C, 10°C and 15°C. However, the medul-
lary filaments developed well to form a central axis only under the long day conditions. At
20°C, erect filaments scarcely developed and the compact prostrate filaments remained
sterile. ‘Although there have been several reports on the occurrence of plurilocular spo-
rangia transformed from assimilatory filaments of the sporophyte, such plurilocular spo-
rangia were not observed in the present study, in spite of the frequent occurrence of uni-
lateral swellings or irregular branchlets on the assimilatory filaments. Chromosome num-
bers of 10-12 were recorded for the vegetative cells and the unilocular sporangia of erect
filaments as well as for the vegetative cells of prostrate filaments.

Key Index Words: Chordariales; Eudesme virescens; life history; Phaeophyceae.
Hiroshi Kawai, Department of Botany, Faculty of Science, Hokkaido University,

Sapporo, 060 Japan.
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Figs. 1-8. Eudesme virescens (CArM.) J. AcG., plant in nature and early development of zoospore.

Fig. 1. Habit of mature plant in nature collected in Akkeshi on 28 June 1980.

Fig. 2. Zoospores. Fig.

3. Unipolar germination of zoospore. Figs. 4, 5. Prostrate branched filaments. Figs. 6, 7. Compact
prostrate filaments. Fig. 8. Assimilatory filaments issued from compact prostrate filaments (arrows).

4.5-5 pm OPEHEIL T, MWAET D 2T, ¥/ vA
Fafls Lo @EdEk & RGa2 35 (Fig. 2), Hil
%, AOEXMARRL, Kok Uiy 7 2 fd
HLHL Ieh, 1~2H THRUCRES L, MRk
w5 (Figs. 3,4,5), OB PR
MR TSR A L is DIk & e % (Figs.
6,7), 5°C,15°C o H, HHVThOLEHETSH, 3-

I3ERT T B G R T RALA A T
% (Fig. 8, &\ MLADTHIC G FIcZ L <
NENHT HARB ORI E ML LT, S HICHET
DELAT L, EARBA A T % Ml 4 & i s
k(T wigEd s (Figs. 9,10), FRcd B &M
(5°C.LD, 10°C.LD, 15°C.LD) Tixf74 % ffifmiy
SIS LRCIR &7 b, ko R (il %
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Life history of Eudesme virescens

%

L’
.ig
z

- v 3 P

Figs. 9-13. Eudesme virescens (Carm.) J. Ac., sporophyte in culture. Fig. 9. Young sporophytic
filaments of sympodial growth with phaeophycean hairs. Fig. 10. Simple assimilatory filaments on
young sporophytic filaments (arrow). Fig. 11. Central axis of sporophyte formed by the coalescence
of medullary filaments. Fig. 12. Mature assimilatory filaments, the upper parts of which formed
branchlets (arrows). Fig. 13. Unilocular sporangia on sporophytic filaments (arrow).
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Figs. 14-16. Chromosomes of FEudesme
virescens (CarMm.) J. Ac. in culture. Fig. 14.
Vegetative cell of prostrate filament. Fig. 15.
Vegetative cell of erect filament (Sporophyte).
Fig. 16. Unilocular sporangium on erect fila-
ment.
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D0, [WLADEME IS T5 & & e R
DEFT, HAERO L SIiEC@Thi, L%
ST REIC R Ly, T RO R H &0
HhCi 15°C, 10°C, 5°C Dbl T & D v gy, i
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S LM e TET S (Fig. 12), L LEDHE,
BEAD B LI oA Uiy, S oo T
CERT S Lixiehotc, —77, fEH%:(G°C.SD,
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et (RBULIEEE T O ARG o Sty (Fig.
14), ko s fia (Fig. 15), RoHir4E (Fig.
16) DWIFh T 10-12 TH -1,

ZOOSPORE

Fig. 17.
Eudesme virescens (CARM.) J. AG. in culture.

Q{ \ 20°C

> STERILE

¥5°c
U.JK

& ThE,

A diagram of the direct type of life history of
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Wang, X.Y. and Sakai, Y. 1986. Life history of Cladophora opaca and Cl. conchopheria
(Chlorophyta). Jap. J. Phycol. 34: 209-215.

The life history of Cladophora opaca Sakai from Muroran, Hokkaido, and Cl. concho-
pheria Sakai from Takahama, Fukui Prefecture, was studied by culture experiment. Both
of the two species showed a typical Cladophora-type cycle, namely they performed an
isomorphic alternation between sporophyte and gametophyte. Cl. opaca is an annual species
which appears from early June to mid September under natural conditions, and repro-
duction takes place asexually in spring and sexually in summer. The germination pattern of
both zoospore and zygote of this species was the bipolar erect type as observed in many
other species of Cladophora. But in Cl. conchopheria a particular pattern of germination
was observed ; after settling on the substrate, zoospores and zygotes produce a germ tube,
by means of which they germinate and develop. Moreover, the reproductive segments
were formed acropetally in branches. But the chromosomes in this species were found to
be 10-12 in vegetative cells of the gametophyte and 20-24 in those of the sporophyte like
other species of Cladophora, and the nuclear division was synchronous but independent of

the cytokinesis.

Key Index Words: Cladophora conchopheria; Cladophora opaca; culture experi-
ment; early development; germ tube; life history; seasonal periodicity.

Xiao Yang Wang and Yoshio Sakai, Institute of Algological Research, Faculty of
Science, Hokkaido University, Muroran, Hokkaido, 051 Japan.

A IV RILFEOPTRLAZVETHD, H<
nHE L DORFHT L - THEN L IR TRE, %iF
BOE T, HHOMROKTEMEDZRAE L
WA (Cl. glomerata, ScuussNic 1928, 1930, 1951,
1954, LisT 1930) L %< DB RO BB L EHED
MERAZERTHHMOTmER GBI TW5, BREY
* 7Y BT OVWT, TR (1960) LR (1978)
1% OEOAFLREZ W LT LA, SEIERD 2
BMT2~3DEEWHLMT LD THET S,

FEBOHE L LTHVBhC 28O T, Y4 s
YA IHRECHbR, FEXORCEETH DM
A4 = w et SAkal (1964) 12 &k - TR I -
T, FDHO PR, ZOfITA» A Turbo
(Lunella) coronatus o HROEREICEET 5B/ e
BIGRRTORT 5 LM« HEBETHY, To—
A7 AT EBRY BT DT, Sakar (1964) 1%
FEE LT 7Y BRAR, TO, fHIEED
Lo OnD == — 7 i b R, BT, B

ImmE V5PN XTHDZ &, BED A 7
B io - filaiN gy TR 2 RERBEYH T
BT &, T LTHRAD DT AL & R~ RIE
Motz bic b THD, EELIZOBREKY L
B0, KED VA 7B OEEERY T~ 1
2, T TIR2EDOEFERIC OV TEDRHERYBET S,

mHEFE

AEBRCHVORc Y ¥ > v A 74 (Cladophora
opaca SakAl) BEMWHiF + 7 ¥ > 1 I TIVLET A,
FR I DEFEINLLDTHY, #1 = r=x(Cl con-
chopheria SAKAI) ILEFH ST TI984%E 6 B, HE
AFEOPRFHEZELOBER X ) REIhEMFEh
e DTHD,

B hicEhy 1 EGT 08 L, WBEKTX
EFLTHLHER LI, 2EADBELL, BE
FRIEIA LT S S hic i Th bidd
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Too WEFH <1 7R EX, P TAFAFFFADLE
A2 O T, dEEMias iz Ltk BEr+—v
CBL, BRT, BAERITS AL~ 72D/
BF4—#HCRES 2L LTS 1,

L 5, 10, 14, 18, 22°C <, #EEY FhEh
1 H14B5HIEEE (R H), RU10B:RIEHE (BR) 02
HREMAC LA 0B O Ris - 1o RIEE Tk
olce B BEZXLT @OW) 2H, BER
2,000~4,000 lux TH-rto, HEFeICILBE> +— Vv
(B 6.5cm, H&X80cm) ##HL, v +—LiIC
PES #z31 (ProvasoLt 1966) 200 ml % Ah, 3580
BiXl » AT hax R st

A e EORALEERYTREI D L, ¥
SFHAROCREEOBEELY TR -1, B3 10o=4%
/L EERE DRAKRTEAEL, V1 v b v K
~=2bEo D)y o fiKks e 5 A (WITTMANN 1965)
THRELCE, HLOSLERIST, v 5~}
BERL, EFEESETHE L,

= R

1. Y¥ 3> oi 7+ (Cladophora opaca SAKAI)
BWF + 5V F M RREFTTD Y ¥+ v vt /4%
BIRE L8 H S TFTHChic» TR bR S, Fig. 1 TR
TLO5E, 6 BowdrbEGAFENRLIGD, 7
ROLRaI AR 4EELETHHEETORBARD
N, TOKRMIXT ARE TR, < ORBCIXEBE
AHBL, 8 ArhREICEM LIS, BEFY KT
%, LhL, 9AFHTECIRA L OBEHIHITH
KLTLEW, BEOS5 T2 Abhinllks,
FRERDOEFEAIICA D &, EEFED B ITE
BFENERIND, bk TE & A TR SRR
BMROERICL5bDThHY, BEILEHEBEDOH
Biikiov, —BCEE TRSCEBTFEO MBI D%
VR DB E D IERETC S X .8, LB LIEA
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BB T L, WEMRLEETED B
BB TED L3 b 5\ L RIE OB ILY T 5,
BEFIAEEF VBT, 1RKL4FEEELL T
% (Fig.2), K& X124 12.0 ymx6.5 pm TH 5,
W TR LE D ik Lictk, XYCEL, WEy
Ko THIREL B B &g lEETFOTHCREY
RENTE, ZORPSIWFEMBEL, RCR=Z2H%
WL EoRiE ey & UTRRBEEIED, HEO®R
xR+ (Fig.5), —F, RYOHHTIEY LHDOF
F~N, BB BB THR Ui bMmE L, Bk
Koy Licd (Fig.6), ZD X 5 nFEFEOHERT
FTTRFERE (1960) X hBEShTWHENRTH
%
HETORFELERIEASLMED 22°C L 18°C o
WFhb Bsedd, 1 AESHWHE, 22°C °F
BELUCBERECRAL, BEBTERHELL. DR
BHEIRADRTH LR LA ERL,
BBAIMEERETH D, A—RE1DEH IR
RETFHROEABESIR bR, HEAIMRED
RAMEBTFC X > TTlebhb, BBTFREETF U
T3, RN T 8.7 pumx5.6 pm OAEINDH
D, 2HEEXL-TWBEDT, BIBHAK RN DL
(Fig. 3),
T5REAFADERBTFOMAK L > TTELE
&F (Fig. 4) BHEHCHE LLBERRE D2, £
DRYLEROERIBETOHRE LA TS, K
B KRG L A ORFHRCHET 5,

¥ Fo v S rOEEE 14°C o TEL
S Lich, BBGHOFIRTHEL Y CCRVERES
HrERTH L5 TH, 22°C THEELUIEEIE
CRH LI, L LIaFEoBariy, 18°C Tk
B L, 10°C O&MTTheR LR, BBALK
Mote, 5°C TIRERRR &5 f&imﬁﬂ@hié SHEFL
W EFTEE TR, WThORERHRCEWTD,
BEHOHTEMELICERE L, D EOBERRND,

Sporophyte
Gametophyte
T T
month J F M A M
T°C 4 1 2 3 7

Fig. L

of Cladophora opaca at Charatsunai, Muroran.

11 16 20 18 14

Diagrammatic representation of seasonal periodicity of occurrence

J A S O N D
10 7

T°C, water temperature.

Z and G denote the formation of zoospores and gametes, respectively.
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Figs. 2-7. Cladophora opaca SAKAL
tion of gametes.
lobed base.

=10 gm; (Fig. 7) =100 pm.

FBWEY ¥+ v ot 2RISR Y L, Tk
ERUBAFRTICERET 2 2 MBI - T,

2. #4 = ex (Cladophora conchopheria SAKAI)
KARTIEAM T Bl3EETWH AN A DHBRDE
DR FHEELTAEBFTLT VS, Wk HEEOT,
L5 mm [iBokZ X Laicl e #AE 2055 0:IE
3EAEL, €vt v THEROLIF LAEATY,
WET 2R ST, k- T b,
IRICES o T AR T B O UKL T3 A 2
B, B U< R Ml SLER Lich DTH
Do UL, lEETED D O IRFLM TR o M
flais & T Ethe, Jem - THEFT LT < (Fig.8),
BT HIeoR T, MO ATET, #RAarHi
BOCED, Fhi L OBECHITD LR —>0
SE T/ NLERE RN TE, oIl TE, 4
RS 1 3o« b s h s (Fig. 9),
WAETRFERRTH D, 4 AOHTILAINLIC
B BRI O ERA BHOTW S (Fig. 10), kX
139 14.2 pmx7.8 pm THbH, —ODHEH kL —>
DIREH B Do WAETFXITCADOENARL, LIE
R LTH G, Wi L, BkE s,

AL AR TH D, AR R O M HERS
BT L » Tfilebh s (Fig. 11), BT 240

Fig. 2. Zoospore. Fig.3. Gamete. Fig.4. Conjuga-
Fig. 5. Four-day-old germling grown at 22°C long day, showing two-
Fig. 6. Nine-day-old germling grown at 18°C long day, showing erect growth.
Fig. 7. Germling grown at 5°C short day, showing filament-like base.

A e

Scale: (Figs. 2-6)

WELLH, 11.6 pmx7.0 um SHLDKEZFXT, 5
WIEDENMEZ R LTV 5, MEHEDEUR T % — i
5L, BETrHHKkEhE (Figs. 12, 13), BET
A LBREIE R BE T2 005, BET
DHEBERETZD DRI - T,

WETF LG TR IEFD #RE mLi (Figs.
14~18), A 51 F#F AL 2T bt EETFH
B UG TS Lictk, <7, BBixHL,
FepE A thde MR AR O R~ E)
LT, LOMurzen ¥ ik hic, BHFEEES
e, ZoicBi LMl EE 2L, LT
W, TORYMIC X - THE L TELEESRD
2~3 RN HA IS L, B e Eia 525 3
BEkARETHD, R LESGCRAEXETS (Fig.
19), OB EEHRICRET 225, HR%k
HEFTRMAEORARFRA RS v, 2 b #ft
ORI AT54 FH 5 ACELAETS 2 &8
TEY, KBTS L, MAIMCRE T 5, K583
B2 LHAEHOORND, ENVEBREALEATEEL
TET, HfWRKOLDL ML #Ehcie-7 (Fig.
20),

LIAHN, CRGFEETS Ll H#ESD
He X RHFELTWL Ly BlgEshi (Figs. 21~
23) H L fn o THAChRE LR 22 LT,



212

Wang, X.Y. and Sakai, Y.



Life history of Cladophora opaca and Cl. conchopheria

e R 5 RERT D, T DIIERD—HED
Al MIE < 7o - T, (R OERTIE L T L 23,
EOHIREPECREE LTS BDOTIL Rbhitvy, &
DFRFEOHERIIHIBEIRT, FOFF> +—VOKIC
i AEMAaDS T A b i,

HA 2 r el e T Eb R4 D 22°C DI ASLMNT
b LKL, 2.5~3 7 AR 2, m# L
WA TR T2 &, IROBA B LEALEAKEAR
£oTHT, EER0.5~1.2cm o~ U = kDRI
ft% (Fig. 24),

AllaZ o 2 desm o3 VT Th iEMa T T

Figs. 25-29. Cladophora conchopheria SAKAL
apical cell.
somes in vegetative cells of gametophyte, counted 10-12.
tative cells of sporophyte, counted 20-24. Fig. 29. Synapsis of the homologues during

zoosporogenesis. Scale: (Figs. 25 and 26)

Figs. 8-24. Cladophora conchopheria SAKAL
arising from the lower part of the branch.

top or the lateral near the top. Fig. 10. Zoospore.

Fig. 13. Zygote. Fig. 14. Rounded zygote.
apical end of the germ tube.
irregular branch with less chloroplasts.
nation by binary cell division.

Fig. 26. Synchronous nuclear division in reproductive cell.

=50 pm ;

Fig. 18. Empty original cell.
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Bz, 1L SADOBIRAALTHATS Z L2b
ot (Figs. 25,26), LavL, SBOBEEMIanHh
CHfLicEETHD,
skioldii (MERTENS) Rosexv. (KorNnmann 1966)
s> Acrosiphonia (Ktrz.)
(HupsoN 1974) @ X 5 1c—5icie s Eikis s o fo
Yo o fk O Uk B A O M T 10~12 K TH D

(Fig. 27), JafkTix20~24AKTH -7 (Fig. 28),

F15 F’E*EDHQJ-UH/M?}WE%"%%BZTBF?i:, WE
Wwfricd o L b@lggTE (Fig. 29), 2% hiFE
’T‘(iﬂ-%ﬁ'ﬁzﬁ D, FU L CHMEORBMRCERT S,

s v &L Urospora worm-

spinescens KIeLLw.

W T i S
FFig. 25. Synchronous nuclear division in
Fig. 27. Chromo-
Fig. 28. Chromosomes in vege-

(Figs. 27-29) =10 ym.

Fig. 8. Fertile branch showing the reproductlve segment
Fig. 9. Reproductive segments with large papillae at the
Fig. 11. Gamete.
Fig. 15. Germling producing a germ tube.
plasm beginning to migrate toward the germ tube.

Fig. 12. Conjugation of gametes.
Fig. 16. Cyto-
Fig. 17. Most of cytoplasm migrated into the
Fig. 19. Three-week-old plant showing

Fig. 20. Plant with many erect branches. Fig. 21. Germi-
Fig. 22. Prostrate elongation without germ tube. Fig. 23. Upright shoots
and rhizoids from the germling. Fig. 24. Ball-forming aggregation of Cl. conchopheria. Scale: (Figs.

8 and 9) =100 ym;

23) =50 pm; (Fig. 24) =5 mm.

(Figs. 10-17, 19, 21) =10 pm; (Fig. 18)

=20 pm; (Fig. 20) =500 pm; (Figs. 22 and
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BEOHUIEBEOBETI—RE LRIt L
Lk, BBRORES  BHEEEOBREHERENS, H4
= e AR RABHERERE L, ALY TS
Z AR IR,

z 2

v 7B, —BT, BECHEERGROR
Bk L HHORTH L AARERZRT S, FfiED
I F o F S TRBHOBRELYITIR - TWisWbhal,
HERE Bk O BB & FaFthat s 4 7+ O RO
TBHL, A4 2 e OFAEIEHE L R ORI
Byis oA+ 74 BThH5H & EMRHER I i,

BT + 7 V7 MROY Y+ v ot 7 H3—IFE
W% T, Tk LEBREIERHLYRICUTHEL, F
CRFHIETRHE L TEEEME T, Tk
HEht TEETFORFC L HEEGLETAHBLT
BHEFRYTTINS, F oA 7y (Cl. wrightiana
HARVEY) TIREMAFIL 5 ~128, HHEAERHIL6 ~
8 Acfiichh (FIE, 1960), MU v+ 7+l
b2 . Xx (Chaetomorpha spiralis OKAMURA) T
(TEMEAETR 3 ~11A, B4R 6 ~9 Ricfiich
h (FE 1958), SHEYVvF oA 7+ DX5K
FEEIC X BAEFEEOBEOIZIE - 29 LTUW eV, BK
EDHE oAy (Cl glomerata (L.) KUTZING)
TBEOELS DA I YEHEM LR - THETFR LS
AR 2 775 5 5%, HoFFMANN and GRAHAM
(1984) 1, 20°C L\ 5 RBESL&MHETT 8:16h LD o
FH= 65 pE-m 2571 L\ 5 D ERTF TO KK
BETEEFENRIKHERIND EREL TS, &
WiF+5 Y514 TRERDY Yo v 7Otk -
FHOEMIKCRASFHET T bR TV 58, &
O, KRl FEOHETS 6 A LG 11°C i
LEMBEDOHE TS 9 Aoy 18°C £ ¢, 8AD
BEkiEM 20°C ¥ TEMTH, ZOHRUEER
DEERMND, VYo ok 7 OmMARE FEARE
AR IV AESZVIBERC L > THEHINS &
Bbh32, ZoMOERYGERL, BELAME
LOBRESERA LW EEL TS,

v SR OWEE T H 5 VIR ES TFOONRE
& O RELHRE L, TR (1958, 1960) #HE
LTWb X, WhPBENRTH Y, BHHREIR
o TWBA, EEEMC L > TUIBERTAS T,
HRREBIZ B ERZDHB, VY Fovd I+ THE
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LIRREME L DORRbhi, ¥, WTFho
HBEL, RO RIFEOEI Tl < THMCE
S EhB L, REBFEEXHTI LAt Th
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Lz o3 bR DI TRTCRGEE DL BT
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ARh L LcEETY, A51 FFS5RALETER
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G EEHDES A5 Y Cladophora glomerata
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Nnyama, Y. 1986. Morphological phenology of Cladophora glomerata (L.) KUTZING in
Hokkaido. Jap. J. Phycol. 34: 216-224.

Morphological phenology of the freshwater algae, Cladophora sect. Glomeratae, was
investigated in 3 rivers and a lake in Hokkaido, Japan. They are annual, a few to several
cm long, branched pseudodichotomously, and the cell diameter gradually diminishes toward
the end of the thallus. The plants in the same locality show seasonally different habits
and branching. They grow in spring attached to hard substrate and form very dense
branches. The cells of the upper branches turn into the zoosporangia in summer or in
autumn. Zoospores are biflagellate and grow to new plants without conjugation. The
mature upper branches disintegrate after sporulation. Then the plants become to have
scattered or scarce branches. Late in the growing season they show some morphological
differences according to their habitat. Plants in rivers grow very long by intensive in-
tercalary growth. Those on shore of lakes are detached from their basal part and float.
From the seasonal observations of habit and cell size of the plant, it is concluded that the
above Cladophora plants in rivers and lakes should be identified as one species, C. glomerata

(L.) Kurzing, including Japanese C. crispate and C. glomerata.

The plant in lakes is

regarded as a form of the species, f. crispata, because of its light color and floating late

in the growing season.

Key Index Words: Cladophora crispata; Cladophora glomerata; seasonal change,

taxonomy.

Yuko Niiyama, Laboratory of Systematic Botany, Division of Environmental
Structure, Graduate School of Environmental Science, Hokkaido University, Sap-

poro, 060 Japan.

Cladophorae JRiX R OMRAKICEET TS, HED1
BTHhbH, BranDp (1899, 1902, 1906, 1909, 1913)
LRAKEMO T EFHTRLIT, RAEHER TS
D% Aegagropile ik LT 848, *ERE%HRE
¥, SEBIP L TRNEERTD LD Affines il L
T6f, TLTHIRSE LY LREMERNEGRTS
54 D% Eucladophora fil LT 3HEXEHL I,
vAN DEN Hoek (1963) (xBk#{o> Cladophora JGic
DWTHIEL, 34ERRBM LA, £0 5 bHRKER
BLTO6Hi8ETHD, Afines fi: SR THEE

DOARERIUL LR KEBRRER N RRHE L%
XD—HTH b,

* BLERT : 305 TWBRBRBBINEAR 4-918-302
Present address: Namiki 4-918-302, Sakura-
mura, Niihari-gun, Ibaraki, 305 Japan.

E#%%5% (C. basiramosa SCHMIDLE), Basicladia
i ERERRE2 S KD BRG 2 SR BT 5
(C. kosterae vaN DEN HoEek, C. okamurai (UEDA)
VAN DEN HOEK), Cornuta ffi: f1& &<, BHEX
s i o< (C. cornuta BRAND), Aegagro-
pila fi: MIRIEEE < D BULE, BHXIEHFEL, X
A T2 b 55 (C. aegagropila (L.) RABEN-
HORST), Glomeratae ffi: 5RO EL, Eymitsk
BHHER TS oBREKB (C. glomerata (L.)
Kurzing, C. fracta (MULLER ex VAHL) KUTzING),
Cladophora ffi: &<, BEAEREHE L\ (C
rivularis (L.) VAN DEN HOEK),
AA Dk kg Cladophora o\ Tk, ZHFT,

C. crispata (RotH) Kitzing, C. fracta KiTzING,
C. glomerata (L.) KuTzINg, C. minima (OKADA)
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Sakal, C. sauteri (NEgs) KUTzING o 5 fEN#R4eEG
EhTw5 (Sakar 1964, K « W5 1977), 205
%, C. crispata, C. fracta, C. glomerata o 3 ffilx,
BranD (1906) o Eucladophora fi, # %\ it HoEk
(1963) @ Glomeratae ffic % h, fio 2 fiik
Aegagropila i & £ hb, LnL, AEATAE,
Aegagropila fiLAS O BWAKERCOWT, FLWE
FRECHEE, T O3 EHEHTFIRIZA,
T ItEEOAIPHBIC £EFT5 Clado-
phora BEIRHEL, BRI, RAKEML, HEof,
KEX, DERER, Fbh, P/ EoMBEOE,
BEUEELREDM, L\ HEBENHEIC X - TH
BIhT&lh, EHERFIMTORGOEFTRE, &
U EE GO MBFOR L FHANCHN, SRREM
JADKE XRHEL B LT, KBTI, BA, i
JtigE DK E Glomeratae iz o\ T, FEEOZE
MELEZERL TORENCERT S,

HHEFE

BAEIUTO3MIIRU 1 MITHREL, FlFEL
1= (Fig. 1),

FrgE)il: 1980426 « 8 + 10H, 198145 « 9 A,

FrE)ll: 197947 - 108, 1980%E 6 « 108, 19814E

4 AmH1982%E5 A ¥ TEA,
Z2250)ll: 19804E7 « 8 + 9 <10+ 114, 198146 -
7HO
PTZEH] : 1980456 - 8 < 108, 198145 « 7 A,
198246 A,
U

o

oo

Ishikari_River

Sorachi River

Chitose River

Fig. 1. Map of ‘Hokkaido showing - location of
the sampling stations (+) in Akan, Chitose and
Sorachi Rivers, and Akan Lake.

Hlan K x XRWE KT Do, REALER
LT, MElat3, FElnb4, Ballrb4,
s n 2, A3y v 7AREY, TOKAND
S04 oM E & b, TlhileE Bk EMilath
FhORLIEIRMUEL, BRI LBOLERDL, £
MR AT, BRI TERES @, &
BRI R FIE Lo RICHFEMDFIE%R KD
o

FroE)ll O LML ERCH D, HHILEL, EH
%<, BT, KB TBATOWE, TRIITILE
Wi b TR 2T 5 A TIRE L1, Fllo Lk
TERERD > THENERL, TRy bR
THD -1, BRURKIES, TAULE? -
Zai)|| DL AT E REFHSMCH D, JIKSTK
INDBRDH T, MAULRLREL, KITEHEHEHhL
Kot IZEMTIE, WBEMOBRY V2 ~<~<Y T
HLt, REHATEREZOREAT, KEH 20~50
om, BB T ERANABEL TV s, FZEEILE
WI2AMOTIED S A THEXT 5.

® 3

EFRR
el ci e biC £ HT5 Elhy BFEL. BE
R BV LIEBREAET, 2REMnL, KX om »
5 20cm BEOFEWREIIIBIRTH -1, EFEAMR
RHEENTbACS ADLIOARIIBE CE o1,
FRNTRIEEL ORRE, #EEav s V-1,
KESTEELTOHEEYRE L. 6 AH10A

Upper part of C. glomerata (L.)
A: dense bramching (Chitose River,

Fig. 2.
KiuTzING.
June 1980), B: clubshaped cells before branching

(Akan Lake; -August 1980). Scale: 500 zm.
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WA, HERLMMIITIGEA EHE LI, Bk
DORBEFTIRNO  DELIL, AL LBRE
PEL, EXH cm 5 20cm BEL -7, LA L
TFTHET, £E Im kD, KEEhHHATHSH
BERELL, 6 AKEI0ARCEETFHREEDR
o

2 TIRBEOFERY + FEOR, KESEE:
LTWBEGARRELL, 6 AnBILARRDH, 7
RRIINE W EBCAEFT LT, EFIHGETER
2L, EBROFEINLTFRIINOLD L Y RPKET,
¥ l0ecm ObDOREN-T, 6 AKMD T Ak

—

——

FOWHEIR DR,
FISEMOTERL 6 AN BI0ARIT T, WEOWRKIT
BoF Bz, #HRCEEL T, BRTgRET-
LERET, EE3Wodb0XhBHLIWEEZEL,
Rk kR ALV LAGRD BEbbot, RIT K
cm A5 30 cm BRET, FZEJIIRTFRIO b O
LT, WETIX6 AKX, 8 Ak I hic, 8
R+ s84b Rohi. SO X5 nEFELd
AL, AoFWBBEEYEL T, 10ARIIEASCH
BOBEENACAEL T, BES AIZARTIE
BhE< Rbhich -t

AN
<
s
~
NS
N
s,

Fig. 3. Various habits of C. glomerata (L.) KUTzING. A: slender at-
tached pla‘nt in river (Akan River, October 1980), B: young plant (Sorachi
River, July 1980), C: floating old plant in lake (Akan Lake, August 1980),
D: long plant with intercalary cell division (Sorachi River, June 1981),
E: long plant with scarce branches (Chitose River, July 1979). Scale: 1 mm.
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Fig. 4. Distribution of cell diameter of the main axes (DMm), measured with 50 filaments to every
seasonal sample. A: Akan River, B: Chitose River, C: Sorachi River, D: Akan Lake. Vertical
line: mean value of Dm of each sample.
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Fig. 5. Distribution of cell diameter of the ultimate branches (DB), measured with 50 filaments
to every seasonal sample. A: Akan River, B: Chitose River, C: Sorachi River, D: Akan Lake.
Vertical line: mean value of DB of each sample.
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D TRBHEA B

SR E L TRBLRCERYIAD, BMERYE
ARATV, REMCK % Lol ECK (Fig.2), o
BIR=X, EXREEL, BCEALSTONENE
Lo tc, MREARERZED, HHoBBRER L it
B bbbt (Fig. 2-B), HMBEDRIT, HBEROY
Bz EPN&L it nte,

BETHEFRIBF, B cm 15 0cm BEORE
R, #R e ¥Re (Fig. 3-A, B), 480
ot =, ANDLEZRCAETT5HEEITAH
TRL, FWMHENEEBEY L, ZORF 4 RNEEDNE
HRET BB » 7 (Fig. 3-D), F1:, MO
FETHEEIDHL, PEIRBET, MILMED -
(Fig. 3-C), BIXAID LD X WY #DO L DDOFHIEB
s DL DDHRTIE, HERCEETSLDODHM
BRBWEHARR LR,

BTGt L0 /MR % BOUR S iz, /)
KOSMICEETF IR ENDBE L b1,
TFOBME, PMITL B - THEEL SBTBi
Lot WHEFIEFY, 2WET, BEAH1DOH-

Ninvawma, Y.

foo KEXIL, FEI: 10-15 pmx 15-20 pm, 224y
JIl: 10-12 pm x 15-20 pm, F5E3H: 8-15 pm x 12-20
pm, FA—EEOHEETTH, KEFIRHETOERMN
Bbhic, REBEGOWEETT, BEAXBEBETEL,

-1

filao k& LE

FilflROE (Fig. 4) X, REMMLEL Tk
JIl 40-152 pm (Fig. 4-A), T#JI| 40-112 pm (Fig.
4-B), Z24q)l] 32-96 pm (Fig. 4-C), FT3es] 64-184
pm (Fig.4-D) OMEBMC B - oo THEILRIE 50.6
pm (Z250)1119804E108), & 106.9 pm (FTEH11980
£8A) Kot MEHDOLDHMNELKL, &
) CREL b DI, AT &) Obo itk
W ) Dborh Rz EREhot, e, T
JITL794E 7 B LR W B kIS, AT 3
DX YEIPED 5T,

BRIl R (Fig. 5) 1%, FT52JI| 16-56 pm
(Fig. 5-A), F@tJIl 16-64 pm (Fig. 5-B), Z240)i|
8-48 pm (Fig. 5-C), fEd) 16-72 ym (Fig. 5-D)

10} A Oct. ‘80 20t € July '80
N 0 t " l.s Lw‘/ =10
xéw ,_,_L_T_\_‘_ e 0
2 0 t 7 20 Oct. 80
10 l__,—L_L—L-—‘— Sept. ‘81 10
O 20 w0 70 60 10 " 2000°
Nov. ‘80
B 20
20 July ‘79 10
10 0f—
0 - June ‘81
20
10 L 10
3o %%
5 20 June ‘80
10 20 Aug. ‘80
10
0
pr ® ° Oct.'80
ct.
10 10 ,_I——'—
0 J_l_l—\ —
0 240 480 720 960 1200 0 720 960 1200
Lm{pm) : LM(pm)

Fig. 6. Distribution of cell length of the main axes (Lm), measured with 50 filaments to every

seasonal sample. .A: Akan River,
line: mean value of LM of each sample.

B: Chitose River,

C: Sorachi River, D:-Akan Lake. Vertical
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Fig. 7. Distribution of cell length of the ultimate branches (LB), measured
with 50 filaments to every seasonal sample. A: Akan River, B: Chitose
River, C: Sorachi River, D: Akan Lake. Vertical line: mean value of
LB of each sample.
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Fig. 8. Distribution of the cell length to diameter ratio of the main axes (Lm/Dm), measured
with 50 filaments to every seasonal sample. A: Akan River, B: Chitose River, C: Sorachi River,
D: Akan Lake. Vertical line: mean value of Lm/Dm of each sample. -
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DRFATL - 1oo FIHERRE 28.2 pem (F5JI19794E
7H, &)1 198047 B), & 44.5 pm  (PFTEM
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Fig. 9. Distribution of the cell length to diameter ratio of the uitimate branches (LB/DB),

measured with 50 filaments to every seasonal sample.
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Fig. 10. Diagramatic figure of growth process
of Cladophora glomerata. A and B: young plant-
lets, C: pseudodichotomously branching young

plant, D: plant with acropetally organized
branches, E: disintegration of terminal branches
after sporulation, F: reduced plant after dis-
integration of branches, G: free floating old plant
with scattered branching in lake, H: long plant
in river composed of pseudodichotomously branch-
ing main axes by intercalary cell divisions, 1I:
string-like plant in river.

C. glomerata \TBICHERERIARD, KA EELE
4% (Fig.10-A-C), HEITHFC LB TORENIEL
v (Fig. 10-D), B, #2\i3Kicd@EEFIHERS
h (Fig. 10-E), MGoOMERROID, #EETFHKIH
BoNER, BELEEOPNUISEL, BT
BBk e s (Fig. 10-F), £ RHMOHBIILETS
FHC L - Tnte D TL %o MIITRFEALDILD
HBOT, ArfH LT EBEHTETTEIL .
TR CRE L ARORMGE, WTFLTH
s bROXERE LI OTHA S (Fig. 10-
HD), —%, KOBERLVHTE, FERETAE
ETEB, L LESAEL Gl BET5%E62
ZELEb DT, BEL, 5L E->T\5 (Fig.10
-G),

YIHaD K & X2Hb EHIC L » THLTFSELTS
z &bt (Fig.4-9), MO+ v 7 A ixEHE
HADR L BINEMICL > ThELEboet, &
SAHIBEO TN E 2w e, FRNOYF Y T T
3, 48 &6 AriEamiad MMREb oKL,
7 Bt fids - 7o 225l v 7 A fil DR EHIT
H~@EoL gL R (Fig. 3-D), @M<
U EIIS D - oo FIFEHIO Y v 7 At EERRIRAME
Ik, TRELREVOREAL T, &DREM
< bR MERIIa D & X 0 FHMELIIA L, BRIE
LN ot BT, ERERIECTbRATYVS
LEXHbRD, —F, FEAERORERIIEHIE
(215 -2 32 o

WO LT L MaREOBRY B &, HRERS
BATHRNBL B2 LEBROBELTTO (B
2 FE)1119804 6 H, Fig. 2-A) &, E#hifasik<
< (Fig.4-B), /E#ifasf< (Fig. 5-B), Zhic
LT, MEERNBRATREVCEBROMEBLRT SO
(Bl F5)I119794 7 A, Fig. 3-E, 22401)I119804F
108) ¥, E#heBR/MEAROBIKERL (Figs.
4-B, C, 5-B, C), #ifmxf@r -+ (Figs. 6-B, C,
7-B, C),

Sakal (1964) i C. crispate & C. glomerata %
& bR bR L, MoV oF 1, C
crispata (AERT B OREEN D BECEL, C
glomerata 3%HE LIck ETHBH T &, H2RHED
MBS X D MR & L R BT TV B, HARKENE

(BH « IUR:1977) OB 5EBHIEALT
bb, LTHT, BEI@EWMTINET A, BE
H B\ FHET D Cladophora %RE LT, THITHE
BREThHL, MBEIAMEL SREPL C
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crispata L LT 4G L &= (NAKAMURA-NIIYAMA
1982), 4B, ZEHEHDTEWYTHE » FELCERLD
5%, Hb ik C. crispata L IhTEd DI
LU, *7-f@EMD Cladophora iz X {fITW 5, L
ML, PO E v &4 e £F 35 Clado-
phora LRFITEIh ot Fiho, FEHEE 3
o Cladophora DFfADE R HAND &, ML E
RPN, EEATLFIEM O 2T LAKD » 1o

T EMOEGEHE TS L, KD 3R TEICTR
%0 1. MIoEMEL Y MOEEOHLENRLRLH S
Vo 2. WIOBRGIXAEFTRNCEET S, 3. @0
BETIINEEENXRONRS, - THREETIX, L
roEREYERLT WlckETs40% C
glomerata (L.) KuTzING f. glomerata, W4T
T54HD% C. glomerata (L.) KUTzING {. crispata
(RoTH) Nuvyama comb. nov. &35 Z & %I
%,

LZHT, C fracte XHBEHBITEBUIEL, Bl
THEVbRTWS (B« 1977, FHLZO
X5 D D% ZBHND X EXRTHREL (cf.
Fig.10-1), MR Edh: 40-60 pm, Fok/ b :
24-32 ym TH B, Fi, HERTHE C. fracta L X
hTuwicd ok, Fiih: 90-100 pm, /) : 40-65 pm
T (Sakar 1964, [5¥A « 1L 1977), Branp (1906;
R/ 11 pm) % vaN DEN Hoexk (1963; =:ifif:
50-80 pm, HHK/NE:: 17.5-38 pum) @ C. fracte @
LI ENB Lk, DB IcfEIX vaN DEN HoEk
(1963) DfEiEyps, BAD C. fracta oWTik
ZhrbDOWREPNETH 5,

Kb, HEEBHIEE, FARLBEML TR
fe T ERF BIRBAR ML RBABE LT, ¥
o, RERBHRC I RBGEE (BEMRIINE
FERER) LU BER GMERBRS) BB
LET,

51 B X #k
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Mikani, H. 1986. Some observations on Myriogramme polyneura OxamMura (Delesseriaceae,
Rhodophyta). Jap. J. Phycol. 34: 225-229.

The apical segmentation and development of reproductive organs of Myriogramme
polyneura OxamuURA were investigated on the basis of the original specimens from Tate-
yama, Chiba Prefecture. The species is characterized by: 1) at an early stage, both a
transversely dividing apical cell and an intercalary division (in the cell rows of the first
order) are present, 2) in advanced stages, the apical divisions became oblique, 3) the pro-
carps consist of a four-celled carpogonial branch, two sterile-cell groups, and the support-
ing cell, 4) before fertilization, the mother cells of two groups of sterile cells usually re-
main undivided, 5) a large fusion cell is formed at the base of the gonimoblast, 6) the
carposporangia are borne in chains, 7) the tetrasporangial sori are borne in minute round
or oval, 8) the tetrasporangia are 45-55 ym in diameter, and tetrahedrally divided, and 9)
the tetrasporangial primordia are cut off from the inner cortical cells and also from the
primary cells.

For solving the problem of taXonomic position of the present species, it is absolutely
necessary to make more critical observations on type species of the genus Myriogramme,
M. livida, from its type locality (Falkland Isls.).

Key Index Words: Apical segmentation; Delesseriaceae ; Myriogramme polyneura ;
procarp; Rhodophyta; taxonomy.

Hideo Mikami, Women’s Junior College, Sapporo University, Nishioka 3-7-3-1,

Sapporo, 062 Japan.

RAXOHREFRCRHET S LVbhBAUF R
(119305F 3 A THEREILEHAH bR X b 91T
#£3h, Myriogramme polyneura OxamMura (1932)
ELTRFSNL, HkAMILREA (1936), SEGawA
(1936), #Il (1956) Ru'gs (1964) i X - THh
ZhEgIhicic T,

A ¥ 20 Holotype (i A AIGED: (FMHH1936)
o Fig. 376 R hicHitthC, Bl kM
HEHICRFINRTV-% (SAP, herb. OkAMURA), &
CHERTIBHRE - T, 24 7BEEAUSCECHE
e K5 duplicateBE ADFEENH S & o Tce £
DRRGMEMEAS, MY RaF4h 3 RUKRME L TH
% (SAP 046879, 046880, 046881), Ll &tEkic
ESOTACHF R OBEEYRAHEE, chiT
ELRPUTE T D » O DMENBLRTD
TREHRET S,

= 3

S Fig.l RAmOMSMTFEE T, Hitkaks R
U & 5 A CEE TR £ RO ERTIEA B,
HhFTIIHRETRD b B MRE Fo. MIRIZERC
FOT—BHOLNTHBEH, bTFhESE LA bE
DEHCRATRECTBAL D, RBEERE—E
B, IRRISOEATC 2R AR TR B O Mlas EEt
LTt@ED»BRhB (Fig. 7).

4 E 4 Figs. 2-6 AoV EOERBELYR
T, b, BANEE 5B 5 HMRY (a)
b, #1LoMRFIRNe M ESH () OFESRD
Hhn (Fig. 3), Lal, RATH S e < HAMMR
(a) XFHCBImT A Y v EL bR D (Figs. 4-
6), X T, 1 RUHE 2 (ZHkETIO&MTIIL
X ) ICHEBROBEAANEZ H, ZOBRKETHEDOS
I LiEEEREED,
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Fig. 1. Myriogramme polyneura OKAMURA.
Tetrasporangial plant (isotype, SAP) from Tate-
yama, Chiba Pref. (collected by OxkAMURA on
March 29, 1930).

TrhnT s KD 7 a h v T UEHINRES B O Vi
R ORI iifE L T4 %, Figs. 8-11 1k%
DFALBREA KT, T Fig. 8 ik T2 FRffiy
(sc) 75 ko> EHNT [[h- T 8 1 ko shyERE iy
(stimc) % 73 ¥fi3 % — 5 TH vk = v fEHg (cbme)
R L ERIR LT Wb, wik Fig.9 T

Mikant, H.

bR = RIS S o, AT v
LA (cby), [FEE2 M (cby) KROHAF =D
initial fiiffy (cbi) L wndl42%—J)C, HAKETF
H 1A (cby) D3 & asted HICHT 2 Rodrhil: I
(stame) 23 fRMIN (se) X h/EEhicc &aRLT
W

Fig. 10 (XA EERIIC S ic LB bivd 7
B TR W%, IR L D A U 4
Wl L D 7B AAE = R L E, 2 Hod M
EMBID VSTV Do Lb AREOH 1 KR O 2
PR PRI i SR ANC B 2 o & &L
MRS B, Fig, 11 Rz a# 0, gl (aux)
DI FRAIN A S0 BEX A R LT B 28, (K
HRELTH L RO 2 keptEIaic 3 2o & S LIk
ST\,

D=7 7 A b JLOHEN s SRR S OV S
AR R I LA L, BV R L, i
Bk ciE % 0.5-0.8 mm /Xy, Fig. 12 (hg5us
T=27 7% b (g) OREREEY RS, T=7F7A
b ORI I T D KB DR A AN (fu) 2FAET Do
BgTH (ca) 125 =%7 5 R b DERMIBCHELRICIZ
WEA, fF 28-36x40-50 pm TH B,

NV X
P Vg Z)Q\@ >
| &g OORPESS
I = SESEER L§<boé_:u( LN
o0V G OSSN
B XA MO
.- i N Sar S U e
W L el
'8 \ua0eos | SN L H,Q\
/Soma0| R X SN
Dggg%%%\ QDOD \%§Og U D%] ~? Q(\ﬁd/% /“‘ l>w( W\{J\\J)Dé
| 298000 S o) JQ ML Y JP e
Yoo o0 WD 0/ X %j/—u /n\>\«®
LOAQOoN 030 UUD \_J U ) C
QDD%DO Q ‘ / 250 \@UD
a a=0 | 9 i/ AN 0
S el R =t zEDbQ% A
Wy Boop @Ay DAl
W -/ Sodn O YIS
L) |
. i T

Figs. 2-7.

obliquely dividing apical cell.
elongated cells. a: apical cell;

Myriogramme polyneura OKAMURA.
proliferation showing transversely dividing apical cell.
7. Surface view of frond showing longer and larger
1-5: primary segments produced by apical growth;

2-3. Early stages in development of
4-6. Further stages showing

i: secondary cell produced by intercalary division of primary segment; lc: larger cells.
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Figs. 8-15. Mpyriogramme polyneura OkAMURA. 8-11. Stages in development of pro-
carps. 12. Fusion cell and gonimoblast branches bearing carposporangia. 13. Magnified
gonimoblast bearing carposporangia. 14. Surface view of a tetrasporangial sorus. 15.
Transverse section showing tetrasporangial primordia cut off from inner cortical and
primary cells. aux: auxiliary cell; ca: carposporangium; cb,, cb,, cbs: first, second,
and third cells of carpogonial branch, respectively; cbi: initial cell of carpogonial
branch; cbmc: mother cell of carpogonial branch; cp: carpogonium; fu: fusion cell;
g: gonimoblast; p: tetrasporangial primordia; sc: supporting cell; stymc, stomc:
mother cells of first and second groups of sterile cells, respectively ; t: tetrasporangium;
tr: trichogyne.

Va5 haF3E : AR OIS g TR 10 R+ D) # =
TSRO THEHE (GHREE TR 0.3-0.5mm) % 7c L
TH#ELTE TS (Fig. 14), Fig. 15 2 fkOBME OxkAMURA (1932) wthud, AEARACFZO4EE
k) 5ESTERE (p) OFEEXRT, Hb, & BB BE A R SRR EE L 2 ShT
MO TREE LT ZBATHRO primary Hifah W3, Lnl, SEOEE I ASF OIS T
L3Py HEh3, MFRTFEI=AMRCIEISH DE ML TXTH L p ISR T 5 EHRAa (a)
% 45-55 em TH B, NEDHHRDB, FOLE 1 My LA ES R X
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DAECKHRE () OfFfEd R mitshi: (Fig.
3, & IANEMMM MFEOHHEN R D th
T, ERBROYY EXMTiebhb, ThEETL
TH 1 ROE 2 (i MiBag| D & MR HER O 5 A O
DEDBHEL & L X - THhthDIEKER DL (Figs.
4-6),

RIEFED 7 v 7 L 7 EO MR R O o %
BR{ R ECHEL TET DM, £ ORI BILEN
eied, Lindb ZThOMRRMD E D 00K
BERAESRZFT bR, DO FED T R
AN TR EOZ M (sc) X b4 Ui 4 f@ffas
LEBIART/1EE 2HObHARE L VERD
LT B, Lk 2 HOh¥EMTIEZRELRR O
FRBC BT B Hs Er @b Hhit v
SHHARLTVS, ZOBEIB L TVvw i KyLin
(1924 fig, 43) pisiehyg Napoli ff 5@ D Myriogramme
minute KYLIN S Tih b ok & s TR
LTWwdinxd, 20X hififanryicn
BFENE Myriogramme BOETHY, 81 kPl
A 1B (i 28, ZLTH2kPiME
LA 1EOMAEX VY LD, Bk 5hksa
7y Myriogramme 70 — 7 Lhs4ic Cryptopleura
7N — 7 OWNELFTET 5 & L (KyLiN 1924, 1956),
ZhIZBIE LT WAGNER (1954) (% Neuroglossum
binderianum KutzINGg (Myriogramme 7 i —7)
F. 0% Botryoglossum farlowianum (J. Ac.) De Toni
(Cryptopleura 7 n — 7) T2 CERICF D> T
¥, FIRITC e - T Cryptopleura 7 1 — 7R
&% Cryptopleura lobulifera (J. Ac.) KYLIN &
Cryptopleura violacea (J. Ac.) KyLIN (= 1983a),
Br@sr—70D Hymenena flabelligera (J. Ac.)
KyLIN } 08 Hymenena multiloba (J. Ac.) KyLIN
(ZE1983b) DL FRieoWTh chigfilac i 5%
DEUNFRA ER OV LR S i,

WA 2% 2 Ol FERI AR TN WFEE
B (GEHRRBCER 0.3-0.5mm) #RLTHELRCK
ELTAET S, Bl laTFERE (p) OR4Lro
THE, WEERY primary a0 G2 HH)) HE
haZ EplENDLRI, —F KyLin (1924) w5
& Bk Myriogramme minuta W 353 % PU4yfa F4E
JRFET—B primary Hia X b 4F 528 Polyneura
hilliae (GREV.) KYLIN D FRLPUT VB L LT, £
NEHEENOLAELBAZ L RBEL TS, L
DZEMBHAEAD R L F % L HishigD Myriogramme
minuta r OEPCILE LV~ TOELM:A TR S h

Elcot,

LA Lisdis, Bf WynNeE (1983, p. 445) ik -
THH UL IR FRbhic X5, £33 KyLIN
(1924, p. 55) »FE Myriogramme % 1-B, %
DHEMEATE L LTI EER 7+ — 27TV FED
Myriogramme livida (HooKER et HARVEY) KyLIN
IE LI, L2AH, ZOHBOME, HcAmE
EOMBER SO -DHbREHHIA 1 7
Mpyriogramme livida @ 3 O T34 1 THG
#& Napoli 5D Myriogramme minuta -3 <
PDThotco EDT EMNEGH, Myriogramme [§D
HEMEEYHET5 L CORIALEDRERE - TH
FERRATWS, 5T, ZORKREBNLLORNS
TodITIT MR, 24 7R L IEEI iz Myriogramme
livida oW TCOWERHLRAARTHD, £DT &
BRINEWIRY, AREOKREA ¥ X ¥ hdIk
E% Myriogramme BOFTRE TS LOMBH
FTHZLRATERWLDLEELZDRD,

Ko HBERFEROME & TR BHEERE
R b KRB EEREY Y R EOFH B LR TR
ML LT B,

51 B 3 Wik
Bl 1964. IR AUGERRRIE, g, HOR.

Kyrin, H. 1924. Studien iiber die Delesseriaceen.
Lund. Univ. Arsskrift, N.F. Avd. 2. 20(6):
1-111.

KyLin, H. 1956. Die Gattungen der Rhodophyceen.
CWK Gleerups, Lund.

=LHMK 1982. #Y 7y =T @E2) ~7 VEHEL
#) TR (1) Cryptopleura lobulifera (J. Ag.)
KyLIN ©ouwT, HURASFEHEET « R KFEL
FHEARFEMIDE 22: 1-5.

=FLHHH* 19832, H YV 7 xA=T Ea/~7)E
()T#) FTE (2) Cryptopleura violacea (J. Ag.)
KYLIN 3 X O° Polyneura latissima (HARvV.)
KyLIN &2\ T, fURAFELFEMAFERICE
21: 1-4.

=FHHK 1983b. AV 7 4n=T Ea/s~’ ) F
(k13%) AR (3) Hymenena flabelligera (J. Ac.)
KyLIN R0 Hymenena multiloba (J. Ac.)
KyYLIN ©&2WT, ALK FEL FEINAFRRE
22: 1-6.

OkaMuURrA, K. 1932
6(10) : 94-95.

MR KRR 1936. HA#GEEGE. PIMZEBE, 3.

SEGAwA, S. 1936. On the marine algae of Susaki,

Icones of Japanese algae
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Prov. Izu, and its vicinity II. Sci. Pap., Inst. Bot. 27: 279-345.

Algol. Res., Hokkaido Imp. Univ. 1: 175-197. WyNNE, M. J. 1983. The current status of genera
WIEE 1956. R BABERNE, fREHL, KK in the Delesseriaceae (Rhodophyta). Bot. Mar.
WAGNER, F.S. 1954. Contribution to the mor- 26 : 437-450.

phology of Delesseriaceae. Univ. Calif. Publ.

e T &

(2) EEEXHXS<S (International Society for Diatom Research) M2

SEIE L BEEEIREenH T Ih, T CAES et “Diatom Research” Vol. 1, No. 1, 152 pp.

PHRER T X,
ALZFHDOFIL, TiRoKAoH AR Miss Patricia A. Sims, Botany Department, British Museum
(Natural History), Cromwell Road, London SW7 5BD] %@z b, FlicLE £20 (Ev ) #x& UEE

ERETEESEAER) oz,

Please include me as a member of the International Society for Diatom Research. I enclose my initial
subscription of £20 (or dollar equivalent).

(3) HIAEETZAIv EL RS LADBRMBICDT
HIEEEEYLEN1988ESHAF—A 5V 7D ALEL Y CEHEOFETTY, FOEMELITELT
[HRREEBRLETAI vy FRWTODYVEC YA NEAT=27THMINBZENFEIRTVWET, 2MTFH
HoHRIFTROWThHrcE LAThEZ &,

Dr Peter A. Tyler Dr Dieter Mollenhauer
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NREB=: 4EEI-7HHEPOEERH 1). 7L9FEICDLT Shoji KAWASHIMA :

Drifting records of alien species of the Laminariales (1).

(MERTENS) POSTELS et RUPRECHT.

(1) Nereocystis luetkeana (MERTENS) POSTELS
et RUPRECHT 74 v % %

ZAy itk kBEN Y 7 4 4 = 7 M D San Luis
Obispo 57 5 A B %o Unalaska &% ToO
Bwii e £ HF T2 REH=2v 7HOL1ETHS
(DRUEHL 1969), = D#¥ED AANDEH (L3 Tl
(1929, 1931) & KR (1939, 1962) RZhFh 2 fl3
D, FH4BEHREL, TAAR (1961), JIE (1972)
DIZRHBRDWTDOBPAXNH BN, TOHITR\H
REOEBENLh T & ZHAMRINBUERL-»TE
CALHEE DA TFRER R &t DEE OWEHEMB LD,
FLL 8 I~ oo 1929ELISR, BlfEE CliéEs:
ol hb12R% i e v £ L»T Fig. 1 ©RL
7o

ZhHoFEEYIThd pneumatocyst & § - 7z
ERGT, MEBmEENRL (Fig.2), AL TV
HIHELFELRLERE, BXL 34m »bH 18m, F
#H10m b, FHHEO pneumatocyst DEFEIX 7cm
M 12.7cm, Fg 9em HBDT, ThbDEMAX

Nereocystis luetkeana

S, PIDOIBFOKELDLDTHA S,
BEEDELEGRY RDE, 1929FE0HE 1 b
19814E D 5 B % TH2ERNE, (ZIF104EI 1 Bk Lo
Ronbish-#&es, Lnl, £0OH19834:
3 MEfE, 19844FIC 4 fH{E & PR A I hi-Dix
BRSLMRi A, REIADENBLIfTEE EL
IOl Db—RIES 5, —BICEEEROE
BEBHIERTHEM D, F7Av+zo@EECITA
FHOMEHBERMOHEROBERTHLELONS,
HE, EEWRROIBIE, 19834, 198441 i
KFHERRLEKRO AR, BETILEEGN
Thi 7.5°CHitk T, &< BRINKH - 19824ED
8.4°C L Ll L THEIOBNNHN T L% 5 hdibw
o
BEEWRRAOEHIZS RO 14IcEE D, 6 Ant4d
BITRHL, TADO3B, 8AD2HLEE, Ih
CILAERHANRLBIT2HHThED, PHbreH
DOFRER LTS, FEEMIE 2 AR OEF
BBER (B&b\W) K B=R) 2BRE, 3T

Hokkaido

4

12

5

[ ]
3(Tokida 1939)
(Tokida1962)

1 (Okamura 1929)

F

. Length of stipe drifted
No| Date Locality ( Diameter of pneumatocyst)
1 |May, 1929 | Tomoshiri, Nemuro 7.9m (76 cm)
2 193172 | Okirai 15 m (10.5 cm)
3 [ Aug.30.1939 | 1Smiles off Kushiro 13 m (7 cm)
4 | Jun. 5,1962 | Otsu,Toyokoro 15 m (127 cm)
Honshu 5 | Aug. 1,1981 | Chiyonoura,Kushiro 34m (7.5cm)
6 |Jun.27,1983 | Kuroiwa, Yakumo 18.2m (8 cm)
7 [Jul.23,1983 | Minami-usu,Date 2 m :fragment
8 [Nov. 8,1983 | Kamiiso 93m (9 cm)
2 | 9|Jun. 41984 | Kerimai,Mitsuishi S4m (10 cm)
(Okamura |10 |Jun.251984 | Niikappu 4 m
/~\§" 1931) [11{Jul. 15,1984 | Hakodate Harbor 07m(10cm): fragment
12 |Jul. 17,1984 | off Shoya, Erimo 8 m
Fig. 1. A map of the Pacific coast of northern Japan showing twelve localities

where drifting stipes of Nereocystis luetkeana were found from 1929 to 1984.

In attached table are summarized the records of the driftages.
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Stipe of Nereocystis luetkeana drifted
ashore at Kerimai, Mitsuishi (=fMysu4%), Hok-
kaido on June 4, 1984. (5.4 m in length)

Fig. 2.

R A BRI A DR EE A B % TOZ TR A
h (Fig.l), BKBELHMEETETAND ZATHD T
L, THOHIMRECRT 2IRREMOEHERFTL
T, bIisRIE A + — 7 7 i b OWE
g\,

EEDIILKRAPED & BT 5D0, bbb
AAHID L LA, o b 2 b b vk
HHl Unalaska 5705 & FHUE, 724055 < Tl
AL BUmmd A s, OO I3E 3,000
km & U4 BE O TH 5 MEHIERTE, &
TR—= ) v 7Rt s — Y 7T b A D) 5 &
Ehhd L, LHHEDHMAN— ) v VT o
WHIOER A L BB v o b, RO
L5 < 5~6,000km cdh/chHhH, 4, =D
W OEEHHERF0.7 /7 v b ERELTHESS &,

B E TS AL 6 AR ENND Z LT
Do LIchio TEAEMOSGEFHiNLYHTZ L, 7
o B RNAED D B E A DB R L & TEOR
LHBYIR, mEOAANOHTHFET S EE2 T
HEDABEA TR BEEMBHEVALLIHBAT
Wic LDk, ZTOEME Z &K TR T
WDIEAH, EEHFLI MBI DS 5,

EA E LB HI D, Wl SHEEEU
PEWICIE AR, AR BA TR » 108
A=A, FEPyEcs: K PR ZENEIC R L ORI E
LB L L 5, o —idtiga Fii
mh LB ERIERT 5,

5| B X Bt
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Nozaki, H. 1986. Sexual reproduction in the colonial Volvocales (Chlorophyta). Jap. J.
Phycol. 34: 232-247.

Morphlogical details of sexual reproduction at light microscope level in the three families
of the colonial Volvocales are reviewed. Five types of sexual reproduction are rec-
ognized in the Volvocaceae. In Gonium pectorale, each of the two conjugating isogametes
bears a tubular mating structure (bilateral mating papilla) and a germinating zygote gives
rise to four biflagellate gone cells joined in a colony (germ colony). Only one of the two
conjugating gametes of G. sociale bears a tubular mating structure (unilateral mating
papilla) and four biflagellate gone cells are released separately from a germinating zygote
of this alga. Pandorina and Volvuline have isogametes with bilateral mating papillae and
germinating zygotes which produce a single biflagellate gone cell. FEudorina, Pleodorina
and Platydorina have anisogamous sexual reproduction with bundles of male gametes (sperm
packets) and their germinating zygotes produce one or two biflagellate gone cells. Volvox
is oogamous with sperm packets and its germinating zygote produces a single gone cell.
Astrephomene (Astrephomenaceae) has essentially the same mode of sexual reproduction
as Pandorina and Volvulina. Pyrobotrys (Spondylomoraceae) shows unique sexual re-
production in these colonial Volvocales, having small isogametes which are produced by
the successive divisions of the colonial cells. These gametes have no tubular mating
structures (mating papillae) observed in the isogamous volvocacean and astrephomenacean
algae. Phylogenetic relationships among these colonial green flagellates are discussed
mainly on the basis of the difference of sexual reproduction.

Key Index Words: Anisogamy ; Astrephomenaceae ; Chlorophyta ; colonial Volvocales ;
isogamy ; mating papilla; oogamy; phylogeny; sexual reproduction; Spondylomor-
aceae ; Volvocaceae; Volvocales,

Hisayoshi Nozaki, Keio Senior High School, Hiyoshi, Kohoku-ku, Yokohama-shi,

Kanagawa, 223 Japan.

BEfhtEA A e <=9 Y B (colonial Volvocales) o
RFEH L LDORIZIDODF, Volvocaceae, Astre-
phomenaceae, Spondylomoraceae 5%, —hb 3
FHIVFhd Chlamydomonas BDZE 2 i £/
(Spondylomorum BiFiL %K 4 HIBH) OMH
Lis B ERERFEAL DD (Fig. 1), EMATITBE
R ETHARKETHD, Thb IPHIBFEE D
B Bl % A ERREEO FE TEA Sha
(BoLp and WyYNNE 1978, STARR 1980), 7, H
PRI B 4 I B « MO L DB B, WTh
LA THREFT HRCHE S E LT 5 BIBLEER

DEHEELBRTWS (STEIN 1958b, COLEMAN
1959, STARR 1975, BoLp and WyYNNE 1978)

T, AERELCHEEREC IS0~V
2HAVCTHLMLR -1, Thb 3HOFMERDE
BV~ OBIERIC OV T 5, BRI, &
AHDOEDORFBRIC L ER LI\, Tods, Bhdd
Fe s =y ) HO—RROEIL Ot L BE  RES
fbUEictr e <79 Volvox oM+ e v )L
TitfhoEE (STARR 1968 1970a 1980 1984, WIESE
1969, KockERT 1975 1981 1982, BoLp and WYNNE
1978, CoLEMAN 1979) #ZRBINiz\,
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Fig. 1. Vegetative colonies of the colonial Volvocales. a-f. Volvocaceae; g. Astrephomenaceae;
h. Spondylomoraceae; a. Gonium pectorale MULLER (HARTMANN 1924) 5 b. Pandorina morum Bory
(Nozaki and Kasaxr 1979) ; c¢. Volvulina steinii PLavyrair (Nozaxi 1982a) ; d. Eudorina unicocca
Swmrri (1930) ; e. Pleodorina californica Suaw (1894) ; f. Platydorina caudata Koroip (1899) ; g.
Astrephomene perforata Nozawxi (1983b) ; h. Pyrobotrys stellata (KorsHikov) KorsHikov (Nozaki
1986¢).
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1. Volvocaceae (4 k4 <7 &)

SHOFTRLEL OREEL BT, Gonium L
Platydorina o 2 BT EHIROBEAETH B M, Fhld
NO L DIBSERIRT, WIFh b BRI RN
He@wihs (Fig. la-f), BRROBEkE oD
PETRIICRES (inversion) 5% & b 28 E LT
W% (SmithH 1950, BoLp and WyN~NE 1978), #A&Ft
DD BB & Mfia OTSEIE OV A5 A R O
THRANZI T3,

FHAERMCIABEIB TS (sogamy), REE(E
FH4 (anisogamy), IR (cogamy) HH %S,
—#e, CofERE LB, koMK X oYk
MO & B e BAtRic b B (Table 1), #F
KB HFMERILERETHD, UTDO520FME
Hbhb,

(1) Gonium pectorale W)
(2) Gonium sociale
(3) Pandorina

(4) Eudorina #

(5) Volvox B

(1) Gonium pectorale )

Gonium pectorale MULLER {3 #IRD16F7-12 8
MifaD e % &> (Figs. la, 2a), AFWOHMAEM
i* SCHREIBER (1925), STEIN (1958b), #§7C5H (1978)
2, RAREBTESLEATORTFYHREL TV 5,
JE4E, Nozakr (1984a) 13 ABD BB % XL
L, HEFOMREXBT5,

G. pectorale D ~5 w 2 Y , 7 (heterothallic) @
HWMORERD 7 » ~ v 2 RET5 &, BEOHKRM
Ak ol brich, SRR MREEE R
E3CT (Fig. 2b), ZD ¥ FHHPOER 2HWERD

BBFLE5, RATFIEEERCHR-RRERD
2 (arrow, Fig. 2¢) # %, HEE 5-12pum TH
5, EETFIRMEIUEL, WEERTE 1 HTHEIE
#47% gamete clumping L\ 5 REx & H (Fig.
2d), 2O CAEMNEA T B, HEARYWEERCHS
EROLEMA LD G2 LT 5 (Fig. 2e-f), i
DFEE DR R, TR B TR MIIRE OF» T & (Fig. 2),
BrLvEL ey, ARBTFOIRREIFEL,
T ILMERAYPARL, BAHETL, 4HE
DA T L1c s (Fig. 2g) , A TRKITEEL K,
MifEEEL WL, RIRREBL /s, EAXMKIES
BBTORBITIRE 5pm HET 5,

BETFRRFTH R, E6TFOENRHEL, *
DR CRERBENMYSC2EAPHL, RAD4EHD =~
i3 (gone cell) »3T& 3% (Fig.2h), £Hlans
B2RSOWEHNEL, MEDOHIRL 1 >DRL (germ
colony) (Fig.2i) L7~ T, fEHFFDOHEL BT 5,
ZD4ED = — v fiflaik 2 B30 R B AEMIYRELE
DI B EVS HERN BB TS (SCHREIBER
1925, SteIN 1958b, #§JC & 1978), % 7= STEIN
(1958b) ILRIFREFOMBAHLXBEL TV B, #-T,
AEOWIL 1 DOBETFICL - THRESh, BEETFR
HIFOWBE DB TH =T — v MR RERE FHAES
ThBbDEHENI NGB, FEDRGHE L EDRE
B pt Gonium multicoccum Pocock (Saito 1984)
THEIRTW3,

(2) Gonium sociale %)

Gonium sociale (DujARDIN) WARMING (% 4 fifa
WO E R (Fig. 3a), AHEOFHAMMRBE
BFEETHAB Z &k STARR (1955), STEIN (1959)
X o> THBMEE» TR, FOEETFORFER
BEIRTihot, LAL, B&E Nozaki(1986a)

Table 1. Characteristics of genera of Volvocaceae

Genus Colony cell number Cells in colony Sexual reproduction
Gonium 16, 8 or 4 all reproductive isogamous
Pandorina 16 or 8 all reproductive isogamous
Volvulina 16 or 8 all reproductive isogamous
Eudorina 32 or 16 all reproductive or *rarely facultatively anisogamous

somatic in only anterior four
Platydorina 32 or 16 all reproductive anisogamous
Pleodorina 128, 64 or 32 anteriorly somatic and posteriorly anisogamous
reproductive
Volvox 500-50, 000 almost somatic

* E. illinoisensis

oogamous
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X

Fig. 2. Gonium pectorale MULLER. Each scale bar: 20 ym. b-g. Phase contrast. a. 16-celled vege-
tative colony; b. Gamete escaping from the cellular sheath (arrow heads); c. Gamete bearing a
slender mating papilla (arrow) at the base of the flagella (arrow heads) ; d. Gamete clumping and
fusing gametes (arrow head). Arrow indicates the flagellar tips of the gametes; e. Pair of gametes
just before plasmogamy. Both gametes bear a mating papilla (arrow); f. Two gametes forming
cytoplasmic bridge between them; g. Quadriflagellate zygote; h. Germinating zygote producing four
gone cells; i. Four gone cells joined in a colony (germ colony). Ink preparation.

Fig. 3. Gonium sociale (DujarpIN) WArRMING. Each scale bar: 20 gm. b-e, g-i. Phase contrast.
a. Vegetative colony. Ink preparation; b. Gametes aggregating in a clump with their flagellar tips
sticking together at the two opposite ends (arrow heads). Arrow indicates fusing gametes; c. Pair
of conjugating gametes. Note one of the two bearing a mating papilla (arrow); d. Two gametes
forming a cytoplasmic bridge (arrow) between them; e. Two gametes with their anterior regions
touched together; f. Mature aplanozygotes; g. Germinating zygote just prior to the liberation of gone
cells; h. Four gone cells escaping separately from the zygote wall; i. Biflagellate gone cell.
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REABOHEATORFCHRIIL, mx CTHRBFOES
BEYEEL, TORMEHRE L.

G. sociale var. sociale {L:xE %Y , 7 (homo-
thallic) Th b, FAEMCERETS &, BETED
Ebiieh, FHRRERROBBYRYTTT, £
DEFER2PFERCHRYOBRBT L5, BBFI
EEERCHREROREL DD L bk
DERD D, BBTFRBMEULETHEETER, Lok
Rk G. pectorale (Fig. 2d) LixRith, BEEFO
FEDELR 2 K CHEELMBHAE LbL, ok
2EADRMBTIESTSH (Fig. 3b), #A4TH 2D
RBTRERNCIIRAKA TS B2, KFHET s
RoEEEY b (Fig. 3¢), A HDEED LM M
DREDILWHEEICAE L, WEORCHMED
BWhric&s (Fig. 3d), ZOBIXLEWIREL DT
EBFORMSL 4% 3¢ (Fig. 3e), MEMAM
BHPLHRACHETL, 4EEOBHEATFNTES,
BES FIRCHEEL & MRBEL AW L, RIRIRE
&7t% (Fig. 3f),

BEATFRERAELABY AL, BEOKEES
e d ST L RFRBBT S, £, MlaBEo s
Rsh, RARREL, FROFEHE S 2 @)
HLAEOFADHNANTES (Fig. 3g), KicFEH
LB vsh, %42 2 IR O = — v fifhid
biEbic#E 5 (Fig. 3h-i), %= — v fILESR
ik Lictk, MWEERL, EHEAMORIT 2 mHH
LT, 4#fatto% L=~ Bk (gone colony) &
%,

(3) Pandorina R

COFWEFADHERY & 5 L DIk Pandorina {0
fibic Volvulina Bhih s, WEE b16% 7211 8 Hifa
ORI DOBEth% 102, Pandorina ITERRM B X
UE o (Fig. 1b), Volvulina 11 v v Xk 5L EHRF
D (Fig. lc) Milaxd o tx HEELTWS,
Pandorina o F¥: £HIT 19 #HE1 5 MIBATED
(PrinGsHEIM 1870), SmiTH (1950, 1955) o#fls
TEORFMEEMPRBEBRTES LB RT3, L
A LEER Y fAvic CoLEMAN (1959) offgeic & b,
BATARBTOXEINRILIBE LA—DBEMN
HY, BRBFOKEIE, Thik UcREo i
MICLsb0THY, FENIIRIEMBTES T
WELTWB, Zhikkn Gonium o 2 F, Vol-
vulina, Astrephomene 3 HTILEBZ L TH5B,
Pandorine 7 ABERBTHEAEZTHEWS Z Lz Kk
B D 5 EFHEEIZ L /5T (RAYBURN and

STARR 1974), Volvulina @ 75 ¥k 4 ji X STEIN
(19582) HRBEBFEATHD LWL LI,
STARR (1962) i+ V. pringsheimii STARR DEBET
A% RS € REROTROME (mating
papilla: &%) »b 5 = L% Volvocaceae iIZ s\ »
TEDTHE L, D%, RAKA#ER Volvuline
steinii PLAYFAIR (CAREFOOT 1966, Nozak11982a),
Pandorina morum Bory, P. unicocca RAYBURN &
STARR (Nozakr 1982b), THEIhT\ 5, Pan-
dorina k Volvulina D4 F O RKIEDS HANTILIFE—
Thb, TOFEMLBEIEFEL I T 5 (Nozaki
and Kasaki 1979, Nozaxkr 1981, Nozaki 1982a) ,

MRZEH~Tr2 Y » 7 ThHY, HHHXEED
BriRaTrL, HOAEHNEETESE TS colony
clumping LW RMEELD, T hRBEHEFHDORY
DRIETH B, RICEDRBOFT, BEORBMIE
MNERXREE IV O FRFTHT, BETELUTH
7% (Fig.4a), BBTFIERAFERORETH Y,
KEIRZEBFL K LI-HEo My sT
b5, EBRTOMIaREIERYCIIFEMGL F—
Th 5, WEEBEATROE4RE (pa, Fig.
4b) Hb B, EETFHES L TEATCI BRI
ik Gonium pectorale L R—Thb, HROEBF
NEELEED £mH%Y 1 RTHESIES gamete
clumping %KL, ZOH0 2 BORMBFOFER
HEREOKEH S MRERME AR L (Fig. 4b),
LFEOBBEATF LD (Fig. 4c), RITESFIIW
Fwk\y (Fig. 4d) HfaBE2 W UIKIRIREBE 725
(Fig. 4e-f),

BATFRRFRCID &, TOo—Ho MR
L (Fig. 4g), EH LAt sh, 1EOER2
WEMO = — v fikesEHT 5 (Fig. 4h-j), & OlF
CHBABORIEY L Bbh s N B ME
(hyaline body) (hb, Fig. 4h-i) »EEIh3, &
MBS B OSPHER ORMB A H O/ & [/ R

BESDZD 1 SOBRMEKETCEEFIEET) b
23D EBbhb, kEFH =~ flntEoFEC
B Y 2WL (FRTTREEL DS - T 3)
(Fig. 4k), ZOEOHFTH L= — v FEOTEH
fitshbh s (Fig. 4-p), O, =—v#laD 2
FIBEN SR, REDOFBHEA - T BHEEE
wiknes (Fig. 4-0), =D 2 KDOHFIXHEROFE
HRRET MBI 0 T, BEhbIThd, Kok
CTERH UL T — v RO KM HIXEEN4ET,
PEAEIIE X vl %,
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Fig. 4. Sexual reproduction of Volvulina steinii PLayrair (Nozaxi 1982a). a. Gamete release; b.
Gamete clumping and conjugation of gametes. Note mating papilla (pa) and cytoplasmic bridge (cb) ;
c. Quadriflagellate zygote; d. Zygotes just after settling down; e. Young aplanozygotes; f. Mature
aplanozygotes; g-i. Germinating zygotes. Note hyaline body (hb); j. Biflagellate gone cell; k. Gone
cell with gelatinous envelope; I-p. Gone colony formation; 1. 2-celled stage; m. 4-celled stage; n.
8-celled stage; o. Inversion stage; p. 8-celled gone colony in gelatinous envelope.

(4) FEudorina %l

iy Eudorina g o fih, Pleodorina & Platy-
dorina ® 2 J@h %%, FEudorina Y Pleodorina |k
TR D BEfAA & 22 (Fig. 1d-e), Platydorina
VBB O TR D B & & (Fig. 16), Pleodorina
W BERO RN S e IR A X TS
(Fig. le), GorpsTEIN (1964) (X 4 {H D JEA4RiHI
# % -2 Pleodorina Koromp ~
Eudorina o 3 fiassfil L7k, #ETaE52 L
L, FEERAC Pleodorina californica Suaw o JEAEJ
e AR5 5 & L &2 & LT Pleodorina

illinoisensis

& % Eudorina JRic B33 €, LMoL, KFED
Pleodorina ofED < P. illinoisensis 72JLZD
BRI e /e L TR B, M Eaic b
PR S G- T A2 5 5 (WATERS 1960, Bk
1986), Z o piAs eI ime e Licd D%
L oflhd Pleodorina Off L fic - Tub, - THE
% E. illinoisensis (Koroip) PascHER Dtz
T 5%, flio Pleodorina o il Eudorina i
BITS W% L Bhh b, Platydorina Tik
1 ffi P. caudata Koroip (1899) #EiE i Tuw%
DILTHbH, Fefkix Gonium DFRTSEHILTIED S
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M, BRI G 17700, Lo foh, BRI
Stf#, 4R T (intercalation) SEHIR I 7c B
(Harris and Starr 1969, Tavior et al. 1985)
BT Gonium LITIERINIC > Thb, ThbH3
JRVEIEAR BN 7] — D S AS - F-3E 5 D AT PR AT 5
5., Nozaxl (1983a) (% FEudorina elegans EuRr.
var. elegans % i\ C, SURUELIEF- D Pty O & A
FohchaCidieb o b L, FOiEG 1R HhE
#FEANCBgE L,

E. elegans var. elegans D ~F v z ) o 7 Ol

Fig. 5. Sexual reproduction of two varieties of Eudorina elegans Eur. Each scale bar: 20 pm. a-c,
f, i-j. Phase contrast. a-j. E. elegans var. elegans;

O P Pty B 28 5 & AR O BB R E 5o
HEMERE R D FTRTOME Z 0 <, WA O
DELL, MBEL TR TFUe (sperm packet) riekh
(Fig. 5a) o K5 TFHIX 16 % 7o 32 i 0 BHERI O Mk AL
W2 doEoERociEa L ERIBEORHETH
% (Fig. 5b), —75, WEMEREMAIEIE2380< e D, %
FRIEERIZM U, SRR A X SR E D v T
W7l a B e E 3T C, o F FMitERINT L7
% (Fig. 5¢), MEMERUHEF o 2 HiBR IR R ILE >
FXE - FTHEHT 5o ZORICHEMICHERL 72

7& | M

a. Male colony producing sperm packets; b.

Sperm packet; c. Mature female gamete. Note vesicle (arrow head) cast by the gamete; d. Sperm
packets surrounding female colony; e. Sperm packet (arrow head) dissociating nearby the female
colony; f. Male gamete bearing a slender cytoplasmic protrusion (arrow) at the base of the flagella
(arrow heads) ; g. Male gamete (arrow head) landing on the lateral anterior portion of the female
gamete; h. Mature aplanozygote; i. Initial stage of germinating zygote. Arrow head indicates hyaline

body; j. Gone cell escaping from the zygote wall ;

k-o. E. elegans var. synoica GOLDSTEIN; k. Sexual

colony with sperm packets (arrows) and female gametes (arrow heads); l-o0. Zygote germination;
1. Initial stage; m. Just after the transverse division; n. Two gone cells in the expanding zygote wall.
Arrow head indicates hyaline body; o. Two gone cells escaping from the zygote wall.
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Fig. 6. Diagrams of stages in conjugation of Eudorina elegans Eur. var. elegans (Nozaki 1983a).
a. Just before plasmogamy; b. Initial stage of plasmogamy; c. Middle stage of plasmogamy; d. Late

stage of the plasmogamy; e. Just after plasmogamy ;
(fs) stigma of female gamete;
(tv) transparent vesicle cast by female gamete.

colony; (ff) flagellum of female gamete;

gamete; (ms) stigma of male gamete;

MR, PR ERL D (Fig. 5d), X5
WEH e h, #xOREMEBT I HEERECRATS
(Fig. 5e), HEMELIBFIXEIE 2 ER, Jex 10-15
pm T, EEEFHIE, BT pem K bETHHM
lREROREY L > (Fig. 5), MEMERARICRAL
THEMEEC BRI (BN L MEMECET O
EEMcHFTHETS (Figs. 5g, 6a), MR ET
D AR A X HEMEEL IS T o B SEME BRI T D HEE
EMRICRATS ek » THtAL (Fig. 6b),
WELBTFOMNEE BihH» s B #TL (Fig. 6c-
d), #HFLicn (Fig. 6e), ZDREHG TiXHEdRD
HOHE 2 R LIk VCHEY 24Kb 0, AT
RRCHEER R, MlBEL WL, KIRRBL e
(Fig. 5h),

BETFORFL - kO B BT £ R B
Pandorina Bl RA—Thb, [EGFOBELD 1EHD
ER2WERND 7~ v fiflanrt i+ 5 (Fig. 5i-j),
=~ v il E 0 RICERCEX WL, ErH%
MUl — v #ilaD 28 ETHER LIEHID, Eodo
AR EAE AL AR MY DL TH L =~
vRthET D,

Eudorina elegans var. elegans } Platydorina
caudata TG FRIMCT 1 HD = — o HusLE]
35 A% (SCHREIBER 1925, GoLDSTEIN 1964, HARRIS
and STARR 1969), E. illinoisensis L E. elegans
var. synoica GOLDSTEIN T/% 1 ¥ it/ 2

(cg) confluent gelatinous envelope of female
(mf) flagellum of male

DT —HlaNR 1 DOEETF XY RFT D LHHE
XhTtwbd (WaTers 1960, Nozaki 1986b) (Fig.
5k-0), 7ok, MRRKDEH\HRFKD Pleodoring O
DESTFORFTETHHEI T v,

(5) Volvox B

ZOREHBTHDIE A =9 ) Volvox 1|8
B THD, ABILEL ABHASRA TV BRKETD
D, &L OFWMNEHINTVB, Saitn (1944) D=
7 77 7R IE, X ORAO MR A0 EES
DK « FiE L ERREFDOFETISHA 4 DO
TREINT 5B, LOHEBOSHIEZ L2 bb T,
AR VB &R £ TR BRR OB TR
DIIFRETH D, THIH O L EO =~ ~ HilarlE
LRAETHBELTVS (DARDEN 1966, KOCKERT
1968, STARR 1969 1970b, VANDE BERG and STARR
1971), L2 U BHAETOBFEEOTE L REDHER
TUTFD32icE L dbhsd,

a. kE®2 Y 5 7HMiERIGE: 1 DOFHBRETE T
HEOH2L b, Copelandsphaera £ V. dis-
sipatrix (SHAW) PriNTZz & Euvolvox Hin%<{ o
HDICHBHRA (SMiT 1944, STARR 1968) (Table
2)o EEHMLINE X DI 72 Euvolvox £ 1
(RFEE) THEBELXLTWS L AR &4 (Fig
Ta-b) rirflic wEHER GO FHERGAL > (Fig
Tc-e), ARZHEXL, BoO»%HRREYL L OKBE
DRI LZRHERE L 2L DI RET S (Fig. 7f-g),
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Species

V. africanus

V. aureus
V. barberi

V. carteri

V. dissipatrix
V. gigas

V. globator
V. obversus
14

. pocockiae

V. powersii
V. rousseletii

V. spermatosphaera

Fig. 7. Volvox (sect. Euvolvox) sp. Each scale bar: 40 pm.

Table 2.

Sexuality

homothallic

heterothallic
homothallic
homothallic
heterothallic

homothallic
heterothallic
homothallic
heterothallic

homothallic

homothallic

heterothallic

homothallic

Nozaxi, H.

Sexual characteristics of species of Volvox

Sexual colonies

females

dioecious with special females
dioecious with facultative females
monoecious

dioecious with special females and
dwarf males

monoecious
dioecious with special females
monoecious
dioecious with special females

dioecious with facultative females
and dwarf males

dioecious with special females
dioecious with special females

dioecious with facultative females
and dwarf males

References

monoecious or dioecious with special STArRr (1971)

DArRDEN (1966)
STARR (1968)

Kocuert (1968)
STAarRr (1969)

STARR (1968)

VANDE BERG and STaArr (1971)
STARR (1968)

KKARN et al. (1974)

STARR (1970b)

Vanpi BERG and STARR (1971)
McCrackEN and STARR (1970)

STARR (1968)
STARR (1970b)

= 3
e g
R D) DI 2 eaka”

a. Asexual colonies; b. Surface view

of asexual colony showing somatic cells connected to one another by cytoplasmic strands. Phase con-
trast; c. Monoecious sexual colony with sperm packets (arrows) and eggs (arrow heads) ; d. Sperm

packet; e. Eggs;

f. Mature sexual colony with mature zygotes;

g. Mature zygotes.
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Fig. 8. Volvox aureus Eur. Each scale bar: 40 pm. a. asexual colonies; b.
asexual colony; c. Surface view of asexual colony showing somatic cells connected to one another by

cytoplasmic strands.
Male colony; f. Sperm packets in male colony ;
zygote.

b. &E£ Y, 7Sk 1 o027 v —~vorhic
WHEHER %« DB HERADMED D o HEMERE AL % < DR
FHEL D, FEOMBE AL A UMo%E
L, Mo nwis (dwarf males) L23h 5, M
PERE R MR o BRI (=2 7) oo
Pp b 2 Fpal 7 MEMEREAA D < % B3y (special fe-
males) &JZREMNCILEENER A & (XK om g, =
=7 BRI E L THRES 5854 (facultative females)
ENBHB, ThDBITFEICY > THRH Table 2 2%
MR, ixd —aiciiiEh s Volvox ©h 5
V. aureus Eur. %, dwarf T7g\ males » facul-
tative females # 2k E X2 Vo 7 It FETH 5
(DarpEN 1966, Nozakr 1984b) (Fig. 8a-h),

C. ~TFwx )y s MERER A MEE VR RO AP
ka2 B Z ENBEMCHREIRTED, 1207
r =y s bIkiEE S B DDA L2 DL B
i\, MEHEDO BT ATRD “FE &2 U o 7 HEMERA”
LRUTHIZX » TH7e b Table 2 &S icu,

Inversion stage in

Phase contrast; d. Optical section of asexual colony showing somatic cells; e.
g. Female colony with young zygotes; h.

Mature

2. Astrephomenaceae (7 X bL 7 4 A F%FEH

AEHEL Pocock (1953) 731 J& 1 ff Astrephomene
gubernaculifera i35 & ZCB L LI2LDTH
o RFUIHERREE CU A RROBEEZ L DL
ZHHs (Fig. 1g) Volvox B & UT W2 2%, BEATZRUR
W lER Uic\s & 2 AW ELic b, A, gubernaculifera
Pocock oA P4y STEIN(1958a), BRroOKsS (1966)
DA T CRAIICBISE L TV 20 B0l 2 A
offi A. perforata Nozaxi (1983b) 723 HA X b #H
SREWES T D, WL RO AMEEMEZ T,
AN Pandorina Bl L [Al—ToH 5,

~T e Yy i G 2RO iy BET 5 E
colony clumping 72332 b, Bk RERMEL T D %
FHERMRIEH X DRI T, ERROBEDO%ER 2 #iER
DEMEF & 7. BLHT1E gamete clumping % L7c
D6, 0RO 2 [\ AR LA G S TG
AT 5. PG TRUERCE, 1 EoSE 2 iER
D = — v fifaES FOREL D ilERT S, = — v lilg
EW A WL, EohTE - YR BR
Bo
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A AT S TN D, T & D M TR AR L

3. Spondylomoraceae (XKL F 4 OFEJLLEH
P i (Fig. %), 4 MiEOEMEG T Lch. TOHE LT

ARHLRLE O 2 B L dstse b, HITH o filan R S, FNFERO i o EEx 7L (Nozakl
PHE T & ERRSES Lichifdi b 1986¢c) (Fig. 9f-i), LiE®H kLT3 50,
ZEwREEE LT D, 3 D0|R Pascherina, Pyro- F IR de o B IIE T Do UL IR
botrys, Spondylomorum 73575, HEERFEN ¢ & WLER, T H A (Fig. 9), 7ok, P. casinoensis
R, FOAYEERD B A Teouk Pyrobotrys 12T (PL\\I AIR) SiLva OS2 Hillao 4 #iER
BHHo KF@iLies & LT Uva, Chlamydobotrys 55 fhpel LT il ik & hutz Chlorobrachis gracillima
BHoHH, Siva (1972) ks Hify L Pyrobotrys 7% KORSHIKOV & [Al—D 4 DTHDH Z EMNMER I T
ﬁ'l"fJ“C‘ HBHELTWS, Pyrobotrys (X ev A FDIg % (STREHLOW 1929, BenLau 1935, Nozaxi 1986¢),
WERSE D MEERI O ALY, 4, 8 FXI6MEHA LT
WA BEfAA & o (Figs. 1h, 9a), 4% THHhT P s
GRS XCRBIE R, kex ) oy 2 Th

(STrREHLOW 1929, BEnrav 1935, Nozaki 1986¢) VLA 152 4 & IR R A T L P2 & D stk

Pyrobotrys 1AM ERIHRC e B &, BEAD BHEK LizbDr#Ezbhb, T, Zhb 3FDFUAMY
M & s < s o e 24 L (Fig. 9b), 4, fe R A T H L TR S,

8 F721k16 (F hic32) (oMM & e b, Hlliuik 3RO T SE /e Spondylomoraceae D
2 KD Tx ’l-' U, Blofiase X o UM T & 7 Pyrobotrys Thb, Lo 2Fo Ok, TREIICIL
Bo BEo THUEFIRAE MG X D 2vie D /h &, il NN & R — DU E AL O ¥ FHERIILE & D

2o [ Zﬁ*{l“ix_‘!.i, FIC b ivte e Bk Bk T ES T L 7eh  (Fig. 2b, 4da), —Jj, Pyro-
(mating structure) 1:f%s X ey (Nozaki 1986¢) botrys OFEMETIL MR ML AL TTE
(Fig. 9c-d)o pk&Hizz 2 (@ B PR ICHI TR HINE WD THDH (Fig. 9b-d), B2V NS

Fig. 9. Pyrobotrys casinoensis (PLaviair) Siva. Each scale bar: 10 pm. c-i. Phase contrast. a.
16-celled vegetative colony; b. Gametogenesis; c-d. Biflagellate gametes; e. Initial stage of gametic
union; f. Young planozygote; g. ;Relatively mature?planozygote; h. Lateral view of mature plano-
zygote; i. Bottom view of mature planozygote; j. Mature aplanozygotes.
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b, ROWMROFHELX - b B, PENFORKE
NELVOLEROBMETHD, Fih, Pyrobotrys
DEBF LD 2 Btk EROEAKETH B A
ZHEELCLVCELREATHD, - T, ERKEE
LRV HE AL OLV I L THMN ShTV3
Spondylomoraceae (X fili D 2 ft & 13 RAANTH e b B
MLTwaHEEPIhS, LirL, Pyrobotrys o
B ERX RO MRS Chlamydomcras B
DHDH HVER LT IHEIERFRIZK->TVDH &
(Hoops and FLoyp 1982b) ##x % &, #HI4:HIL(l
D 2 Bt & [AkE Chlamydomonas ¥ED LD THAH 5,
Astrephomenaceae o 74 ¥ /I #i 1% BB FI,

gamete clumping & pE{rekiic BAL Tt Gonium
pectorale, Pandorina, Volvulina L [@{l—Thb, ¥
1z, Astrephomene D BB A &% & Pandorina,
Volvulina L A—DFWEF & 1cH, LnL Astre-
phomene 3. Volvocaceae @ Pandorina, Volvulina
& BEATREERN A Rcd (Pocock 1953,
Nozaki 1983b), *7:, BEHEEHT 2 KRIREED
HEic s\ T Astrephomene (Pocock 1953, Hooprs
and FLoyp 1982a, Nozaki 1983b) (¥ Pandorina
(FuLtox 1978, Nozaki 1980 1981) & Volvulina
(Nozaki 1982a, BFlg « 5T « hnly A FF) & THHA -
BEANC L RicH, Astrephomene DRHAILIEIGD 8
qaBa iz 2 difast 4 S s (Pocock 1953, No-
zAKI 1983b) & ERINFEHE A 4 D Hilay Wi A

20 pm

(Pocock 1953, Hoors and FLoyp 1982a, Nozaki
1983b) i Gonium pectorale (ffirt 1978, GREUEL
and FLovD 1985) & [(—CTHh%B, G- CREHERIT
BB DD, Astrephomene |3 Gonium pectorale
LI b DERB IS,

Volvocaceae D RIBIEL A F#15 % 3%+ T, Gonium
sociale [ YRETHD, HOHFRIMC, 4O =~
v AIREANE SIS TRk ¥ A 5 (Fig. 3h) b AR Ot
DFETITA LR, ¥, HEABER Mo REER
TEAETH LD LR RIS, G. sociale 118
G BEBTO AT EROEAHELXDD
(Figs. 3c, 10a), —J, G. pectorole, Pandorina,
Volvulina, I ¥ic Astrephomenaceae @ Astre-
phomene (2 ichE{r ok %k b (Figs. 2e, 4b, 10b),
WD G0 6 BT HBT 5, cnZenb,
Nozak1 (1986a) i3 G. sociale »Z#i% “unilateral
mating papilla”, fioE D H D% “bilateral mating
papilla” & # {113 7o, HAllakD 2 HERBHTHD
Chlamydomonas DYNIIMEIC X » TZ OljFDOES
Wb YT 270 b OV EBENBEI TV %,
C. reinhardtii Danc. OB #H, #ET5 2 AOERE
FOWFHFnEIR O &% & B (FRIEDMANN et al.
1968, TRIEMER and Browx 1975b, CAVALIER-
SmiTi 1975, Goopexouct and WEiss 1975), uni-
lateral mating papilla iy TH 5, —7F, C. moewusii
GERLOFF (ZIXMZ B0 AR H » (BROWN

Fig. 10. Diagrams of conjugating gametes in two species of Gonium (NozAKI 1986a). a. G. sociale
(DusARDIN) WARMING. Arrow indicates unilateral mating papilla; b. G. pectorale MULLER. Arrow

indicates bilateral mating papilla.
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et al. 1968, TrRiEMER and Brown 1975a), bilateral
mating papilla fyTH 5, # -~ T, Gonium sociale
13, Chlamydomonas reinhardtii $:0D 3 DHFEAIEL,
—Jj, fli> bilateral mating papilla % $2%< D
Volvocaceae DL Astrephomene (3. Chlamydom-

Nozaki, H.

onas moewusii ¥ED % DA PAL LI T EAHE S
hb B, ZOUDRGBEYRMAT B OTHE « HF
X AWesnEEhb, fds, Pandorina morum k
Volvulina (345t « EHAEMOLBR, WD
SRR D FeFH R E S A —TH b (FuLToN

Oogamy VOLVOCACEAE
Volvox

i

Anisogamy
Pleodorina
somatic cells
Eudorina Platydorina
intercalation
sperm packets
Isogamy
ASTREPHOMENACEAE Pandorina
i unicocca
Astrephomene Pandorina
%* morum Volvulina
I ‘—lenticular cellsJ
spheroidal colonies ! Gonium
i pectorale inversion
H f spheroidal colonies
SPONDYLOMORACEAE I
8-celled stage:% 8-celled stage:%
Pyrobotrys i
Gonium sociale

small gametes without
mating papillae

bilateral mati

ng papillae

unilateral mating papillae

Chlamydomonas-type

ancestor

ﬂcconfluent gelatinous envelgpe (see Nozaki 1981).

Fig. 11. Schematic representation of putatiye phylogenetic relationships among the three families of

the colonijal Volvocales,
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1978, Nozaxi 1980 1982a, g « &I - i k),
DIL VRO L Bbhs,

Eudorina 3 bilateral mating papilla % 3} -
Pandorina unicocca LBV L BHAD SRR AR
DEXHEENFA L THD (Nozaxi 1981), R#Eic
(X Pandoring o & DB LI Z LRI R
5%, $-TC, Eudorina elegans DOHEFMBET DU
EER G o MBERORE (Fig. 5) 11
Pandorina o bilateral mating papilla & AR 7 BY
Richh, RAURBTOMERMA?REO B D RN
EBFOIG» DEtATS 2 L (Fig. 6) »bd%h
BRAGLh5, 8, FABOHEEREBTOEL#E
2% Eudorina illinoisensis CRERE T hT W5 (F
& 1986) o

Volvox |gorhd Euvolvox #i0 V. rousseletii
WEesT & Merrillosphaera #iD V. carteri STEIN
D 2EOEFIC X HHEIEELLZh, WEORML
T BRROEELMEEI D Ric b, THIRE
BTN RBECH D, Rivd B ROHER
b Al 2 LI AT EE A REhTw%  (Hoops
1984), L L Volvox i3 EETRIEED 8 difaiio M
fari+FECRFIL, MRSIBOBRRETD LS C
Ll BHATARCEFREVIOBETHES LREG
Ko bhd e 3E LIcHE % $ o (SmiTh 1950,
BoLp and WyNNE 1978), #¢- T, Hooprs (1984) o
RS HEIhird Wb tBbhs, Volvox o
DFEMRFER & FUHEMOME RBEBTH#4
4% Eudorina, Pleodorina, Platydorina } 3t 1L
Tk, EEL Volvox 13 Pleodorina #0D 4 DHE
XKLL, FRRCIRZRA~ELHELEL, S LId DL
EX B, W, FHEEKEIZRED Pyrobotrys (Hoops
and Froyp 1982b), Astrephomene (Hoops and
FLoyp 1983), Volvox (Hoops 1984),
pectorale (GREUEL and FLoyp 1985), Platydorina
(TAYLOR et al. 1985) DHFEHKIMOHAEEOTFE
DREACTRbhTW5, ThbOWETIE, B0
R MR T OBRER & LToMH S hicdiE:EH)
LishEET, WEEROBAEEEH Chlamydomonas
HOLONhbEALEFELTVWDEWS T EXHEHLM
LT3, Ibic, HWEEROBMEE S RET
FEBERL TS, L, BT E bln- THEL
LCEIRIT T » 1ol 7500 5 O Rt & HEBI 3 2 DI 3
i Volvox o 2 fE DB %e (Hoops 1984) Dific w3 3
HHOTRIcWhEBbh3, ThbOWFEH,LHEN
Xhd55%Z &y, BEeEKEFEY Chlamydomonas

Gonium

BN LR b, MELTO M-SR L >
EEOBBETIEMLLT WHETHS, Eu5 L
ThHH5LBbh3,
BUERMEZOMOMAEEE 2 T, BRI
&3 PHC DLW TEE MBS THERI L T\ 5 R 5
%z Fig. 11 i ¥ L »Thtc,

| £33

FAD KFRER D HETEE A LT 5 A0
B3 3% B & EEBERFO MEFE RS Hil L
LT, ¥, BABEREYLTCTFE - BALAED
LA SR & SRR FEO T REE e b RSB L
Vo fax LB LTT & » B SR SRy
BEOH 2~ RHOELE LI,
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