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On the siliceous siructure of the septum and related forms in diatoms

Toshikazu GOTOH

The Faculty of General Education, Kinki University,
Higashi Osaka, 577 Japan

GoTtoHn, T. 1984. On the siliceous of the structure of the septum and related forms in
diatoms. Jap. J. Phycol. 32: 109-112.

The current concept concerning the structure, of the septum which develops from an
intercalary band toward the inner cell space, obviously has two different elements. The
one is the structure developed to the inner cell space, and therefore the cell space is divided,
but incompletely. For instance, the structure of the genus Climacosphenia EHr., Grammato-
phora EHRr., Licmophora C.A.Ac., Rhabdonema KuTz., Striatella C.A.Ac., Tabellaria
EHr. and Tetracyclus RaLFs. And the other, although it develops from an intercalary
band, but not divide an inner cell space. It grows attached to an inner valve surface,
especially costae or fibulae. For instance, the structure of the genus Epithemia BrEs.,
Denticula KiTz., Denticulopsis SIMONSEN, Nitzschia HassaLL sect. Fragilariopsis and the
species Nitzschia valdestriata AL. & HusT. The former is termed as septum sensu stricto,
but the later will be required a new term. So I propose the new term, septum-like plate.

Key Index Words: diatom; Epithemia adnata; intercalary band; Nitzschia valde-

striata; SEM fine structure; septum; septum-like plate.

A septum is “a sheet or ridge of silica in the
valvar plane projecting from a girdle band
into the interior of the frustule” (Ross et al.
1979). In some cases a cell space is divided,
but incompletely, into several compartments
by the structure which develops from the
intercalary band. If the structure of the
genus Climacosphenia EHR. is regarded as a
type of septum, although the component of
the genus Epithemia BREB. has been named
as septum, it is obviously that it is different
fundamentally from the type. It is neces-
sary to reconsider the current concept re-
garding a septum and related structure.

Materials and Methods

The structure of an intercalary band of
Climacosphenia moniligera EHR., Nitzschia
valdestriata AL. & HUST. and Epithemia
adnata (KUTzZ.) BREB. were investigated by
LM and SEM. The materials were collected
from Shichirui, Shimane Pref., the River
Kinokawa estuary and the northern part

of Lake Biwa, respectively. The ma-
terials were cleaned and prepared for LM
and SEM in the ways described by GOTOH
(1980).

Results and Discussion

The siliceous structure develops from an
intercalary band to the transapical axis, and
the inner cell space surrounded by a valve
and an intercalary band is divided in-
completely by it, was termed as septum by
MULLER (1886). And his concept has been
accepted by many authors (e.g. HUSTEDT
1930, PATRICK & REIMER 1966, V. STOSCH
1975, Anonymous 1975, Ross et al. 1979).

Two special features of a septum exist:
1. the structure develops from an inter-
calary band. 2. the inner cell space is
divided incompletely by its structure. Only
the structure which satisfies the above two
conditions should be termed as septum sensu
stricto. For instance, Climacosphenia monili-
gera EHR. (Fig. 2) satisfies clearly two con-
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Fig. 1. Schematic sketch of transverse
section of the septum and the related struc-
tures: a. septum; b, c. septum-like plate; d.
partectal ring. upper: valve, lower: copula.

ditions. Epithemia adnata (KUTz.) BREB.
has the siliceous structure dveloping from the
intercalary band but it attaches to the costae
(pseudoseptum) of the valve inner surface,
therefore the inner cell space is not divided
(Figs. 3, 4). In this case it doesn’t satisfy
the second condition. The intercalary band
structure of Nitzschia valdestriata AL. &
Hust. (Figs. 5, 6) is the same manner as
Epithemia adnata (KUTz.) BREB..

Septum and its related structure is sum-
marized in Fig. 1. Fig. 1-a modifies the
structure of the genus Climacosphenia EHR.,
Grammatophora EHR., Licmophora C. A. AG.,
Rhabdonema KuTtz., Striatella C.A.Ag.,

Tabellaria EHR. and Tetracyclus RALFS. Fig.
1-b modifies the structure of the genus Epi-
themia BREB. (E. adnata; Figs. 3, 4). Fig.
1-c showing the schematic sketch of Denticula
KuTz. (cf. D. tenuis; PADDOCK & SIMS
1977, pl. 2, fig. 12), Denticulopsis SIMONSEN
(cf. Denticulopsis seminae; HASLE 1972,
figs. 3, 4 as Denticula), Nitzschia HASSALL
sect. Fragilariopsis (cf. Nitzschia kergue-
lensis; HASLE 1972, fig. 1) and the species
Nitzschia valdesriata AL. & HusT. (Figs. 5,
6). Fig. 1-d modifies the structure of the
genus Mastogloia THWAITES (cf. M. minutis-
sima; STEPHENS and GIBSON 1980, pl. 4,
fig. 22) and it names as “partectal ring”
(Ross et al. 1979). The structure, fig. 1-b
and 1-c, which divided from the group, fig.
1-a, by its structure and later discussed its
function, will be required the new term.
So I propose the new term “septum-like
plate” for the structure of the group fig.
1-b and 1-c. Pars interior is “the advalvar
part of a cingular element that lies under
the abvalvar edge of an adjacent element
or, in the case of a valvocopula, the part
underlying the edge of the valve” (v.
StoscH 1975). Although the septum-like
plate develops from the intercalary band
toward the inner cell direction, it doesn’t
divide an inner cell space, but it grows at-
tached to the inner valve surface over the
valve mantle, especially to costae or fibulae.
Namely, septum-like plate is the special
name of the advalvar part of the pars in-
terior.

The degree of development of the septum
-like plate is different among various taxa.
In the case of Nitzschia valdestriata AL. &
HusT., the development of the septum-like
plate is a little, but clearly (Figs. 5, 6), as
against the structure of the Epithemia ad-
nata (KUTz.) BREB. is furthermore developed,
septum-like plate overlaps the valve inner

Fig. 2-6. SEM photographs of the septum and the related structures. 2. Climacosphenia moni-
ligera, inner view, valve and valvocopula having septum. x4000; 3. outer view of Epithemia adnata,
showing the comb-shaped septum-like plates which separate defectively from the pseudosepta. x6000;
4. inner view of Epithemia adnata, septum-like plates overlaps the pseudosepta. x7000; 5. Nitzschia
valdestriata, inner view showing the septum-like plates attached to the costae. x8000; 6. valvocopula
of Nitzschia valdestriata with septum-like plates. right: on fibulae, left: on costae. x8000.
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costae, entirely (Figs. 3, 4).

The septum is the structure to divide the
inner cell space, but we have no idea to
explain its function. Septum-like plate is
considered as connective tissue. And by
extending the combination area between a
valve and an intercalary band, that is the
area of the septum-like plate, an increase of
strength of junction is estimated.

In Order Pennales, the diatoms which
have the septum are of almost belonging to
the Family Diatomaceae, Suborder Araphidi-
neae (after the diatom system in the sense
of SIMONSEN 1979). It consider that the
septum is the good key to discuss the phy-
logenetic relationships among many diatom
taxa Family Diatomaceae.
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Observations and taxonomy of Pyramimonas longicauda
(Class Prasinophyceae)*

Isao INOUYE, Terumitsu HORI and Mitsuo CHIHARA

Institute of Biological Sciences, University of Tsukuba,
Sakura-mura, Ibaraki, 305 Japan

INouYE, I., Hori, T. and CHIHARA, M. 1984. Observations and taxonomy of Pyramimonas
longicauda (Class Prasinophyceae). Jap. J. Phycol. 32: 113-123.

A species of Pyramimonas collected in the Bay of Dokai, Fukuoka Prefecture, Japan
has been examined with both the light and electron microscope. The cells characteristically
have an arrow-head or funnel-like shape with well developed anterior lobes and a caudate
appendage extending posteriorly. However, there is a wide range of cell shape and the
organism can be assigned to either one of the previously described two species, namely, P.
ostendensis and P. longicauda (VAN MEeeL 1969). Based on observations with the light
microscope of the cultured material, it was concluded that VAN MEEL’S two species are
conspecific, and P. longicauda VAN MEEL was chosen as the correct name for the species.
Ultrastructurally, P. longicauda is characterized by the shape and the size of scales which

coat the entire cell-surface including the flagella. Both the intermediate and the outer-
most layer body-scales are much larger than those described for any other species and have
a characteristic architecture. Four basal bodies are arranged in a rhombic (diamond-shaped)
pattern. The pyrenoid matrix is invaded by thylakoids from the anterior side only and it
is surrounded by two well developed starch sheaths. On the basis of our observations, an
emended diagnosis of Pyramimonas longicauda is given.

Key Index Words: Electron microscopy ; Prasinophyceae ; Pyramimonas longicauda;

Pyramimonas ostendensis; Taxonomy

Species of the genus Pyramimonas are a
common component of the microalgal flora
in coastal and estuarine waters and play a
significant ecological role in such areas.
“Blooms” of Pyramimonas species have also
been observed many times in various bays
in Japan. The taxonomy of this genus at
species rank is, however, still confused. Al-
though taxonomic studies have been carried
out on several species and considerable
amount of knowledge concerning cellular and
scale morphology has been acumulated (e. g.
NoORRIS 1980 for review), there are still many
difficulties in delimiting species. Our recent

* This work was supported in part by a Grant-
in-Aid for Scientific Research (No. 5812034)
from the Ministry of Education, Science and
Culture, and the Toyota Foundation (Grant No.
78-1-097, 79-1-198, 80-1-070).

research has been directed towards resolving
some of the problems in the genus. The
present paper is the second of a series of
studies and deals with an unusual species
which can be assigned to Pyramimonas longi-
cauda VAN MEEL. Observations were made
using both light and electron microscopy and,
from these an emended diagnosis for the
species is given.

Materials and Methods

Seawater samples were kindly collected
from the Bay of Dokai, Fukuoka Prefecture,
on monthly basis by Mrs Machiko YAMADA
of the Kitakyushu Municipal Institute of
Environmental Health Sciences, Kitakyushu-
shi, and sent to us by express mail. The
living specimens grew in enrichment culture
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Fig. 1-5.

Pyramimonas longicauda Light microscopy 1. Lateral view of arrow-head or funnel-

like cell; anterior lobes, pyrenoid (P), eye-spot (E) and caudate appendage (CA) are seen. x1,100;
2. Polar view of arrow-head or funnel-like cell showing flagella (F) radiating out. x1,100; 3. Lateral
view of typical Pyramimonas-like cell with caudate appendage (CA). x1,100; 4. Polar view of
typical Pyramimonas-like cell. The cell is more or less square in profile with rounded corners.
Note the four flagella (F) radiating out in four directions. x1,100; 5. Cell with extraordinaly long
caudate appendage (CA). Two eye-spots (E) situated close to each other are also seen. x1,600.

of a sample collected on 10 November 1980.
Single cells were isolated and inoculated into
Erd-Schreiber medium (FoyN 1934). Al-
though not growing rapidly, the culture pro-
duced sufficient material to allow light and
electron microscopical observations. Prepara-
tions for the electron microscopy were same
as those described in the previous report
(INOUYE et al. 1983). For careful observa-
tion of the living cells, a drop of 10mM
NiCl, was added to the medium containing
actively swimming cells just before observa-
tions were made. This inhibited the flagellar
movements without causing damage to the
cell structure. Electron microscopy was
made with JEOL 1000C and HITACHI H-12.

Observations

Light microscopy

The cell is usually arrow-head or funnel-
like in shape. It has four well developed
lobes projecting anteriorly and a slender cau-
date appendage extending posteriorly (Fig.
1). Cells are 16-48 ym long (12.5-20.5 gm
excluding the caudate appendage) and 10.0-
22.5 pm wide anteriorly. Four lobes extend
longitudinally as ridges from the anterior to-
wards the posterior of the cell (Fig. 1).
These are well developed so that the cell is
cruciform in polar view (Fig. 2). The lobes
project anteriorly and give a characteristi-
cally concave or invaginated contour at the
anterior region. At the bottom of this con-
cave region there is a pit from which four
flagella arise and extend in four directions,
each passing along the furrow between two
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Figs. 6-11. Pyramimonas longicauda Electron microscopy 6. Shadowcast preparation of flagellar and
body scales (reversed print) ; Limulus-like outer flagellar scales (OFS), hair scales (HS), intermediate
(IBS) and outermost (OBS) body scales are seen. Top two IBS are viewed from its distal side and
bottom one is viewed from its proximal side. x26,000; 7. Longitudinal section of a flagellum; inner
(IFS) and outer (OFS) flagellar scales are shown arranged in two layers. x3,000; 8. Tangential section
of flagellum showing regularly arranged square to pentagonal inner flagellar scales. x50,000; 9. Tan-
gential section of body surface showing square-shaped innermost body scales. x40,000; 10. Glancing
section of body scale layers. The intermediate scales are shown cut in various planes. x18,000; 11.
Innermost and intermediate body scales arranged in layers on body surface. Rods interconnecting base-
plate and wall of superstructure in intermediate scales are seen (arrow heads). x 27,000
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lobes (Figs. 2, 4). The flagellar pit is square
in polar aspect (c.f. Fig. 14). The four
longitudinal ridges meet at an acute angle
at the posterior end of the cell and from
there the caudate appendage arises forming
a posterior extension (Figs. 1, 3). This is
usually 2-4 ym in length (Figs. 1, 2), but
occasionally it may be extremely long, up
to 25 pm (Fig. 5). The appendage is delicate
and can easily be absorbed while observa-
tions are made so that the posterior part of
the cell becomes rounded. Cells show wide
morphological diversity. They are mostly
arrow-head-like, but some are similar to the
cells commonly seen in most species of
Pyramimonas (Figs. 3, 4), i.e. the four lobes
are 1dss developed and the polar view of cell
is more or less square with rounded corners
(Fig. 4).

There is a single, green, parietally located
chloroplast. It is deeply lobed, each lobe
extends along the ridges of the cell-body
and into the anterior lobes. Two conspicuous
eye-spots are situated adjacent to each other
in two neighbouring lobes at the level of
the flagellar pit (c.f. Fig. 14). The pyrenoid
is situated in the basal portion of the chloro-
plast where the four lobes are united. It is
ensheathed by two laterally arranged starch
plates, each of which may often be seen
extending into a chloroplast lobe.

The cells have large body scales which
can be seen even with the light microscope.
The square shaped body scales are situated
closely to one another in a regular arrange-
ment. They fall off easily, dispersing around
the cell body, while the cell is observed.

Electron microscopy

P. longicauda cells carry six kinds of
scales, three of which are disposed in three
layers on the flagella, the other three types
in three layers on the cell-body surface. The
inner (proximal) flagellar scales against the
flagellar surface are square to pentagonal,
ca. 40nm on each side, with a raised rim
and small central boss (Figs. 7, 8). The
outer layer flagellar scales resemble a horse-
shoe crab (Limulus) and are 400-500 nm

long including spines. They have a spider’s
web pattern on the surface although this is
often obscure. These scales are arranged
on top of the inner layer, their projecting
spines pointing distally with respect to the
flagella (Fig. 7). The hair scales are 0.8-
1.2 ym in length (Fig. 6).

The innermost body scales are deposited
on the outer surface of entire cell body, in-
cluding the caudate appendage (Fig. 11).
They are similar to the inner flagellar scales
in both shape and size but are more obviously
square in shape, ca. 45 nm on each side, con-
sisting of a raised rim and a central boss or
projection (Fig. 9). The scales of both the
intermediate and the outermost layers are
large and have characteristic structure. The
intermediate body scales are composed of a
square shaped baseplate and a basket-like
superstructure (Figs. 6, 11). The baseplate,
0.6-1.0 ym long on each side, consists of two
distinct portions, each of which has perfora-
tions arranged in a characteristic pattern. In
the central portion, which is square-shaped
and corresponds to the bottom of the super-
structure, there are a number of fine holes
arranged regularly, while in the outer por-
tion there are larger holes arranged irregu-
larly (Figs. 6, 10). Twelve rods arise from
the margin of the base-plate reaching to the
wall of the superstructure though in whole-
mounted scales these can only be seen in
those displaying their distal face (Figs. 6,
11). The perforation pattern in the super-
structure is similar to that in the central
portion of the base-plate. There are also
numerous fine holes on the surface, although
they are much finer than those of the base-
plate.

The scales of the outermost layer are box-
like, consisting of a square base-plate and
four sides made up of a framework of rod-
like elements (Fig. 6). The base-plate, 1.0-
1.2 ym on each side and similar to that of
the intermediate body scale, consists of two
portions, a central square-shaped portion
with numerous fine holes and an outer ir-
regularly reticulated portion (Fig. 6), which
are less distinctly delimited than those of
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Fig. 12. Three dimensional reconstruction of intermediate (A) and outermost (O)
body scales. For detail see text. Not to scale.

the intermediate scale. Eight upright slender
rods arise from the corners and central points
of the margins of the base-plate and are
linked to one another distally by peripheral
rods (Fig. 6). Small spines are present on
the extreme distal ends of the four corner
members (Fig. 6). The intermediate and
the outermost body scales are diagrammati-
cally illustrated in Fig. 12.

Transverse sections at the anterior of the
cell confirm its characteristic cruciform ap-
pearance (Fig. 14). Each lobe of the chloro-
plast lies immediately beneath the cell mem-
brane in a lobe of the cell (Figs. 13, 14).
Two eye-spots, each consisting of one or
two layers of plastglobules, are located in
two neighbouring chloroplast lobes against
which the nucleus is closely apressed (Figs.
14, 23). The pyrenoid is situated at the
posterior end of the chloroplast where the
four lobes fuse (Fig. 13) and it is invaded
by thylakoids from the anterior side (Fig.
15). It is surrounded by two well developed
starch plates (Figs. 13, 15) each of which
has two plate-like projections extending into
-anterior lobes of -the chloroplast (Fig. 13).
“The chloroplast has a conical invagination
‘at the extreme posterior end which is oc-
cupied by vesicles (Figs. 13, 17). From this

region the caudate appendage extends poste-
riorly (Figs. 13, 17). It contains elongated
mitochondria and numerous vesicles (Fig.
18). No particular skeletal elements such
as microtubules were observed in the
appendage.

The Golgi apparatus is formed by two
dictyosomes located opposite to each other
separated by the flagellar pit and flagellar
bases (Fig. 23). The maturing face of the
dictyosome always faces the inward and
produces scales which are released into vesi-
cles located near the flagellar base (Fig. 23).
In our materials, many intermediate body
scales were observed at stages of formation
and release by the dictyosome cisternae.
They are released with their proximal side
directed towards the flagellar bases (Fig. 23).
There is in each cell a scale reservoir, which
is small and less developed than that of most
other species and contains small scales only
(Fig. 22).

Numerous evenly distributed microtubules
(more than 200) are arranged longitudinally
along the flagellar pit beneath the plasma-
lemma (Fig. 16). Four basal bodies are ar-
ranged at the base of the flagellar pit in a
rhombic (diamond-shaped) pattern (Fig. 21).
Those situated on the short axis of the
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17,400
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Figs. 13-17. Pyramimonas longicauda Electron microscopy 13. Median longitudinal section of a cell
showing major cell components: chloroplast (C), caudate appendage (CA), Golgi apparatus (G), nucleus
(N), pyrenoid (P) and associated starch plate (SP). x5,200; 14. Transverse section of a cell showing
clearly four cell and chloroplast lobes, two eye-spots (E) situating in two neighbouring lobes against
which nucleus (N) is apressed. Note that the flagellar pit is angular, more or less square in transverse
sections x5,000; 15. Pyrenoid matrix invaded by thylakoids from anterior side only. x10,000; 16. Trans-
verse section cut through flagellar pit. Pit microtubules (PMT) are seen arranged around the plasma-
lemma of the pit. Inner flagellar scales are also seen situated on the flagellar surface. x18,000; 17.

Longitudinal section of posterior portion of a cell showing posterior groove of chloroplast and the caudate
appendage containing numerous vesicles. x 5,300
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Figs. 18-23. Pyramimonas longicauda E

and elongated mitochondria (M). x13,000; 19. Longitudinal section of a cell showing association between
basal bodies (B), rhizoplast (RH), nucleus (N), microbody (MB) and pyrenoid (P). x27,000; 20. Long-
itudinal section of flagellar apparatus. Two basal bodies are interconnected with synistosome (SY) and
proximal band (PB). The nucleus (N) and rhizoplast (RH) are located below the basal bodies. x33,000;
21. Transverse section of flagellar apparatus. Four basal bodies are arranged in diamond-shaped pattern
and interconnected by the synistosome and numerous other bands. Two microtubular roots are also seen
(arrow heads). x31,000; 22. Poorly developed scale reservoir (SR) containing a few scales. x16,000;
23. Transverse section of cell through eye-spots (E) showing Golgi apparatus (G) producing scales. The
rhizoplast (RH) and associated microbody (MB) situated in a furrow on the nucleus (N) are also shown.
% 9,500
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Fig. 24. Diagrammatic illustration of the ultrastructure of P. longicauda.
C: chloroplast, E: eye-spot, F: flagella, FR: flagellar roots, G: Golgi apparatus,
IBS: intermediate body scale, IMBS: innermost body scale, M: mitochondria,
MB: microbody, N: nucleus, OBS: outermost body scale, P: pyrenoid, PMT:
pit microtubules, RH: rhizoplast, SR: scale reservoir, SY: synistosome, V:

vesicles.

rhombus are linked distally by the synisto-
some (Figs. 20, 21). All four basal bodies
are connected by numerous bands to one
another (Fig. 21). Four groups of microtu-
bules, flagellar rootlet microtubules, originate
below the synistosome and extend in four
directions along the proximal side of the
pit microtubules. Two such roots can be
seen in Fig. 21 but the number of microtu-
bules composing each root is still not clear.
‘The basal bodies are connected by dense
bands at their extreme proximal ends (Fig.
20) and, from these, striated bands (rhizo-
plasts) originate and extend posteriorly pas-

sing along the furrow in the nuclear surface
(Figs. 19, 20, 23). They are associated with
an elongated microbody and extend as far
as the inner surface of the chloroplast (Figs.
19, 23).

The ultrastructure of the cell is diagram-
med in Fig. 24.

Discussion

The alga described in this paper is very
similar to Pyramimonas ostendensis and P.
longicauda, simultaneously described from
Belgium by VAN MEEL (1969). According
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to the author, these two species differ from
each other in the shape and size of the cell :
P. ostendensis is 32X 24 pym, funnel-like, with
caudate appendage, whereas P. longicauda
is typical Pyramimonas-shape, with distinct
caudate appendage and measures 28x12.5
pm. In the course of the study, we have
found that the cell shape was very chan-
geable and, at least, two forms which cor-
responded with the two taxa of VAN MEEL,
occurred in the cultures started from single
cells. Usually the cells were arrow-head or
funnel-like in shape when the cell lobes were
well developed, whereas the so-called “typi-
cal Pyramimonas-shape” was exhibited when
the lobes were less developed. It was also
noticed that the cells showed the wide size
range (from 16 to 48 um in length and 10
to 23 ym in width) which spanned the cell
sizes given by VAN MEEL for both P. osten-
densis and P. longicauda. From this evidence,
we are of the opinion that the two taxa of
VAN MEEL are conspecific and, in turn, our
alga is the same as that of VAN MEEL. How-
ever, one important difference exists be-
tween our specimen and those described by
VAN MEEL, i.e., the number of eye-spots.
Both P. ostendensis and P. longicauda have
a single eye-spot whereas our alga has two,
although they are situated close to each
other. In general, the number of eye-spots
within a species of Pyramimonas is constant
so that this difference might be sufficient to
separate these algae at specific or infra-
specific rank. However, since the alga des-
cribed here is so similar to those of VAN
MEEL, and since there are no features to
separate them other than the number of
eye-spots, we consider our form to be con-
specific with the earlier taxa, the differences
between them probably being due to mor-
phological plasticity. As to the species name
for this alga, we would like to choose P.
longicauda as the correct name since the
epithet “/ongicauda” indicates more properly
its peculiar characteristics. An emended
description of the species is given at the
end of the paper.

With regard to ultrastructural features,

scale morphology has been well studied in
the genus. In their investigations of Pyra-
mimonas species, NORRIS and PIENAAR (1978)
concluded that the flagellar and body scales
characters are reliable enough to be used as
diagnostic criteria for identification of spe-
cies. In addition to these, the following
features probably have taxonomic signi-
ficance and will be used for delimiting spe-
cies: 1) Flagellar apparatus including ar-
rangement pattern of basal bodies, 2) pre-
sence or absence of trichocysts, 3) degree
of development of scale reservoir, 4) the
presence or absence of the caudate appen-
dage and 5) the pattern of thylakoids into
the pyrenoid matrix.

We may comment briefly on each of these
features. (1) Flagellar apparatus: As has
been emphasized in the previous report, the
four-flagellated Pyramimonas species can be
classified into two groups based on the
ultrastructure of flagellar apparatus. The
first group is characterized by basal bodies
arranged in rhombic (diamond-shaped) pattern
and the absence of a fibrous band and include
P. obovata N. CARTER (MELKONIAN 1981), pro-
bably P. orientalis BUTCH. (MOESTRUP and
THOMSEN 1974), P. disomata sensu NORRIS
and PIENAAR (1978) (unpublished observation)
and P. longicauda (present paper). The
second group is characterized by basal bodies
arranged in 3-1 patten and the presence of a
fibrous band connecting three of four basal
bodies. P. parkeae NORRIS et PEARSON
(NorriS and PEARSON 1975), P. lunata
INOUYE et al., (INOUYE et al. 1983), P. grossii
PARKE and some other unidentified species
(unpublished observations) belong to this
group. (2) Trichocysts: To date this or-
ganelle has been found only in five species,
namely P. grossii (MANTON 1969), P. parkeae
(NoRrrIS and PEARSON 1975), P. wvirginica
PENNICK (PENNICK 1977), P. cirolanae PEN-
NICK (PENNICK 1982) and P. [unata (INOUYE
et al. 1983). We think that trichocysts pro-
bably occur only in species which belong to
the second groups as classified on flagellar
apparatus (see above), although P. virginica
and P. cirolanae need further study before
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this opinion can be substantiated. (3) Scale
reservoir: A well developed scale reservoir
has been found in several species including
P. amylifera CONRAD (MANTON 1966), P.
tetrarhynchus SCHMARDA (MANTON 1968), P.
parkeae (NORRIS and PEARSON 1975) and P.
lunata (INOUYE et al. 1983). There is no
correlation between cell-size and degree of
development of the scale reservoir. Thus it
is poorly developed in P. longicauda in spite
of its large cell size and rather well de-
veloped in smaller species such as P. grossii
and P. obovata (MELKONIAN 1981). In order
to evaluate the taxonomic significance of
this organelle, further investigations are
required. (4) Caudate appendage: This
structure appears to be restricted in its dis-
tribution. To date, P. torta CONR. et KUFF.
(CoNRrAD and KUFFERATH 1954), which differ
from P. longicauda in its smaller size, is the
only other species known to have this struc-
ture. However this species is not examined
by electron microscopy and we are not able
to estimate at present whether caudate ap-
pendage is more important as a diagnostic
character than the other features mentioned
above or whether it should be considered of
secondary value. (5) Pattern of penetration
of the thylakoids into the pyrenoid matrix :
At present, there are at least four types
recognized of pyrenoid structure. They are
as follows : 1) vertically invaded type, known
in P. longicauda (present paper), P. virginica
(PENNICK 1977), P. lunata (INOUYE et al. 1983)
and P. disomata sensu NORRIS and PIENAAR
(1978) (unpublished observation), 2) horizon-
tally parallel type, known in P. parkeae
(NORRIS and PEARSON 1975), 3) horizontally
single type, known in P. grossii (MANTON
1965, PENNICK and CLARKE 1976) and 4)
anastomose type, known in P. amylifera
(MANTON et al. 1963; MANTON 1966; PEN-
NICK 1976) and P. tetrarhynchus (MANTON
1968). The occurrence of these pyrenoid type
is not correlated with any of the features
mentioned above, although it is constant and
specific in each species.

Emended description of Pyramimonas
longicauda

Pyramimonas longicauda VAN MEEL emend.
INOUYE et CHIHARA, Bull. Inst. Sc. Nat. Belg.
45: 3. pl. 1, f. L, 1969.

Synonym : Pyramimonas ostendensis VAN
MEEL, Bull. Inst. Sc. Nat. Belg. 45: 2. pl.
f. N, 1969.

Cells arrow-head, funnel-like or elongated
obpyriform in lateral view, having 4 distinct
longitudinal ridges, and with or without a
posteriorly projecting caudate appendage,
cruciate to square in polar view, dimensions
16-48 ym long (12.5-20.5 ym excluding cau-
date appendage), 10.0-22.5 ym wide. Flagella
four, arising from an anteriorly located pit;
chloroplast single, with four lobes widely
separated at the anterior; eye-spots two,
located close to each other in anterio-lateral
position ; pyrenoid single, located posteriorly,
surrounded by two starch plates.

Scales present on flagella and cell-body.
Flagellar scales of 3 types: square to penta-
gonal inner layer scales, ca. 40 nm each side;
Limulus-shaped outer layer scales, flat, spine-
tipped, 400-500 nm; hair scales, 0.8-1.2 ym
long. Body scales of 3 types: square-shaped
innermost layer scales, ca. 45 nm each side;
large intermediate layer scales made up of
square-shaped baseplate, 0.6-1.0 yum on each
side and basket-shaped superstructure ; large
outermost layer scales box-like, consisting of
base-plate, 1.0-1.2 ym on each side, and four
sides made up of rod-like elements.

Acknowledgements

We wish to express our thanks to Mrs
Machiko YAMADA of Kitakyushu Municipal
Institute of Environmental Health Sciences,
Fukuoka Prefecture who kindly sent us a sea-
water sample. Thanks are also due to Dr.
Richard E. NORRIS of University of Natal,
Pietermaritzburg, South Africa for providing
valuable information concerning identification
problems of the alga described in this paper
and to Dr. John C. GREEN of the Marine
Biological Association of the United Kingdom,.



Taxonomy of Pyramimonas longicauda 123

England for reading the manuscript.

References

‘CoNraD, W. and KUFFERATH, H. 1954. Recherches
sur les eaux sauméitres environs de Lilloo 2.
Partie descriptive. Mém. Inst. r. Sci. nat.
Belg. 127: 1-346.

Fovn, B. 1934. Lebenzyklus, Cytologie und Sex-
ualitit der Chlorophyceae Cladopora suhriana
KuTzING. Arch. Protistenk. 83: 1-56.

InouvEg, I, Hori, T. and CHiHARA, M. 1983.
Ultrastructure and taxonomy of Pyramimonas
lunata, a new marine species of the Class
Prasinophyceae. Jap. J. Phycol. 31: 238-249.

ManToN, [. 1966. Observations on scale produc-
tion in Pyramimonas amylifera CONRAD. J.
Cell Sci. 1: 429-438.

ManToN, L. 1968. Observations of the microana-
tomy of the type species of Pyramimonas (P.
tetrarhynchus SCHMARDA). Proc. Linn. Soc.
Lond. 179: 147-152.

ManToN, I. 1969. Tubular trichocysts in a species
of Pyramimonas (P. grossii PARKE). Osterr.
Bot. Z. 116: 378-392.

MELKONIAN, M. 1981. The flagellar apparatus of
the scaly green flagellate Pyramimonas ob-
ovata: Absolute configuration. Protoplasma
108 : 341-355.

MoesTrUP, @. and THoMmseN, H.A. 1974. An
ultrastructural study of the flagellate Pyra-

mimonas orientalis with particular emphasis
on Golgi apparatus activity and the flagellar
apparatus. Protoplasma 81: 247-269.

Norris, R.E. 1980. Prasinophytes. p. 85-145. In
E.R. Cox [ed.] Phytoflagellates. Develop-
ments in Marine Biology. vol. 2. Elsevier/
North-Holland.

Norris, R.E. and Pearson, B.R. 1975. Fine
structure of Pyramimonas parkeae, sp. nov.
(Chlorophyta, Prasinophyceae). Arch. Pro-
tistenk. 117: 192-213.

Norris, R.E. and PiENAAR, R.N. 1978. Compara-
tive fine-structural studies on five marine
species of Pyramimonas (Chlorophyta, Pra-
sinophyceae). Phycologia 17: 41-51.

Pennick, N.C. 1977. Studies of the external
morphology of Pyramimonas. 4. Pyramimonas
virginica sp. nov. Arch. Protistenk. 119: 239-
246.

Pennick, N.C. 1982. Studies of the external
morphology of Pyramimonas 6. Pyramimonas
cirolanae sp. nov. Arch. Protistenk. 125: 87-
94,

PeEnNicK, N.C. and CLARKE, J.C. 1976. Studies
on the external morphology of Pyramimonas.
3. Pyramimonas grossii PARKE. Arch. Pro-
tistenk. 118 : 285-290.

Van MEeeL, L. 1969. Etudes hydrobiologiques sur
les eaux saumitres en Belgique. 10. Espéces
de Protistes ou nouvelles pout la cote Belge.
Bull. Inst. r. Sci. nat. Belg. 45: 1-18.

#t B3 8= . FENHE: Pyramimonas longicauda (753 /%) OBRENE

RARZEfEy &0 Pyramimonas %4k « M L, BBER T ot 7 7 — VEBORER, ZOBIFEOE LI
AEEEEAR L, BE L LTROZODHIAMEY L 52 AU bLMC s, (1) MR sERR T HRg+F
¥, (2) @33 mBY e 25 ART HERRIAAY S O BTF, hbBMizzhfh Vax MEEL
(1969) o X bRk S hi-BIRERY &> P. ostendensis - P. longicauda EfL LTHH, OO
HEIRA—EHNOMEER LR Ihis, Thbk Al LRDTHIPEDPBERT, P. longicaude % E%

L LTHBE L

ks b, P. longicauda 1L FOBEYET S, () hEHEHEAE ENBORKSE L » FHh EBEE, L
feh, (2) BEABERIER. Q) PV a oA M, @) EEERORINIER. O SHFRI
5@, 6) CL/4 FEEIH»DFT 2A FOBAR 535, ThbOBUOMIVE L LTOHHHITOL
ThHFE LI, (305 FREFHREMEBKN KIS L-1-1, FERFEHHER)



Jap. J. Phycol. (Sérui) 32: 124-129. June 20, 1984

Algal growth stimulation by heterotrophic bacteria
with lake sediment extract

Shuji HINO
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Hino, S. 1984. Algal growth stimulation by heterotrophic bacteria with lake sediment ex-
tract. Jap. J. Phycol. 32: 124-129.

Algal growth stimulation by heterotrophic bacteria with lake sediment extract was re-
searched by two method of bottle tests. A stimulatory effect was higher enriching with
lake sediment extract added to unfiltrated lake water in bottle test than that of enriching with
inorganic nutrients. Some bacterial strains isolated from lakes stimulated algal growth in
coexistant culture with sediment extract. Maximum growth of Chlorella pyrenoidosa,
Scenedesmus bijuga, and Microcystis aeruginosa in coexistant culture were 3.4, 3.6, and 4.1-
fold as large as algal yield in unialgal culture.

From these results, it is suggested that coexistant heterotrophic bacteria promoted
algal growth with stimulator produced from sediment extract by them except for stimulation

with inorganic nutrients.

Key index words: algal growth stimulation; freshwater algae; heterotrophic bac-
teria; Lake Barato; lake sediment extract; organic substance.

Algal growth is influenced by various para-
meters. Since SHAPIRO (1970) suggested water
bloom and red tide were caused by a supply
of phosphorus, many workers have been
researching algal growth stimulation from the
point of inorganic nutritional concentration.

On the other hand, it is reported that
organic substances such as purine, pirimidine,
vitamins, and hormones stimulate algal growth
(Iwasak1 1979, ADAIR and MILLER 1982,
HiNO and ANDO 1983). Moreover, organic
substances derived from lake sediment and
sewage water stimulate algal growth (PRA-
KASH and RAsHID 1968, McDoONALD and
CLESCERI 1973, PRAKASH et al. 1973, COOK-
SsEy and COOKSEY 1979, HiNo and ANDO
1981, 1983).

Although inorganic nutrients are necessary
to algal growth, other factors, for instance
biological interaction, may associate with
algal growth in natural water. In previous
papers, it is reported that heterotrophic bac-
teria in lake water produced algal growth

stimulator when sugars are added to natural
water (KUENTZEL 1969, TEZUKA and HAYA-
SHI 1975). Heterotrophic bacteria and organic
substances in natural water may take part
in algal growth stimulation.

The aim of the present study was research
on the interaction among algae, heterotrophic
bacteria, and substances derived from sedi-
ment on algal growth stimulation. We at-
tempted to isolate heterotrophic bacteria
from lake, and researched experimentally by
bottle test using lake water and coexistant
culture enriched with sediment extract.

Materials and Methods

Sediment and water samples:

Sediment and surface water samples were:
collected on 24 April 1980, in Lake Barato
located around the central Hokkaido of Japan.
Lake Barato is a crescent lake formed by
changing of River Ishikari in 1930, which
is 9m in maximum depth and 4.37 km? in
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Chemical nature of surface water in Lake Barato and the sediment extract

Surface water Sediment extract

Table 1.
used in culture experiments.
Item Unit

pH

Dissolved oxygen (mg O,-171)
Ammonium nitrogen (mg N-I7Y)
Nitrite nitrogen (mg N-I7Y)
Nitrate nitrogen (mg N-I71)
Total organic nitrogen (mg N-.[7Y)
Phosphate (mg P-I7Y)
Total phosphorus (mg P-I71)
Carbonhydrate (mg- 7Y
Free-amino acids (mg- I7Y)
Proteins (mg- I7Y)
Acetic acid (mg- 7Y)
Purine and Pyrimidine (pg- 1Y)

7.3 6.5
6.9 —
3.72 1.26
0.15 0.01>
1.41 0.01>
0.98 34.8
0. 058 0. 200
0.104 0.310
1.89 274
0.17 18
2.03 115

— 6.8
3.8 630

area. Sediment extract solution was obtained
by the same method of previous paper (HINO
and ANDO 1983) except for using sterile
distilled water. The samples’ chemical
qualities are shown in Table 1.

Algal materials :

Axenic Chlorella pyrenoidosa (C-28) and
Scenedesmus bijuga (C-347) which were sup-
plied by the Institute of Applied Microbio-
logy, Tokyo University, were used. Micro-
cystis aeruginosa was isolated from surface
water of Lake Barato by micropipette
washer method, but this strain was not
axenic. Culture medium was modified 1/2
ASM medium (HiNO and ANDO 1983).

Isolation of heterotrophic bacteria:

Heterotrophic bacteria were isolated by
agar plate method from suspension of lake
water and sediment mud of Lake Barato.
One liter of nutrient agar medium contained
1g meat extract, 0.5g polypeptone, 0.5g
NaCl, and 18 g Bact-agar. Agar plates were
incubated at 25°C for 14 days. The growth
of isolated bacteria were tested in sterile
sediment extract solution.

Bottle test using lake water :

Five hundred m/ of unfiltrated lake water
was poured into four one liter, sterile
glass bottles. One bottle sample was en-
riched with 200m/ of sediment extract.
Another two bottle samples were enriched
with 200 m/ of inorganic nutrients mixture
containing 62 g KH,PO, and 7.2 mg NaNO,
filtrated by sterile membrane filter (0.22 pm
average pore size). In second samples,
amount of phosphorus and nitrogen is similar
to those in sediment extract. The last bottle
sample was added 200 m/ of sterile distilled
water as a control. The bottles were in-
cubated for 15 days at 25°C. Illumination
was provided by fluorescent lamps (ca 5,000
lux) and 16:8hr L:D cycle. The samples
were agitated by magnetic stirrer during
the incubation. They were drawn at inter-
vals and subjected to biological and chemical
analysis.

Test of algal growth stimulation by
heterotrophic bacteria:

Each alga was pre-incubated in modified
1/2 ASM medium for 8 days by the same
condition as bottle test. Each heterotrophic
bacterium was pre-incubated in the sterile
sediment extract for 14 days at 25°C.

For coexistant culture of heterotrophic
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bacterial strains and algal strains, each pre-
culture was centrifuged and washed three
times with sterile distilled water. Then,
algal and bacterial suspension were mixed.
Half m/ of mixed suspension was inoculated
into glass flasks containing 200 m/ of sedi-
ment extract diluted twice with modified ASM
medium or modified 1/2 ASM medium.
Each culture was incubated for 12-17 days
under the same condition as bottle test, and
was shaked by Monosin-shaker. Controls
were prepared as follows: C, control, en-
riched with sediment extract, and C, control,
modified 1/2 ASM medium. These controls
were not inoculated for heterotrophic bac-
teria.

Measurement of bacterial numbers and
algal growth:

Five m/ of culture solution was daily
drawn out by sterile syringe for determina-
tion of bacterial and algal growth. Bac-
terial numbers were measured by agar plate
method. Algal growth were assayed with
chlorophyll @ and pheophytin a content with
Tanner 111 Fluorometer.

Results

The bottle test on enriched with inorganic
nutrients or sediment extract:

Fig. 1 shows the changes in chlorophyll a
(chl a) concentration. Chl a in the control
sample (lake water plus distilled water) in-
creased slowly and reached 42 pug chla-[™'.
Chl a in the sample enriched with inorganic
nutrients increased slowly and reached 86 ug
chl a-/7*. All the while, bacterial numbers
in the two samples did not increase signi-
ficantly. However, chl ¢ in the sample con-
taining sediment extract increased rapidly
and reached 340 pg chl a-/"*. In this sam-
ple, bacterial numbers also increased from
2.3%10% cells-m/{™* to 3.4%x10° cells-m/~*.
When sediment extract was added after 5
days to the sample enriched with inorganic
nutrients, the concentration of chl a was
increased rapidly in 290 pg chl a-{"".
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Fig. 1. Changes in chlorophyll a concentration
and bacterial cells in lake water used in bottle
test. @ ; chlorophyll a in lake water (control),
O ; chlorophyll a in lake water added of inorganic
nutrients, A ; chlorophyll a in lake water added
of sediment extract, A ; chlorophyll a in lake water
added of sediment extract after 5 days of cultur-
ing of lake water added of inorganic nutrients,
O ; bacterial numbers in lake water, W ; bacterial
numbers in lake water with inorganic nutrients,
X ; bacterial numbers in lake water with sediment
extract.

Isolation of heterotrophic bacteria:

Forty eight strains of heterotrophic bac-
teria were isolated from poor nutrient agar
medium, while only eleven strains could
grow in sediment extract medium.

Algal growth stimulation by
heterotrophic bacteria :

As shown in Table 2, when alga and
bacterium were coexisted with medium with-
out sediment extract, algal growth (A/C,,
A/C,) were not promoted. Algal growth
effects enriching with sediment extract were
higher than that of heterotrophic bacteria.

When alga and bacterium were coexisted
in the medium enriched with sediment ex-
tract, algal growth as compared with C,
control were promoted at 1.2~3.4-fold in C.
pyrenoidosa, at 1.1~4.1-fold in S. bijuga,
and at 1.4~3.3-fold in M. aeruginosa. As
compared with sediment extract-free C, con-
trol, algal growth were promoted at 1.9~
7.3-fold in C. pyrenoidosa, at 2.7~12.2-fold
in S. bijuga, and at 2.5~8.3-fold in M.
aeruginosa. Bacteria strains 2, 3, 6, 9 and
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Table 2. Algal growth stimulation in coexistant or unialgal cultures.

Chlorella pyrenoidosa

Scenedesmus bijuga

Microcystis aeruginosa

Ratio of final algal yield

No.\ A/C, A/C. B/C, B/C;  A/C, A/C; B/C; B/C:  A/C; A/C: B/C, B/C,
1 0.48 1.0 0.95 2.0 0.33 1.0 1.4 4.2 0.38 0.96 1.0 2.5
2 0.52 1.1 3.4 7.3 0.33 1.0 2.3 6.8 0.40 1.0 1.6 4.0
3 0.44 0.93 2.3 4.9 0.32 0.97 2.5 7.4 0.44 1.1 2.0 5.0
4 0.45 0.95 1.2 2.6 0.33 0.99 1.1 3.3 0.44 1.1 1.0 2.5
5 0.48 1.0 1.0 2.1 0.33 1.0 1.0 3.0 0.40 1.1 1.1 2.8
6 0.48 1.0 2.6 5.6 0.37 1.1 3.1 9.2 0.40 1.1 2.2 5.5
7 0.48 1.0 1.1 2.4 0.37 1.1 0.90 2.7 0.38 0.96 1.0 2.5
8 0.47 0.98 0.98 2.1 0.31 0.94 0.92 2.7 0.39 0.97 1.0 2.5
9 0.48 1.0 2.4 5.2 0.33 0.98 3.6 10.7 0.40 0.99 3.3 8.3
10 0.45 0.95 3.3 7.1 0.32 0.97 4.1 12.2 0.39 0.98 2.7 6.3
11 0.52 1.1 0.90 1.9 0.33 1.0 1.2 3.6 0.44 1.1 1.1 2.8
No. ; Bacterial strain number
Culture condition
C;; + sediment extract, — bacterial strain, C,; — sediment extract, — bacterial strain
A; — sediment extract, + bacterial strain, B; 4+ sediment extract, 4+ bacterial strain
10 promoted of algal growth in three species.
Algal (C. pyrenoidosa) and bacterial (strain
103 —10° T 2) growth curves are shown in Fig. 2. When
s only C. pyrenoidosa was incubated in sedi-
- bt ment extract diluted with modified ASM
' o . .
5 ] medium, the alga grew without lag phase.
3102 _104; While, in the coexistant culture, the algal
© x growth showed lag phase for 3 days and
o T g did not increase until bacterial growth
¥ ) reached plateau, maximum yield of the algal
a z growth was much higher than that of uni-
o310 & 103 =2
© < algal culture.
[
2 1 w
T -
(] Q . .
< Discussion
o
1 S 5 I|0 1-5 102 Algal growth was stimulated with
sediment extract containing organic sub-
INCUBA . ’
TION TIME (DAY) stances in a bottle test using lake water
Fig. 2. Growth curves of Chlorella pyreno- (Fig. 1). KUENTZEL (1969) and, HARTE and

idosa and bacteria (strain 2) in coexistant culture
and unialgal culture. @ ; Chlorella pyrenoidosa
in unialgal culture, O ; Chlorella pyrenoidosa in
coexistant culture, A ; bacterial strain 2 in co-
existant culture.

LEVY (1983) reported that suitable addition
of organic substances to lake water stimu-
lated algal growth and the effect was due
to mineralization from organic substances
by heterotrophic bacteria. However, Fig. 1
shows algal growth stimulation is not caused
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by inorganic nutrients in sediment extract
and inorganic nutrients mineralized by bac-
teria. Because, the stimulatory effect of
enriching with sediment extract was more
higher than that of enriching with inorganic
nutrients of the same concentration of total
nutrients in the sediment extract. There-
fore, we hypothesized that heterotrophic
bacteria were related to algal growth stimu-
lation with sediment extract.

When heterotrophic bacteria isolated from
lake and algal strains coexisted with sedi-
ment extract, algal growth were stimulated
at 3.4~4.1-fold compared with their unialgal
cultures, and at 7.3~12.2-fold compared
with sediment extract-free unialgal cultures
(Table 2). This result suggests that hetero-
trophic bacteria are related to algal growth
stimulation except for bacterial mineraliza-
tion of organic substances.

LANGE (1971) reported that algal growth
was stimulated by addition of both bacteria
and many kind of sugars, and suggested
that algal growth stimulator was produced
from sugars by coexistant bacteria. More-
over, TEZUKA and HAYASHI (1975) reported
the final yield of phytoplankton on bottle
test was more higher addition of both glu-
cose and inorganic nutrients than addition
of glucose or inorganic nutrients alone.
Therefore, they suggested that the stimula-
tory effect might be due to supply of some
growth stimulator except for carbon dioxide
by cosxistant bacteria.

Although LANGE (1971) and, TEzZUKA and
HayvasHI (1975) added sugars in their ex-
periments, we added sediment extract con-
taining organic substances (Table 1) to con-
sider possibility of releasing from sediment
(AusTIN and LEE 1973, OCHIAI et al. 1978).
While, we obtained the similar results to
enriching with sugars (LANGE 1971, TEZUKA
and HayasHI 1975).

Except for stimulator and mineralizing of
organic substances, we hypothesized that
heterotrophic bacteria decomposed algal auto-
antagonism and autoinhibitor named by
LEFEVRE (1964) and SAToMI (1967), and
stimulated indirectly algal growth. But, as

shown in Table 2, cosxistant heterotrophic
bacteria without sediment extract did not
stimulate algal growth. Moreover, Fig. 3
suggests that algal growth is promoted by
stimulator released from coexistant bacterium
after it utilizes substances in sediment ex-
tract and grow quicker than the alga. There-
fore, we concluded that the stimulator pro-
duced from the substances in sediment ex-
tract promoted algal growth.

Although inorganic nutrients are neces-
sary for algal growth, they are rather re-
gulating factors on algal yield than algal
growth stimulator. Except for inorganic
nutrients, it is reported that algal growth
stimulator in the lake and sea sediment
promote algal growth (PRAKASH and RASHID
1968, PRAKASH et al. 1973, COOKSEY and
CooksEY 1978, HiNo and ANDO 1981 1983).
Moreover, our research showed that the
algal growth stimulator produced from sedi-
ment extract by heterotrophic bacteria pro-
moted algal growth (Fig. 1, 2 and Table 2).
When precursor of the algal growth stimu-
lator released from the sediment, the stimu-
lator produced from precursor by heterotro-
phic bacteria as same as the stimulator in
the sediment might asociate with algal
growth stimulation with inorganic nutrients
in natural environment.
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Nozaki, H. 1984. Newly found facets in the asexual and sexual reproduction of Gonium
pectorale (Chlorophyta, Volvocales). Jap. J. Phycol. 32: 130-133.

Some details of asexual and sexual reproduction in Gonium pectorale MULLER were
observed by light microscopy under controlled laboratory conditions. Each cell of a newly
formed asexual colony initially grew only a single flagellum. The gamete bore a slender
cytoplasmic protrusion at the base of flagella. Plasmogamy was initiated by the union of
the tips of the protrusions between two gametes. This structure has not been previously

described in the gamete of Gonium,

Key Index Words: asexual reproduction; Chlorophyta; flagellar emission ; Gonium
pectorale ; isogamous conjugation ; mating papilla; sexual reproduction; Volvocales.

The general features of asexual and/or
sexual reproduction in Gonium pectorale
MULLER have been observed in cultures by
HARTMANN (1924), SCHREIBER (1925), STEIN
(1958b) and KUusSUMOTO et al. (1978). Never-
theless, some details on the reproduction of
this alga seem to have been left for more
careful studies. In this paper, I describe
the mode of flagellar emission in daughter
colony formation and the presence of cyto-
plasmic protrusion in conjugating gametes.

Materials and Methods

Water samples from which Goiunm pec-
torale was isolated were collected at a small
pond in the Keio Senior High School campus,
Hiyoshi, Kohoku-ku, Yokohama-shi, Kana-
gawa Prefecture, in April 1979. The
methods of culture, mating and observation
are the same as described previously (No-
zAKI and Kasaki 1979). Cultures of UTEX
805, 806, 826, 827, 2075 and 13 (STARR 1978)
were also used in this study and maintained
under the same conditions.

Observations and Discussion

General features of asexual reproduction
were essentially the same as previously re-
ported by HARTMANN (1924), STEIN (1958b)
and KusuMoToO et al. (1978). Each of 8 or
16 vegetative cells divided three or four
times to form an 8- or 16-celled daughter
colony within its gelatinous sheath. Some-
times the divisions occurred only twice and
a 4-celled colony was formed (Fig. 1). How-
ever, it is on the mode of flagellar emission
in a daughter colony that my observations
differed from the previous reports. Just
after the successive divisions, each cell of
the daughter colony grew only a single
flagellum. As a result, newly formed
colonies had uniflagellate cells (Figs. 1-2).
Later, before or after colony liberation,
these cells began to grow the second flagel-
lum (arrow, Fig. 3). The two flagella be-
came equal in length within a half-day after
the daughter colony formation.

Flagellar emission of this type has not
been previously reported in Gonium pectorale.
The figures of HARTMANN (1924 Fig. C)
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1 2

3

Fig. 1-3. Phase contrast micrographs of Gonium pectorale MULLER. 1. 4-celled daughter colony
with uniflagellate cells within parental gelatinous cellular sheath (arrows) ; 2. Newly formed colony

with 16 uniflagellate cells; 3. 8-celled young colony.

Arrow indicates developing second flagellum.

Scale in Fig. 3 is 20 #m and also applies to Figs. 1-2.

indicate that the cells of the newly formed
daughter colony have two flagella of equal
length. I have observed in UTEX 827 and
2075 strains the same mode of flagellar
emission as in my strains. But I could not
determine it in UTEX 805, 806, 826 and 13
strains. These strains produced no more
normal 16-celled colonies at my laboratory,
probably because of modification or mutation
during long-term preservation at the Collec-
tion.

The strains isolated in this study were
heterothallic, and a mating reaction occurred
one to three days after mixing colonies of
two complementary mating types. Colony
clumping, which is the first sign of a mating
reaction in Pandorina (COLEMAN 1959, RAY-
BURN and STARR 1974, NozAKI and KASAKI
1979, Nozaki 1981), Volvulina (STEIN 19583,
CAREFOOT 1966, NozaKIi 1982a) and Astre-
phomene (STEIN 1958a, BROOKS 1966, NOZAKI

1983), was not observed. A colony disso-
ciated into individual ovoid to ellipsoidal
cells surrounded by gelatinous sheaths (Fig.
4). These cells then cast off their sheaths
(Figs. 5-6) and spherical, naked gametes
were formed (Fig. 7). They were 5-12 ym
in diameter and had the same organelles as
vegetative cells except for a slender cyto-
plasmic protrusion (arrow, Fig. 7), which
was up to 5 pzm long and located at the base
of the flagella. This transparent structure
could be detected only by phase contrast
microscopy.

The gametes soon aggregatad in a clump,
their flagellar tips sticking together in one
center (arrow, Fig. 8). Meanwhile, two of
these gametes connected the tips of their
protrusions (Figs. 9-10), whose lengths were
sometimes the same and other times not,
forming a cytoplasmic bridge (Fig. 11).
This bridge became shortened, allowing the

Figs. 4-14. Phase contrast micrographs of sexual reproduction in Gonium pectorale MULLER. 4.
Dissociated individual cell surrounded by gelatinous sheath (arrows); 5-6. Gamete escaping from the

cellular sheath (arrows); 7. Biflagellate gamete.

A slender cytoplasmic protrusion (arrow) is at the

base of the flagella (arrow heads) ; 8. Gamete clumping and fusing gametes (arrow head). The arrow
indicates the flagellar tips of the gametes; 9. Pair of gametes just before plasmogamy. Both gametes
bear a slender cytoplasmic protrusion (arrow); 10. Two gametes with the tips of the protrusions con-
nected; 11. Two gametes forming cytoplasmic bridge between them; 12. Two gametes fusing with their
anterior regions; 13. Late stage of plasmogamy ; 14. Quadriflagellate zygote. Scale in Fig. 8 represents
20 #pm. That in Fig. 14 represents 20 #m, and applies to Figs. 4-7 and 9-14.
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anterior regions of the two protoplasts to
approach each other, and finally the two
gametes fused (Fig. 12). After this, plasmog-
amy proceeded from lateral to posterior
portions (Fig. 13). A quadriflagellate zygote
was formed in the clumping group and then
separated from the clump (Fig. 14).

STARR (1962) reported a “protoplasmic
protrusion” in the anterior region of the
gamete in Volvulina pringsheimii STARR.
He observed that plasmogamy was initiated
by the union of the tips of the protrusions
of the two gametes, and said that this
structure was one of the diagnostic attri-
butes by which V. pringsheimii may be dis-
tinguished from V. steinii PLAYFAIR. Later,
however, CAREFOOT (1966) observed a very
similar structure in the gamete of V. steiniz
and named it “mating papilla”. Mating
papillae have also been observed in the re-
lated isogamous genera, Pandorina (NOZAKI
1982b) and Astrephomene (BROOKS 1966, No-
ZAKI 1983). The mating papillae reported
for these algae are, in general, not as long
as the cytoplasmic protrusion of G. pectorale,
which also can be called a mating papilla
on the basis of its function.
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The influence of emersion on the growth, thickness, dry weight per unit thallus area,
pigment content, photosynthesis rate and emersion tolerance was investigated with Porphyra
yezoensis thalli grown under laboratory conditions with periodical emersion and submersion
treatments. Growth rate of thalli with periodical emersion was slower than that of thalli
without emersion. Thalli with periodical emersion were obviously thinner than those with-
out emersion. However, the dry weight per unit thallus area was about 1.3 times greater

in thalli with periodical emersion than in thalli without emersion.

The photosynthetic

activity per chlorophyll @ was not changed by emersion treatment. However, chlorophyll a
content on a thallus area basis was higher in thalli with periodical emersion than in thalli
without emersion. On a dry weight basis chlorophyll ¢ content was lower in thalli with
periodical emersion than in thalli without emersion. The ratio of phycoerythrin to phyco-
cyanin was higher in thalli with periodical emersion than in thalli without emersion. The
ability of thalli to resume photosynthesis activity when re-submerged was greater in those
cultured with periodical emersion than in those cultured without emersion as seen after both
thalli with and without emersion treatment were emerged for 23 hrs.

Key Index Words: culture; emersion tolerance; emersion treatment; growth,
pigment content; photosynthesis; Porphyra yezoensis; Rhodophyta.

Intertidal algae suffer great exposure
stress, the effects of which were reviewed
by GESSNER and SCHRAMM (1971). Most of
the studies to date were concerned with the
photosynthetic and respiratory activities in
air (STOCKER and HOLDHEIDE 1938, TSURUGA
and NiTTA 1957, CHAPMAN 1966, OGATA
1968. JOHNSON et al. 1974, BRINKHUIS et al.
1976, QUADIR et al. 1979).

In the cultivation of Porphyra, economically
important marine algae in Japan, the effect
of emersion is one of the most important
considerations. In recent years, Porphyra
cultivation in Japan is performed in a float-
ing system as well as in a fixed pole system.

* Partly supported by Nori Zoshoku Shinkokai

(Nori Cultivation Promotion Association).
** Present address: Diamond Seafoods Co., Ltd.,
Tsukiji 4-1-17, Chuo-ku, Tokyo, 104 Japan

The Nori net in the latter system is exposed
to air during low tide, while the Nori net
in the former system is continually below
the surface of water held in place by buoys.
The Nori net in the floating system, however,
is exposed to air by an emersion control raft
in order to get rid of other seaweeds so that
the Porphyra thalli can grow well.

Early studies about the effects of emersion
on Porphyra were reported by FUJIKAWA
(1932, 1937). KANEKO (1940, 1941) and Ku-
RAKAKE (1941). A number of recent works
about the effects of emersion (IWASAKI and
MATSUDAIRA 1956, OGATA 1963, OGATA and
MATSUI 1963, 1965, IwASAKI 1965, IMADA
et al. 1970, OcATA and SCHRAMM 1971,
WATANABE et al. 1971, OOHUSA et al. 1978)
dealt with the influence on physiological
activity. The effects on growth and photo-
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synthesis of Porphyra thalli, cultured under
emerged and submerged conditions over a
long period of time, were only reported by
OGATA and SCHRAMM (1971). They observed
the rate of growth and O, evolution of the
intertidal red alga Porphyra umbilicalis dur-
ing a 3-week culture period.

In the present study, it was attempted to
determine the influence of emersion on the
growth, photosynthesis and pigment contents
of Porphyra yezoensis under defined labora-
tory conditions over an extended period of
time.

Material and Methods

Stocks of free-living conchocelis stage of
Porphyra yezoensis UEDA (strain No. C-13)
were maintained in the laboratory. From
the stocks, a cluster of filaments was col-
lected and cultured in an incubator under
10:14 LD cycle at 15°C (light period : 08 : 00-
18:00 at about 10 klux). Illumination was
provided by fluorescent lamps (Toshiba white,
30W). Synthetic fibers (Cremona monofila-
ments) about 3cm long were put into the
culture. After 6 to 10days, conchospores
were shed, immediately attached to the syn-
thetic fibers and started to grow into thalli.
Zero-day was assigned to the age of the thalli
on the day of attachment. When they
reached 23 and 24 days in age, the thalli
were detached from the synthetic fiber and
transfered into 1-liter flasks and aerated.
From this point, the culture medium was
renewed every other day throughout the
culture period. The seawater collected from
the Kuroshio off the Izu Oshima Island was
filtered with a glass fiber filter (Whatman
GF/C) and used. After measuring the chlo-
rinity by AKANUMA’s hydrometer and adjust-
ing it to 16-17%. by adding deionized water
(TAKAYAMA 1937), the seawater was auto-
claved and enriched with ESP medium
(PROVASOLI 1966).

Four series of experiments were performed.
In the first experiment, 200 thalli were ex-
posed to air for 3hrs daily (10: 00-13: 00,
light period emersion), while another 200

thalli of similar size were simultaneously
maintained in seawater. In the second and
third experiments, 75 thalli were exposed to
air for 3 hrs daily (10: 00-13 : 00, light period
emersion), and 75 thalli of similar size were
simultaneously maintained in seawater. In
the fourth experiment, 200 thalli were ex-
posed to air for 3hrs daily (21:00-24: 00,
dark period emersion), and another 200 thalli
of similar size were simultaneously main-
tained in seawater. Emersion treatment in
all experiments started when the thalli were
about 2cm long. At this stage the thalli
were between 36 and 39 days old. The net
used to expose the thalli to air was placed
in the same incubator used for maintaining
the cultures (Fig. 1).

The rate of growth, determined by mea-
suring the length and width of thalli every
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Fig. 1. A net (A) used to expose thalli
to air was placed in an incubator (B). Illumi-
nation at the net was approximately 10 klux.
a, Porphyra thallus; b, Cremona monofila-
ment; ¢, acrylic resin frame; d, fluorescent
lamp; e, net; f, stand.
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7-10 days, was obtained with 100 samples
collected at random from each treatment in
the first and the fourth experiments, and
with 50 samples from each treatment in the
second and the third experiments. In the
first experiment, however, 59 sample thalli
with periodical emersion and 89 sample thalli
without emersion were measured at an age
of 69 days.

The time course of water loss under emers-
ion treatment was measured in the first and
fourth experiments. The equation used to
compute the water content (D) is as follows:

__ air-dry weight —dry weight

wet weight —dry weight > 100.

After air-dry weight was determined, the
thallus was rewetted with seawater, and
then fresh weight was determined after
carefully blotting off the seawater on the
surface of the thallus. Dry weight of the
thallus was determined after drying at 85°C
or in a desiccator with silica gel for 24 hrs.
Each point determined from the first and
fourth experiments is the average value
measured at intervals of 7-10days. Three
thalli were used for each measurement.

Thallus thickness was measured directly
using a hand section as well as was indicated
indirectly using the ratio of dry weight to
thallus area. With hand sectioning, 40 thalli
of 50-day old from each emersion and sub-
mersion treatment in the fourth experiment
were selected. The thalli were preserved
in 10% formalin-seawater. Hand sections
of each thallus were made in the transverse
plane. The thickness of thalli and the inside
diameter of the cells (Fig. 2) were measured
by a Nikon ocular screw micrometer. A
sample size of 100 cells were selected for
each treatment. Twelve to fourteen cells
from sections of a group of 5 thalli were
measured at random. The ratio of dry
weight to thallus area was obtained in all
experiments. Thallus area was measured by
making photographic outlines, which were
cut out and weighed.

Chlorophyll ¢ in the thalli was extracted
with 90% acetone. The absorbances of the

Fig. 2. A transverse section of P. yezo-
ensis thallus indicating thallus thickness (A)
and inside diameter of the cell (B).

acetone extract were measured with a Hita-
chi 101 spectrophotometer. The concentra-
tion of chlorophyll ¢ was calculated by the
formula of Scor-UnNesco W.G. 17 (1966).
Phycoerythrin and phycocyanin of the thalli
were extracted with distilled water by 4
repeated combinations of freezing and melt-
ing. After extraction, the clear extract of
biliproteins were obtained by centrifuge (ca.
4000X g, 10min). The absorbances of the
extract were measured with a Hitachi 101
spectrophotometer. The concentrations of
phycoerythrin and phycocyanin were calcu-
lated using the extinction coefficients of
O Carra and O hEocHa (1978).

For in wvivo absorption measurements a
Shimadzu UV-365 double monochromator
recording spectrophotometer was used with
an integrating sphere attachment at wave-
lengths of 350-750 nm. The recorded absor-
bances at 676, 567 and 620 nm were used as
the indices of chlorophyll a, phycoerythrin
and phycocyanin, respectively (ARUGA 1974).
- Photosynthetic and dark respiratory capac-
ity of thalli of the first and fourth experiment
were measured at 15°C as changes in the
O, tension using a differential gas-volumeter
(Productmeter, NIKKO Kacaku Co., Ltd.)
(YOKOHAMA and ICHIMURA 1969). For each
measurement, the middle part (3-9 cm?) of a
thallus (cf. Nozawa 1967) was placed in the
reaction flask with unenriched filtered sea-
water. Each photesynthesis-light curve was
obtained by measurements with 7-9 thalli.
In the first experiment illumination was sup-
plied by a 100V-150W projector lamp (KP-8,
KonDo Co., Ltd.), while in the fourth ex-
periment a 100V-150W projector lamp (KP-8,
Konpo Co., Ltd.) was used for low light
intensities and a 100V-300W projector lamp
(KP-8 1/2, Konpo Co., Ltd.) for high light
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intensities. The light intensity was mea-
sured with a photocell illuminometer (To-
shiba SPI-5). All data were taken during
the light period in order to avoid possible
variation due to daily rhythms (cf. MISHKIND
et al. 1979). Thalli of emersion and sub-
mersion treatments were simultaneously
measured.

In order to know the after-effects of desic-
cation, photosynthesis and respiration rates
of thalli following re-transfer to seawater
were determined by measuring the increase
and decrease in oxygen concentration using
the Winkler titration technique under short
term incubations. Middle portions of thalli (4-
9 cm?) were placed in 100 ml DO bottles and
incubated at 15°C and 30 klux provided by
a photoreflector lamp (Toshiba, 100V-500W,

spot) (the photosynthetic rate was presumed
to be saturated at 30 klux) and also in the
dark. With thalli cultured in both emersion
and submersion conditions the measurements
were continuously made at 15 or 30 min in-
tervals for a 1 hr period. The same thalli
were then exposed to air for 23 hrs in an
incubator at 15°C with a 10: 14 LD cycle
at about 10 klux, after which they were
placed in seawater for continuous measure-
ments of photosynthesis and respiratory
rates for another 2 hrs at 15 and 30 minute
intervals, respectively. The measurements
were done on 3 emersion treatments: 13
days emersion (=48 days old thalli), 24 days
emersion (=58 days old thalli) and 32 days
emersion (=67 days old thalli).
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Fig. 3. Growth of P. yezoensis thalli cultured with periodical emersion
(@) and without emersion (O) under laboratory conditions. Mean length
(solid lines) and mean width (dotted lines) of the thalli are indicated with
-*_-% S.D. Abscissae: days of culture (days after conchospore attachment
in parentheses). A, B and C: light period emersion (Exp. 1, 2 and 3, re-
spectively). D: dark period emersion (Exp. 4).
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Results

Growth in length and width of Porphyra
yezoensis thalli cultured with or without
periodical emersion treatment was illustrated
in Fig. 3. Differences of the growth were
quite clear between the thalli with and
without emersion. In all the experiments
including light period emersion and dark
period emersion, the growth rate of thalli
with periodical emersion was slower than
that of thalli without emersion. After 3
weeks of treatment, the length of thalli with
periodical emersion was 0.7-0.8 times shorter
than that of thalli without emersion.

Thallus thickness was compared with P.
yezoensis thalli cultured with or without
periodical emersion treatment (dark period
emersion). The data shown in Fig. 4 in-
dicate that the thalli with periodical emer-
sion were obviously thinner than those
without emersion. The average thickness
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Fig. 4. Comparison of the thallus thick-
ness of P. yezoensis cultured with periodical
emersion (dotted histograms) and without
emersion (solid histograms).

of thalli with periodical emersion was 33.2
pm, and that of thalli without emersion was
35.6 um. The average inside diameter of
thallus cells with periodical emersion was
30.6 ym and that of thallus cells without
emersion was 33.2 ym.

Changes in dry weight per unit thallus
area of P. yezoensis were followed during
the cultures with or without emersion treat-
ment. As illustrated in Fig. 5 the dry
weight per unit thallus area was about 1.3
times higher in thalli with periodical emer-
sion than in thalli without emersion in all
the experiments including both light and
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Fig. 5. Changes in dry weight per unit
area (i% S.D.) of P. yezoensis thalli cultured.
with periodical emersion (®) and without.
emersion (O) under laboratory conditions.
Abscissae: days of culture (days after con--
chospore attachment in parentheses). A, B
and C: light period emersion (Exp. 1, 2 and
3, respectively). D: dark period emersion
(Exp. 4).
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dark period emersion.

The photosynthesis-light curves of P.
yezoensis thalli with periodical emersion and
without emersion were shown in Figs. 6
and 7. These curves indicate that great
variations in photosynthetic rate occurred
between thalli with periodical emersion and
those without emersion. In light period
emersion (Fig. 6), the photosynthetic rates
of thalli with periodical emersion were higher
than those of thalli without emersion when
expressed on a thallus area basis, the dif-
ference increasing with time (days of culture).
When expressed on a dry weight basis the
rate was slightly lower in thalli with perio-
dical emersion than in those without emer-
sion, while when expressed on a chlorophyll
a basis the rates did not differ much (Fig.
6). In dark period emersion (Fig. 7), the
difference in photosynthetic rates was as
great as that found in light period emersion
when expressed on a thallus area basis. The
photosynthetic rates on a dry weight basis
did not show any significant difference even
after continued emersion. When expressed
on a chlorophyll a basis, however, the rates
were slightly higher in thalli with periodical
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Fig. 8. Chlorophyll a content on a dry weight
basis and on a thallus area basis of P. yezoensis
thalli cultured with periodical emersion (®) and
without emersion (O) under laboratory conditions
(Exp. 1, light period emersion). Days in culture
are indicated in each diagram.

emersion 29 days of culture (Fig. 7).
Contents of photosynthetic pigments were
measured with P. yezoensis thalli cultured
under periodical emersion or submersion con-
ditions. Figs. 8-10 show the vartiations in
the contents of photosynthetic pigments with
time (days of culture). With continued
periodical emersion treatment, chlorophyll a
content of thalli was higher than that of
thalli without emersion on a thallus area
basis, but chlorophyll a content on a dry
weight basis of thalli with periodical emer-
sion was lower than that without emersion
(Fig. 8; Exp. 1, light period emersion). In
other experiments (Exp. 2 and 3, light period
emersion ; Exp. 4, dark period emersion), the
same tendency as in Exp. 1 was observed.
In P. yezoensis thalli both cultured with
light period emersion or dark period emersion,
the ratio of phycoerythrin to chlorophyll a
content showed large variations, but that of
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Fig. 9. Changes in the ratio of phy-

coerythrin to chlorophyll a content (solid lines)
and that of phycocyanin to chlorophyll a con-
tent (dotted lines) of P. yezoensis thalli cul-
tured with periodical emersion (®) and with-
out emersion (O) under laboratory conditions.
Abscissae : days of culture (days after concho-
spore attachment in parentheses). A: light
period emersion (Exp. 1). B: dark period
emersion (Exp. 4).
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Fig. 10. Changes in the ratio of phy-
coerythrin to phycocyanin content (i% S.D.)
of P. yezoensis thalli cultured with periodical
emersion (®) and without emersion (O) under
laboratory conditions. Abscissae; days of cul-
ture (days after conchospore attachment in
parentheses). A : light period emersion (Exp.
1). B: dark period emersion (Exp. 4).

phycocyanin to chlorophyll a content showed
little variation (Fig. 9). No correlation was
observed between phycoerythrin and chloro-
phyll a contents, and between phycocyanin
and chlorophyll a contents. The ratio of
phycoerythrin to phycocyanin content was
higher in thalli with periodical emersion than
in those without emersion both in light period
emersion and dark period emersion (Fig. 10).

The ratios of phycoerythrin to phycocyanin
and of phycoerythrin to chlorophyll a were
also compared by using the results of in vivo
absorption measurements of P. yezoensis
thalli (Table 1). The ratios of phycoerythrin
to phycocyanin (A;e;/A¢z0) and of phycoery-
thrin to chlorophyll a (Aje/Ase) of thalli
with periodical emersion were higher than
those of thalli without emersion. The dif-
ference in the ratio of phycocyanin to chloro-
phyll a (Ago/Ase) of thalli with periodical
emersion from thalli without emersion was
small.

Fig. 11 shows the after-effects of 23 hr
desiccation on photosynthetic and respiratory
rates of P. yezoensis thalli following re-
transfer to seawater. After re-transfer to
seawater, the photosynthesis of thalli with
periodical emersion recovered within an hour
to the previous level, but that of thalli grown
totally submerged recovered only to 2/3 of
the previous level even 2 hrs after re-transfer

Table 1. Phycoerythrin/chlorophyll @, phycocyanin/chlorophyll ¢ and phycoerythrin/
phycocyanin ratios deduced from the absorbance ratios of Asg:/Acre, Aczo/Asic and Aser/Aszo,
respectively, in in vivo absorption spectra of P. yezoensis thalli cultured for 21 days of light
period emersion treatment under laboratory conditions (Exp. 2).

Thallus With periodical emersion Without emersion
number Aser/Agrs Ao/ Age Aser/Aczo Aser/Agie As2o/Asis Aser/Aezo
1 0.89 0.61 1.46 0.87 0.64 1.36
2 0.88 0.65 1.35 0.87 0.63 1.38
3 0.92 0.64 1.45 0.87 0.64 1.36
4 0.97 0.60 1.60 0.88 0.65 1.35
5 0.92 0.60 1.52 0.83 0.62 1.34
6 0.88 0.61 1.43 0.84 0.63 1.33
Mean 0.91 0.62 1.47 0. 86 0.64 1.35
S.D. +0.03 +0.02 +0.08 +0.02 +0.01 +0.02
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Fig. 11. Changes of net photosynthesis
(Pn) and respiratory rates (R) of P. yezoensis
thalli cultured for 24 days with periodical
emersion (A) and without emersion (B) under
laboratory conditions following re-transfer to
seawater after 23 hr emersion.

to seawater. Especially 15-30 min after re-
transfer to seawater, the photosynthetic
rates of the thalli grown totally submerged
were small. Since the rates were small, the
difference in respiration between the two
types of thalli with different treatments was
not clear. After 23 hrs of emersion followed
by retransfer to seawater, the respiratory
rates of thalli with either treatment were
slightly higher than those before the emer-
sion. The water content (D) after 23 hrs of
emersion ranged from 4 to 38. No correla-
tion was observed between the photosyn-
thetic and respiratory rates and the water
content (D). The same holds true for the
results obtained with 13 and 32 days old

thalli (data not shown).

Discussion

In the present culture experiments, the P.
yezoensis thalli exposed to air for 3 hrs daily
were compared with those cultured in con-
tinuous submersion. Fig. 12 shows the time
course of water loss from thalli in emersion.
The water content (D) of thalli in Exp. 1
was observed to be much higher than that
in Exp. 4 when both were measured at the
beginning of emersion treatment. This dif-
ference might be due to residual water trap-
ped between thalli when they overlapped on
the net in Exp. 1. In Exp. 4, therefore,
care was taken so that the thalli did not
overlap as they dried. However, after 1.5
hrs the water content of thalli in both ex-
periments was almost equal. After 3hrs
thalli lost about half the water content of
wet weight in both experiments.

The growth rates in terms of length and
width of thalli were measured and it was
found that growth of thalli with periodical
emersion was very much slower than that
of thalli without emersion (Fig. 3). This is
similar to the results reported by IMADA et
al. (1970) and OGATA and SCHRAMM (1971).
The difference in growth may be attributed
to the slowing down of physiological activi-
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Fig. 12. Time course of water loss from P.
yezoensis thalli in emersion. Ordinate: water
content (D) with S.D.; D of 100 is equivalent to
wet weight. A : light period emersion (Exp. 1).
B: dark period emersion (Exp. 4).
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ties, such as photosynthesis and nutrient
uptake, which were caused by the emersion
of thalli IMADA et al. (1970) reported,
however, that about 50% of the original
activity of photosynthesis remained until the
water content decreased to 20-25% in Por-
phyra tenera. Furthermore, JOHNSON et al.
(1974) reported that photosynthetic rates of
Porphyra perforata can be 2.84 times greater
in air than in water. Therefore, it is thought
in the present experiments that the difference
in growth may be attributed to the lack of
nutrient when thalli were exposed to air.
LIDDLE (1975) reported that comparisons
of cell sizes in Padina sanctae-crucis showed
differences between intertidal and subtidal
populations, and that the cells from the in-
tertidal populations were significantly smaller
than those of cells from the subtidal popula-
tions. He assumed that the cells of the in-
tertidal plants do not undergo as much enlar-
gement after mitosis as the cells of subtidal
plants. Similar results were obtained in the
present study (Fig. 4). Whether the dif-
ference is due to cell enlargement after
mitosis or not was not investigated. The
dry weight per unit thallus area, an index
of the frond thickness, was greater in thalli
with periodical emersion than in thalli without
emersion (Fig. 5. OGATA and SCHRAMM
(1971) noted that the influence of salinity
was more important than the influence
of emersion on the dry weight per unit
thallus area. They reported that the dry
weight per unit thallus area is higher in
hypertonic conditions than in normal and
hypotonic conditions. Therefore, the increase
of dry weight per thallus area may not only
be due to desiccation but also to some other
stimulation. In the present culture experi-
ment, thalli with periodical emersion were
thinner than those without emersion, but the
dry weight per unit thallus area was greater
in thalli with periodical emersion than in
those without emersin. This indicates that
the thalli with periodical emersion had higher
cell content than those without emersion.
Comparisons of photosynthesis-light curves
of thalli with periodical emersion with thalli

without emersion were reported by OGATA
and SCHRAMM (1971) using Porphyra umbi-
licalis and OOHUSA et al. (1978) using P.
yezoensis f. narawaensis. OGATA and ScH-
RAMM (1971) reported that rates of O, output
on a thallus area basis were in general slightly
higher in the algae desiccated every day than
in those continuously submerged. OOHUSA
et al. (1978) reported that photosynthesis on
a dry weight basis of thalli with periodical
emersion was lower than that of thalli
without emersion. In the present work,
photosynthesis on a thallus area basis was
higher in thalli with periodical emersion than
in thalli without emersion. When the same
value was expressed on a dry weight basis,
photosynthesis of thalli with periodical emer-
sion was lower than that of thalli without
emersion. Furthermore, when the same value
was expressed on a chlorophyll a basis, the
difference in photosynthesis between the two
types of thalli was very small (Fig. 6). It
seems that photosynthetic activity per chlo-
rophyll a is not changed by emersion treat-
ment. The difference of photosynthesis-light
curves on a dry weight basis from those on
a thallus area basis depends on the change
in chlorophyll ¢ content (Fig. 8). After 29
days of daily emersion in dark, photosyn-
thesis-light curves on a chlorophyll a basis
differed only slightly (Fig. 7). It is not
known whether this difference resulted from
the difference among individual thalli or from
some other factors.

The respiration rates of thalli under perio-
dical emersion and submersion conditions
were low and the differences were negligible.

The color of thalli with periodical emersion
was observed to be more reddish than that
of thalli without emersion. The result of
quantitative measurements of phycoerythrin
and phycocyanin indicated that the ratio of
phycoerythrin to phycocyanin content was
higher in thalli with periodical emersion than
in thalli without emersion (Fig. 10).

The after-effects of dehydration on photo-
synthesis were studied by KALTWASSER
(1938), ScHRAMM (1968) and SCHONBECK and
NORTON (1978). SCHONBECK and NORTON



144 LFR

(1978) reported that .the ability to resume
photosynthesis and growth when re-sub-
merged was greatest in the species found
highest on the shore, and was progressively
less in species inhabiting successively lower
tidal levels. IwAaSAKI and MATSUDAIRA (1956)
reported that the exposure had no significant
effect on the photosynthetic activity of the
Porphyra thallus during a period of less than
9 days. WATANABE et al. (1971) determined
the after-effects of desiccation using the
peroxidase activity of thalli that had been
emerged for 8 hrs in the light period. They
noted that those thalli recovered fully 5 hrs
after re-transferred to seawater, and that
the peroxidase activity of thalli which had
been emerged for 8 hrs in the dark period
fully recovered 3 hrs after re-transferred to
seawater. In the present work, the thalli
in both treatments were emerged for 23 hrs.
The ability to resume photosynthetic activity
when re-submerged was greater in the thalli
cultured with periodical emersion than in the
thalli cultured without emersion (Fig. 11).
In other words, the emersion-treated thalli
had greater emersion tolerance.

The present experimental result on the
effects of emersion on Porphyra yezoensis
shows that the cell contents of thalli with
periodical emersion were still complete within
2 weeks and that the emersion tolerance
developed.

Observations of Porphyra yezoensis f. nara-
waensis thalli cultivated on a fixed pole system
and on a floating system under field condi-
tons were also conducted. These observa-
tions were discontinued, however, only after
one week due to a disease in the thalli.
During this period there was no change
observed in the photosynthesis-light curves
and thalli color, but the dry weight per unit
thallus area and the after-effects of desiccation
on photosynthesis as well as the variation
of chlorophyll @ content had the same ten-
dency as those of laboratory experiments.
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Morphological transition of the nucleus during the whole
life cycle of Acetabularia calyculus QUOY et GAIMARD
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SHiHIRA-IsHIKAWA, I. and Kuroiwa, T. 1984. Morphological transition of the nucleus dur-
ing the whole life cycle of Acetabularia calyculus Quoy et GAIMARD. Jap. J. Phycol. 32:
147-157.

Structural changes of the nucleus were followed throughout the life cycle of Aceta-
bularia calyculus using epifiuorescent microscopy with 4’-6-diamidino-2-phenylindole (DAPI)
staining. This giant unicellular alga had a life cycle of 10 weeks when cultured at 22°C
with 2,000 lux of illumination in Miiller’s synthetic medium. The correlation between cell
development during the life cycle and structural transition of the nucleus was studied with
special attention paid to the chromosomes and nucleoli. Morphological change of the chromo-
somes in diploid nuclei (primary nuclei) and the transitional process to haploid nuclei
(secondary nuclei) were observed. The development and degeneration of the nucleolus in
a primary nucleus were visually observed. Nucleoli were found to develop again in the
haploid nuclei during cyst formation and gametogensis in the caps. Color prints of the
nuclear stages in the development and differentiation during the life cycle are presented.

Key Index Words: Acetabularia; chromosome; nucleolus; epifluorescent micro-

scopy ; life cycle.

Acetabularia, a subtropical green alga, has
been a useful biological material for studying
nucleocytoplasmic relationships since HAM-
MERLING perceived the characteristic struc-
ture of its thallus, a single giant uninucleate
cell (1931), and observed the morphogenesis
of an anucleate part of this cell (1932).
Observation on the chromosomes were re-
ported by SCHULZE in 1939. More recently,
many cytological (PuisEux-Dao 1966 1970),
genetical (GREEN 1973), and biochemical
(SPRING et al. 1974) studies have been con-
ducted to elucidate the behavior of the
nucleus during the Acetabularia life cycle.
In 1979, Koor reviewed what was known

This work was supported by Grant-in-Aid for
Scientific Research (No. 58540446) from the
Ministry of Education, Science and Culture of
Japan.

and proposed a scheme for the behavior of
its nucleus during the life cycle.

In the past few years, visual observation
of the nuclear behavior of this alga has
become possible using epifluorescent mi-
croscopy with 4’6-diamidino-2-phenylindole
(DAPI) staining (SHIHIRA-ISHIKAWA ef al.
1982). This technique was extremely helpful
for observing chromosome behavior in the
primary nucleus (SHIHIRA-ISHIKAWA 1984)
and for following the transitory morphology
of the nuclei during the life cycle. For the
present study in which nuclear behavior was
to be observed throughout the life cycle,
Acetabularia calyculus was chosen because
its life cycle is much shorter than that of
A. mediterranea, the species usually used
for Acetabularia research (YAMAOKA-YANO
1980).
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This is the first report of visual observa-
tion of Acetabularia nuclear behavior over
its entire life cycle, which supports the hypo-
thetical scheme summarized by Koor. The
correlation of the development with nuclear
morphology and cell appearance was eluci-
dated and the time required for the develop-
ment under definite culture conditions was
also clarified.

Material and Methods

Acetabularia calyculus (Fig. 1) was first
collected from Notojima Island in Ishikawa
Prefecture (SANO et al. 1981) in August 1980.
Gametes liberated after collection were
cleaned of other microorganisms, and the
zygotes were cultured in the laboratory with
PES*-supplied synthetic sea water** under
2,000 lux continuous illumination from a
fluorescent lamp at 22°C. Zygotes germinated
in a few days and caps were formed in 7
weeks after germination. Under these con-
ditions, 10 weeks were allowed for one
passage through the life cycle, but the rate
of growth and differentiation could be con-
trolled by varying the culture conditions.

The cells used in this study, descendants
of several generations of cells growing in
this laboratory, were cultured in MULLER’S
synthetic medium (MULLER 1962) at 22°C
under fluorescent illumination of 2,000 lux
for 12 hours a day.

The cells in each stage of the life cycle
were put on a slide glass and glutaraldehyde-
phosphate buffer (0.5% glutaraldehyde in
0.1 M phosphate buffer, pH 7.0) were drop-
ped onto the slide. For young cells (A-F
in Fig. 2), an equal amount of DAPI-stain-
ing solution (NISHIBAYASHI et al. 1980) with
glutaraldehyde was added and a coverglass
was placed on them and gently pressed.
For the middle-aged cells (G-K in Fig. 2),
the rhizoidal part of the cells was cut
with Weckel's scissors under a dissecting

* Stock solution of ProvasoLrl’s enriched sea
water (Provasori 1968).

** Synthetic sea water, “Jamarin”, manufactured
by Jamarin Laboratory, Osaka, Japan.
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Fig. 1. A. Whole cells cultured in the syn-
thetic medium. x1.2; B. Rhizoidal part of the
cell. x25; C. Basal part of germling. x100; N:
nucleus, ST : stalk, RH: rhizoid.

microscope and the giant primary nucleus
was pushed out from the rhizoidal part.
After isolation of the primary nucleus from
the cytoplasm, DAPI-staining solution was
added. In the later stages, cytoplasm includ-
ing the nuclei was pushed out from the
stalk, cap and cyst, and the DAPI-staining
solution was added. The nuclei were ob-
served with an Olympus BH2-RFK fluores-
cence microscope, equipped with a high-
pressure mercury vapor lamp (HBO, 100W),
a 340-nm excitation filter and a 420-nm sup-
pression filter.  Fluorescent micrographs
were taken with Ektachrome ASA400 color
positive films.

Results

The relationship between the time elapsed
and the morphological variation of cell ap-
pearance is shown in Fig. 2. Gametes (A)
being liberated from one cap conjugated at
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Fig. 2. Schematic presentation of the Acetabularia calyculus life cycle showing the correlation
between the time of culture and morphological variation of the thallus (outer circle) and the nucleus

(middle circle).

Numbers of the inner circle indicate the number of weeks elapsed after zygote

formation. Numbers of the middle circle show the nucleus size in pm.

a ratio of less than 10%. Fused gametes
(B) were immediately transformed into a
round immobile zygote (C). In a few days,
the zygote started elongation and the cell
length reached about 100 ym in a week (D),
with the nucleus remaining in the orignal
portion. When the germinant tube reached
more than 200 gm, a vertical branch appeared
(E), which developed later into a stalk, while
the original tube developed into a rhizoid

including a nucleus. The nucleus remained
at the base of the rhizoid while the stalk
and rhizoid grew and the whorls and a cap
were formed (F-J). Whorl differentiation
began at the 3rd week of development (F)
and all whorls were shed after the initiation
of cap formation (J). The cap reached maxi-
mum size in a week (K) and immediately
after that numerous cysts were differentiated
in the cap rays (L). Gametes were produced
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Fig.3. Morphological transition of nuclei observed by epifluorescent microscopy with DAPI staining.
See the explanatory diagram, Fig. 4.
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Fig. 4. Explanatory diagram of Fig. 3. A:
Gamete with chromatin patches. x5000; B: Con-

jugated gametes. x5000; C: Zygote with a fussd .

nucleus. x5000; D: Isolated nucleus with a clear
center zone of l-week-old germling. x5000; E:
Nucleus of 2-weck-old cell with DNA lumps.
x2500; F: Nucleus with matrix accumulation in
center zone of 3-week-old cell. x2000. G: Nucleus
with developing nucleoli with thin chromonemata in
nucleoplasm, 4-week-old cell. x750; H: Complete
giant primary nucleus with sausage-shaped nucleoli
and twining chromonemata, 5-week-old cell. x500;
NE: nuclear envelope, NO: nucleolus, CH: chro-
matin or chromonema, CP: chloroplast; small
spots are chroloplast nucleoids.

in the cysts (M) and were liberated through
a circular opening one week after cyst for-
mation (A).

Morphological changes of the nuclei ob-
served with an epifluorescent microscope are
shown in Figs. 3, 4, 5, 6, 7 and 8 while
the correlation of the development with
nuclear morphology and cell appearances is
shown in Fig. 2.

A single nucleus, 2-3 ym in diameter, was
located at the anterior portion of the cell
and contained a chromatin structure (Fig.

3-A). No nucleolus could be identified.
Nuclear fusion occurred after gamete fusion
(Fig. 3-B) and the fused nuclei bscame el-
liptic (Fig. 3-C) at the time of zygote forma-
tion. In the nucleus of a 1-wesk-old cell, a
chromatin-free center zone appeared and
chromatin was located in the outer area
(Fig. 3-D). The nucleus enlarged and the
chromonemata became clearly visible. At
the border of the center area appeared two
fluorescent lumps which seemed to consist of
amplified r-DNA produced by the nucleolar
organizer (NOR) of the chromosomes (Fig.
3-E). The matrix accumulatzd in the clear
zone and the DNA lumps decreased in size
and finally disappeared (Fig. 3-F), suggesting
that the r-DNA fibers had come loose from the
packed structure of the lumps and spread out
in the matrix. This r-DNA-containing matrix
zone increased in volume and developed into
a few blocks with enlargemsnt of the nucleus
(Fig. 3-G). Chromonemata bzcame extremely
difficult to detect because the nucleus volume
increased by more than 10° times, though the
DNA volumsz in the nuclzus did not increass
more than twofold. The nucleoli, the matrix
zone containing developed r-DNA, assumed
sausage-like shapes and frequently occupied
more than 80% of the nucleoplasm (Fig. 3-H).
Thin chromonemata twined about the nucleoli
and spread out in the nucleoplasm (Fig. 3-H).

Seven weeks after the zygote stage, cap
formation was initiated. The giant primary
nucleus containing the sausage-shaped nuc-
leoli remained for two weeks before cap
formation. Soon after the initiation of cap
formation, the nucleolus separated into nu-
merous spherical units (Fig. 5-J-1), fusing
with each other and finally becoming a single
large spherical body (Fig. 5-J-2). Thin
chromonemata (Fig. 5-]J-1) became thicker
(Fig. 5-J-2) and condensed on the surface
of the nucleolus forming a lump. Fig. 5-]J-3
shows the loosening of the thick chromo-
somes from the lump. The chromosomes
became distributed in the nucleoplasm (Fig.
5-]J-4) and became shorter in 24 hrs (Fig.
5-J-5). The peculiar chromosome shapes
suggest the occurrence of chiasmata. The
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Fig.5. Morphological transition of nuclei observed by epifluorescent microscopy with DAPI staining.
See the explanatory diagram, Fig. 4.
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Fig.6. Explanatory diagram of Fig. 5. Process
of “meiotic division” of the primary nucleus. J-1:
Nucleus 2 days after cap initiation, showing sepa-
rate spherical nucleoli. x500; J-2: Nucleus 24 hrs
after J-1 with a fused nucleolus and tangled, thicker
chromosomes. x450; J-3: Chromosome lump loos-
ened from surface of the spherical nucleolus, soon
after J-2. x500; J-4: Thick chromosomes dis-
tributed in the nucleoplasm, 24 hrs after J-2. x500;
J-5: Shortened chromosomes. x480; J-6: Chromo-
somes arranged at metaphase plate. x750; K-1:
‘Chromosome segregation, 12 hrs after J-4. x750;
K-2: Daughter nuclei and degenerated nucleus re-
maining on the broken envelope of the primary
nucleus, immediately after nuclear division. x 1000 ;
NE: nuclear envelope, NO : nucleolus, CH : chromo
some, CP: chloroplast ; small spots are chloroplast
nucleoids.

process from J-1 to J-5 is a prophase of
“meiosis”. Next, the chromosomes again
assembled near the nucleolus and arranged
themselves at the metaphase plate (Fig.
5-J-6). The chromosomes then became
segregated and moved towards the poles
(Fig. 5-K-1). Two daughter nuclei on the
broken piece of nuclear envelope can be
seen in Fig. 5-K-2. The nucleolus entirely

degenerated and became fixed on the broken
envelope (Fig. 5-K-2). We seldom observed
four daughter nuclei which would result from
successive secondary meiotic division. At
the nuclear stage of K, the cap size reached
its maximum dimensions. Four days were
allowed for the passage through the “meiotic
division”.

After “meiotic nuclear division” of the
primary nucleus, numerous secondary nuclei
were produced as a result of repeated mitotic
division in the rhizoid and stalk, moving
towards the caps (Fig. 7-L-1). These nuclei
entered each cap ray and became arranged
in the cytoplasmic layer located underneath
the cell membrane leaving spaces between
the nuclei. These nuclei stopped dividing
for about a day and increased in size to
7-8 yum in diameter (Fig. 7-L-2). Several
small nucleoli were detected in the surface
area. The process of cyst formation observed
under a dissecting microscope is shown in
Fig. 9. Cytoplasm gathered around the
nuclei and formed same-sized spherical cysts,
originally including a nucleus in each. Cysts
were formed within 48 hr after the first
secondary nuclei production (Fig. 2). In the
cysts, mitotic division of the secondary
nuclei was again repeated (Fig. 7-M-1), in-
creasing the number of nuclei (Fig. 7-M-2,
M-3) until approximately one thousand ga-
metes were produced in each cyst. In the
prophase and metaphase of this mitosis, a
single large nucleolus was observed, suggest-
ing a considerable ribosomal prcduction in
the gametogenesis.

Discussion

Chromosome behavior in the primary nuclei
of Acetabularia had remained unknown for
more than 40 years since Hadmmerling’s
discovery of the special characteristics of the
nuclei. Recently, some observations have
been made using phase-contrast and electron
microscopy by SPRING et al. (1974 1975 1978),
Koop (1979) and TIKHOMIROVA (1979). Lamp-
brush-like chromosomes, spindles and the
nucleolar structure have been reported, but
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Fig. 7. Morphology of secondary nuclei observed by epifluorescent microscopy with D
See the explanatory diagram, Fig. 8.

API staining..
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Fig. 8.
L-1: Secondary nuclei in the rhizoid, dividing in
mitosis, immediately after K-2. x1600; L-2:
Secondary nuclei in the caps, after translocation
from rhizoid to caps. Mitotic division slowed
down and the nuclei stopped movement. Cyst
formation began 24 hrs after the end of “meiotic

Explanatory diagram of Fig. 7.

division”. x1600; M-1: Mitotic division of
secondary nuclei in the cyst in gametogenesis.
x1600; M-2: Young cyst containing some nuclei
resulting from repeated mitotic division in the
cyst. x200; M-3: Numerous nuclei in a cyst in
which the cytoplasm was later transformed into
gametes including a nucleus. Gametes were re-
leased from the cysts 7 weeks after cyst forma-
tion. x200; NE: nuclear envelope, NO : nucleolus,
CH: chromosome or chromatin, CP: chloroplast ;
small spots are chloroplast nucleoids.

the consecutive behavior of the chromosomes
had not been observed. This paper presents
the transition of the chromosomal and nuc-
leolar appearance during the life cycle of
Acetabularia calyculus.  Structural details
will be reported in other papers. Chromo-
some behavior in “meiotic division” in a
primary nucleus has been reported (SHIHIRA-
IsHIKAWA 1984), but the period of DNA

Fig. 9. Cyst formation in cap rays. x20.
Cyst formation occurred non-synchronously
and was completed in all of the cap rays in
a cap in 12 hrs. Each ray shows a stage in
the course of cyst formation. Numbers indi-
cate the order of the progress. White spots
seen in 2, 3 and 4 are nuclei.

duplication and initiation of “meiosis” had
not been elucidated.

The primary nucleus of Acetabularia had
been suspected to be polyploid (PUISEUX-DAO
1970). Recently, quantitative analysis of the
DNA content in the nucleus confirmed that
the DNA volume in the primary nuclei was
double that in the gametes. During “meiotic
division”, the approximate number of chro-
mosomes could be counted in the primary
nucleus, suggesting around 20 as a haploid,
which corresponded with Yabu’s results (1981)
on the gametogenesis. Such a small volume
of chromosomal DNA in the giant primary
nucleus had posed a problem to detection by
microscopy. This difficulty could be over-
come by epifluorescent microscopy using
DAPI staining which mzde thin chromone-
mata in the primary nuclzus twining round
the nucleolar structure become clearly visible.

The development of the nuclzolus was
observed for the first time with this alga.
The lumps of DNA in the nuclei of young
Acetabularia cells are presumed to be accu-
mulations of r-DNA which were formed by
the nucleolar organizers of the chromosomes
due to excess amplification of r-DNA cistrons,
as has been found in some animal oocytes
(BROWN 1967). A lump of r-DNA has been
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reported to be a DNA body in the oocyte
of the insect Dytiscus marginalis (BROWN et
al. 1968). Like the oocyte nucleus, the single
nucleus in a young cell of this alga has to
synthesize a large amount of ribosomes which
will be required in later -stages. of develop-
ment. Acetabularia is an unusual alga with
a diploid phase under the regulation of a
single nucleus, although its cell size is much
larger than those of other unicellular algae.
The increase of its nuclear size corresponds
to the development of the nucleolus which
results in an increase in ribosome produc-
tivity. Small DNA-containing particles, 2-3
pm in diameter, were observed in young
cells beside a primary nucleus (SHIHIRA-
ISHIKAWA et al. 1982). They may be some
DNA parts which had been amplified from
nuclear DNA and emitted through nuclear
pores like spherules (BOLOUKHERE 1970).
They may support the role of the nucleolus
in extranuclear protein synthesis to construct
and maintain such a huge cell, like the
karyosome discussed by BARLOW (1983) in
seedlings of higher plants. The degeneration
of the nucleolus and the occurrence of “meiotic
division” may correspond to cessation of the
nucleolar activity in the primary nucleus.

A single nucleolus can be clearly identified
in each of the secondary nucleus soon after
“meiosis”, while in a cap ray, each nucleus
contains several small nucleoli. In the cyst,
each prophase nucleus contains a large, dis-
tinct nucleolus and some have fluorescent
lumps like those in the young primary nu-
cleus. Thus, protein syntheses seem to occur
actively in cysts independent of those derived
from the primary nucleus.

This study enabled identification of the
period of active r-RNA production from
changes in the nucleolus appsarance. How-
ever, when and how m-RNA is produced
remains for elucidation by further study.
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B o Thote, (FEhEEFIEL 1-1 KR AFHGE M EDERE G RT ERE L W2 BT 7ERT)



%% Jap. J. Phycol. 32: 158-161. June 20, 1984
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Ocawa, H. and LEwmanoMonT, K. 1984. The Porphyra of Thailand II. A new record
of Porphyra vietnamensis TANaKA et P.-H. Ho and morphological observations on the speci-
men of Porphyra sp. collected from Surin Islands, Andaman Sea. Jap. J. Phycol. 32: 158-
161.

Surveys on the distribution of Porphyra in Thailand were done on the east and west
coast of the Gulf of Thailand and Phuket Island, the Andaman Sea from December 1982 to
April 1983. Through the surveys, plants of Porphyra could not be found at the east coast of
the Gulf of Thailand and Phuket Island. However, P. vietnamesis was newly found at Hua
Hin on the west coast of the Gulf of Thailand.

The specimen of Porphyra sp. collected from Surin Islands, the Andaman Sea by CHRIs-
TENSEN and WIUM-ANDERSEN preserved at Phuket Marine Biological Center was observed
morphologically. It was monostromatic, but the features of its vegetative and rhizoidal cells
were different from those of the vegetative and rhizoidal cells of Porphyra. It was made
certain this specimen differs from the genus Porphyra.

Key Index Words: distribution; Thailand ; Porphyra vietnamensis; Rhodophyta.
Hisao Ogawa, Department of Fishery Science, Faculty of Agriculture, Téhoku
University, Sendai, 980 Japan; Khanjanapaj Lewmanomont, Faculty of Fisheries,

Kasetsart University, Bangkhen, Bangkok, 10900 Thailand.

SAEDO 7T/ VECELTUL 7 v &= v fEillo
Surin & Porphyra sp. »* (CHRISTENSEN and
WiuM-ANDERSEN 1977), Prachuap Khiri Khan #»
SR TD & 1 I RIIC P. vietnamensis 3 (/s
ey awsEy 1979, ThAEZRERIK T3,
BEARIrEWLYDD, 7 v &< v fEfllo Pang-nga %
Phuket BEALTY 7=/ VEIEFT LTV L DR
b5 (LEwMaNnOMONT and Ocawa 1979), L
L, ThblstoiEnb7 <7 VB LToH
HRRBHE,

HARBEET7 </ VEOEF I HE IR TV
2 1 WA, Prachuap Khiri Khan Lidto R
FafER:, FLT7 </ VEIET LTV AESDOD
% Phuket B0 E S % BT, 1982412 Axb
1983 4 AP CEDEFTREX TR o7 FE
iz P. vietnamensis D4 H H3RE & LTV 3 Prachuap
Khiri Khan LI\@® # 1 BHGHRCOVTHEFTE

BT B DI HEXTTR -7,

CHRISTENSEN & WIUuM-ANDERSEN (1977) 3
Surin BCHhi-#E{A% Porphyrasp. & LTHER
WLTBH0D, ZOHEENBRELTR > TV ik
Vo SO BTy Porphyra sp. & LiciBil
BT TH D, 2T, ZOEEPLMCTRL F—
7y VA EE Y 2 —BEIR TV B ERRD
WURBREFNBEYR AT, ThboRHE RS IUERE
BERILOETFOFHLOCHMRANEOhIcDOTE ZITHE
T3,

AEHRE LVHE

LA, RADFAELICHER IV 7 v &< vigHlT
7=/ VBB LTREDH - icthfi® Fig. 1 @R
LThb. &1 EHYEHRTIL Satahip, Si Racha, Ban
Seng D 3 A 1982542128 A 519834 4 Bizwh
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Fig. 1. Map showing the collection sites
(1-12) on the coast of the Gulf of Thailand
and Andaman Sea side. 1. Satahip, 2. Si
Racha, 3. Ban Seng, 4. Hua Hin, 5. Pra-
chuap Khiri Khan, 6. Gao Seng, 7. Pattani,
8. Ban Panare, 9. Pathong, 10. Ao Nam
Bo, 11. Pang-nga, 12. Surin Islands.

A 2@, MR T1L Gao Seng, Pattani, Ban
Panare o 3 &% 19824:12H11, 12H, 198341 H
22~25H, 2H 3~5HK, £LT Hua Hin, Pra-
chuap Khiri Khan o 2 i #51319834 2 J§17~20H,
4715, 16HhTCEREh T <7 YV FioEFH#HEY
177c - 2. Phuket [T Pathong, Ao Nam Bo ®»
2 b 5 A 1982412 [ 13~18H, 19834 4 J] 8 ~11HIC
M TEEREXTIR > oo R TOAEFMENIC T
— oy MEFEEDE v 2 - RIFSHhTW5 Por-
phyra sp. LA5E h oA (PMBC 002, Ko Surin,
B. CurisTENSEN and S. WiuM-ANDERSEN, April
13, 1976) OV THEEXITIK» 1

Frc X aEFMEDINC Y v 7 7 — IR IEFIE
i, 7 =%y MBEAYE L 2 — DR RKEIL,
KEBGEN DT =/ VEOEFFCOWTOM X
BYFAEXTR, BAEOTREZM S X 9Bd1,

Fig. 2. Po;{i;yra vietnmensis TANAKA et
P.-H. Ho. Matured thalli collected from Hua Hin,
Thailand on February 18, 1983 (scale=1cm).

& R

Z A By Satahip, Si Racha, Ban Seng ®3
HTXRENEAMLTT </ ViR ZOT B &
X T&h »1. REPETE D Gao Seng, Pattani,
Ban Panare T 1982 % 12 H o #fi#isic Porphyra
vietnamensis DEFTH 2 LA WERTE, 19834 1,
AR ZOBMAEGREIRMTH &N TER, HE
MoRE TR IABIMETOT =/ VEKI 3 AKA
- T4 LT\ 7z, Hua Hin, Prachuap Khiri Khan
TI1983%: 2 A o THE L7z P. vietnamensis @
T E L (Fig. 2), Wthd L b 4 ok
TIRIERIL AR bR h - f2, Phuket o Pathong,
Ao Nam Bo T»1982412H, 19834 4 H o ## Tit
T=7 VEGEROTDH LR TEd T, HEFR
D#HETH 7=/ )V EGOEFT I L Cofuzig s
hish -1,

T—r oy b BEAEFE v 5 — KRE IhTW5
Porphyra sp. EEARIZDWTHRIEE, HibEcou
THE L, BART L2 —LRoWECRT bR T
Bh, BELTwi, BEARZESH 2ecm, §§ 0.5cm
» -1 (Fig. 3-1), FEFEFZDz LT (Fig. 3-2), &
—Eofifanbinh, 1EoERE MR bR
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Fig. 3. Photograph and microphotographs of the specimen preserved at Phuket Marine Biological
Center (PMBC 002). 1. Bleached specimen; 2. Entire marginal part in surface view; 3. Cross section

showing one layer of cells;

4. Vegetative cells in surface view, arrow showing granules; 5 and 6.

Holdfasts; 7. Rhizoidal cells, arrows showing the granules and septum (scale in 1=1cm, scale in 2=
50 #m, scales in 3,4 and 7=10 p#m, scales in 5 and 6=100 pzm).

#2o WEADIE X 20~30 pm # - 7= (Fig. 3-3), ik
AR TAERATRIZ R B ish - 1o, SEfEMIacIx
Wiluniie <, NEKA S E A B (Fig. 3-4), ()
RO 3 S e A bR, BRI ES - T
Wieis > Totee LD il BIEIRTH » 7o (Figs.
3~5,6) MBS LE (o dgE b oo Ml A E
EZ LR LTTET W, L, Topfilofiuc
BIGIEZ LIRS b ieh - 2o BB AP/
ERAHAELTE Y, [RaELAbhie (Fig. 3-7),

% =

SEDT =/ Y FOER ML T £ A E06iER O Pra-
chuap Khiri Khan, Gao Seng, Pattani, Ban Panare
b P. vietnamensis OIEANEIRTE, Zh b
WTo7 </ VEOEBENMRTE I, Z DfHT/
MeVa=wsey (1979 O HE LR UThot,
Prachuap Khiri Khan X b § ]t~ 90 km (2 &0 &

ZAILH% Hua Hin ¢ P. vietnamensis ORI IEL
HEDTHINT 5 2 e TEL, Zhubikco 7
=/ VDT T 2 RMOMRTH D, 21 EH
#iiRt Satahip 2% Ban Seng 122 C DTl
Nl e Y 2= 'y (1979) OHBEhHB Lo, &
EOFAETH 7~ 7 VEDEFEMRTH ENTE
femotz, $107 v £~ vififilo> Pang-nga, Phuket
BRI 7 = 7 VEIOAE T B Lo (LEwmaNo-
MONT and Ocawa 1979) 235 %75, Fx I X OH
EMHMEND TR DMK TOT =7 VEIDAEH
MR THCRED L -7

Zhbofsgm s P, vietnamensis |1 2 A [EHD i
FETIE 2 A P60 Hua Hin 2B T ok
CHFCET DGR ERTW B S 00, ZhESONH
FERRE» DI L DEFLME SR Ty, &IRA
A EH TS BIOMETL 7 < 7 Y BIOET %
BIrolirTcEirnot, oMK THHT P
vietnamensis DA 72 Hua Hin & Hiffifit o
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Satahip, Ban Seng & o, KIEMKIZOWT
FExTH5E, Mt 100 km i3 K
TWBETTHY, FHBERBECHD, 21BN
DEROBEZIEE (2 A), WE (81) LLAEHE
wE»OERE, HERCHT TOMI RO
B LT3 (LaFonD 1966), = @it
4£F LT\5 P. vietnamensis OHMiIC kX is B8
FRIEFLTWBIENELILRD, ZhbAEM,
WEHIGMEEL L LT 2 1 BFaEEO X b REH
BERCL7 <7 VEAHICET LT3 LEBbh
%,

T—¥ .y b BEEYFE €V 2 — T ZhT\W3
Porphyra sp. & FE S hic EADOHRESNIS B AT
H (1932), BAK (1971) bz X 57 </ VY EOSEE
BrEc BB L1, COEARRREATHSL
BPEE LT, FBERBEIIEL, RBARLE
BThHoteo ZDH®D, ZOEKNLLIET </ VED
EEDOBIIRL ZLDTERVEHRTSH B4MAD
TENL, WE GRAZREIDD I ENTER, -
Too WL HMIT5 & LR - oo REMBBTIZ
7=/ Y BlogEMRCEAORBARYU - blich -
o L L7 AV BEHORBFAMETLIL AbIB/
BRR OGN EROKEMRMCEHAbR L, &
BOWTRBET7 =7 VEIRZERIZL » b D,
BEbHHZ Lidicve Lo Lz OEKCERD3 »
FICfEbR T, IR ZER L T\ 2 B iRk
ZOBERTREFORMEMOMID RATBEELL
TTETEY, TP, 7=/ VEIOHE,
BEERARAZED LT T, TORCHET
HAMLMEELLTTETED, HbH, Tl
DEARORERAREPIC I/ NER L EEAR LRI,
7 =7 YV EIOREAERE AT EY TRES R,

IhbofEn s, ZoBAx—EoMasinbT
TRV bOD, 7=/ VEELTONEEBILHE
AL, GLATAVREHCHELHEY LIV S
{FE-TWB I Edbhiots, Lo TIDELRY
7=/ Bz B%, Porphyra sp. & L7 CHRIs-
TENSEN & WIUM-ANDERSEN D# % IZi¥ #5035

%o TV—EEBRATERCII b= vYBOLE TS
Z EnMbhTV% (WEBER VAN Bosse 1913), &
“mohbosd #F LT Surin, Phuket &t &
LIcKBE &S, 7vE=vifffilo7 <7 VEokE
REXTHRSLENDA S,

SEIOHK A DRHETIL A A BHIBERS IO T v &~
VBWTT < VEIOABRERT HCRELIRA -
ehh, ZhBHB TR T </ VEIAEE LTV 55
W TITELORD, 5%, R, Bk ekEHd
Mz, ThoHETO7 </ VEOLEREXT
Vs, BRI KT A7 </ YV BICET A ME A L
T &1\, :

DI RE, HEM D RECHEB IR Y v
7 7 —REBEMBRERN, 7= VEEEHEL 2
— &N, EAOEERRLF I T —r , MEE
ey g8 —F LS VKIZELALE LT E
To ARERZAAEMRREOBPOTIZiTebh iz
LOTHH, A LTI~ LET,
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Oumorl, T. and HasHIDa, J. 1984. On the germination of liberated tetraspore mother cell
in Dictyopteris divaricata. Jap. ]J. Phycol. 32: 162-166.

There were two types of germination of liberated tetraspore mother cells in Dictyopteris

divaricata.

In one case, they gave rise to a primary rhizoid and then segmentations of

the body took place irregularly. In another case, after they divided into several cells,
rhizoids originated from one or more of the peripheral cells of the body. After 4 days
culture, many liberated tetraspore mother cells produced 2~5 erect shoots.

When cultured under continuous unilateral illumination, liberated tetraspore mother cells
which had a rhizoid developed it away from the light source. In about half of the liberated
tetraspore mother cells, which had two rhizoids, both of them were developed away from

the light source.

In another half two rhizoids originated from the opposite poles of the

body at the right angles to the direction of the incident light.

Key Index Words: Dictyopteris divaricata; erect shoot; germination; liberated

tetraspore mother cell ; rhizoid.

Takeo Ohmori and Junko Hashida, Sanyo Gakuen Junior College, Hirai, Okayama,

703 Japan,

7 v 7y EoEgomsg laFEMasms e
BT A Lind RERL TR Eh, Thi%
ETHZ LRV OHrOBTHESh T RS -
B 1964, FEAK « 3587 1959, REINKE 1878, RoBIN-
soN 1932, WirLriams 1904), = v'v~X (Dictyo-
pteris divaricata) DOPEYRRFDOREED X 5T\
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Fig. 1. Histogram showing the variation of
the size of liberated spores in Dictyopteris divari-
cata.

B BULTRERMC S bAEE Lihdi, ZD%
CHAFERLTHRBICEET 5, HERZHECSLL
CRBOMH TR EEACHE—SERENCRRIB LD
OFFCER I htc, RICHELTELEREY BT
I, TOBRTGELICE FEBEN AT, H=7
BRI H—, HoNEEE L ETcRTFORSE =0T
B EN%H, MCHE N LEEC
HRENBHELI Dot HEBRIRSDOVILRD E,
JAFoTHrRERC b, T OEMEE A, bAifao
HENBELEREYH LA, BRIRE clhFo
WMy L LYy bhictk, BE% < VR LUTHEROEL
T4 (erect shoot) z#4f L7z, erect shoot i 2~5
MW Lictk, ToELOMBaNLHBNEI D,
ZhANER, EmOMa~NLEL, D icTERO #
L= ENRB X 5B, TOH erect shoot (3
B AREEYEL, EHmOZIMEMIarr s
Xowhrs, choibERaMlatiy, BOHS
HERBAYVR LT o7, HBERIBASHVICD L,
“REBREHBE LT B30, K& foic erect
shoot MHEFEEDKVEXETELOND -1,
TS e T B0 e EARTFICERHRTS S
ek, A BRHE SRy I T RIS ERR

BT, kbR aRitbrigEE -3 (Fig. 2),
BREN 2~4 rFHICO IR TEE TV 5 HIIIHPESY
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ORI RETIe > T 2~4 BEOBEEEYEL, *+
hoDOHEDFDCEBFEEIEE > T BD TR
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LTK %, MARTTRIRETXTCOREEEMN L AD
FERAEERT 50w L, s oy aalas s
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» -t (Fig. 20, Tablel), = D4, KOMmEML

Table 1. Number of rhizoids in germlings of
liberated tetraspore mother cells cultured for 7
days.

‘Mother Cell
No. % No. %

Tetraspore

Number of Rhizoids|

1 ‘ 99 87.6 100 100.0
2 1124 0 0.0
Total 113 100.0 100 100.0

Fhzh l A¥-ERExMmibTsb0 L, —Jiofn
L2AREASTHIHTELDOD 20D 24 Thidh T,
B s R TR o £ 89.2%, REFER W
98.99% & RIFT, %4 AEXEBLTH HRY F
B LWk El 41t 2.2% T, ST O REE
DHEERULTH T,

FEREAA < BN, M T hio i HE L (erect
shoot) %I LAt (Figs. 10,21), M5 fia¥Cik
@ 1 oD erect shoot I T 5438, BimESlaT
F4IRa D FIEMATIL erect shoot DFUL 1~5 Eick
Y AT (Fig. 22), £ D 5%, 2~3 f@D erect
shoot # 4 Ut REFHAEHLL B4 ST\ 1 (Table
2), = DY K rE T RAla 0 R3F s
FORFARTILNT, HROBEILECHEDOTHD
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Figs. 2-22. Germlings of liberated tetraspore mother cells in Dictyopteris divaricata.
x110 2-16. Germlings give rise to a primary rhizoid and then segmentations of the body
take place irregularly ; 18-22. After liberated tetraspore mother cells are divided into several
cells, rhizoids originate from one or more of the peripheral cells of the body. 2,3,4. Liber-
ated tetraspore mother cells; 5,6. 17-hour-old germlings; 7. 2-day-old; 8,9. 3-day-old; 10. 4-
day-old; 11. 6-day-old; 12,13. 8-day-old; 14. 10-day-old; 15. 15-day-old; 16. 18-day-old; 17.
2-day-old abnormal germling; 18. 2-day-old; 19. 3-day-old; 20. 2-day-old; 21. 4-day-old; 22.
6-day-old germling.
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Table 2. Number of erect shoots in germ-
lings of liberated tetraspore mother cells cultured
for 7 days.

Number of .Mother 7Ce171 Tetraspore
Erect Shoots No. o No %
1 14 18.4 181 90.5
2 22 29.0 17 8.5
3 20 26.3 2 1.0
4 15 19.7 0 0.0
5 5 6.6 0 0.0
Total 76 100.0 200

BE2E L, b Lyl TH - o onE
BEORIL, MARRTOBEOHET Lt -> T,

FERR1R 8 HEHIC e D & Ml i fh o a3 oo i
M HRBANC erect shoot I L, 7o TADOMMN
Wiz 57cWicicdd0d BH -1t (Figs. 12,13),
CEBO—E 225 Shfk%d B 750 L@ s hi
(Fig. 23), Z oML B AR E ik (Fig.
14), BEFRBISACHWICR D L, WLWALAT HfiH
BB AN R AR S TR R B M o
7z~ (Fig. 15), P44 laFRla o &34 s fa
FORFECHRTEFENDEL, BLEALORHE
o erect shoot (IHERFIC AR L TRKEL > Tt
erect shoot DA EMIBT D L, Fhba
B S & 7 D3R IE A TER LTV - 72 (Fig. 16),
IRBREETBLEN TR I )T »1,

e pa 4 T R o (R TR 13 5 — 5 Rt o
ww.wﬁmmfmﬁLtMHWﬁWFﬂmwu.—
Jitn b EEAEEIT R VT 300 lux oY% difE st
L, H5aEth 4 B R o it i m 2z  8aEiE Uic, it
s R R A L AR T 50 & 2 A

23 ’

Fig. 23.
tetraspore mother cell in Dictyopteris divari-
cata. Young thallus is formed from the
rhizoid.

11-day-old germling of liberated

WT2bDERDBN, T 1IAEK LIcHe X
54.6% O & O EHE M FERA i L (Fig. 24),
S AR 2 Lz b Db 71 3.1% THh-
too T OFERD B FUE U o TR b M T & [
Bz, o X > TR OB PE I 5D 2 &2
bhotc, % 2 A Licd D onTirko 2
MY oxA7HEES R, FFERRTOm ML 5
EHAMBE L, ZOJEEA->TL X0 & IzIF
i Th -7 (Fig. 25), 7 O3 o—ih
H2AKZEAH - TEBRM LT ent, ToOMBEAL
I EAEPNEL BRI ME LTE Y, o
s ZrCuwic (Fig. 26),

25 26

Figs. 24-26. Germlings of liberated tetraspore mother cells in Dictyopteris divaricata

cultured under continuous unilateral illumination.

figures.

The light source is in the upper part of
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Iwamoto, K. 1984. Geographical distribution of Prasiola japonica YATABE in Japan. Jap.
J. Phycol. 32: 167-185.

Many field surveys and collections of information on Prasiola japonica, a green alga
growing in mountain streams, have been carried out to obtaining its exact geographical dis-
tribution in Japan. Ascertained localities were plotted on the maps. The habitats of this
species were restricted within the following four geologically characterized areas: the area
composed of the Paleozoic or the Mesozoic strata, the volcanic area, the so-called Fossa
Magna area, and the area along the Median Tectonic Line. Among them, there are two
main typical patterns in distribution, the one forms a straight line along the Median Tec-
tonic Line in Kinki, Shikoku and Kyushu districts, the other surrounds the Mt. Aso caldera
in Kyushu district.

At the localities in the ancient strata mentioned above the chert rocks are abundant in
the river beds. As the result of the investigation of the properties of chert, it was pre-
sumed that the joints or the fissures of the rock are convenient for fixation of Prasiola
cells, and also for survial of the cells when the rocks emerged from stream water.

Only the Chikumagawa river system with localities of P. japonica in Nagano-ken flows
into the Sea of Japan, and the others flow into the Pacific ocean or the East China Sea.
But it is not necessary to pay special attention to the fact, because those in Nagano-ken are
located within the common ancient stratum, extending from Gumma-ken, across the ridge
from those in Gumma-ken, besides the same kind disposition of localities has been found

also in another three areas.

Key Index Words: chert; Fossa Magna; geographical distribution; green alga;
joint ; Median Tectonic Line; Mt. Aso; P. japonica.
Kozo Iwamoto, Laboratory of phycology, Tokyo University of Fisharies, Konan

4-5-7, Minato-ku, Tokyo, 108 Japan.
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Ehr R, BBCHELTWS D5,

) FBLEEATTEHEE, KR, MER: 53k15
£0H BN/ YV DEEMT, ENOKFEDILH
WL OEILE T A OMIK T, =EE (1911), =
(1913, 1926a, 1935) DI B 525, B (1926a) 2%
BHZEE LV, BRA976) 1 L hid, BEDO IV
i, BIE» S REOMTh - 1eh, Si13e
4w, ¥k, bLABEThIIEBKRKILD
THHH5E LT\ 5B,

B0 FREEBERN : BELNIZHORN DK EHES,
TFENOHKT, BHEOEHBHRIEY 13, T
IVAEBT S LOMEOR EREBTV5, B
HBRIISHFTRTHETH D, ZORNNEIOAS
TN OFRICEFED % =¥ ~ » , Y (Bangia

1) REEMITEKK HH

1) FEREIKRSEEEERHY
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atropurpurea AG.) H4EF T3 (MM 1944),

(38 FAEREEREIMTEGL : HERE (1976) 1 X iud,
BRI 7 v & LTBRIRICEE Licht, B
Lichb LWt b5,

09 FIEREEREIETAIM : 2R CRIEA DSBS
KELTBOLIBFHAL T~ 500m fizofic
EFETD (BIR 1976), dEEFETLmER4TES Aic
RALEHHELTRELTCS, BEK L
19804 9 Ao =E % FER L1,

7. #ME (Figs. 1, 5A; (0~

AROEMIVCTRIELKUSICH B &R

T xS HIBNTY B 5,

) BLETEENI DEZHE: cothorvy /Y
1%, YaTaBe (1891), &mE (1911), # (1913,
1935), #HAR (1913), 4&# (1928), TAKEDA,
Nisizawa and Miwa (1967) /e S icB#r 5 5
25, R o Fill Q979 i Ly,

Z DRI B B i R E L BB R O K
NI VDREBFETDZ LR ENLELTHD, &
SBNO N 7 7 ) (ZBT0EROBEM S < Bx
HLicZ &b otent, BOBEEBELTSHILE»
T35,

FEEUD A A7 7 VDR L LTHT T B
RHE, ZME, HEEEO MM A R + 3
(EFA, FEFE8HET) © p.38%4 KAbh3
7y, BEEEAN (1953) i XhuE, -5
L3, MAEDETEISB E VD, FHIZLTD
HIKBE b bicv] &5 5,

) BETHAMAEREAR: KENO LR CRELE
FEF LTS LOEERNH B HZEMITHTH
%o ALHEELTIERAN)RHBDHTH S,

42 ERECIEET-EE . RS AL bR
H % lE ) B3R TR (1954) 234 Lic, EEn
1964E Bl THRICEHR T, HEIIER (19584
9 A26H) DEINKIER LTUERShAL
olcbDZ ETHotco LML, MEDKE »
Figs (1978, 1979) D& X iuE, HBUDAEH
HAHEX5ThHb, LrL, 1978F 1 A13H0HT
KERBHE CEFT O —AMER Lic L LT
%o

Wy HEITENRIRG - BETEFRE : B - Fil (1979) p3
FRE UIcEM T, Btk s oo
BTz S E CHEIIR LS TS 5,

W) ST ESRE : O THBEBHET Scenedes-
mus obliquus DEEHABRY I T BKRAD

WHABEXRE®D, 777 VEFOBHRIFLT
WA, KR < Bk (1978) 233 LSS L, B
Bz, © 0 EMER T B AN ~A B B
EikTH B,

8. EWFE (Figs. 1, 5A; us)

AROERINEARBE SH, FOZHRFMIIC

ABHIINNCH 7 7 ) EFET 5 2 Lkl (1949a)
LW AEERh, ThETHABRESAICAS
LigwEDERM L Th, HHNDA 7 7 vk
EHIhB X5k o,

Wy FEEARRMEANT K BR : BEIL (19492) i TER)I
REKD 1219384 8 A b Tl )l Lo g3t
CHA7 7 9 %FERL, RS ZOBHc+HomEL
7- gametangia # 35 Z LA FEDHBh] &L,
Wk rcom#ilt+akxRTUEsHER
DUFNBEOELDOEFELINNC, A7 7 Y OERRD
HHITREKE] L LT 5,

EEDPBRINE»BFEFFLLEO—HE5 1 HTh
E T S KB AR CRENL LD 7 7 ) 2R
NEXTWBEDTEDHT 7 YW THENMD
BAYTEIRITE LicD T3, (i) YDA L
WETRLTCLEVCEDOFHCID Y TRA] &
®Y, RNKOERIBARTIAEL, BARBIZE
S H 7 7 Y BWEFTHrEIEXEIDDI
DOREERTH -T2 ERFRCEET 5,
IR i3, ZOMOHMTHEERML VB
BEORFER T EHEBI LT B0, FlE- B
A o AR (1983) 3, HiTT O 1455 P KA 19504
EHMNOEHF@INZROEARIN & F BRI A
BEINCHT7 7 IV PEETHELCEERY D LI,
CO2M@FERE LA, AFRROA -1
EERB LI, SHICAKRRS, PMROBEFILK
FL, HHC OV THEEE ML TV5,
9. ERE (Figs. 2, 5A; ue~(8)
AR 3 EROEMITERILBENO EFIKT, T
NTHARDEVHBHHE TH 5,

we (LIRERSE LR R, PR : BRI LR OMURT,
YEE (1911), 3 (1913, 1922a, 1926b, 1935), Kith
1957 D LD D D, PTHARMOEBRIZFELL,
BIEER®, »OT, ZOMTHHbhENERED
BEEZ DT LEBCLER LD, ¥, Z0
#HoHn vy OEFERETE (1926b) 1L L,
R RES)GEFOREERLLT, #7/)Y

1) ZEBXRFHE
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koM hiic b BEETH L, EFERHEL
THBZER Lz R BA IR TV, Zhid
BRICER LBRIORHETH D, th, BHEE
Bt H 77 VEENDB L CHRBEREYTHOT
Wi LR L2 2 A BB h T 5, 1972
4 8 A BRKR L BEHMOBRMAHRK L OH
TN X AEHRFTE T, B EARINCHELSED
hv ) OEFRERT D EHHK,
U ABRBRRAKE: HENOZHRREINANES

FAAEST DAL THRAY Lkm ZOMT, 4
BFEIEL L,

FHERE, conn v /) YELEBECHE
LTWaBadihils LTwb, Do
T3, IO ZER MO R
FHOTMABINITH 77 VH, hOTKBCEE
Licz bv#Ex by, BRI EDERITE
e\,

11. =&\E (Figs. 2, 5A; 61)

KENHERT, ¥ (1922, 1926b, 1935), Kib ABOEMTIR LEART, ZZTREL»LRM
(1957) W3 L\ A%, (1922a,1926b) b %, & LT e, EEHLE LTS Shic O s
BAHE (1891410 28R) DK T—Kn 7 / L

YAk Licht, 26,27 ERGBLTEIELCLD 61 BAECEERET . Rt BIIZHO BRI~

%,

08 IEBERBAMNS /A RO /NE) SR
TRIE1954) OHENRDH Do T OWEITOHE
K—RkEKOHMBARCE S TH Y, 3EHROLF
HEBIE 2 VAT, AREMFICEET Lisw
Lhb, —F, KABNIRKEDHBLZH
EhHh, BREDEAZELELIESTV 5,

10. #EE (Figs. 2, 5A; 9, 60)

AR EEROMBIROAMY, ATV Y DEFLR
B2 o TWB LS5 TH LMD, ThITOEE
FRRLEE r FERBBHAICDH Y LT HHIR (1973) DR
BHME—DHDTH T,

w%$8ﬁmﬁﬁ%ma,ﬁﬂvﬁﬁ%ﬂ%%ﬁw
FHE—RED ORI TEMAEY Lic, ZORE,
BEEEAE KT L AN ERORIKEAHNICE
MR TE I, ok, PHERCINEEH aﬁﬁﬁuﬁ
SCREBNEA 7 7 VBROGAREDZ L THD, T
DEWFIE OHERIHES\T, BE 1980) DE&EH D

AN BT, Kt (1957), )
(1969), Eil (1975), =@ER (1976) DELHE L H
5,

19764 8 A DRIELEWE R TORAEDPER L LT
FE Lo  h i RIS LT OHEKE
KP o b Ei.

ARAINEINCR > TRA E#E» S OEET
FOLWIFEDI D, BELSTH T/ ) 3B
LiceDz & T, FixDER ECELT2RbNh
BRETH-T. LHLEBRERCH »TchichD
B L HUEARD BRI,

Z OEMTHEILRIAGHE CHE R BRLR T Gk
#1 1969), =R MK —H & BEITM RS B
RBIE RS MIRICIERE Licht, TOBEHBDNVO LD
, A7V DOEFRIFTCB (ZER 1976),
L, 1978 1 AOBERKENLLOBE T, »
77 VR LD L ThHDB,

2. R (Figs. 2, 5A; 62)

%o EAE 2 IR ERRO=ZER L ETH KB 7 RO
49 SEEERKEITEE & HF « REN DR LA FEE W TH %,
EMpEh, RrEE - SFRERBEN AR & 7o 6 HFEHEIERAZB (LBs0id) « Mk (1952)

TWb, ZOFHBHNOFER/NOFE LI PEOE
BREDR LI, s o LTHiMRE LRGBS
POBIEE LIcb OMNES LICTTHEN D5, B
JR(973) OFew, PR XhE, KEOHF
THY 7 VEFERL, ThEx@ricdvicz
MHBHDT, AKOEERNTHAY LD LT
H5o

60 REMEEOTHZAE : FloLET, Zollio
LRCAKREDFHNAAYD B, £EFHTLAZ

NE LD TEFNANESARNOAEREEL L
TEBEHAT 7 VOFELELTHBZEXRL, b
KD 1974,1975 D Bk H 5. ¥ o, @R
(1982) L B X TR LT\ 5, BEIERROK
RiLEWEE LI > TV 5,

TZTEETANER, ZOEMIIMFE TV H
Skt (Median Tectonic Line, Fig. 5B) iz
S T ALE L, BRALROMBTHIKERE
LT\ %,

) TEyHEREABRHR 1) ESIRERE B ARFREERE
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13. fEEE (Figs. 3, 5A; 69~67)

AR S @ERToEME, 1@ BRI ERT, i
HEMNKRCAHT D, TRTCPRBERITFETTS
BAROMBIH TH B,

63 BETEER_ERSET AEHL: B (1913, 1935, 1936a) &
Il (1968) D&MD B, WE OFIKED i
19614 CHAE L, WED = v 7 Y — MK
DRKECHA T 7 VDREEL WD ERFERLE
(F13)

197248 8 AiTAT » 1o EHMAE TIXHT O ADE
ATz ORKEEXRIcH, KEEIH 1m, &
HAOEKROHEY S sk, KEH 20cm,
REANDLERELONBEBOER TH oI &
DRBOKEKEZ, BVCATIRE 2~ b, 8
MTH, RNA—PEZE>THICAZHE IS
Chy 7 YHBEAEALT, £F LTV AN
ERIOBFPLBREUHEDO L CTHD LS TH-
1o

b6 MEBARFER, =%, MR, BF, WHH:
RS AEM & 3E LR S g T, 7T (1935,
1936a) & #ZIL (1968) Dk H B,

B9 FREEARRF KA : B (1935,1936a) L1
(1968) DHLHH B D H THIKI R, HILK
(FILEKR) Rz DDH 7 7 v & RO
v —OKBICBE LIchVER Lith ol
(21l « Frilt 19675 #2101 « A< [H 1969),

66 MEIBARRHEE: FlncE VB TEZIN
(1968) DML D B D FHo FMTH,

67 BEERATAFES : 3 (1935,1936a) ik, Z D
 [EME EARFEHEE RN EROZW) 1 &
LT3, BER266E, 2FEDTHREBEHRER L
D, BFERELOMTH B, 7k, WHEED
BILLBbhb, BUE, BHIBEE I
BEBAETBLOZLTHD (KENEBEEAE
FENHE—KDOHERE),

14. @& (Figs. 3, 5A; 68, 59)

AR DOPEH S RSN - I (LBIL H B 1w,
ZRE, HEEROENL LR LYY, &
THBRE

68 FENHIH : SMERE OFHc S H
(1935, 1936b) D & Tix RN L OEILIA
HiT, BiLoMEGHIEROMFE X hixshic
EHFEHS LD D, WMEME SRKEVESE L

1) mEERKERRGR

feoTWAHBEEB LTS, #7 /7 VAFELAK
B L OBRC S IRBOIHER L Bbh 5,

69 ERAEBI ST : UG EEOE RO
PN A LB (3 1935, 1936b),

15. k4B (Figs. 4, 5A; 60~62)

AP DEND 5 b 2 EF» B S HEIK
FOREMNDO EHUHRT, xBIFECA S KFIIOHE
WRT, F#AGHLOILE BT 5,

60 FKERFRIAERWT ILGH : =@ (1911), 3 (1913,

1935) D ZTHRE A,

610 EABRERAUENTEF £ 3 (1913,1935) DL THIK
PN

62 TEARRIKNTES B (Osiod) « KEFIIERK T,
A 91L), #(1935) D HHHY, KTRIX
MRFI374E 2 A1THA T (BRDH 7 7 V] 2RO
KREEMIEE LTS (KOBREEEES
1971),

16. EigsE (Figs. 4, 5A; 63~65)

AR 3 BT OEMIIREARTICEVIIET, T2
BB LERBCEDBKLEEBLRD Y, AKED
BIHLPECEHILAY D B,

63 PEERFESE T-RET - FH I B oS TFRIIN
PEHT, H1(1935) DN D B DB TH - Tehs,
1975 B MM D H 7 7 Y WRENAFTE,
Lichio THYBEOEF N I 1 S,

W I KR OBE LR UL, MEAHILEC
g3 %,

B9 TEEHFECHEIE R R AT, AL, THER: §iE
MERDH v /) ORKELEWiEER BT T
T EFT B LRI TN REEI
R¥bitu,

1977 4 2 @ #19C © PEUTTERD & SRR
K2 hHboBEr kb, Yo EI IETRED
X5 ThBZ EHNHBI LI,

PR g, WES 7 2 VMR OER
B Hdehs, BERERO 3IEMcRbhsRBER
W Lok, BFKIERIGE R b BEEl
ThHrHHELT5B, I, BMORMERKS
LIIMBROBEY 515 L L b, R
RRKE EBELRBEKND D, NoKEFEKRER
EHRLEFE O THRICH 7 7 Y NEETHLEOH

B,

RO OEMIE)IR O _EHESE £ & O

1) HENEEZAK
2) NHK EBHtRE
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T, FUHILERORR %L A TRARARE
Ri0H v 2 Y E (Fig. 4; 69) LHEM LT
%,

69 KB EHE : Kith (1957) A3V TV BEH T
BB, BAHKBINIIE THTHD, DK
FRRIITHH L L, BRSELRT, AAK L
2~3EMTHEBLTWAL LWL, ARALELT
WAHBETFIEWEDOTZ L ThH B,

17. fgAR (Figs. 4, 5A; 66, 67)

EE LT 2N S 505, 50 d 0r %)l
7YV ELTHKRERLRTH S,

66 ARERRAER, AHETF: RENOFKERAAR
MNOBHIRT, TABE) AARERIE L LTHT
TUVBUMACREEITE . OB, BHRDO
HENOEME L b, BFYE, HEYEWT
AN R SHRESERCR - TH 5,

197742 QO RRBEERREH LOEHK T,
HY 7 Y R RENE 2 HAARNZHICE <CHE
ARINEAEFINCKETIERECAEFTH LD
EThb,

60 ZGri KR . FIRENT & O R b HFEEL, B
FEoB X v I 5 HmEREERT, &
(1911) OFEHE AT S H\ 2%, BE LV D5 (1922b)
T, ZEMERNINSFEEICHE « BHE LXE
3 A LT, MMM L TBEROE h BKCE
THLBEHRIBRPOEAOEALMECRE
LB E BRIF e h SEKTEBRE 7o 5 T Ui
RAETHLORIBHTHC LTASKERR
hl LT3,

Z D%, HA)I1(1948), #5M (1948a, b, 1956) D
EnbD, FCAEE, YaBE (1932) 2345 Li-
AV Y TOWEEMREERETEOEEY, Uit
OMFTEER Lick, R TOLBERIEY M
et EaN

18. RERER (Figs. 4, 5A; 68)

AR OEE, EEE QL) A AIREFREERN %
HIFTCHBUN, KR TOETET5RBIRYS
T\

68 BRI : KoK, RBARRO @M, iR
DANVFSEDCHDHZ &, Fi, HARRPLEHE
BoOpEmd K ThHZ brELD L, HE
K ALTFFRETHHRRHAVT 5 ORI
BT 5 MR DR s v 2 WV EFT A, X
BAE LTSRS EEZLbRD, 2Oz &
b, 1976F IR ERIFBEEAE HHATC

SRR, AEHBIIFERLGRAN LA
bbb, 77/ ) OEREI—BLhh T
LOEHEERB T D,

T2 S ERIE P s AR (1954) 2348 U= BB DB
ARG, ThiL, REOABCHIEN G, 2
DRI A D L L hiT, HNEORRKEL 1983 £
FUFAE Lo, RADOMRELELRIh i
Thb,

II. S%H&HE - #h & ORF

AECO8@RAT DM D 3 0D 2 X HENKFROEH
ERB A HERCTHERDOE CHBHERNCH D, =
NEEMCRET B, chbEmofE (Fig. 5)
* AAMER GhEMER 1971) L L THRB &,
ZRENSEEY ETAMCTHT TOEMA, PRiE
&4 (TAKAGI et al. 1963) i - CT—HEF{ Lt s
Zld, UNMERLZER D BT X 5 CERSME LT
WAHZ L ENEDTHRNTH S,

DT EhD, BT 7Y EMOSTRALME - it
WholETHE, Hv /Y OEMIKCHTHMHED
DOHIED— 2O =2 EcFZ Y L-FTeh 5 (BA
« BiE 1974 ¥ —HEE),

L HAER PERomVGBOBEHT 5 (u
M, ME, KRR, KRR, HEK, HER, ¥
BE, REFR),

2. hREEERICIR - ol IR Ui, TE,
=RE),

3. KLAZOMIE (FMEEk» V575, BARAINVT T
Ad, ELUAED, Bt o KkuEd),

4. 74y e =AM (HRINE, LEUE, #
) o

X, A7 Y DEFRECOWT, @K, HE
i, ARG LoWE, (LEMEERDOBITIT
bh, B Th, Fiw)ll (GHE 1956) R ERIN (ki
1957) D Zh b LA, ¥, Haii
DERL, HVHIBHE TRASSEKENS VS0
%, BEMELC L xH(1935) 13BN TV B,

ZThTit, FERTOZhETCORETHBE LT
BHENIKRBEESE, H5\ITHBRESEO R
REBERIBLL IR TOBHTRTRTH Y /2 ) piE
BEahEVS L, HELFLIZSTilEl, 20
Zlik, RAUEMTLH Y 7 )EE LTWAHRIEMN
BOTREINTOAREXEXIHALNTHA S,

LichinT, #7977 ) DERIcHFHHTHICY -
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Fig. 1. Map showing the localities of Prasiola
japonica YATABE in the Kanto district and its
vicinity. The numbers, 1-45, denote the locality
numbers.

Kinoxaye &

% d

Kumanogawa Riv.

Fig. 2. Map showing the localities of Prasiola
japonica YATABE in the Kinki district and its
vicinity. The numbers, 46-52, denote the locality
numbers.

Shimantogawa Riv.

175

Fig.3. Map showing the localities of Prasiola

japonica YATABE in the Shikoku district.
numbers, 53-59, denote the locality numbers.

Ohycdogawa Riv.

Ohnogawa Riv.
V

The

Fig. 4. Map showing the localities of Prasiola

japonica YATABE in the Kyushu district.
numbers, 60-63, denote the locality numbers.
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Table 1. List of the localities of Prasiola japonica YATABE in Japan.

9L1

Districts

Localities

Courses of streams (River names)

References

"3 ‘OLONVM]

(1) %hégﬁﬁ%ﬁbi%-machl, Shioya-gun H%l}:(llgawa HicasHr () 1935
(2) Akadaki, Yaita-shi Seifiitisi& ' Arakawa )il | Nakagawa HicasHi (%) 1935
{ BREI
(3) Various places at Yamagata Farm, | Uchigawa [JI| i
Yaita-shi Z24izifi LI B35 0 & it Miyagawa &Il
Ty%cjl?é‘.n-ken (4) gégﬁag%\nm?chl, Shioya-gun Nozawa BFiR YeNpo (GERE) 1911
(5) il}(ﬁu.%ig‘?%l&%ura, Shioya-gun Hicasni () 1935
(6) Kirifuri-kogen, Nikko-shi Narusawa "§iR | Kinugawa
B ¥ B S Akazawa #HR | BRI
_ T . . YATAaBE 1891, YEnDO (GEgE) 1911,
@ *gl;gf;;g;l;;h*' Nikko-shi Daiyagawa HicasHi () 1913,1935, YABE 1932,
s e T YABE & IsHn (&£H « AF) 1936
(8) Ohmama-machi, Yamada-gun Kodairagawa Y ATABE ISQi Hicasul (3) 1913,1935
(LI AR K f 2 WY 2 KoBavasHI (7Jvbk) 1966, 1969, 1970b
Kawauchi-cho, Kiriu-shi Yamadagawa | Watarasegawa
AT )1 Pyl )i R
Umeda-cho, Kiriu-shi Kiriugawa
A4 i K T Lokl
© i%%%%oir}:;?i' Agatsuma-gun Nyagrg{e}z'?wagawa KoBavasHl (/MK) 1967, 1970b
[l
0 Grogemimury, Kiegummagun | Maskizawa  Ageisumagave Kosavasht (hit) 1970
Yoshioka-mura, Kita-gumma-gun Takxzawagawa Tonegawa
Bl e Al o R i FIR 1|
Gumma-ken X - - - e T
PEE L ) %I%[%O%ng%ﬁ}l, Gumma-gum Shl;ﬁkawa KoBavasHi (/) 1970a, b
1009 218 e
Haruna-machi, Gumma-gun | K
TERR AT %’J‘I’f“gawa




(19 Matsuida-machi, Usui-gun
TR ERAAFF mny

Iriyamagawa
AL
Usuigawa

91|

H

13 Mmammomakl & ngashmomakn,
Shimonida-machi, Kanra-gun

HERT TR EFAC » SRR

Saimokugawa
ol

Yoshizaki & Kuriyama, Shimonida- T

KoBavasHl (/\K) 1967, 1970b

YENDO (i) 1911, HicasHr (3) 1913,
1935, KoBAYASHI (/J\)f*) 1966, 1970a, b

machi, Kanra-gun
RRCFCENE Kabursgawa
Aokurq, Sh_lmgmda-machl, Kanra-
gun HRE T ETH Nammokugawa
Nammoku-mura, Kanra-gun 1|
B ST G
4 g:;g?nglf:hli«aﬁg!(af:m -mura & Kannagawa HicasH1 (}‘a) 1935 KOBAYASHI (,J N°9)
SHUFERJTHNT « FF'EH o LBPAS P 1966, 1970
(15 Nakatsugawa, Ohtaki-mura, ! Nakatsugawa
Chichibu-gun BAC RS K EH e Fhie)I| Hicasur (%) 1935
(16) Hndanazawa Ohtak1 -mura, Hidanazawa . _ -
Chichibu-gun I#ACL‘IUC(EE#‘IK ﬂ'd‘ﬁ By Irikawa AJI| YaTo (425H) 1954
(I Ohchigawa, Ohtaki-mura, Ohchigawa Tokyo FoRESTRY BUREAU (RREKE)
Saitama-ken Chichibu-gun BIERKHEH Kl Al 1963 TAKEDA et al. 1967
K . - o
! (19 Chichibu-shi BAZili Arakawa 31| | HIGASHI (%) 1935
“Tokigawa ‘ S T ) -
(19 Funanosawa, Tokigawa-mura, LN SAITAMA-SHIZEN-KENKYUKAT (¥ ERBF
Hiki-gun JLAEBERAEI K44 DR Kggsigiﬁlegawa 7e£x) 1970
N I " Namei-— i Irumagawa -
™ Y, ogwipws lnmagin | Noguigave 8 Hanon (1) 199
@) Kiwazasu, Ohme-shi {7#iiliis ﬁg{%f}ﬁawa IwaMOTO et al. (E4fh) 1983
) ]I;llyzilkkeﬁja’?af,-Okutamafm’aEBi, Ohtabagawa
is i.t‘ama-gur_l‘ o KN Iwamoro et al. ($A{l) 1983
VU SRETRI SN S TR | Irikawadani
93 Kotaba, Okutama-machi, Nishitama- A% FUJIYAMA (%[JJ) 1949a, IwamoTo et al.
gun 71 % HE TS L T ) Mitsusawa CE )
Tokyoso O Farious pleces at Nippers, - Nipparagawa HicasHr (%) 1913,1935, T al
A . i Nishi . 5 , TAKEDA et al.
P Okutama-machi, Nishitama-gun B Tamagawa | 1967, lwamoto et al. (&4 f) 1983

75 2 1% B UL S BRI [ 150D &

Sl

Do1uodol pJoISDLF JO UOTINQLIISI(]

LLT
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Districts Localities Courses of streams (River names) References
Tokyo-to Hik Ok -machi, Nishit - Tamagawa Yenpo (EE) 1911, Hicasur (3) 1913,
(continued) | 7 oo ORitame mach, Nishitama 1935, IwamoTo et al. (E7fi) 1983
2 Yohsawa, Itsukaichi-machi, Nishi- Yohsawagawa HicasHi () 1935, IwamoTo et al.
tama-gun 784 EEERA. A HET R FRI (CHAfh) 1983
K - Akikawa FKJI|
@0 Various places in Hinohara-mura, ita-akikawa e 1983
Nishitama-gun 78 & BEIRGEMNO&H | ALK Iwamoro et al. CE#*ft)
2 i}:ﬁf’ izl;:z;v;,i.Yuar:nakita-machi, Nakagawagawai:Kawachigawa |Sakawagawa
R LELEH BER I el 45|
29 Ohyama, Isehara-shi 84K O;E‘ﬂfgawa Suzukawa £/l Kénﬁar)rllle gawa
80 Kansukorobashizawa, Moroto, Fujikumagawa
Hatano-shi HERE)I
Kanagawa-ken EHHEEH v A2 0 VR Nunokawa 7#fiJll | Nakatsugawa
HER MR . Hayatogawa el
@) Isezawa, Tsukui-gun #E A HERFZR $y}_:. Jllg
O AT pmact, Tsukul-gun | Kushikawa HicasHi (%) 1913,1935
39 Aone, Tsukui-machi, Tsukui-gun Sagamigawa H ) 1913, 1935
. $ i 1IGASHI (B N
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Fig. 5. Map showing all localities of Prasiola japonica YATABE and the main geological struc-

ture in Japan.

A: The numbers, 1-68, denote the locality numbers.

B: Four places (45/14; 50/

51; 58/57; 66/64) where the localities are located both sides of a ridge respectively.
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Fig. 6. Diagrams to represent various habitats and growing positions on the substrates of
Prasiola japonica YATABE a: Longitudinal view of a mountain stream. b: Longitudinal view of the

dam. c: Cross view of a mountain stream d: An irrigation canal built of concrete.

thalli. W.L.: Water level.
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Ma, J.H. and Miura, A. 1984. The pit-connections existing in leafy germlings which
developed directly from conchocelis filaments in Porphyra tenuipedalis MiUrRa. Jap. J.
Phycol. 32: 186-189.

The life history of Porphyra tenuipedalis is different from the other species of Por-
phyra. It is characterized by developing directly into thalli from conchocelis filaments.
The writers observed pit-connections existing between the cells of 1-3 celled leafy germlings
which developed directly from conchocelis filaments, but the pit-connections disappeared
after the germlings grew into 4 celled bodies. Each cell of the one to three celled germlings
are different in size. They grow into multiseriate leafy thalli through uniseriate cell bodies.
The conchosporangia formed in most species of Porphyra have pit-connections between the
cells of the conchosporangia, therefore 1-3 celled leafy germling in the present species are
considered homologous to conchosporangia. Consequently, the present species does not form
ordinary conchosporangia.
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Porphyra tenuipedalis; Rhodophyta.
Jiahai Ma and Akio Miura, Laboratory of Algal Cultivation, Tokyo University of

Fisheries, Konan 4-5-7, Minato-ku, Tokyo, 108 Japan

HAH 5T =, Y (Porphyra tenuipedalis MIURA)
i, ERGEVARGHLEERETL, 7=/ VEDD
D LE S TRRATERSY IRRTFOMREIED A
L EBRRHRATVLS (Miura 1961),

AR D IEIR D REIL P. cuneiformis izo\T
KRISHNAMURTHY (1969) & & » TH&E I h T\ 5,

7 =7 VRO KRGO MR LR T EEE
55 & A ROSENVINGE (1931), DREW (1954), TSENG
and CuaNG (1955), KRISHNAMURTHY (1959), Mi-
GITA (1967), BourNE et al. (1970), LEe and FuLTz
(1970), WEH (1978) s LT X » THERIh TV 5,
75 % RosENVINGE (1931), DrRew (1954), TsENG and
CHANG (1955), MiciTa (1967) % X O%EE (1978)
fe iSRRG o il T, BIRTFED MR
CHEETHZ LEHRL, ELRRLTV 5,

R A H T T < ) OMIAENHROBBIC
B ORRGEH SEERE T 2R GBS F TR EH
WPFET D LR RBR LD TCUTREET 5,

mHEHEF %

AR RIFEFAKEA LR ERECHBRES
hTWB A4 %557~/ Y Porphyra tenuipedalis ©
7 ) —%RGBE BT &hic, BE 23°C, 10K
FEIRS 30, L4BFREEAN (400 lux) CEEBFEFEIh TV
MEHE Rk 15°C, 10 BERIBEM (6000~7000 lux),
4% oE A ER&GOEREREENCEL, K
MeBEILE D2 1L A7 5 A 2 BV TERKEET
BLERIST, RRENSERGLPEERF IS
Rk | MBI & 10BN & CRER T, %
TEERGELRRAL THD, ERGORRTEORSY %
Thos5L, BENISHERLAERTFEYASI LSS
AREEL, BRLAVIO>EEIRT, ko0&
RER&HT CHEREY TR -, RRTIXFE
LT,

LB oZERGD A L RITRFE S L ORIRE
AN TOEE e T2~ A EE LB WTEEL,
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Figs. 1-8. Germlings and young thallus of Porphyra tenuipedalis. 1,2. Pit-connection existing in
the leafy germling of 1 cell stage, an arrow indicates the pit-connection; 3,4. Pit-connection existing
in the leafy germling of 2 cell stage; 5. Pit-connection existing in the leafy germling of 3 cell stage;
6,7. Pit-connection existing among the cell of leafy germling of 2 cell stage and between the leafy
germling and conchocelis filament; 8. Young thallus of 4 cell stage;
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Figs. 9-13. Young thalli and conchocelis of Porphyra tenuipedalis.

‘9. Young thallus of 5 cell stage; 10. Young thallus of 6 cell stage; 11,12.
Pit-connection formed after germination of carpospore; 13. Pit-connection
existing in the filament of conchocelis.

ZDOMEHI TR S WiTTMANN GHE (B~ ~ b (E2 i Lalofl & esefi L,

FYV VK m T~ AW THREDERBIEL . B

X PES (ProvasoLr 1968) # Ji\ 7z, PES o

S ) Vi 1LY 2 il BT (W ly -~ i *‘E % & % g

DI VR PR o B C K UARAFE L A ifiik

¥ILFGAT 54 3—7 4 L%~ (WHATMAN, G. hAHFT =7 ) OMEILERIRAA 10L: 14D,
F/C) UL, Mm% 33% wiillts, g 6000~7000 lux, 15°C >fg HAEHR S0 F CHET % &,
B (120°C, 1%H, 20min) LThbHu i, Kk F910~20% B 1 SRR AR D 55 4 D Kb & B W IRl
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B & 15 0BRSS 2B S hic, < OBIR
BRSO HUERLT, BIlMlakixETorIMak s
78 D I3 30~40 cm LA EoIERFic A R 5 2VE
HBELHET L3l TiiE L Ry ko
fambig>Tw3 (Figs. 1,3,5,6), ZORFHh%xE
FLRALBELI L ZARFHE REOHET HE
SEFEHEAEKOFEIHER S h: (Figs. 1,2), ¥
o 2 ~ 3 fikans & 7x B FFE b o Mbakhc & R E %
PER It (Figs. 3,4,5), 2~3HMkalioRiFs
DM E RO R B E#K T AR D 4 MR D b
DX hEEETAkE (Figs. 6,7), LRkl
AL B D MRS & 72 B BIIMM A SRR+ 5 &

1~ 3 MRt M AR & h T AR 0 R
HENRBERELTLE S, UBAUERIHEA THTIE
R RET IVERMEEEI TR IR D Z ikl
(Figs. 8,9,10),

—%, EdoIERGEIER L T30~40 cm LA
L, AL CHELCRRTEERL, TORYEGR
U HER LSRRGSR LM DLW TR E#K %
BELL, RRTORFHCE - TRERTE®RE
FEELHERT OB CEE LR EEK L FEEL
(Figs. 11,12), HHERHO R EMBRECTCIRETY
BEEVLEET D LR SR (Fig. 13),

BMTELERT A7 </ U IREDOEE TSR
FEOMRM S L USRS E0 KR Mla Rk R E A
WA IEET B (ROSENVINGE 1931, DREW 1954, TSENG
and CHANG 1955, MiciTa 1967, $3H 1978), AWzt
THELICAAF 57 =/ U TR EDREAE
LE#EA Ul 1~ 3 filah b /e 2 IERGYTFTIIAE
ARG R MR RO R EER P FEL, £
O RIFEOMMIERT UK TA & SRR 4 41
LA D BElMk L 12 E L HET S, kX1
~SHR D Rt D B R T E BK L AR
DpiciiE2c ik l, BEAIUBIHERL TS
IR G5, 4 Mg 1~ 3 filkalthc
ELTWRREREEE T2 EALTLE 5B
DNTIEEL bbbty Ll 3dlllE CoRFE
GRREREEEY LD, FOEHERC VWb BIE
REDOFE b Bifcd o & 3 Ml £ CoIER G
IR TELHRACEBRIEI B EERLTVSH0
LBbhB, TOERGIHIELHILBRITF OB

HIm@RD LRIk - o,

KRISHNAMURTHY (1969) (3 P. cuneiformis iz 3
WTIERGIRIRGBODEERET S L XBE L,
COBHTF TR R FREIRAFLRBLA\VT

CFDFFERGBAREL TR H D LTRSS

BRERGYECERTHEHEMLI LrL, P
cuneiformis T Zh bDREFETOWTEMERESK
DEELZOVLTHEIR TV AAWD THIRLTEX oW
BheEd, »4#757=7 0 ERAL XS CBETFRC
HRAOERGHHNLERGIRRET A IDLELD
h5b,
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perforata J. Ac. Phycologia, 9: 79-81.

DeErw, K. M. 1954. Studies in the Bangioideae III.
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BODZZE Yusho ARUGA and Masako OHGANE:

Changes of the harvesting

boat and the harvest of Laminaria in Bretagne, France

T7I3YVATRINE—= iR/ =T 4~
7T, g {wwa v (Laminaria digitata) |3 =
=% v (goémon) LIFFHTIEZh, L LTTA
FUYBOBFER LT B, 2D “IT=x VEE" O
FEECEFHHELL, FH (1 v—-Xv) ORRET
# 60000t (4 ) E/-ix %9 6000t (HE) L\ bh
b, EEOOL VALK, (M) BLEMORBmER L
LCLIRELI~12R1c#9 2 BRlichich 77 v A&H
DEEHEBITOPEMER, KFERErEboTELA
FOFe 2 v 7RI\ T Centre Océanologi-
que de Bretagne (Brest) o Pierre ArRzEL Kb
Hk 5% R ¥ B Bex B, TORPLEH
(ArzEL 1982) % & L1, =% VEZIOWTEN
Licuy,

1. BEEXOES

75 VADGEEECIBREOERND B, HEN
TENCHRM bR I-DOIRITHAE DK b 2 bT, #
7 ABLGEC LR Y — FREBBIDTH o1, EE
ELTRHEBMIERTH o 1ehd, ¥ — FERBEDREL
(1789) Tfafa iz b, Lo L, 0%, HEH»H
YR LD TEMFIBE FEREHR (1811), Con-
quet WERFIDOTHHIRE T bhic (1824) 2%, #EH» b
29 Fxh TERNTHE LicDIX19554 ¥ TTHh -1,
FEETIE, 1MBFEECKERE O R THFEIEA X
Hphe, 19654113 52D T 10000 t DHGEA K
5T\ iz, B7E, Landerneau ic %% 1 T hifgEmD
¥ 1500t ML LTWB5, F05% 400t 15
EffbhTvb, Zhut, I5Efi»bRERARD
HEN6 TN Lic s L ERIEM D D, 54 XD
KEWANZD LS HRRBLTHEIC LD Lvwbh
%,

SH, T2 VvEERTL LT v IHb0T7AF
YEBREC X > TR Ico T B, 7TAF vERORE
i3 STANFORD (1884) 1= Xk » TR I hic i DT,
TAXVEETEL LTEYBRb Lk 0131924 ¢
Borh, RECHEBR LLORE_RKBETHB, =
ORI S A E T =2 vEE (BEREREREE)
DWTHEHNRTARD &, #HOtHOMAHiekE Bl

BELTWBZ bbb, Tichh, HHIERY
DO N NUME (Aottile) HHERT S X 5 1i
Sl ETHB, Lo L, L O/NEMBEAARERER
KEChHD L vbhd, ZThut, 7AF VEEOHEA
BlLooHD LLBBELTVH L5 ThHD,

2. RO

WRATOI9365EH, == vEZIEHRIRECSH -
oo Thix, a vHEOMEBENERHEYB-TFEL, ¥
T2 DRI (FRABROEALY) 34 nT=
EVEERYMBRT VA FOEMTFEANEL DTl
bThb, FRABBIBCEEXHTFHZ L4 %
R Ho7ch’, o2 vEOEBEOTHE L)
CHEEIEbh T &,

19454 121% 65% DMMBI0EL Lic o b DT, %
P HEA 2N EIRE A & D X B ORELHE
DELWEETRERETH -7, LiL, Moléne 3
Boflmil Lica=% vERZ, BLLIM6ECE
& 6~Tm DAN— FTRINM (—A <A + OHEMIER)
L=y vkEDDFITD, ZOMITORERES
B2L 0 X5 IGARILEER LicDT, %Dt
B X > TIBSEF Tl T VEED—F L /E
FADEBALAER Lico A —ATZ &K — Miciisis
NE DO Bhicouk, 1960~1966 ETh -1,

L “FaFL” M “RIEE-” A

TxE VEEDN 2V TERO DI EHIIC VT
EORFrF VEREINAERTHo(® 1), =
heflio THEERCAZ TOABEORCH I 5 8%
8o, MECHELHITFEOTHBA, HELYLOK
TEEYRALEND B, LihioT, HEAELL
B LAEE LD L BV DT, HIREE I
KREHIRAY Z T,

1920468, Léon #/idph s =% v¥EEH Pleu-
bian AN UE LIE B> T Bie, HHEasy
RTHIER IR L5 FERMV o, YiEoEa
ROV X5 b DTl otcdT, =z v
FHIHbRER o A T rweind, F0—A
Yves CoLIN (%, 196148, BEBROE VWO L
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(A)

(8)

=

1. (A) #¥ = v (guillotine). (B) A7 ¢

F » (scoubidou). (ArRzEL 1982)

WG DON B L DOTHEEHREL, fO—i
Ty FAREELCRIERSTER Lice ZHLHE
DWW DT, A7 EF (scoubidou) (B 1) o
CETIERMFICER Lic, O8I, YUMOHSATL
Yo VI VIEEDOHEEDB LD,

4. MYERY O#EL

19555 LIE 4 CIo L FE D RBIC B I RER L, Al
HEL Y OEBIL D EXHEFE LT\ /oo M. BRONNEC
13, 1963EICRIEREIE-> TV 5B, Tiud “Tali” &
WH4D, £ 13m, 18 4m OMT, BE&MEI
StiiB R L EE SN - TV D (K2), #HKEIR
BECHEXE-> THEX N IS, hticiry7—
REBKERD D, MBI BEEETHEKE TR
AATEBLTROCETF B ENTED I IR T

Or— | e
+
fooam
Y,
7 4P N\

X 2. #EEEEEUl “Tali”. (ArzEL 1982)

W, BRKEANTEREL, #EREBYERCE-
MEBCHEDBND, ZOMOMT, 1R 7t (&)
LT 5 EMTERADGS, LivL, XD%7
FtoTh, NHMET220E (1970F) b o710
5%, AEROMTHTN2ENDREY L DT
KT ERDo1DT, RidDX57c1Bhich 7t &
VORI EA LD I oD TH D, REOE
B, BB 2Bz & (ETOEBCHE
EXMEbh T &b BRT3), Mo BR
R LW & (BENER Y HET5h,
ft DB D7 HIXSBLEDLE), BKE Ex B0 BK
FEEbitThEbiownc b (CntE, Jxx v
FD 65% HA0RLA L, LichioTHEAEREYED Lh
EUHERRIE B RC), BRETHhot, D
b, H—OBENROIKEI oL > THB, BKE
CEBMOED S, RGBT RY 7H, MbERD O
Bk & 5 BB 2 BRI BRE Tl ier ok
DTH5.

2 v 7 DD OBBILORIELR R T 5D,
MNOHENZRIh T, Tiobhh, “O¥RE”,
S EEMRVZEFRES “A7EF 7, #ERIL
THZETHB, 196651 M. KEREBEL &\ 5 Hifff
HENEAEh, 1 FHKIC Jean-Ogor L &% Xhicin
HEKLEe ThIZEX 82m DM T, AZ7EF,
EOTLAH A bz (B 3), <At & B »d
DA 7 EV y OEEREFERICKESTREF > TV 3B,
ZOMNTI0E E TlEEbhic A, BIFRFEE B o0
KTl LEhis,

ZDtk, FxxvEE, FER FEMEKIA-F
IE-THSE L &R, 1971 FE2»RBOFLL, Y.
CoLIN } E. LANSONNEUR D= A A% HRERNCTE

X 3. M “Jean-Ogor” (2 B #).
(ARzEL 1982)
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BMEEBDICHERERTHZ L Licote, BEMLRII,
D= NE, MEE “Tali” o\ o) FBH ML TV
M. ELIES DI FIDERTH 1o TDE, ELIES (X
“Jean-Ogor” DT b fctcd b <A b & L R T IR
oL TWB LI KOs v—vERbD#Z LS
LEL T, BN 7v—vi, ¥, HEH D
“Tali”iz & o bh, RICEZD 7 v —vH “Jean-
Ogor” i3 < & W2 bhilc, ZD& hOFDIEHEE,
Morlaix &TD H FBFEEDOh 1cb LD KNFECD
WCEFOERY &> M. QUERRE MERi L1, =
DHF L7 v— i, X hilEr, X EHCIWRL,
MOTRETHERYT 5 Z LT, FipRoBEHT
CAES = LA TIBETH o 1co LITIEDEIKR BEITIT
T 3EDMMAZDKNAZEF y & EHDOFT (K
4), O X3 LTNMAOXER Y OB b A E
h, R5rBRbhsX5ic, fiofhd SECHEmbs
hTuvote,

R4 HFHLZv—vEodi 9m Mg
HERY. (ArzEL 1982)

.‘ 1980 4
- K5 BRI IO ORELEL.
(ArzEL 1982)

1971 1975

5. #bicELdS>%E(L

EmL ShicthoB o L ixihc, MEKREOE
EisEERI R T ZAEDORE 6~Tm O
NEACHBR I hichl, ZOMIBRIEEDOE D
R (Moléne E8) IS BED LD Z LA
D, 1973z HEMY Bhi, 10.3m Oz D,
5 LARIEN DT, DY~ A vt bito
BRTEB L T > T\ B, 1978F L, Ehic—
BEERCIEOMAEDRI, Zhit, BEX 12m
TKARZEF o &z T B, ThBDOROUGED
MOBDEENRE LD X 5 1Tls> T B,

#F L RoOKREZLEHEOMNYERDE (ArzEL 1982).

fa FERBEEMDED &
7~8m 700t (B&E)/v—Rv
10.3m 1200t (£F\E)/v—Xv
12.0m 3000t (HE)/ v—Xv

25 LT, MENEMAON I VEEIE, 1o —
RVt 60000 b v (4E) KFELl, TDX57
Tl > T, FTNIERD 21T 5 MBIMARIEAL
AleTgoThvinte (B 6), KI5 ER6 % 1T
ABE, DX BB > TRERBROE L
BAKARY LT oteZ Em o hntbhd, stk
PR & LT DWW TOEESR LOBEBTOBTFX 7R
R

RN EOREL (L E 2 1wRT, Laminariad

a

>
>

1 1]
1975 1980 4F

K 6. B Ih T in\WROBDRELL.
(ArzEL 1982)

1970
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K 7. BEFHIRTOLSHHHN
(P. ARZEL FKOffiEic L 3)

PR 19504 AT > 2000 t (W2 ) fifEA 51960
b 5000 t (52 8E) HicE L, 19694 121% 6000 t
(#E) LB LTWS, D70 FERree B Lich
DD, 1978~19794 X T 6000 t (i) Az T
5, Chondrus o FHidiiy 1000~2000t <, H» %
DA LA e, Fucus b Ascophyllum o ERIENT,
19734 % <k Laminaria % b %\ 55, 19T44ED L
BE M RET D, Eho, 0 EORIULL,

19604 A & THENNI S h o 1o b DD, ZhUHiT

Tl (A, B,D) :z o L{ER (C) s IUREBHIEERG (EF).

~:

e

@ Tt TLE o1,

ko X 5 icwfio it BT 5L, =
=& vELHOLFHFRC AL L b Lic, [BHIY
SR H HP B EREZFIFA L TE R, #b
Ex TOBFEEE S REBIC LT, TDR®D, M2
THSEHBPBEEF ML, EDXHTRhEI W
MRS TWiens, $HTIik=v 7 (Laminaria di-
gitata) OWFED RS L TR (F2ERB), L
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* 2. mEENE (KE

ARUGA, Y. and OHGANE, M.

b v) OBREE{ (ArzeL 1982).

E Laminaria Chondrus Fucus+ Ascophyllum Ko
1951
2 2030 3550 1200
3 1420 1160 7280 2590
4 1400 1400
5 2460 2200 7160 9450
6 3200 1170 5100 3500
7 3230 1700 3720 5000
8 4250 930 9890 6710
9 4670 1270 7840 4210
1960 3050 1090 5220 1660
1 4430 1940 8040 1660
2 5400 2320 5130 1130
3 5030 1300 9140 3600
4 5230 1090 7060 920
5 5780 1140 6610 2450
6 5020 1550 7630 4470
7 4630 1380 8670 4440
8 4720 1510 9640 3870
9 6000 1830 7240 1980
1970 5680 2050 7130 1510
1 5350 2140 7220 1110
2 5080 1630 5430 1830
3 5260 1700 6000 690
4 4440 1510 3130 1160
5 5690 1590 2150 850
6 5570 1760 2910 430
7 4990 940 2921 560
8 6190 1170 1941 230
1979 6200

HoT, BOOHARRZThRIEUTEL LI, Ll
DERART, HBHC X o TUIE—L 2 5E AT
MThHs, EE, ETRHEREIM»OIEOLS , »
NEZEELRERBOT, EZAD LS 7 x -l
ZHIERMLEL ListoTw 5,

T VEEDS 5 —ODEMRMILEIL, HOIE
RLORERRTH - L ThHbB, BETIE, kb
WA EMBOMENFEE L BB LT B, B
EMREXRARCRE TS Z L, bIXRPRAEIE
o TkD, BOHEAEL LGRS EV I EANZE
ZBESTWD LD, O THEAN S DIER T
REDERCR DR T e, S TR EARBDORTY
BRI 2 eNTE, b IS REIVESTB,

MOER S e FE L D F T TPAETZ LN
TEDH Lo, 1978EDBITBEYER LI\ T
IwzieieotenT (K8EM), XK I i~
A2 ENTRRICI o7 NIRRT FD ¥ $[ES

FT50TC, BRCOWTOLETZNENLLY,
ZHHUATHLN YR D TEBHITTH B,

1965 1970

1975 -
B8 IBWABCEDS £FEE (0), &igdk

& (@),
1982)

BRIA (8) o#lgoRELL.

(ARZEL.
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LrL, SOXSCRBLTCE =2 vELDLE
BERED, 1979 LIS E U LUVME, Tiobb
7I7VACRTEITAF vBETEOTREZOMEL &
> TKEIZINEHIZ L >T B, LidiaT, 75
VYATRI=ZE T AX VB O B ECTA L FIF
THZEDBREXEGEDR T B,

B 23

Centre Océanologique de Bretagne ¢ P. ARzEL
R, AT 558 EERORBEYZ T OH
T7s<, Brest @Edhic KERHFEIcin o, i
ERLTHABELLITF R, ZORU0ELOEEY 5y

bhtc () HIAEBERIUD, 75 vAfEhsit
HiCle»7c % DJjx, #ic Dr. A. SOUurNIA, Dr.
J. CaBlocH, Dr. T. BELSHER, Dr. J. GosTAN,
Prof. H.J. CECCALDI ¥ XUAKR FRE wd bR
BMLET, o, ANOERICHID 75 v AFEIH
LTl 4 THR e W T e ARIB RIS L g3,

X ik

Arzel, P. 1982. Evolution récente du métier de
goémonier en Bretagne. Penn ar Bed, 13: 36-
42.

(108 FREMAEXER 4-5-7 FHAiKEKF).

JLBERERERALE 060 FLRTHREIL4T6 EHLBSEA

FISREERMEBA 2 085-04 Abip BT SRR SEHT S f R iR

BR&E vrsEg 260 TENER 1-12-9-103
BRAFARGASHE 160 HRAHEXHE 1-29-8 MEBRAARBELEC LA

B REERE TR S 4 A AR 1 A BARES

100 HEREETREXKFHE 1-6-1 AFlT L
2EHEREGEDAESEAS 108 HRMEX R 2-16-5
K. K. ASREHFHER « K B # 173 HESRERE LR 32-17
ABR&H REEHE 113 HRFSURE AL 5-25-18
BREEY 7 0 p KHFERT 189 HREELHAR 1769
INAGEBIRRT 143 HEEMAHK AR 5-2-12
KL XEEE 150 REEBE XK MEE 1-21-9
BLEHIRHRA A FHEGEE 214 )BT 4 X 4 M 8580-61
MBERKRASE  742-15 (U0 RAREERHE A MR T 962-1

A ——t
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Tadao YosHIDA: Japanese species of Sar-
gassum subgenus Bactrophycus (Phaeophyta,
Fucales). Journ. Fac. Sci. Hokkaido Univ. Ser. V
(Botany), 13(2) : 99-246, 1983.

RV EY I BRIBEHOBTREROEYHET A Y
M, J. AGArDH (1889) @ v AF A Tix Phyl-
Arthro-
phycus, Eusargassum O SHERBEHTOhD, A
Xikzhbn 5 b, BHILERCE LTHAPLAE
HROFDOEEDOBIE IR T H %5 L X h % Bactro-
phycus TROFECHFLSRE ML o b DT, BEAE
RV EYSEHOGEIRETAE, /Y7 7L LTUL
Yenpo (1907) o “The Fucaceae of Japan” LI
DLDTH5,

g, MEHRI>3\\T Bactrophycus HJRIZD
WTO—BIFRB I LI TND, LT TERHVEY
FROTREL A RBERELWH L, EROTEH LR
~, R\ THIEE DML & e Bactrophycus RO
HO LR 1D OFBFAIFEBL & B o\ TEER
LTWwa, ZLTZOREBO LD hTIE, K
(5%, %) LAMBMO BRCER LTAERY
By LicHiv A D5 EREDOWTH LTV S,
Tigbh, ENBEIL LESHMELTEE 2 XKL
Spongocarpus &, EXEITHAEL, EHEMNEL
HRT 2O CTHREROEFERRICE > Teretia f,
ELERIETE L AR TREISARROEFEBIE
% %> Halochloa &5, £2MEBA L HE)T % Repentia
Hio4EHiThS,

RCTROBHEREIFT IR T5, BEIIECETS
ELUTFO28RET, CofhIZ2HME X B) Kezh
%, Spongocarpus ffi: 1. Sargassum horneri (7
hx7), 2.S. filicinum (v %% 7), Teretia fi:
3. S. microceratium (7 >4 + % 7),4. S. confusum
(7zvrv=x2), 5 S. pallidum (v A4 vz, B
), 6. S. muticum (x<=~~*=%s), 7. S. thun-
bergii (v 3 +35/4), 8 S. fulvellum (kv &y
3), 9. S. ammophilum (RF+E*=2), 10. S.

lotrichia, Schizophycus, Bactrophycus,

hemiphyllum (4 v ®7), 11. S. nipponicum (& <
> v&7), 12. S. miyabei (: ¥+ <% 7), Halochloa
fii: 13. S. segii (+# v =% 7), 14.* S. yamamotoi
(av=e7z=x V¥, HF), 15 S. tenuifolium (¥ =R
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Modern science and technology may advance

apidly, but there are still things in life worth

waiting for. A kimono, painstakingly and exquisitely crafted by hand in delicate hues. Or pearls.

Y Traditional beauty and natural beautv are created by time. In our frenetic age,

Tusaki Shinju treasures beauty nurtured by time. Ageless, contemporary beauty has its origins in time, is a lasting glory.

Tusaki Shinju ensures these principles live on in every pearl. We can wait.

TASAKI SHINIU

SAPPORO, SENDAI, TOKYO, CHIBA, NARITA, YOKOHAMA,

NAGOYA, KYOTO, OSAKA, KOBE, HIROSHIMA, FUKUOKA,

KITA-KYUSHU, NAGASAKI, HONG KONG, SINGAPORE.

HEAD OFFICE/6-3-2, Minatojimanakamachi, Chuo-ku, Kobe,
Japan. TEL.(078)302-3321
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