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Chromosome numbers in species of Porphyra
from Nova Scotia, Canada

Hiroshi YABU

YaBu, H. 1978. Chromosome numbers in species of Porphyra from Nova Scotia, Canada.

Jap. J. Phycol. 26: 97-104.

Four species of Porphyra, P. leucosticta, P. umbilicalis, P. linearis and Porphyra sp.,
from Nova Scotia were studied cytologically. Chromosome numbers were n=3, 2n=6 in
P. leucosticta and Porphyra sp., and n=5, 2n=10 in P. umbilicalis and P. linearis. In
formation of spermatia, one of the chromosomes at prophase was longer than the other
two in Porphyra sp., and two of the five were longer in P. umbilicalis. In culture, dwarf
leafy plants of P. leucosticta had the haploid number of chromosomes, and the concho-
celis of P. umbilicalis had the diploid number of chromosomes.

Yabu Hiroshi: Guest Scientist of Atlantic Regional Laboratory, National Research
Council of Canada, Halifax, Nova Scotia B3H 3Z1; permanent address: Laboratory
of Marine Botany, Faculy of Fisheries, Hokkaido University, Hakodate, Hokkaido,

040 Japan.

Four species of Porphyra, P. leucoslicta
THUR. in LE JoL. P. linearis GREV., P.
miniata (C. AG.) C. AG., and P. umbilicalis
(L.) J. AG. have been recorded form the
coast of Nova Scotia, Canada (EDELSTEIN
and MCLACHLAN, 1965), elsewhere in eastern
Canada (SouTs, 1976), and the northwestern
Atlantic (TAYLOR, 1957). Amongst these
species, chromosome numbers have been
determined both for P. miniata (KI1TO et al.,
1971) and P. linearis, although in the latter
the number given has varied from n=2
(DANGEARD, 1927), n=4 and 2n=8 (KITO el
al., 1965 ; MAGNE, 1952 ; GIRAUD and MAGNE,
1968). The present paper reports on chro-
mosome numbers and cytological observa-
tions on the four species of Porphyra from
Nova Scotia.

Methods

Following collection, thalli were trans-
ferred to the laboratory in polybags on ice.
These plants were maintained at 5°C in
filtered seawater until fixation. Some thalli

NRCC No. 16231

of both P. leucosticta and P. umbilicalis were
held under these conditions until maturation
and release of spores occurred. Spores
released were inoculated into 150 mm dia-
meter Petri dishes containing filtered sea-
water with several glass slides, and incu-
bated for about two weeks on the sill of a
north-facing window. Both leafy thalli
and sporelings were fixed in alcohol : acetic
acid (3:1) and stained with Wittmann's
solution (WITTMANN, 1965)

Observations

1. Porphyra leucosticta THUR. in LE JOL.

My observations in the field at Gulliver
Cove, Digby Co. were from October to
April, and this alga was always present in
abundance on rocks and large boulders in
the upper intertidal area (EDELSTEIN et al.,
1970). This species is monoecious as has
been reported by others (TAYLOR, 1957;
ConwaAy, 1964; CoLL and DE OLIVEIRA
FILH, 1976 ; KORNMANN, 1961), and mature
plants were obtained from November to
February.

Dividing nuclei in somatic cells of young
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plants collected in late October showed three
chromosomes. In plants collected from
November to February, numerous dividing
nuclei were observed in formation of sper-
matia (Pl. I, A-C). Chromosomes in these
cells, from late prophase to early metaphase,
occasionally assumed a rugged form, being
considerably larger in size (Pl I, B). In
~specimens collected in late November, six
chromosomes were noted, both in the first
(PL. I, D-F) and second divisions leading to
formation of carpospores.

In culturing P. leucosticta, KORNMANN
(1961) reported that two types of plants,
dwarf leafy thalli and conchocelis filaments,
arose from carpospores. EDWARDS (1969)
suggested that the type of progeney from
carpospores was controlled by the period of
light. In my cultures carpospores usually
developed into dwarf plants, but in several
instances spores from plants collected in
November and December gave rise to dwarf
plants, together with a few filaments of the
conchocelis phase. In formation of dwarf
plants, dividing nuclei were frequently found
in the one- or two-celled stages of develop-
ment, and these always had three chromo-
somes (PL. I, G-I, L). However, dividing
nuclei were never observed in the concho-
celis filaments, and their complement of
chromosomes remains to be determined. It
is reasonable to consider that dwarf plants
develop from what has been referred to as
neutral spores, whereas conchocelis filaments
arise from carpospores following fertiliza-
tion of the carpogonium. Therefore, it is
especially unfortunate that I was unable to
determine the chromosome number in both
types of progeny when they occurred in
culture simultaneously.

2. Porphyra umbilicalis (L.) J. AG.

The occurrence of this species in Nova
Scotia during winter has been discussed by
EDELSTEIN and MCLACHLAN (1965), who
distinguished three morphologi¢al forms
(typical form, mid-level form, and high-level
form) associated with tidal levels.

In the northwestern Atlantic, P. umbilicalis

has been considered both monoecious and
dioecious (TAYLOR, 1957). In Helgoland,
KORNMANN (1961) considered this species to
be dioecious, whereas CONwWAY (1964) stated
that B-spores were not always present;
when j-spores were present they formed a
colourless fringe outside the large, pigmented
a-spores. In my experience, plants taken
in late November at Herring Cove, Halifax
Co., were monoecious, male portions of the
thallus becoming obvious earlier than female
portions.

Leafy thalli were collected in late Novem-
ber from the mid-littoral zone at Gulliver
Cove, Digby Co., and from the low littoral
zone at Herring Cove, Halifax Co., and the
Container Pier in Halifax Harbour. At this
time thalli obtained from Gulliver Cove and
the Container Pier contained relatively few
spores. Nevertheless, five chromosomes
were observed at metaphase in cells leading
to formation of spermatia. Plants from
Herring Cove were fully reproductive. In
these plants too, cells leading to formation
of spermatia had five chromosomes (Pl. II,
A-C), and cells forming carpospores had ten
chromosomes (Pl. I, D-E). In the former
at prophase, two of the five chromosomes
were noticeably longer (Pl. II, A-B).

Cultures starting with carpospores were
initiated in late November from plants col-
lected at Herring Cove, and equivalent
numbers of dwarf plants and conchocelis
filaments developed from these spores.
About five days after inoculation, the con-
chocelis filaments started to bleach. Dwarf
plants were not affected similarly, and -
several days later put forth rhizoids.

I was able to observe nuclear division in
spores forming the conchocelis, but not in
those forming the dwarf plant. In early
prophase, small chromatin granules occurred
within the nuclear cavity (Pl II, F), this
stage being rather prolonged. The number
of chromosomes counted in late prophase
and metaphase was eight to ten (PL II, G).
Usually the spindles were clearly visible at
anaphase.

Formation of the germinating tube of the



conchocelis was usually observed while the
nucleus was in telophase. Following nuclear
division, almost all of the cytoplasm includ-
ing the chromatophore and one of the
daughter nuclei moved into the protuberance,
and the first cell of the filament was formed
by cytokinesis. The other daughter nucleus
remained within the original spores, which
otherwise appeared empty. This nucleus
was always in early prophase, being stained
darkly and containing chromatin granules.
In some instances this nucleus was observed
again to divide within the cell of the origi-
nal spores.

In cells of the filamentous conchocelis, the
nucleus was usually situated within the
central portion of the cell, and assumed an
ellipsoidal form. The nucleus entering into
early prophase became spherical and in-
creased in size rapidly. Occasionally I
observed these nuclei to have two to five
nucleoli (PL. II, H-I). Out of twenty-one
metaphase encountered in cells of the con-
chocelis filament, it was possible to observe
eight to ten chromosomes in eight of these
nuclei (PL II, J-L).

3. Porphyra linearis GREV.

In Nova Scotia P. linearis has been stud-
ied both in culture (BIRD et al. 1972) and in
the field (Birp, 1973). BIRD (1973) has indi-
cated that potentially this species is monoe-
cious.

Plants of P. linearis were obtained during
winter from several sites in Halifax County.
Specimens from Martinique Beach in Janu-
ary were mature with thalli divided into
male and female portions. Plants from
Finck Cove in early February had only small
numbers of mature spores, mostly with male
portions but a few with female portions;
specimens taken late in the month and early
March were well matured, although bearing
only male portions as were plants collected
at Peggy Cove in April. Numerous nuclei
in division and with chromosomes, both in
male and female portions, were obtained in
plants from Martinique Beach. The chro-
mosome number was five in spermatangia
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(PL. III, A-B) and ten in the divisions lead-
ing to carpospores (Pl III, C-F). In forma-
tion of the carpospores, the first cell division
occurred vertically through the long axis of
the cell, although in some cases the plane
of division was oblique (Pl. III, E-F). The
chromosome number in spermatia from Finck
Cove and Peggy Cove was also five. At
prophase in spermatia of P. umbilicalis, two
of the five chromosomes were longer, but
this disparity in length was not noted in
P. linearis even though numerous nuclei in
prophase were observed.

4. Porphyra sp.

The thallus of this unnamed species is
red to reddish-brown, umbilicate, 5 to 8 cm
in diameter, monostromatic, and mono-
ecious. When fertile these plants contain
128 spermatia and 16 carpospores in each
packet. This alga is - quite similar to P.
umbilicalis, both in structure and in mor-
phology. The distinguishing feature of
Porphyra sp. is its epiphytic habit on Asco-
phyllum nodusum. 1 collected it at Mar-
tinique Beach, Halifax Co., in September.
At that time Porphyra sp. was already
fertile, and had disappeared by early Janu-
ary. Contrariwise, P. umbilicalis was in-
fertile in September, and was found abun-
dantly in January. This alga probably has
been referred to as P. umbilicalis f. epiphytica
CoLLINS (TAYLOR, 1957), but since it has a
different number of chromosomes than does
P. umbilicalis, 1 consider it a separate, and
at this time, an unnamed species.

The chromosome numbers of Porphyra sp.
were n=3 (Pl III, G-I) in formation of
spermatia and 2n=6 (Pl III, J-L) in forma-
tion of carpospores. This complement of
chromosome is the same as in P. leucosticta,
but in the present instance one of the chro-
mosomes in the division leading to sperma-
tium is longer than the other two (PL III,
G-H).

Discussion

Chromosome numbers in species of Por-
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phyra from Nova Scotia were: n=3, 2n=6
in P. leucosticta and Porphyra sp., and n
=5, 2n=10 in P. umbilicalis and P. linearis.

KRISHNAMURTHY (1959) found that in P.
umbilicalis var laciniata (=P. purpurea)
neither fertilization nor reduction division
occurred in the life history of this alga. In
contrast the four species of Porphyra from
Nova Scotia all had the haploid number of
chromosomes in spermatia and the diploid
number in carpospores.

My observations on both P. umbilicalis
and P. leucosticta were imcoplete inasmuch
as | was unable to elucidate the nuclear
phases throughout the life history of these
two species. However, in P. umbilicalis |
have shown that the conchocelis was diploid
as has been reported in P. linearis (GIRAUD
and MAGNE, 1968), P. miniata (KITO et al.,
1971), P. pseudolinearis (Kito, 1974), P.
tenera (KiTo, 1974), and P. yezoensis (KITO,
1967, 1974 ; MIGITA, 1967). In addition dwarf
plants of P. leucosticta were shown to be
haploid.

My chromosome count for P. linearis does
not agree with those presented by previous
investigators (DANGEARD, 1927 ; KITO et al.,
1967 ; MAGNE, 1952; GIRAUD and MAGNE,
1968). Possibly the chromosome number in
the same species varies spatially, but a more
likely explanation is that several species are
being reffered to as P. linearis, a situation
analogous to that reported by CoLL and Cox
(1970). It is evident that species delimita-
tion in the genus Porphyra frequently is
ambiguous, and certainly in the northwest-
ern Atlantic further study is required.

This study was done at the National
Research Council of Canada, Atlantic Re-
gional Laboratory in Halifax, while I was
a visiting scientist from September 1976 to
July 1977. 1 am grateful to Dr. J. Mc
LACHLAN for providing facilities and sug-
gestions, and I am equally indebted to the
late Dr. T. EDpELSTEIN, Dr. L. C-M. CHEN,
and Miss C. J. BIRD for their generous help
and useful criticisms. Mr. M. GREENWELL,
Mr. W.R. CrROsBY, and Mr. J.R. VAN DER
MEER also provided assistance for which I

am thankful.
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Pl. 1. Porphyaerc leucosticta Tuur. in Le JoL. x800.
A-C. Chromosomes in various stages in cells leading to formation of spermatia. Arrow
in B indicates three rugged chromosomes in metaphase. D-F. Late prophase (D) and
early metaphase (E-I") in first division of diploid nucleus in formation of carpospores.
Arrows in D and E indicate nuclei. G-L. Nuclear division leading to dwarf plant from
spore of leafy thallus; G-H: metaphase of first division; J-K: anaphase of first divi-
sion; L: metaphase in two-celled phase.
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Pl. II. Porphyre umbilicalis (L.) J. Ac. x800.
A-C. Chromosomes in various stages in cells leading to formation of spermatia. Arrows
indicate long chromosomes which are not distinct from the others in B because of bend-
ing. D-E. Late prophase nucleus in first (D) and second (E) cell division in formation
of carpospore. F-G. Prophase (IY) and metaphase (G) in spores discharged from leafy
thallus. One large nucleolus and small granules of chromatin are evident in F. H-L.
Various stages of nuclear division in cells of conchocelis. H: prophase with two nu-
cleoli; I-K: metaphase; L: late anaphase. Groups of daughter chromosomes are seen
as curved line (arrow).

103
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Pl. III, A-F. Porphyra linearis GREv. x800.
A-B. Chromosomes in cells leading to formation of spermatia. C-D. Prophase (C) and
early metaphase (D) in first division of diploid nucleus leading to formation of carpo-
spore (arrow indicates nucleus). E-F. Early metaphase of diploid nucleus in two-celled
stage leading to formation of carpospore (arrows in F indicate nuclei).

G-L. Porphyra sp. x800.

G-1. Chromosome in cells leading to formation of spermatia (arrows indicate long chro-
mosmes). J-L. Chromosomes in late prophase of diploid nucleus in formation of carpo-
spores.
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Occurrence of a new freshwater species of the genus
Acrochaetium, Rhodophyta, in Japan

Shigeru KUMANO

Kumano, S. 1978. Occurrence of a new freshwater species of the genus Acrochaetium.
Rhodophyta, in Japan. Jap. J. Phycol. 26: 105-108.

A new freshwater species, Acrochaetium amahatanum sp. nov. belonging to the Acro-
chaetiaceae, is collected and described in details. This is the first record of the genus

from Japanese freshwaters.

Shigeru Kumano, Department of Biology, Faculty of Science, Kobe University, Kobe,

657 Japan.

The first freshwater species of the genus
Acrochaetium, A. indica was describeded by
RAIKWAR (1962), then two species of the
genus, A. sarmaii KHAN (1970) and A. god-
wardense PATEL (1970) were reported from
India. In Japan many marine species of
the genus have been worked out by NAGAI
(1941) and NAKAMURA (1941, 1944), however,
no freshwater species of the genus has bezen
recorded.

Recently an acrochaetioid alga was found
growing in a small stream of the Okusawa-
dani, one of the branches of the Amahata-
gawa, Yamanashi Prefecture in Japan. The
specimen found was microscopic and grow-
ing in running waters on submerged
moss mixed wixed with a freshwater
red alga, Bangia atropurpurea. After a
carefull observation of the specimen, it
became clear that this acrochaetioid alga
was an undescribed species of the genus
Acrochaetium.

A description of the new species is as
follows :

Acrochaetium amahatanum sp. nov. (Figs.
1-8).

Frons heterotricha, minuta, ad 500 #m alta,
substrato affixa per systema prostrata;
cellulae filamentorum prostratorum fusi-
formes, 4-6 pym crassae, 5-12 ym longae;
cellulae filamentorum erectorum cylindricae,
4-7 pm crassae, 5-15 ym longae. Chromato-
phorum singulum, parietale, irregulariter

lobatum, sine pyrenoide. Rami alterni raro
scundi; pili nuli. Reproductio per monos-
poras tetrasporasque ; monosporangia singula
aut aggregata in ramis brevibus lateralibus
filamentorum erectorum, oblonga, 5-8 ym
diametro, 7-10 pm longa; tetrasporangia
singular aut aggregata in ramis brevibus
lateralibus, cum monosporangiis interdum
intermixta, cruciatim divisa, oblonga, 7-9 ym
diametro, 11-14 ym longa. Reproductio sex-
ualis ignota.

Holotype : Okusawa-dani, Amahata, Yama-
nashi Prefecture in Japan (S. KUMANO, 1
December 1973, in the Herbarium of Faculty
of Science, Kobe University).

Habitat : This species grows mixed with
Bangia atropurpurea (ROTH) AG. on sub-
merged moss in a small stream of Okusawa-
dani, one of the branches of the Amahata-
gawa.

Distribution : known from the type locality
only.

The generic classification of the acrochae-
tioid algae, Acrochaetium Naegeli, Rhodo-
chorton Naegeli, Audouinella Bory and
Kylinia Rosenvinge, has a long time puzzled
many phycologists. DREWwW (1928, 1933, 1936)
merged the Acrochaetium and Rhodochorton
in one emended genus Rhodochorton (Naeg.)
DREW, because both of them have many
common characters. PAPENFUSS (1945, 1947)
recognized the above mentioned four genera
and proposed a new and much more natural
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classification considering the structure of
chromatophores as the more distinctive
character. According to Papenfuss, the
acrochaetioid algae resolved themselves into
four comparatively clearcut genera; 1)
Rhodochorton with a few to many small
discoid chromatophores, 2) Acrochaetium
with a single parietal, laminate or irregu-
larly lobed chromatophore with or without
pyrenoid, 3) Auduinella with one or a few
spiral chromatophores lacking pyrenoid and
4) Kylinia with one or more stellate chro-
matophores often with pyrenoid. KYLIN
(1944, 1956) also proposed another classifica-
tion of the acrochaetioid algae based upon
morphological characters as those used by
Papenfuss. Although FRITSCH (1945) re-
marked that there appeared to be no ade-

quate ground for separation, freshwater .

species of the acrochaetioid algae were
sometimes refered to a separate genus
Audouinella Bory by many authors such as
SMITH (1950) and FELDMANN (1962). FELD-
MANN (1962) proposed a new classification
establishing a new family Audouinellaceae
considering the mode of development of the
gonimoblast addition to the characters of
the chromatophores. Later, WOELKERLING
(1971) recognized only two genera; Audoui-
nella including Rhodochorton, Acrochaetium,
Balbiania, Chromastrum and Grania for
species with sexual reproduction; and Cola-
conema for species unknown in sexual state,
because the shapes and number of chroma-
tophores were unreliable for distinguishing
genera and the presence or absence of
pyrenoid did not have a generic significance.
The present author follows the circumscrip-
tion propose by PAPENFUSS (1945, 1947) and
KyLIN (1944, 1956), because Feldmann and
Woelkerling were carrying things too far.
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The acrochaetioid algae are represented
in freshwaters by five species of Audvouinella
(KYLIN 1956), two species of Rhodochorton
(SwALE & BELCHER 1963, D'LACOSTE &
GANESAN 1972), one of which was placed
under Audouinella by KYLIN, D’LACOSTE
and GANESAN, and three species of Acro-
chaetium (RAIKWAR 1962, PATEL 1970 and
KHAN 1970). From the already mentioned
description, it is clear that the Japanese
specimen belong to the genus Acrochaetium
Naegeli on account of mainly 1) the pre-
sence of heterotrichous habit in which the
prostrate system being represented by creep-
ing filaments and 2) the presence of a single
irregularly lobed parietal chromatophore in
each cell.

The Japanese acrochaetioid alga agrees
with two freshwater species, Acrochaetium
indica RAIKWAR and A. sarmaii KHAN in
some respects, 1) the heterotrichous habit,
2) the lateral branches arising from the top
of the parent cells, 3) the single parietal
chromatophore without pyrenoid, 4) the
sporangia borne on lateral branches of
limited growth and 5) the absence of hairs.
However, it differs from the above two
species in 1) the cell size of the erect and
prostrate systems and 2) the reproduction
by monospore and tetraspore. It also differs
from A. godwardense PATEL in the size of
thallus and the absence of pyrenoid in addi-
tion to the above two characters. The
Japanese specimen approaches a marine
species of A. proskaueri WEST (1972) on
1) the size of thallus, 2) the heterotrichous
habit, 3) the cell diameter of the erect
filaments, 4) the single lobed chromatophore
and 5) the reproduction by monospore and
tetraspore, however, it differs 1) the cell
length of the erect filaments, 2) the absence

Figs. 1-8. Acrochaetium amahatanum sp. nov.
Fig. 1. Heterotrichous habit of plant. Fig. 2. Prostrate and erect systems, each cell of which
containing a single parietal, irregularly lobed chromatophore. Fig. 3 and 4. Monosporangia.
Fig. 5. Young tetrasporangia on short lateral branches of erect filaments, the first division of
tetraspore already occurrs. Fig. 6. Mature tetraspore cruciately divided, the second division
of tetraspore is perpendicular to the first. Each spore contains a single parietal chromatophore.
p: prostrate system, e: erect system, m: monosporangium, t: tetrasporangium.
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of hairs and 4) the freshwater habitat.
Thus, the Japanese specimen of the acro-
chaetioid alga is a new species of the genus
Acrochaetium Naegeli and named as A.
amahatanum.

The author wishes to express his sincere
thanks to Dr. H. HIROSE, Professor Emeritus
of Kobe University for his critical reading
of the manuscript and his continuous gui-
dance during the progress of the studies.
Grateful thanks are extended to Dr. J. A.
WEST of University of California for send-
ing a xerox copy of a paper of Drew.
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Physiology of benthic algae in tide pools I.

Photosynthesis-temperature relationships in summer*

Masao MIZUSAWA, Akemi KAGEYAMA and Yasutsugu YOKOHAMA

Mizusawa, M., A. Kacevama and Y. YokoHama 1978. Physiology of benthic algae in
tide pools I. Photosynthesis-temperature relationships in summer. Jap. J. Phycol. 26:
109-114.

Nine species of seaweeds were collected from tide pools or subtidal zone in summer,
and their photosynthesis- and respiration-temperature curves were simultaneously deter-
mined in the range from 15°C or 20°C to 40°C. The optimum temperature for photosyn-
thesis was apparently higher in the algae from tide pools than in those from subtidal
zone. There were also remarkable differences in heat-resistibility among the algae
collected from different levels. The highest temperature recorded in the tide pools,
that is 40°C or more, is conidered to be severe even for the algae living there because their
photosynthetic activities were decreased during an experiment at 40°C for one hour or less.
Their activities were, however, recovered up to the initial level by culturing at 25°C for
18 hours or less. There were also remarkable differences in photosynthesis-temperature
relationships between the samples of the same species collected from the upper level
and the lower level.

The patterns of photosynthesis-temperature curve in Ulva pertuse implied existences
of at least two enzyme systems, one of which was heat-susceptible and the other heat-
resistible, participating in the photosynthetic process of this alga.

Masao Mizusawa, St. Margaret’s Jr. College, Kugayama, Suginami-ku, Tokyo, 168
Japan; Akemi Kageyama and Yasutsugu Yokohama, Shimoda Marine Research

Center, The University of Tsukuba, Shizuoka-ken, 415 Japan.

The water temperature in tide pools
sometimes rises up to 40°C or above in
summer at Shimoda. It is surprising to find
out some seaweeds living in such hot water.
One of the present authors reported a
characteristic phototsynthesis-temperature
curve showing large heat-resistibility for an
alga collected from a tide pool in summer
(YOKOHAMA 1973a).

In this paper photosynthesis-temperature
relationships in several algae collected from
tide pools will be reported in comparison
with those of algae from subtidal zone.

Materials and Methods

The algae were collected from tide pools
or subtidal zone at the shore near the

* Contributions from the Shimoda Marine Re-
search Center, No. 329.

Shimoda Marine Research Center, Shimoda
(34°40’N 138°57’E), Izu Peninsula.

The collections were made in the morning.
The collected algae were soaked in a large
volume of sea water and carried to the
laboratory of the Marine Research Center,
where they were then kept in running sea
water before use. This work was made in
the summer of 1977.

Gracilaria verrucosa, Gymnogongrus flabel-
liformis, Sargassum thunbergii, Entero-
morpha crinita and Ulva pertusa were col-
lected from tide pools at higher intertidal
zone where water temperature sometimes
rised up to 40°C or above. Corallina piluli-
fera and another sample of Gymnogongrus
flabelli formis were collected from pools at
middle intertidal zone where the highest
temperature recorded was about 35°C. On
the other hand the algae collected from
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subtidal zone are considered to have been
growing at almost constant temperature
lower than 25°C.

Photosynthetic production and respiratory
consumption of oxygen by the algae were
measured with differential gas-volumeters
(YokoHAMA and ICHIMURA 1969). The
vessels of the gas-volumeters were of 15 m/
in capacity. When measuring photsynthetic
oxygen evolution by algal material, a piece
of 2-3cm?® or comparable size obtained from
the young pasrt of a thallus was placed in
the reaction vessel with 5 m/ of filtered sea
water. The light source used was an incan-
descent lamp mounted in a lantern slide
projector. At the position of the reaction
vessel the light intensity was 40 klux which
was considered to be intense enough to
saturate the photosynthesis in most sea-
weeds judging from the data in the previous
papers (YOKOHAMA 1973b, 1973c, KAGEYA-
MA and YOKOHAMA 1974). When measuring

respiratory oxygen consumption by algal’

material in the dark, the vessel used had a
side arm containing a few drops of 20%
potassium hydroxide solution to absorb
carbon dioxide. The quantity of algal
material in the reaction vessel was three-
to fourhold that used in measuring the
photosynthesis.

The same piece of tissue was used throu-
ghout a series of measurements at different
temperatures, begun at 15°C or 20°C and
ended at 40°C. A photosynthesis- or res-
piration curve was made up from the data
of the three to six series of measurents.

Results

Fig. 1-3 show the photosynthesis- and
respiration-temperature curves obtained in
five species of Rhodophyceae. The curves
in Fig. 1 are in two species of Corallinaceae,
one of which was Corallina pilulifera col-
lected from a tide pool at middle intertidal
zone and the other was Serraticardia
maxima from low water mark. Those in
Fig. 2 are in two Gracilaria species G.
verrucosa from a tide pool at higher inter-

Corallina pilulifera
(Tide pool)

Serraticardia maxima
(Low water mark)

LIGHT

OXYGEN EVOLUTION ( ul/mg dry wt./hr)

15 20 25 30 35 40
TEMPERATURE (°C)

Fig. 1. Photosythesis- and respiration-tem-
perature relationships in the two species of
Corallinaceae, one of which was Corallina piluli-
fera collected from a tide pool at middle inter-
tidal zone and the other Serraticardic maxima
from subtidal zone (low water mark). Mean
values of measurements repeated three to six
times are plotted with the standard deviations.
Light intensity was 40 klux.

tidal zone and G. textorii from low water
mark. Those in Fig. 3 are in Gymnogongrus
fabelliformis from a tide pool at higher
intertidal zone and from that at middle
intertidal zone. As can be seen, in the algae
from the tide pools the optimum temperature
for photosynthesis was 30°C or above and
a rate close to the optimum level was main-
tained at 35°C, while in the algde from
subtidal zone the optmum temperature was
lower than 30°C, and the activity was almost
lost at 35°C. There was also a remarkable
difference in photosynthesis-temperature
relationships between the individuals of
Gymnogongrus flabelliformis collected from
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Fig. 2. Photosynthesis- and respiration-tem-
perature relationships in Gracilaria verrucosa
from a tide pool at higher intertidal zone and
G. textorii from subtidal zone (low water mark).

the tide pool at higher intertidal zone and
from that at middle intertidal zone as can
be seen in Fig. 3.

The difference in photosynthesis-tempera-
ture relationships is also remakable between
a brown alga Sargassum thunbergii from a
tide pool and a subtidal brown alga S. ring-
goldianum as can be seen in Fig. 4. As for
the respiration, the rate in the latter alga
rapidly increased with increase in tem-
perature especially in the higher range.

The curves of the chlorophycean algae
. are shown in Fig. 5 and 6. As can be seen,
the phtosynthesis-temperature relationships
in Ulva pertusa varied with the depth of
collection. The optimum temperature in the
sample from a tide pool at higher inter-
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i (Tide pool i
at lower level)
10

(Tide pool at higher level)

OXYGEN EVOLUTION ( pl/mg dry wt./hr)

0

2
15 20 25 30 35 40
TEMPERATURE (°C)

Fig. 3. Photosynthesis- and respiration-tem-
perature relationships in Gymnogongrus flabelli-
formis from a tide pool at higher intertidal zone
and from that at middle intertidal zone.

tidal zone was about 30°C, while that in the
sample from low water mark was 25°C.
The curve of the latter has an apparent
shoulder at around 35°C, which implies that
the photosynthesis in this alga was partici-
pated not only by the enzyme system with
the optimum at 25°C but also by another
system with the optimum at around 35°C.

Enteromorpha crinita was collected from
a tide pool at the highest level of intertidal
zone. As can be seen in Fig. 6, it had an
extreme heatresistibility.

The photosynthetic mechanisms of all the
algae collected seemed more or less injured
at 40°C. Soon after the measurement at 40°C
for one hour or less the photosynthetic rate
in each sample was measured again at 25°C
and compared with that measured at the
same temperature before the experiment
at 40°C. The ratio of the rate after 40°C
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Fig. 4. Photosynthesis- and respiration-tem-

perature relationships in Sargassum thunbergii

from a tide pool at higher intertidal zone and

S. ringgoldienum from subtidal zone (depth of
1m).

to that before 40°C was 0.5 to 0.85 in the
algae from the tide pools at higher intertidal
zone as shown in Fig. 7. The ratio was
about 0.2 in Corallina pilulifera from the
tide pool at middle intertidal zone. The
ratios in the algae from subtidal zone were
extremely low or negative. The photosyn-
thetic activities of the former group of
algae were recovered up to the initial level
during incubation at 25°C for 18 hours or
less. The activities of the latter group
were never recovered in the same condition.

Discussion

There were remarkable differences in

25 T T T T
[ Ulva pertusa ]
201 (Low water . ]
L mark) (Tide ]
L pool) 4
15F .

10

(8]
TT T T T T T T

OXYGEN EVOLUTION ( pl/mg dry wt/hr)

15 20 25 30 35 40

-5 L

TEMPERATURE (°C)

Fig. 5. Photosynthesis- and respiration-tem-
perature relationships in Ulva pertusa from a
tide pool at higher intertidal zone and from
subtidal zone (low water mark).

photosynthesis-temperature relationships be-
tween the algae collected from the tide pools
and those from subtidal zone. The patterns
of the photosynthesis-temperature curves in
the former algae are adaptive to the special
condition of the tide pools. However, the
highest temperature recorded in the tide
pools, that is 40°C or above, was considerably
higher than the optimum temperature for
photosynthesis in those algae and seems
severe for them. In general cases the en-
vironmental temperature never exceeded the
optimum temperature for photosynthesis in
aquatic plants (ARUGR 1965a, 1965b, YOKO-
HAMA 1971, 1973a, HEALEY 1972, HATA and
YOKOHAMA 1976). During the low tide on
a sunny day in summer the photosynthetic
activities of the algae living in the tide
pools at higher intertidal zone are considered
to be more or less decreased since their
activities were remarkably decreased with an
artificial exposure to 40°C for one hour or
less. The activities would be, however, re-
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Fig. 6. Photosynthesis- and respiration-tem-
perature relationships in Enteromorpha crinita
from a tide pool at the highest level of inter-
tidal zone.

covered up to their initial levels by the next
morning since they were experimentally
recovered at 25°C for 18 hours or less.

There were also remarkable differences
in photosynthesis-temperature relationships
between the samples of the same species
collected from the upper level and the lower
level. The shift of the optimum tempera-
ture between the different samples of Ulva
pertusa is considered to have resulted from
change in ratio between the two enzyme
systems paticipating in the photosynthesis,
one of which is heat-susceptible and the
other heatresistible, since the peak at 25°C
and the shoulder at around 35°C of the
photosynthesis-temperature curve in the
sample from subtidal zone imply existences
of both the enzyme systems.
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Sexual reproductive structures and postfertilization in
Rhodochorton subimmersum Setchell et Gardner

Yong Pil LEE and Munenao KUROGI

LEg, Y.P. and M. Kuroci 1978. Sexual reproductive structures and postfertilization in

Rhodochorton subimmersum Setchell et Gardner.

Jap. J. Phycol. 26: 115-119.

In Rhodochorton subimmersum Setchell et Gardner, tetrasporangia have been the only
reproductive structure known so far. In our investigation spermatangia and carpogonia
were found in the same individual. Moreover, it was revealed that the tetrasporangia
were formed on the gonimoblasts (carpotetrasporophytes) after fertilization of the car-
pogonia, and independent tetrasporophytes were lacking in the life cycle of this species

in Hokkaido.

Yong Pil Lee and Munenao Kurogi, Department of Botany, Faculty of Science, Hokkaido
University, Hokkaido, 060 Japan. (Permanent address of Lee: Department of Botany,
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Introduction

This endophytic species was first de-
scribed by SETCHELL & GARDNER (1903).
It was found growing in the thallus of
Grateloupia cutleriae (Bind.) KUTZING on the
west coast of Whidbey Island, Washington.
They recorded that this plant bore one or
two tetrasporangia at the tip of an erect
filament. DREW (1928) described the detail
of this species from the Pacific coast of
North America. NAKAMURA (1941) described
this species with the material growing in
Grateloupia turuiuru YAMADA collected at
Muroran, Hokkaido. However, none of them
mentioned the sexual reproductive struc-
tures in this species. Thus, the “tetra-
sporophyte” is the only known phase. In
the course of our study of Acrochaetiaceae
in Hokkaido we found spermatangia and
carpogonia in this species with field mate-
rials, and observed the postfertilization
resulting in the formation of tetrasporangia.

Material

The materials observed were growing in
Grateloupia turuturu and G. filicina (La-
mour.) C. Agardh collected at both Oshoro

and Muroran, Hokkaido during November,
1977 to January, 1978. The detailed obser-
vation was done with the material in the
former host, because it was easy to pick up
the fragments owing to the abundant infec-
tion and to the soft and loose cortical tissue
of the host.

Fixed materials in 5-10% formalin sea
water were used for observation. Staining
with cotton blue was done when it was
needed. The voucher specimens in dry and
in liquid and slide preparations are preserved
in the Herbarium of our Department (SAP).

Observation

Plants are easily detected by the presence
of dark red areas infected in the host thal-
lus. The plant is composed of endophytic
filaments and outer erect filaments projected
on the host surface. In Grateloupia turuturu
the endophytic filaments developed well and
formed a network not only in the cortical
layer but also on the surface of the host,
and outer erect filaments also were luxu-
riant. While, in G. filicina the endophytic
filaments did not grow on the host surface,
and the outer erect filaments were few
compared with those in G. turuturu. How-
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ever, no endophytic filaments developed into
the medullary layer of both the hosts.

Endophytic filaments develop parallel and
slantwise to the host surface, and branch
irregularly. The cells are cylindrical and
tortuous in shape, and 3-6 um wide and 20-
60 um long. The cell wall is very thin.

Erect filaments (Figs. 1-2) arise from the
cells of endophytic filaments near the host
surface, being usually simple or rarely issu-
ing branches. Frequently forked branching
is seen at the base of the erect filaments.
Erect filaments are composed of 2-10 cells,
3-6 ym wide and 10-50 ym long, and slightly
taper toward apex. The cells have nearly
the same length as width or longer. The
cell wall is somewhat thick (about 1 um)
compared with that of the endophytic fila-
ments. Generally the development of the
erect system is poorer than the prostrate
system in the sterile stage, and the erect
filaments show a tendency to appear after
the fertilization of carpogonium.

A single parietal plastid lacking a pyrenoid
is present in each cell (Fig. 3). The plastid
is usually light in color in the carpogonium.

Spermatangia and carpogonia are borne
on the cells of endophytic filaments growing
near the host surface, sessile or stalked.
Spermatangia (Figs. 4-7) are solitary on 1-3
or more celled stalks, and sometimes sessile.
There are not formed well developed sper-
matangial clusters on erect filaments like
those seen in Rhodochorton purpureum
(Lightf.) Rosenvinge (WEST 1969). Sperma-
tangia are nearly globular in shape, 3-4 ym
in diameter, and light in color and equally
stained with cotton blue to vegetative cells.

Carpogonia (Figs. 4-6) are sessile or on
1-2 celled stalks, and rarely lateral or in-
tercalary on erect filaments, flask or conic
shaped, and 3-4 ym wide and 5-10 ym long.
Trichogynes are slightly constricted at the
base, and 2-3 #um wide and up to 16 um
long. One or occasionally two spermatia
(Fig. 8) attach on the apical portion of the
trichogyne. .

After fertilization the carpogonia enlarge
upward to becoming elongated and obovoid

or club shaped (Fig. 7). By this stage and
later trichogynes with empty spermatia
frequently remain on the side of the en-
larged carpogonia without disintegration.
Then the carpogonia are divided into two
cells of unequal size by a transverse wall
(Fig. 8). The upper cell is larger than the
lower one. The cell remains undivided or
divided one to two times to form short
gonimoblasts of 2-3 cells (Figs. 7-9). Some-
times the lower cell also issues 1-2 celled
laterals. Thus there are formed very simple
gonimoblasts, some of which are unbranched
(2-3 celled) and others sparingly branched.
The apical cells of the gonimoblasts are
more enlarged and converted into tetra-
sporangia without being carposporangia as
seen in the ordinary members of Florideo-
phyceae. However, the apical cells of the
laterals follow in maturation. Cells of the
gonimoblast except for the apical cells are
5-6 pum wide and 3-6 ym long. When the
tetrasporangia are formed, they appear to
be terminal, solitary or paired on stalks as
described by SETCHELL & GARDNER (1903),
DREw (1928), and NAKAMURA (1941).

Tetrasporangia (Fig. 9) are obovoid to
ellipsoid, cruciately divided, and 10-12 gm
wide and 15-19 ym long. Regeneration of
tetrasporangia in the empty ones occurs
frequently (Fig. 10).

Monosporangia are absent. Hairs also are
not found.

Discussion

From the above observations it is revealed
that the male and female reproductive struc-
tures are produced in this species in Ho-
kkaido and the fertilized carpogonia develop
into very simple carposporophytes producing
tetrasporangia instead of carposporangia.
Such tetrasporangia and carposporophytes
were named carpotetrasporangia and carpo-
tetrasporophytes by BoRGESEN (1927) and
BopARD (1971) respectively. The prior in-
vestigators (SETCHELL & GARDNER 1903,
DRew 1928, NAKAMURA 1941) seem to have
failed to find out the sexual reproductive
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Figs. 1-10. Rhodochorton subimmersum Setchell et Gardner, part of endophytic filament (En)
indicated with thick line, erect filament (Er), carpogonium (C) with trichogyne (T), sperma-
tangium (Sg), spermatium (S) attached to trichogyne and development of fertilized carpogonium.
1-2; showing longer erect filaments, forked branching at the base and lateral branching on erect
filament, 3; contents in vegetative (V) (dark) and reproductive (light) cells, 4-5; sessile or
stalked carpogonia, spermatangia, empty spermatangia (Sw) and spermatia attached to trichogyne,
6; intercalary carpogonium in erect filament, 7-9; enlargement and first division by transverse
wall in fertilized carpogonia, development of gonimoblast (G) with or without laterals and
formation of carpotetrasporangia (Ct), 10; regeneration of carpotetrasporangia in empty spo-

rangial walls (Cw). Use 10 #m scale for Figs. 1-2, 4-10.
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structures owing to the occurrence in the
early developmental stage of this plant and
to have misunderstood the gonimoblast cells
as the stalk cells of the tetrasporangia.
The development of carpotetrasporophyte
directly producing tetrasporangia from the
gonimoblast cells is essentially the same as
in R. purpureum (WEST 1969), although the
rhizoids observed in R. purpureum by WEST
are not issued and the growth of gonimo-
blasts is very reduced in this plant. Thus
it is supposed in this plant that the ordinary
carposporophytes as seen in the Polysiphonia
type of the Florideophyceae and the inde-
pendent tetrasporophytes are lacked in the
life cycle, although the evidences by cultural
experiment and cytological investigation are
not given at present. The life cycle of this
plants belongs to “Le cycle des Némaliales
a carpotétraspores” (MAGNE 1972) or “The
Liagora tetrasporifera type” (DixoN 1973,
UMEZAKI 1977) as seen in Liagora tetras-
porifera BoRGESEN (1927), Helminthocladia
agardhiana (C. Ag.) J. Ag. (FELDMANN 1939
as H. hudsoni), Yamadaella coenomyce (De-
cais.) ABBOTT (1970), etc.

The nomenclatural problem of the genera
belonging to Acrochaetiaceae (the Rhodo-
chorton-Acrochaetium complex called by
PAPENFUSS 1945) has been discussed by a
number of authors. Among them, DREW
(1928) adopted one genus, Rhodochorton, in
her review of the genera, Chantransia,
Rhodochorion and Acrochaetium, because of
the synonymy of rhodophycean Chantransia
with Batrachospermum or Lemanea and the
difficulty to separate Rhodochorton and
Acrochaetium. NAKAMURA (1941, 1944) fol-
lowed DREW’s opinion in the nomenclatural
treatment. KYLIN (1944, 1956) recognized
six genera in the complex separated from
one another by the differences of basal
system, plastid morp'hology and reproductive
structures. PAPENFuUSs (1945, 1947) also
separated four genera according to the
feature of plastids as the main criterion.
In his paper Rhodochorton subimmersum was
combined with Acrochaetium as A. subim-
mersum. FELDMANN (1962) distinguished the

complex into two families and eight genera
based on the mode of the development of
gonimoblasts and the character of plastids
as well as the type of life cycle. WOEL-
KERLING (1971, 1973) recognized two genera
only, one is Audouinella (the oldest valid
genus name of the complex) for the sexual
taxa and the other Colaconema for the
asexual taxa. PARKE & DixoN (1976) and
DixoN & IRVINE (1977) merged all the
species of the complex into Audouinella
according to the one genus concept of DREW
(1928). Recently STEGENGA & VROMAN
(1977) preliminarily reported that the com-
plex was distinguishable into seven genera
with the characters of the type of life cycle,
the postfertilization development, the mode
of spore germination and the plastid struc-
ture. According to the concepts of WOEL-
KERLING, PARKE & DIixoN and DIixoN &
IRVINE, this species, Rhodochorton subim-
mersum, may be also combined with
Audouinella. At present, however, we
prefer to use the original name for this
species until further knowledge about the
complex is accumulated.
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Lectotypification of Sargassum kjellmanianum and S. miyabei

(Phaeophyta, Sargassaceae)

Tadao YOSHIDA

YosHipa, T. 1978. Lectotypification of Sargassum kjellmanianum and S. miyabei (Phaeo-
phyta, Sargassaceae). Jap. J. Phycol. 26: 121-124.

Lectotypes of Sargassum kjellmanianum YENDO, S. miyabei Yenpo and S. kjellma-
nianum f. muticum YENDO are selected from the syntypes deposited in SAPA and TI
(Figs. 1, 3, 4). From the examination of sexuality and holdfast characters as well as
the shape of vesicles in these syntype specimens, S. kjellmanianum and S. miyabei are
concluded to be conspecific. In the reason to avoid confusions, the name of S. miyabei
is chosen for this taxon. S. kjellmanianum f. muticum is an independent taxon in the
specific rank from S. miyabei. For this taxon the name of S. muticum was already pro-
posed by FEnsHoLT. New combination S. muticum f. longifolium (Tsenc et CHANG)
YosHIDA is made basing on S. kjellmanianum f. longifolia.

Tadao Yoshida, Department of Botany, Faculty of Science, Hokkaido University,

Sapporo, 060 Japan.

WEOKRY LY FBEWD 5> YeEnDO (1907) i
ToTHfEE LTREBRESNA-bDIRI0ESHD, 205
HALEER R © M VW TWB DM s Nk £ 2
Sargassum kjellmanianum ¥ 3 v <= 7 S. miyabei
D2WTH D, WO I\ Tkt BT 24
HIEEIRTEDLT, Iv<E 7o TMES
DHEICBI LTS Wik bbby, E0%, HH
(1947) AR =WED ~~* 7 LRES R
MR DLW CHERERBRTH v, R —LTRASRKICHE - 1
DEFABENBEET S LRI, s vXE7ico
WL (194) 2z ofEFogkRESW Tk,
TokipA (1954) (XHERERBRTH 5 & &% BER DK
TRDI, CORMBOILUE—BCZTAROIRTSH
ZE|»> T\ 5,

1A (1954) XRABEEREYERZEOEARSE (T
CHREINTBEELALZFAT YENDO D~ FE 7
P YREIZRRBER LTV DWTHRAL,

Yenpo (1907) otk x, —hb 20 x4
TEAYBETHI L B ER, Tlehds S.

kjellmanianum f. muticum YENDO O syntypes %

BT, EEE2HEE B %E D syntypes iZdL kBT
BAZE SAPA) CREIRTWAEH 2LV a v
DS B ERBEBMh LT otc, ThBLDEREYRE
ELTEDAEMD lectotype #IEEL, O
DEARIC O THRE L,

(1) ,~~F=E2 S. kjellmanianum YENDO D
syntypes

W (1954) 3 TI Ol OEAREEAL LTL
AR EDL, HORLPIFIEE SN CERDOAEHAE
Z DM I NI 1907TELBEOREMTH D, pro-
tologue IR INIcEME LI RL->TVWBDT, &
hb% syntypes LFR» BT LIXTEXV, YENDO
(1907, p. 106) (xpERfo 1 A% BrvC H. H. F.
(Herbarium of the Department of Fisheries of
the Hokkaido Local Government) & H. S. A.
(Herbarium of the Sapporo Agricultural College)
LML %R SIBLTWS, £D5H Notoro,
Soya % Ex < LD TR O e RERF 0L o
SAPA KRB I TV 5,
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1) EEERITEEL, 82346 A8 H, FR. 2)
&, May 1903. 3) Esashi, Oshima, July 24, 1890,
K. MivaBe. 4) Esashi, Oshima, July 24, 1890, K.
MivaBE. 5) EEEBERZEAF, June 23, 1900,
BfE=. 6) Takashima, Prov. Shiribeshi, June 4,
1901, MivaBe. 7) #EBRKTATNT, PIR24ES
H10H, . 8) Yagishiri Island, May 15, 1891,
Nozawa & Fukusuima. 9) Kutsukata, Rishiri,
Sept. 7, 1896, Hirose. 10) FIEREHIAN, July
1894, MivaBe. 11) E#EPEH, July 4, 1891, H
ch. 12) Shana, Etolof, Aug. 1890, FujJiMURA.

Zh b 12 DEAN syntypes W5 T LIS,
ZD 5 8) ixELV 16.5cm DA YenDpo 1907,
pl. 15, f. 1 Db eicle~»b DL Ebhb, 3), 4)
R U Bk CHEDEFERRIK 2 O T\ 5 (Fig. 2)
6) T EBEVCAFBKLIL > THHT, HHEK
B Ed, HHERENEILEHETHIILLT
&7ty LALIERE T A EATH B0 b,
Zh# lectotype LFE LA\ (Fig. 1),

7c3s, protologue WITBERIEDEAN FIB IR T
WBA, Zhik SAPA T, FiodCIUE (1954)
MNETWS TIOEACLRATHC LA TEih -
toe TOEMMNSZDB E, S. kjellmanianum 13Lig
BADETFEBEBPAHMLTBE VXD,

(2) 1+ ~xX=7 S. miyabei ® syntypes

Ye~npo (1907, p. 114) o@E#hoFE i “H. H.F.”,
“H.S.A” LIERLTHHERDF|A»DH b, SAPA
T TROBLEFAZBEIR T3,

1) EEERAENLRET, B#524426 A22H, H+
2,3) EEEEE, WR2BEI05128, FR. 4) #R
H¥. 5,6,7) JLREFAUE, BAR54T7 F18H, 1
B. 8) Kunashiri, Nishishoro, July 13, 1893,
WATANABE, 9) TIBEEE®ZIF + >~ >, BR26ET7
AS5H, M.

CHhBIRTRGEEC L » TREIhIEELTSHD,
EHAHLATS syntypes THBHZ LIXHLNATH
%, ZD 3 LEFIBOEAS YENDO 1907, pl. 14, f.
13-14 DEPECR-TWBE ELBIB, T 3)
VRMEME AT 8RB D Aok & Lo AR FABRIR A BERE & i e
*hTHhH,5), 6) XThthifk LOHEOBEGETHY,
8) BHEMEMTHDZ LI BEDRERS »1z, 5) DEE
A% lectotype t3+5DrEYTHS (Fig. 3),

(3) S. kjellmanianum f. muticum @ syntypes

IWE (1954) AR L TI o128 0fEAI: YENDO

(1907, p. 106) D5 Li-EEADTXTT, syntypes
Thb, ZD5bBMHE (Apr. 1902) EOEAR
(Fig. 4) ZKRMBEHETIEIH BT LD lectotype &
LTRELA,

% -3

LEo syntypes ®¥EE $5&, ~~FEZ S
kjellmanianum YENnDO (IMEHERMKTH D, Khu
KAETEmRNLR->THH, WHE (1944) 3 v~
7D TERaR L b o & FHEC FIBEIRE 3 23 0 Rl
HHEEATAEVEBIEROBREREE LTWT, BER
ADEDTD § v<% 7 S. miyabei YENDO D
FRCASEEER LTV, £T T syntype BAK
MO BB Y, EEDEX I S. kjellmanianum
1 S. miyabei LIZRHITERVIDOT, ZThbik
synonymous T#h % L fERm I 5 .S. kjellmanianum
D&HIDOFH YENDO DOFRILHTHNC (p. 102) FEah
Xh, S. miyabei H\% (p. 112) REHEIh T3
Fh&d, 2o taxon iXHEEX AV HAREY
e EBbh, I ORRICREEBEMEY & RARFEST
KIZR LTSV, FIFD $ ¥ =eE7 L LTRLSFARIW
THH 5,

S. kjellmanianum f. muticum YENDO £ =< ~-~
* & 7 (FIFF)Ic 2\ Tid, syntypes 2635 (1947)
D5 BT HEERBR TH B ERFBR T E IewnTh &b
T OWENEY, FHFEIEZERCART, BFRERT
BEAFE7ELTVDDEA—TH D ELHET
%, —® taxon (37 Tk FENsHoLT (1955) i
X T S. muticum (YENDO) FENSHOLT & Xh<T
WEMND, TOEHRERVWBHIEILS,

ChEBDbD Lk LIS,

Sargassﬁm miyabei YeEnDO, J. Coll. Sci. Imp.
Univ. Tokyo 21(12): 112. pl. 14, f. 13-14. 1907.
nom. jap.: Miyabe-moku I v~ 7
Lectotype : SAPA (Cape Soya, Prov. Kitami,

Hokkaido, July 18, 1892, leg. FuKUSHIMA,
female)

synonym: S. kjellmanianum YENDO, l.c. 21

(12) : 102. pl. 15, f. 1. 1907 ~~Zx=x 7,
Lectotype: SAPA (Takashima, Prov. Shiri-
beshi, Hokkaido, June 4, 1901, leg. MiYABE)

Sargassum muticum (YENDO) FENSHOLT, Amer.
J. Bot. 42: 313. 1955.

Basionym : Sargassum kjellmanianum f. muti-

cum YENDO, l.c. 21(12) : 104. 1907.

»



Yoshida, T.: Lectotypification of Sargassum

Fig. 1. Lectotype of Sargassum kjellmanianum Yexpo (SAPA, Takashima, Prov. Shiribeshi,
Hokkaido, June 4 1901, MivyABE).

Fig. 2. Cross section of male receptacle in a syntype of S. kjellmanianum (SAPA, Esashi,
Oshima, Hokkaido, July 24 1890, K. MivaBg). Scale: 100 zm.

Fig. 3. Lectotype of S. mivebei Yenpo (SAPA, Cape Soya, Prov. Kitami, Hokkaido, July 18
1892, FUKUSHIMA).

Fig. 4. Lectotype of S. kjellmanianum f. muticum Yenpo (TI, Izumo, Prov. Kii, Honchu,
April 1902).

123
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nom. jap.: Tama-hahaki-moku &= - ~FE7
Lectotype: TI (Izumo, Prov. Kii, Apr. 1902)
BEFHCHHEANL D, v % 7 3FMEH
HLItEERL, ¥R, BTECHML, g7 %
7 XERBUBEOAMKTER, HE, ey
LTkbY, MANRETAZ EIVWETHS, L
L AAREEIC DLW TR E A b il Bk
WHZ EIXTERL, .

ek, B -3E (1954) it S. kjellmanianum f.
longifolia ¥ hEIFSE, WiLE, FEEEMLLEHL
7o MERERERCTH B Z & FOR, L, o MmED
S. muticum CEDLNDH LD LI h B,
Sargassum muticum f. longifolium (TsSENG et

CHANG) YosHIDA, comb. nov.

Basionym : Sargassum kjellmanianum f. longi-
folia TsenG et CHANG, Acta Bot. Sinica 3:
358. pl. 1, pl. 2. 1954.

FEREEB L TTF & » b KBRS RARE M &,

BAOEERFF I hic b K BEMm A EERHE, X

ARABRBERBFERICEST 2,
51 B x #&

FeEnsHoLT, D.E. (1955) An emendation of the
genus Cystophyllum (Fucales). Amer. Journ.
Bot. 42: 305-322.

BT (1947) W& oFR4. JLBEfE, s 255 pp.

Tokipa, J. (1954) The marine algae of sou-
thern Saghalien. Mem. Fac. Fish. Hokkaido
Univ. 2: 1-264.

BEZE - RAERH (1954) +EHERERMHE 1L 7
KERE. Wik 3: 353-366.

IS (1944) H~b< 2 I fHpF 20: 225.

IAESE (1954) -~ %27 (Sargassum kjellma-
nianum YENDO) DEEAR IZOWT. FHE 2:
45-47.

Yenpo, K. (1907) The Fucaceae of Japan.
Journ. Coll. Sci. Imp. Univ. Tokyo 21(12) :
1-174.

* ALEREAF RS EE (060 FLHHLXAE10
478 TH)

O%13E - EEiEM¥4 (XIII International Bota-
nical Congress) OEA

££130E - EEEYFE L0 19814F (B564F) 8A21H
~BE bl Ty V== (F—A+7)7) THEZ
hET, ZOHEIHE—E » KR ED chairman
THhHUv<R) —#E (77 v— FREEYFEEE)
DB TRD L I RERANLELZTRTVET,
(OSection 10. Marine and Freshwater Botany.

W& ePEFEEOTE, BE, ~v/e—-7,
BIVEEFOHLRBT —<DOWT, Y VHEDY
& LGRS TR B, RS hICRIIT O T,
OFERERIFERIN B2, BIIEELENHERE
hEFE, TBRLTE S,

TFEo Topics & Field trips AEEfTH 503,
IhBBIVCEFRUAD DR DOWT, BERPEEN
HolcbBHUETE LY,

OTopics (ER)

1) MRS & EE¥ENR L &L, EHOEL
RO CTOHME

2) BEOBEMLEM

3) WEMEOWELDIE

4) By v THETORBO LY

5) HEHERY

6) Yg# (Seagrasses) & FD4MH

7 BE-BE.~v e - THEOEED

8) B¥EMEHEAXE LEEHOE MY
9) FEERCTOBREDFIA

10) HEOSEHELLEHE

11) 5 vBROFE¥OEE

12) {eR#&E

DEDBHRELLRVC L FEEIR TV, %

PIRERLBnbEALV, L L, Bl TLHAH
DREFIBMTES X 5B TH S,
OField trips (E%#k%7)

1) (&) BEL~vI/m—T%2&L, KB
(R ED v ) TH B ~r VAN
DikeT (7 BRED

2) (&%) F—A 37V 7 BEHE B0
DD ANELVE TFU—FAD R DD
(8 HIED

3) BAEBHIAD Y F=—=nb 2L EL vy ADJK
T (6 B) (&WATKTDOTE)

4) JARAsR O 1 HHRTT

(a) C.S.I.R.O o Cronulla &b %K%  #g¥E
HEO R, BERER¥EDICDO R~ MK
13.

(b) =v7/r—7, BERIV EEFEONLD
® Botany Bay ~OkfT.

(¢) #ifxH (rock platform) ~D}k1T.

(d) BAREFHAD 1 HEREDHKLT.
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Moss diatoms in Japan (2)

Kazuo ANDO

Axpo, K. 1978. Moss diatoms in Japan (2).

Jap. J. Phycol. 26: 125-130.

In this paper, nine moss diatoms are discussed on the taxonomical and autoecological
viewpoint. These are Melosira cataractarum, M. guillauminii, Achnanthes coarctata var.
sinaensis, Frustulia constricta, Neidium minutissimum, Neavicule fragilarioides, N. ignota
var. ignota, N. ignota var. anglica and Cymbella stauroneiformis var. capitata.

Kezuo Ando, Toyooka Senior High School, Toyooka, Iruma-shi, Scitama-ken, 358

Japan.

(8) Melosira cataracterum HusT. Arch. f.
Hydrobiol. Suppl. 15: 142. pl. 9, f. 6, 7. 1937.
.............................. (P1. 1. Fig. 1-5)

BEDRTCITECERY D BH, TORIITH
HlThaz Lo thrs (Fig. 3-5 BM]),
¥, REIXTEAEFESTcD, Fig. 2 53 8
Lt X S BB ADOLTIEET T TH
D, REOMALIEECHTHI TH B, BRENTILHEM
B vied &hH D, Hustedt 122 0 &HBE
* 10 pm HI8A L LTV %78, b EOMEEERE
PWLTHDE, 10 pm 2043 EDDDHEh T,

WfE T Hustedt X - T, AL+~ DEDOKITE
VCEBECIICET LTS 2y b RIEBEIhH,
ARETIEEZHDTHET, T CHRREFZIT
FHoEh-EED Y+ Ty b REBEINICDATH
%,

(9) Melosira guillauminii Mang. Mem. Mus.
Nation. Hist. Nat. Ser. B. 12(1): 13. pl. 1, f.
la-f. 1962.......ccoviiien... (Pl. 1, Fig. 6-17)

XEEHETRE LCEA, YEORMEBIL Melo-
sira varians L L TR % (Fig. 12 £RB), L
AURENBEVCOTRIITES, ILRETHERSET
BELTAD L, YEOREORERT 10 #m 128
48fEI2 £ DEIG T/IMLYBRFEL T\ 5 (Fig. 16, 17),
LA L M. varians TIiX, “DX5k#HETIRLA
oD T (CRAWFORD 1971), Wit BloNEEET
HBZLIEHRTHD, MancuiN |I4ED BHIEY
9-12pm & LTW5H, FHAATIE 6 4m 225 215

pm CEDXF IEAXIO[/GBHB LI, B
B2 PR THBHH, BB RIS, I7,
ManGUIN 4% (inner Schalen) 7R LTw
2%, AFAETL Pig. 10 211 0 X 31 e L=
ERE R OBELR,

MANGUIN {22, } 5 v VT, BlioOFKECEL
TWhB-mBEsbYEY R L, £ L THFAME
THIEMNEXFUOERLE L, brEThall, #
Bl o oBHOKETIIE RBHSA TV ARV D
phbbY, 27 FEORETE, KT TLoes
COFMTRBA, b /HEr L, HCiy
1SR PBRTOe ) ¥y, vy EIrDO—f, i
Iy EnbBEBELh, ThbDarDEF
ik, BRI FHEAY R LIoREE BT
Thb, ChODEFRENOGRD &, MUfEIAY
it oM EE & Bbhi, —BEBRERAIL UF
AR D oo v, KTy E (Dicra-
num Hedw.) o 1#), HEERR L (v icBRoe
nw =4 Pterobryum arbuscula Mitt.], #Z3)I[E
FHRIU (B EoD =22 735 ~% =4 Plagiochila
yokogurensis Steph. & A ¥ ~A =5 J& (Drepano-
cladus (C. Muell.) Roth) o—ff, &- i to
%4+ 5~ =4 Taxiphyllum taxirameum (Mitt.)
FL.], AETAER (BELDo exvrFayr Am-
blystegium serpens (Hedw.) B.S.G.), & BAE I
(B Lo = # + =% Rhynchostegium pallidifolium
(Mitt.) Jaeg. LB EDH Y-S X¥==4 Pellia
endiviaefolia (Dicks.) Dum.), #MEFKOE (K
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MNEDHEB TS BED v =2 = Heteroscyphus
argutus (Reinw. et al.) Schiffn.), #MEHIZEME
GBotcAMt LD+ 5 7 4 =% Dolichomitra cymbi-
folia (Lindb.) Broth.]), E&REBERIFL UEvicis
DRFTD e 7 % =% Rhizogonium dozyanum Lac.],
BREBBAE (—&/IBv0E EoER],

(10) Achnanthes coarctata (Breb.) Grun. var.
sinaensis Hust. Hydrobiologia 2: 43. pl. 1, f. 6,
701949, o (Pl. 2, Fig. 18-21)

BMOPRPREN VRN LR X > TREFEFBERX
M B, i, A. coarctata var. elliptica & 137%
WO TR BITE B, HUusTEDT 1X3%RH 50 pm, 7
1§ 10-12 pm L LTV 52, KBEATIERE 305
pm b 60 pm, FHIE 7.5 #m B 13 pm KEHE
A2DKEXDOLDONE LI, HUusTEDT 14 HIC
DWTIRE LT WLd, SEOFETELhICHERG
DOREMEL 10 pm 12 7-14 K TH » 12,

WIEREIY HUSTEDTIZ X » To 1 B RO &5 —
Sy~ H xR T4 (Bryum gemiporum) &, [@
U v F M EEBERD A=A UhDRTRACE
HEhidboThsr, Tk, ZOFBEOWTOHR
BT EAERNL O THDHH, SEIOPHETILTRL
Db a2y (AEORBTLELERB IR, a7
fED X5 BB FUERLBbhS, —HER
Wid (KBS ELCO AT LD R Y Ayt v Ty
Fissidens grandifrons Brid. var. planicaulis
(Besch.) Nog.l, ¥MEEHKE RELOTYA T+ I
4 Pseudoleskeopsis japonica (Sull. et Lesq.)
Iwats., ®&ificEbh TWBAHEED R Y AN XE=F
4 Pellia endiviaefolia (Dicks.) Dum. & v 7 o+
o4 ¥+ Furhynchium hians (Hedw.) S.
Lac.), WERPEE (BELO ~F ey ooy
Brachythecium plumosum (Hedw.) B.S.G.), Hig
AR UKAE-> TV B HEELED Y Ryt ar],
KB EEARME (B chEED S vy =y
Reboulia hemisphaerica (L.) Raddi],

(11) Frustulia constricta Krasske Archiv. f.
Hydrobiol. 35: 376. pl. 11, f. 40, 41. 1939 ....
............................ (PL. 2, Fig. 42-45)

KRASSKE 1T X % LRI THhEEE Ch, &
WS TR BT B L e T B Y, KA
TIRAREO  Ch b RIRO R b FRERS L0 E 0
MBARNE EELL InWBGER S o, LIL, 20D
fhoD 0 R E —FK L7 T 4% & AE L,
KRASSKE 1% THRBIIIEF B TIzEA KBt

e EERLTWADR, SEOFEETELAICEMLY
BT TRLUTHRELAWMLTAS L, 10 #m 12 36-
400z EFx bhts,

WHELREE 7Y T, BHARED 2y (Oxyrrhyn-
chium fuegianum Card.) ©—= ., b RHER
HBETHD, TOk, U OVWTOREXZLEAL
X5 THhHH, SEORETILEL L THILFN
OBEKBOL L TEFLTV S 2 7 LT ORTEMED
AREENGRE S iz, —7, FIILEBLEDK
BTRE-KRBRTUWIRWZ Enbd, YT,
K OWREINECHTCSHTHEED X 5IcBbh 5,
— I B RB r REILE OB~ RIKE EOBR), &
R EEILR (B AKE LoBEEH), BT
L&A CRIKAE Lo BE), Ko RBE#EEILA (%
hi-BKEED v+ H k94w =4 Fissidens crista-
tum Mitt.],

(12) Neidium minutissimum Krasske Hed-
wigia 72: 108. pl. 2, f. 12. 1932 ..............
............................ (PL. 2, Fig. 33-37)

Krasske 12 &% &, &K 27-29 pm, 7RIE 5-5.5
pm T, BT 3EFEIT oL kT B, 4ED
AETHOREEE, CORTHOMEL H22kR
DHDREL, ThbHOFER, BE 24.5-37 pm,
BB 5-7Tpm THoto, Ffo, AT Fig. 34 35
DX HIciE 3APEFTOb DL H BA, Fig. 36 237
D& ARRIEATE MLk D RH I i, o
floHicBI LTk, Lu~xp (1946 p. 59) 2% M@k
2255 LT 3 EET2%, FPRIEMEs] EEL T
BT L r—F Ui, Yfx Neidium peruvianum
Mang. (Manc. 1964 p. 85) L+ %, LaL,
LUHOF BB T 58D O\ 2 &, filifix
BT bW ETRAITE B,

WEIRR 7V 7 AURORKREGUERICEET
R&hi, Zotk Lunp BEED~=7 44 Figk
BOHFHPOLEMOYBLYREL, HEr 18E L
TER LI, AFE TX FROFTRHEIATWS
2, TELarfEFO X RREXVITFUCEELEbh
o W ERhEk (B4 E oD 2+ =5 Conoce-
phalum conicum (L.) Dum., &5 L7441+ o4
Pseudoleskeopsis japonica (Sull. et Lesq.) Iwats.,
BELrDY 7v9¥ a2 ¥+ Eurhynchium hians
(Hedw.) S. Lac.), HEHHE (BSELED 255
=% Homaliadelphus targionianus (Mitt.) P. de
la Varde],

(13) Navicula fragilarioides Krasske Bot.




Arch. 27:351. f. 19a-g.1929 ..................
........................ (Pl. 2, Fig. 27-32, 38)

LEOBBIRBOREN R THIC & T, K&k
B TR EDFEENTHER TE B2, PNEEETIZL
ELIERF TR B XD B, FFETHBELY
BRELIBETL, ERFSHEE LAV L#BLED
DINEGEY S ote, TOXORE &L, HIRER
WY T s L (Fig. 38 2R) »b, YoEH
135#) Cleve & X » T Fragilaria BOfEEL LT
RS, TOBRKRRBELNROREOFEIER
Ihicicd, Navicule B BEhi- &8 ThH 5,
KRASSKE 1373% 5 10-36 #m, #%1g 4 pm, HUSTEDT
(1962 p. 206) ¥ K 10-36 pm, HiE 2-4pm L3I0
LTW3H, bAED D DITRE 15-41 pm, 3RiE 4-
55pm T, EHEML v KBOBEGDREIh T3,
BRUGECESR, KEO L ORBRESHT T, T
RO 3EFFTL, Bt Bk 2T 540 (Fig.
27, 28 BMB), /INEiTie B & ERRIERT & 7 bRl
FEFTT, BRERIR &5 (Fig. 31, 32 2]R),
COMBHDODDOEERD L —RAIEDO L 51R2 %
2, WMERABTER L » TELR 2N VP LNICH
—DEBETH B, &EEucoOWTik HusTEDdT (3 10
pm I 35-40 K EFEL T3, KIHED D DDA
fEix 10 pm 12 28-36 AT, R TH T, RFEIT
RO BiENH by (Fig. 29, 31 2R), ot
10 pm & 12-1513 £ TH B, & D =ik kB
R T BDORBFEIL > T B,

2—r ., ROWFTEHEOFEHER TIL, K2 AT
BEVCHTOEBERENR TV B AECHE (KRASSKE),
FRMETHRCRACECB> TV B2 rhbRkBR
HERTV5 (HUSTEDT), A Th, aricffHL
TREBTLELERE IR, —BERPEk GB
B Lo+ =4 Conocephalum conicum (L.) Dum.
KEABOHEDBTCHDBEERD kYA~ § X€=T7
Pellia endiviaefolia (Dicks.) Dum.), EFFHE
(BR0EbLXOBEE), ERMES (BELoxy
A IRE==y], BRARTLELR (B AKSE
LoEE],

(14) Navicula ignota KRASSKE var. ignota
Hedwigia 72: 116. pl. 3, f. 19,1932 ..........
............................ (Pl. 2, Fig. 39, 40)

LUBEORHH DO — IR D GBS PLORHEHR T
NI BT L ThHD, KRASSKE DELHE L 0%
DHPRTIX, ZOEHEE TV ewA, Lunp
(1946 p. 65) 2MEIE LIk X O 0FHBER T,
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ZOWERML bR TW5, YECELOEEE LT
1% Navicula schoenfeldii 73 5H%, YEOBREP.O
BMOFBIEE—FLTEL 72D, PLBILE-D
XL, N. schoenfeldii .0 ERDELERITEA, 4
LEL BT, PLBITThIZEREL VDT
KA Tt&%%, 73, LunpD % VANLANDINGHAM
(1975 p. 2597)  HusTteEDT (1937 p. 254. pl. 18,
f. 8, 9) A% Navicula lagerstedii Cleve L [RE LT
LB EENDIDTHHE LT BN
EELZDRMTIVWEELZ TV,

KRASSKE 3R D HFED~NHT, 7 v /) ~2Hr
(Ctenidium molluscum) o arhbuEY R
Lz, ¥/, LunD i3 EEEhALYEL RIHL T3,
SEOAETIRBECHET B Lidieh»ind, K
CRTIOIEEHLOFTRLAL, 2 ¥ fFEDOKET
bAER B SHLTW5 @EO —2 L Bbh b,
— B E R (B4 ED 791 + =4 Pseudoles-
keopsis japonica (Sull. et Lesq.) Iwats.), ¥iEER
e (BB ED %4 54 Taxiphyllum taxira-
meum (Mitt.) Fl., @ficgEbhTwb Eko v
vF+ ¥y V¥ Eurhynchium hians (Hedw.) S.
Lac.]), RAMAREIAME (BE LD 2575
4 Homaliadelphus torgionianus (Mitt.) P. de la
Varde], #z)IIEFHRIL BB ED 2275~ %2
4 Plagiochila yokogurensis Steph.), #MEFET
%9 (BEED AXT4 @ (Forsstroemia Lindb.)
o—fi), BERREE (BE Loy 727 B
(Thuidium B.S.G.) o—f&]), EREERSI OBS
ko s vy =4 Brachythecium buchananii
(Hook.) Jaeg.], #EMBELIE (KA > TW5b =2 v
7Y~ EEDAX Ty Bo—f), ZEREEILE
Brov ) 72y Bo—&).

(15) Navicula ignota var. anglica Luxp New
Phytologist 45: 67. f. 4W, X, 1946 ............
................................ (Pl. 2, Fig. 41)

BYIEHH TH B &, B IOBRBNIFEIT 0
ZrIRE-TRAEEEEAIEh S,

LuNnD itk »TZVr—1t « 7YV FVvEDLFEHRMD
RiiZh, ZERIh-EHTH L, SEOHETIE
ZOHBRA IS - T, —AFENEFHRIU GRE L
O], ZEREXIL BE LY/ 7= B
(Thuidium B. S. G.) © — &), EEAEHEEIAR
(8- hKE LoBEE),

(16) Cymbella stauroneiformis Lagerst. var.
capitata Cleve-Euler, Diat. Schw. Finnl. 4: 144,
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f. 1208¢. 1955, ............. (Pl. 2, Fig. 22-26)

I E O YSERIRVIEST T, BIRTERE
oh, BEICR L TIzEALHBRTHS, LrLREI
1% Fig. 25,26 0 X 5@ ADNE LA LT L e B8
i R dh5, ®E 15.5-27.5pym, &g 4.5-5.5
pm, ZfE 10 pm 12 21-24 KThH B, ZOHER
R4 ETTE YO FTETHRDbhTER, Tiobb
Krasske (1932 p. 122) @ X 5 REALEBOFITE
BDTLE H>DHA—D, flilx Cleve-Euler O X 5KE
& (C. stauroneiformis var. capitata) &3 54F\
FThb, £ T, YUNERLERLBERLE LILE L
DRRDETH D, ¥, RAEMBL Tik CLEVE
(1894 p. 165) DEH#HE D Lz L1z,

W o R O| B OB | &M
e e | RIS | 15.5-27.5| 4.5-5.5 | 21-24/10
RAERE | #i | 38-40 9-11 | 16-17/10

ZOXSHIENEDIRBZ L b, YNEFIIESL
EREOPREDTLE IO TR, BEELTHRES
Cleve-Euler o Rfi#D ik sk Bbhb, i«
%5, Cleve-Euler O » L¥l+ 5% & C. stauronei-
formis var. capitata OFEBARIE f. 1208c Tix7c
T f. 1208b TixicuL-a&Bbh3,

KRASSKE (2K TH B IR T B EBETULLIE
Rbh, #i, THRRKILEFTR bR D BEEE,
L RHIRALELTS, SEDOHAETH, #H
Fp2E DEDRKE LD 2 v, BIRKEDSSDE
FrozaricEhb LELERE IR, YoEHX
A BB E VS TBHEOKBENDOBEIRIZTLAL
b hhbbY, arHEORETRTRERT
LORELDOFMHLRABIRTE Y, Ebii- TR
R LI, —HBRAE/IMCTXR (BEEDO LS
-7 = % Dolichomitra cymbifolia (Lindb.) Broth.],
¥ E R rpEk (88 Lo Y 7 ~ 5 ¥ = & Eurhynchium
polystictum Par., KAEH%EH T\ 5 HEmMO K Y
A3 X¥ = =% Pellia endiviaefolia (Dicks.)
Dum.]), WERKE BEEDOT7¥ A + =4 Pseudo-
leskeopsis japonica (Sull. et Lesq.)- Iwats. &+ 7
Y 5 ¥ = & Eurhynchium arbuscula Broth., fED KN
OB DHY A I X =74, HERABS (8
oo~k =25 g (Plagiochila (Dum.) Dum.) ®
—fE), MERBIL=H K- T 5B SHEO + Y
shw A =4  Fissidens grandifrons Brid. var.
planicaulis (Besch.) Nog.]), Hy# HE&EILA (1B

> RKAE EOBEE), RESIES BE ko=
o4 v 24 Philonotis socia Mitt.], #Z3)IIERFHR I
KAE D FED TV BETED A X = & & (Forsstroemia
Lindb.) o—f&], kR BREFEILA B AKEL
OFE), ZBRBEEML (KT 363hTwask
DFF 3,337 24 Oncophorus crispifolius (Mitt.)
Lindb., htc = v 7 Y — bt BEED 47 =4 Philo-
notis fontana (Hedw.) Brid., B2 LD vEv =
% (Pottiaceae) D —f&], ILARKERMSE (8-
LRREELD 3 ¥ =%+ &£ = 4 Plagiothecium
nemorale (Mitt.) Joeg.],

#or, BEOHEEHERICEVWTW A RRASES
KEPNHELESR, OO ERRETFEEE ORI
DWTHEBH W2 A7, 7 HRE&H, BAFH
HERC TR < Bt e L B ey,

51 B X M

CLEVE, P.T. 1894. Synopsis of the Naviculoid
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26(2) : 1-194.

CrRAWFORD, R.M. 1971. The fine structure of
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Pl. 1. 1-5. Melosira cetaracterum Hust. 6-17. M. guillcuminii Mang.
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Pl. 2. 18-21. Achnanthes coarctata (Breb.) Grun. var. sineensis Hust. 22-26. Cymbella stauronei-
formis Lagerst. var. capitata Cleve-Euler. 27-32, 38. Navicula fragilarioides Krasske. 33-37. Neidium
minutissimum Krasske. 39, 40. Navicule ignote Krasske var. ignota. 41. N. ignote var. englica Lund
42-45. Frustulia constricta Krasske.
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Pleodorina californica SHAW (Volvocaceae) [CD\WT

fg .
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On the Pleodorina californica SHAW (Volvocaceae)

Mamoru KusuMOTO

KusumoTo, M. 1978. On the Pleodorina californica Snaw (Volvocaceae). Jap. J. Phycol.

26: 131-138.

Clonal cultures of Pleodorine californica Snaw obtained from dried soil samples of

paddy fields in Japan were studied.

The results of morphological observations through

the life cycle were reported. Details of colony formation, sperm packet formation and

process of fertilization in the sexual reproduction were described.

In P. californica, two

varieties, var. i ffanyi comb. nov. and var. californica, were distinguished on the basis

of sexuality, namely these were monoecious and dioecious respectively.

The former

variety was reported for the first time from this country.

Mamoru Kusumoto, Kanagawa Prefectural Education Center,

Fujisawa-shi, Kenagewa, 251 Japan.

Pleodorina @3558 Volvox #hiz J&L, Eudo-
rina JRITELT 525, BEoREic NloMiy,
g KB oMiax ML, ABOMIAD LA 4Rk
NuE+5HT Eudoring {ERFI&h5 (SHaw
1894), GoLbsTEIN (1964) 11& T5Z Ltk b
Pleodorina D/NEIDMMS HHTHT &% BEEL,
AP BRE D Ric 5K/l ML T 58T Pleo-
dorina &% FEudorina |& kX P)3 5 DIT Y Tlews
ELTHIBEYBRECE LB EXFELL, L2L,
SUENT bbb ATEREN EET D GoLDSTEIN O
E2HIIIBsa b 5, Fic, Volvox |8 L Eudorina
B & Dz Pleodorina [ % i-Fh Volvox Bt
DENRIVT-ENVTHEEDRS,

Pleodorina JRicix, EDRHO —B H OHIfan
ZAVNFIRaAs 7B P. illinoisensis Koroip (GoL-
DSTEIN 1964) =X, BEADHIHE 1/3~1/2 sy/h#lflans
Lic 58 (P. californica SHAw (SHaw 1864, Tir-
FANY 1955, GoOLDSTEIN 1964), I X UUNIfas B
o 1/3~1/2 & & iz mo kMo b ik
£+ %% P. sphaerica IYENGAR
RaMANATHAN 1951) 7 &aidbh 5%,

AR CIIAXFELEbh S 1 L2 &L P cali-
fornica 2 HRDOMEE, M L O4FERIZOWT
®wET 5,

AL ATIIE (B4R EH 5992510)
2 XBHRDO—IETH 5,

(IYENGAR &

4210 Fujisawa,

mE LA E

B ORER TOBEIZ, s (1976, 1977) &
[FHED FET TV, Rt wRINREARGE}
(strain Nagai 4) & fpZ)I|ERFBAFETHE (strain
Kasuya 1 and 2) TH -1z,

7 v — vEF (clonal culture) Xh - Pleodorina
i, APNBOBEA RS L EEERE L TEERIC
ToHELEb, MBENRIIEE v 2 —£H¥HER
THEK - RIFZh TV 5, 7ok, BREOMNZIEAN
FThHoteh, Hr7Ebh— 3 viap: (CAVvE &
Pocock 1951a, 1951b) ic X b HufaBEEE L1,

R EEER
7w —y EEHXhts P. californica (LBEOE
2EMe B I hic,

1 P. californica Suaw var. californica

HREHD SH|E ShTVW38, KPRcELcs
B~ MR EFATRIF 2L L Strain
Nagai 4 TH 5,

R ; Wik & A R E ik il T,
643 XU 128 HOMIITHB I N TV 525, Fhic32
Bo#Man b AL BE I, Bl
Bobh, HEAFMOS O T Bl Ak —3
B, ¥h, BOBIO HFX b G TS h
D,
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Alax, Witk B Ze$ B WO A D ML & A
YIRS B ST B, BHER DMz
INZEID D D, BT E DR FNER & Licu
DRET DI O T oXL ¥ L fe b (Fig. 1), #
AT 2 I ATaOEI T, ko 1/4 53l
flaTik v ofg 3/4 1AM TH » 72 (Table 1), =
HERFAE L e B ELLDWN N EL, 4~5H
Félli T 3~4 BIARIE S il 5 & L0 & » T A/MI
Jokbixiz A E 3:1 Eigonts,

AR D b5 F v TE T h, JTE
WT2ARDERDORAER L > T5H, MRPICER
B0 LED 3Rk &, 1EIrLEEOC LY 7 4 F
(pyrenoid - %) »h 5, EE - oo LicHifiao
iy, CERatErBgshs (Fig. 1A, B),
A XAEOERMITCH b, LA ORI
LTW5h%, BiEo/Mila Tk, ®ificisic

Fig. 1. Structure of large (A) and small (B)
cells and sperms (C) of P. californica var. cali-
fornica. a, flagella; b, nucleus; c, nucleolus;
d, pyrenoid; e, eyespot; f, chloroplast.

Table 1. Distribution of the colonies consis-
ting of different ratios of large and small cells
of P. californica var. californica. (Strain Nagai-
4)

%r I
34
33|  NUMBER OF
32 COLONIES 8
31 I

29
T{I 2 |

et 1 1201
st 1 3
14 12

I I i
31 41 44 45 46 47 48 49 9293 94 96 97 98

NUMBER OF SMALL CELLS

NUMBE OF LARGE CELLS

P TRETN I T » T D, MM A KSR HE
O i RITFETE Lc

Tk, B hA Dk HE R OB A Tk
%% 50~70 pm, FEfR 50~60 pm, FUAHEATIL 2R
300~370 pgm, 4 300~350 um, pkHERTOREEA
% 4 DB TIL 400~6C0 pm TH 7T, Fio, K
A/ N0 12 pm, KA OEIRILH
26 pm TH 1o, “hbix SHaw (1894), TiFFANY
(1935) D% L —F+ 50, Kpfilanktizchs
D& TRFAD 1/2~1/3 2/ filanbic s & 3h
TUVAHDORH LELOBE L7 strain TiE, K/l
faD e HE B LIk 1/2~1/4 Dy fillac4 < R
T 174 2VNIRTH - 7,

ST ; AR T 2M_R0 5> b, KHluizg
Pk L A B S35 0%, il e &
A THHL00H - TH REEFILER Shicl,
GoLDsTEIN (1964) %, /MMy H#TBE 5
LB LT Pleodorina [@% Eudorine JBic/us
Lichs, EE, MO L CHIRBG ORI
BBV &, Tibb, MMl A R B
Ll LEB LT, €K@ Y Pleodorine Ji%
RDBPE L 5T,

IBBEEOTBIL, & T RABOEL MO G
T 2 AR T Y, DK 4~6 ED 2 5HMN
HHELTEZ Hh 754 7 (plakea) M EN B, 7
STrTEAy 7 REETBN, HNTHE (inver-
sion) L TERIRICIe DIRBHERTUT 5, Tihebb 7
77 7OMELS M L THEL, T 0%k, Blfiiask
HICHEE > TR 5, KL & bicgHilac
EHLONAEREL, YERT RSB G L R
EARABIISMUNCALEST B & 5l d, R Shic)
HECERENTLEL S ERCEERL TV, £
TR ED €55 v HELH > T kT 2% (Fig.
2), SHUBA D IREEHARKIE ¥ Tic, 25°C~28°C,
5000 lux, —#HE%ih (soil-water bi-phasic medium)
TUR20~240F 12 E L 72,

dEMAERY, Eudorina % Volvox i ¥ELI L (GoL-
DSTEIN 1964, KocHERT 1968, STARR 1969, VANDE
BeErG & STARR 1971, fift s 197€), Pleodorina iz
DT Suaw (1894), TirFany (1935), KikucHt
(1978) LABBELIARE D IS~ L1,

&R, P. californica var. californica D
iR (dioecius) THh hH, HHAMITIRE
BF#4 (heterogamous) I X - Tl h b, 4
HATRa R B OB O/ NI TR I R T, %Rifo
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Fig. 2. Formation and liberation of daughter colonies of P. californica var. caelifornica.
a, 2 to 4-celled stage; b, 8 to 32-celled stage; c, liberation of daughter colonies.

Fig. 3. Male and female colonies of P. californica var. californica. a, female colongy: b,
voung male colony containing androgonia and its 2 to 4-celled stages; c, 64-celled and inversion
stages; d, matured sperm packets just before liberation.
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Il X - TliEh B (Fig. 3),

KTk 2 koS EORATELXH L (Fig. 1), #ily
N X o TR TH (sperm packet) PICJEBIE
%o RO BGHBU IR AT OB 528,
BREERIRIC 72 B PR T2 kit s (Fig. 4), Rk
PRI S At s d 648 O RS 1~ TR S 4, BRI
PO ERLE T LIE S  ZEACEE Uicd ERFF RO
¥ ¥ CREAIR A - Tkt 2,

P L7 IR AT O H 2 AT LTtk

ICHET L, LS < iRt Ao M & ik 3 508, ot
TRAEDH 5 M & B CfEftthic & T 5, T
M HE T BIERE DL EE —E L Toiel, 5L
TR T AR R D € 5 7 v B 2 (255 TR 5
EEBICHETRATOM R LA, Ko id2 X
Hicie B, HME LT, L CTELD B
BEPRICR AT S (Fig. 5), oL D RETO—i
VEMERE(RPRIC B AT, MERE(RD DIERES % b o bl
B2Ih5,

204m

Fig. 4. Stages in the sperm packet formation of P. californica var. californica.

Surface views
(lower) are shown in pairs. a, androgonium; b, 2-celled stage; c, 4-celled stage; d, 8-celled
stage; e, l6-celled stage; f, 32-celled stage; g, 64-celled stage just before inversion; h, sperm
packet just after liberation.
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3 ~ 3 T Py ' . y . 2 I
g L R R g g ‘ %’B TS ;. f
Fig. 5. Sexual reproduction of P. celifornica var. celifornica. a, intact sperm packet attached to
the surface of a female colony; b, fully attached sperm packet; c, sperm packet melting gelatinous

envelope of the female colony; d, sperms penetrating into the female; e, opening (fertilization
pore) of the female colony at the site of attachment of the sperm packet.

Fig. 6. Zygospores of P. californica var. californica. a, female colony containing zygospores;
b, released zygospores: c, female colony containing both daughter colonies and zygospores.
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MEMELB T, REMAREORNGRETH D,
HERETFRREI DR D L, BEROEME
CEFIIhAREBTEEL, #ATLiks (Fig. 6a),
Tichb, HHEBTREARCEVLTINAERE
bisbh, Bl IR0 X5 fTEvT5,

BFR»LOMEL, HRGPRCBA LCET G
LECHBT B, TLT, BFRIICETE, £dh
SR EESL, kEATS (Fig. 5f), THE®

DEEFRATDRAETH BN, TOENAERK
WEWEEFE L TRIRIRBIZA 5,

EEFRIIUDEEEYE TSN, KARIIRS
b BERREICELRT 5, EATOMRIhHE
BRBREBECABELLCD, HEVCIIRREECHEET
B, FDW%, BEEIIBEL, BATIXEETS, BR
FhEBEATFOERMTIEBEDL L KDL TH -
7= (Fig. 6b), ¥, FTRICHTH e - r-fil,

Fig. 7. Diagrammatic representation of the life cycle of P. califoriiice var. czlifor:icc. a, young
colonies; b, vegetative coloniss; c, colonies with daughter individuals; d, szxually diiferentiated
colonies; e, eggs; f, sperm packets; g, unequal fusion; h, zygospores; i, germination of zygos-

pores; j, bidagellatzd unicells; k, parthenospores.



EWAETAC X - TRBGAERTAZ L bBEEIhL
(Fig. 6¢),

BHEFC BT BB FROVBLARS Volvox %
HIZELT 5 DTH - 1= (DARDEN 1966, KOCHERT
1968, STARR 1969, VANDE BERG & STARR 1971),

ZHEZOWTiE IveENGar (1937) #% Eudorina
elegans T, F71:, IYENGAR & RAMANATHAN
(1951) A% P. sphaerica THEL T4, At
P. californica DZREI DT HE LicBoO
PDTH5,

&F/SR; P. californica var. californica D4R
BoAkEL Fig. T RLEY, £F&EORIFE
Aix a—>b—c—a DEMATADO 1 7 L THEFEL, B
B X - TN RE L T a—>d—e & a—d—f %
BT g—~h RX-TEATFIVERIhS, #EFT,
BUOW#EL BECE» 5 & BF LTt BT
5, PERIBEBE AT b, JEAEAENC X » TREEGH
B Ehs da>c Dz — AL HRINT,

MERIR BB D MR ZHE L e » 1o g
REDRREBECHEBT S L, —HOMILIER LT
bl oML EERTERL, FEREOHRIC X
S>TIhMRREFL, TOERFIICT L » THEIEHX
h% dok—ja Da—-A$EXbh%, 2O LT,
FAftd Eudorina X Gonium THiL®H (1976,1977)
PRHRELICLDOLAFETH Y, BABCKLTULES
FL LI BEARTFORETERCERCHL T3
bDLEZ LIS,

EATIEREEEEETLIC LI X-» THHGELYE
BT 50, BEaFrLboRFOBBIITIBETSC
EMTER T, BETORHEL, BEFHTHEK
DUEEL2EDHBC I ->THEY, £ U4ED
Mo 55 IEIRHEEAL, FRO2ZNAEERAEULK]
Eodfan ki35 2 2 Eudoring THHARTL
5h' (GoLpsTEIN 1964, #§iGH 1976), Pleodorine
THRABETHAH 5 EEXLDRD, RFLCHML, M
Jan#uxigy BLTHGELX UK TII0E Exbh
%,

2 P. californica var. tiffanyi (GOLDSTEIN)
comb. nov. Eudorine caelifornica (SHaw) GoL-
DSTEIN var. tiffanyi GoLDSTEIN ]J. Protozool.
11: 330 1964.

TiFrFaNy (1935) 1T X » T Pleodorina 1 iiHER)
GO RGO FE) BEIh, D%, GOLDSTEIN
(1964) = X » T FEudorine oFEBOMM Y52 b
RIcHDTH BN, AR LIC7 = — A3 WEI
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BASFERASD Do Lk strain Kasuya 1~2 T
BH5,

ok ; Btk M3 5 K MllanEl &, P cali-
fornica var. californica X b ZT{bD [ErEF <,
%0 KSR KD 1/4 Db DTH -1
(Table 2), #fki X OHIfaDEL P. celifornica
var. caelifornica LREIETH - T,

AR ; EHEETIITESE & ORICHEIZEED B
Rich o o', BRI Tole, FATEBEOH
Bz, F—BEPICETROMEREBT & 24T 50
HeFl{E (monoecius) T, 1~ KEDOEFHEEY MR L
B b OKMHEE BT & e DHEEH DL D L, 1~
BAED MM BB T T O KRR TR AT 3 5 1
BHOLD LMD~ (Fig. 8), EBET & HEHER
FERTH -1, TDIH, A—HERTHER IR
HEERB TR TOZRHBIBEIR» -, TOAIL,
e (1976) #% Eudorina THELI-I DL Ric-
T3,

BFUBD88, THOBRE XITESTFOREL,
P. californica var. californica LREETH » 12,

&J/sh; P. californica var. tiffanyi OH4:iERD
KE 12 P. californica var. californifca OFh &
BEAERBETH - 1end, Lo EF2 HiHER 4
Th DL, FUHAETOEE OERBFHBUCHEEN
Hot,

TiFraxy (1935) %, 19334 o E i1 Erie #l ©
Middle Bass E» b7 P. californica OfE{ERE

Table 2. Distribution of the colonies consis-
ting of different ratios of large and small cells
of P. californica var. tiffanyi. (Strain Kasuya-1)

37" |

36¢ 2

32t NUMBER OF 1
3t COLONIES ]
29t |
20t 2

18} I

17+ |
18t | 12
13} |
iIor 1
) THI) D
16 21 2442 4446 47 48 869293 96

NUMBER OF SMALL CELLS

NUMBER OF LARGE CELLS
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Fig. 9. Colonies of P. californica var. tiffenyi. a, male-predominant

colony; b, female-predominant colony.

HEELILC A, TH RN ERETH - b
DA RCEMEREREIC /s> T B & 2 R B%E LT,
LaL, #irzofR%y BlEgitto s £,
GoLpsTEIN (1964) (%, Jbk Bloomington yr< o
ih2 5 Eudorina elegans oWl » strain L 5
EolEYED strain Z[FEFICHREL, ZhH O strain
Lo Eudolina oA strain OEEFEEICOUWLT
YA OWEE {Tisotc kA, WIho strain
CBWTHHIAETEDIERILRS btk L
T, Tirrany o #%5 U7 Milfi[@{ko Pleodorina
californica % Eudorina californica var. tiffanyi
L UTHZMA B L, EH LA T D
Rfita i35 LA, Pleodorina J& 4 i S
IRNETHDLETH VM HED, MERE OO
Pleodorina californica var. tiffanyi & U Tk
ZEATH T ERME LI, Z OZEME HAR R & ]
Hilh,

RFFE A D B b, Y] SHEE & SR
- T B LTRSS AR B ZE T A i e st o
BadT s,

3 A X mk
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JNVEEKDODTA )14 ALICD20VT
ZWAHT - BERAAKA - ARERE
Isozymes from individual thallus of Porphyra species.

Wakako MIurA, Yoshihisa Fujio and Shunzo Suto

Mitra, W., Y. Fujio and S. Suto 1978. Isozymes from individual thallus of Porphyra
species. Jap. J. Phycol. 26: 139-143.

In order to clarify the genetic characteristics of populations in Porphyra, the authers
have been looked for the genetic variations of isozymes by starch gel electrophoretical
technique. In this experiment, we employed an individual of Porphyra to each slot.
Porphyra used in this work were P. yezoensis, P. tenera, P. kuniedai, P. pseudolinearis.
The isozymes of CAT, SOD, POD, MDH, GDH, GPI, AAT and EST were detected.
Genetic variations were found in CAT and SOD. Almost populations showed B gene in
Sod locus but only P. pseudolinearis showed A gene. From the distribution of Cat gene,
the populations were divided into two groups. One of them is P. yezoensis and P. tenera,
showing high A gene frequency, and the other is P. kuniedai and P. pseudolinearis, the
latter showed an additional C gene.

Wakako Miura, Yoshihisa Fujio and Shunzo Suto, Department of Fishery Science,

Faculty of Agriculture, Tohoku University, Sendei, 980 Japan.

TA VYA AOPRLEFELERL, BE, #
H, SORGHMEORIICKE BT S LFX
ho, BERk#hct-T, ®REIhD 714 V%1 413,
BEFRHEHETERFIEEZL - T3, 13224
i & D EEMY ki B esterase, peroxidase,
a-amylase 7cEDTA VHFA Ak, FEORE, R
D, FRHEOBEESFCHETIHECA-BRATY
61-6)0

7 VTR ERETAI VY HFL 2L LT, kELKX
% glutamate dehydrogenase® #FHibic L5
FEAVD D, ThHOPRIL, E(FENHHTT
fthh, 2RO/ VEGYELHTHEBLTAREL
T\ 5,

7 VETIIWEN BT E, »o, ToORELEN
KEVICHDIME, MFaE BESEOHFHER
K LIBE Tltv, ZOHBNCT A V¥ 20k
SLEMBEBEHENFEDRIOC EAHFEIhS, &
DEFE 7V EEIEESE () THhBOT, KRH,
BEFHRECHENERG THHEVS5FHELD B, &
DEMOICDIIE YV DOEGEHC T A V¥ 1 2% B
THTENLETH B,

AR LR OHINC BRI DD, ¥F, /Y

BTV F A 2 BHEINCERHT 3 HEv T
L/ VEDLOEROPERRL 5 ¥ BW
& L7,

HHR&ELUHE

WHED /7 ) EEZFZHOKERBRSE»bFE IR
0T, BE%E —20°C cRE IR, ZORETIE
J VEMIER LTS, SR/ VBRI A€/
VEFDOEREF TV AYEY, THIH/ U EEFDF
fAARTH 29 Y, RAHE, VEAXASATH Y
JYVDOXEM TBEH/ V], =AL T7H24,9, ¥
v TNA I ) TH D,

TAYHA & BRI KFER F v 7 v kBRI
Xote, BEOREEN L LT 0.155M tris-0.043M
citrate (pH7.0) A\ o, ¥ LI BB OEER Y
1/10DBECERLI-LDOCKBRT v Fv (av /) —
P, A ) RUGMATER L, kBI&EEYE
BIEEH 200V, kB 5 R & L,

TAVFA 2 BB B LTOREEIZE LLT
SHaw and Prasap® DM Fx R L1, Hvfa it
Table 1 (= RT 158 FEICOWTITe» 1o
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ER&LUvER

1. 3)EEY v 7 A OREE
KBRYyv 7L O FBcHi--T, 7 VX por-
phyran D04 HAY KBCEETHZENEREED
had, PEOKEYMXTHECFI X THHEETIE
KENCE Licy v 7 ABbhiny, B4Ba Lok
B, ROFET—EKEIAEY v 7 1 ORBEICETI LT,

—20°C CTRELTH Wz 7 Y EARERHEKZRLT
L ELItk, AT EBRE, S0mgl ook
ERITHT D, —BEET O, FFIAKESFAHF -
Ah, BAAVKEEERD 2fEM2 T, KA&LDD
RECFARXT D, KKFOEERO 2f50KE ML
TR heoF 1 X Licb 0w, —20°C OBHE
CANTHKE TS, 6~160HI%, ZE THHL 3,500
r.p.m. CTLODREOHHEEL, LEREXKEBRAY 7
NIZHWB,

AEBDKEME foh T F 14 XL FEERIEEN
YDTA V¥ 2RHEARARcELE Bbh 3,
REOFA X RITIORE, BA A v KE 4EEUT
T 5 &R 2 C TR/ Y, 458U E
TIXEBERENEY §3< 10D, %7 BfERIFE fTcbis
Mo B ETITEIL L TEDR DV v I LIIEDE
WIKRT, FORBIGIIET — Y v INRELTA YA
ARy FOBRHEAREC 5,

2. EFOWH

Table 1. /RT3 X S 2R A I5EERD 5 b,
FEMED VR X hic ik CAT, SOD, POD, MDH, LAP,
GDH, GPI, AAT, EST o 9E:E (BEE4 3 WE3E

Table 1. Enzyme surveyed in Porphyra thallus

Enzyme Activity Variation
Catalase (CAT) + +
Superoxide dismutase(SOD) + +
Peroxidase (POD) + -
Malate dehydrogenase (MDH) + -
Leucine aminopeptidase (LAP) + -

Glutamate dehydrogenase (GDH) + or - -
Glucosephosphate isomerase(GPI) + or - -
Aspartate aminotransferase(AAT) + or - -
Esterase (EST) + or - -
Malic enzyme (ME) -
Alcohol dehydrogenase (ADH) -
Isocitrate dehydrogenase (IDH) -
Lactate dehydrogenase (LDH) -
Octanol dehydrogenase (ODH) -
Phosphoglucomutase (PGM) -

TH- 20

FTRCOEMST CAT BEAc 1 Ko v ¥R
L, TOAv L, Fig. 1 Rt X5 BB
MNREICDH IBENBAN SR, BEIE DR Fnb A
VFA, AvFB, AvFC AT, Thbo
AV Fixloo Cat BETFED A, B, C 0 3x43r
BEFLI-> THERIR TV EHEEIR S,

SOD it L giicit tetrazolium oxidase &\uvbh
bDThHD, TOFEFEDOBRHEITKDOISICLTIT
fe~1, NBT 20 mg &%} LT10% octanol 1.5 m/,
PMS 5mg, 0.05M tris-HCl #&## (pH 8.5) 100
ml MMz BRI VBB L 37°C TI0AREL
g, X (ABRERIOW) wdnd, Ay,2775y
v FBERRRHEIh, JEaIhicbHULAvFEL
T, SOD »KH Ehic, TXTOEMSETEBRAK 1
ADAVIERRBIT, AV FIIBEEDRE -V F
A, E\ASY FBRIRL, PROERERGT AV FA
RL1I, ThbLDAY FithFhl 20 Sod &
BFED A, B o 25 finFic X b FEEEh T
BLEEIND, BREBTFIRIXToOEED /7 VEF
THESh, ABBFERIMBOY y 711790
#HCEBESh, o4O A BEFHE R 0.67 &
BERTH -1,

POD 1 CAT nfufalif 2 — F RIS F b % ix
VCEECHEBAICERCRED LADA Y VELTH
TINhi, Fio, o-dianisidin R T HRE XK,
Fig. L. @rRT X5, TXRTCOEMFLLIADAYF
ZR LERIALRE) - 1,

MDH % tetrazolium salt & LT NBT # %
I F—%4 1+ MTT RERLAHNLD MR Yo
faX i, MDH (33 XCo¥ACTHEEBRAK 1 A3
VR RLAB LN B RIIBD bhich - 7o (Fig.
), Lal, ZoAYFofic X v ESBHHLA LA
DAY DB, LOVESBHLE1EAD Y Vg
b ob 00 HEFOLKOEGTHES R, Th
bIRRLDBETFEOZRY 5T T5b0 L HFES
ha,

LAP 33 NCTOEATHEIC L KD v F2FR
HHERERITZ L Rch -1,

GDH (% tetrazolium salt i MTT %\ fliE¥
#L LT NADP* %{Ff LK, &AL bhi,
NAD* %{EM LIk B b 5\ ik By TIRE
HERZBERBDIH L, /Y Tik GDH 0iEH:»EZ
Shigh -1, GDH 3 XCTOESTHEMC 1 &
DAY FEERL, BRIZLRK) -7 (Fig. 1),
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CAT

POD

-+

GDH

SOD

MDH

-+

<2

L

GPI

Fig. 1. Phenotype of CAT, SOD, POD, MDH, GDH and GPI isozymes from thallus of Porphyra

in starch gel electrophoresis.

THESY XEHDAY €, VAR ELDTT 7 UV
TN e F 4 A7 EZKETIU NADPT 24
B L LC i 1A GDH o v F il L
7o AEBROERIIEOOME L —FL TV 5,

GPI |+ glucose-6-phosphate » fructose-6-phos-
phate DT iR % il 3 H R CT N T ogER T
BN B DS v F e v K ED 2 KD A
VIR LI, BiEOA v VG sk, BE
o te (Fig. 1),

Each slot represents an individual.

AAT 1 Glutamic oxalacetic transaminase &

L b gty 0.1 M phosphate #&fiy (pH 7.0)
100 m/, 75mg a-ketoglutaric acid, 275 mg L-
aspartic acid, 500 mg PVP, 100 mg Fast garnet
GBC salt oLJjic X b G2 B e, AAT (X
TRCOERTHBINCEL B bbhd s v F Ll
HhbNBHA Y FED2EADA Y FERLT,

EST % a-naphtyl acetate FE I THH X
iz, BEST bsifilic 1 Ao~ v FER Lo, 2%
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DEMTHRHE I hi,

ED#ER, —20°C &REI i BT,

TRTCOEST FEED I Shi-0ix CAT, SOD,
POD, MDH, LAP Th -1, =dH CAT & SOD
TR S bhic, —7%, ME, ADH,IDH,LDH,
ODH, PGM Ti:iEM: A 8l S higd» 7o, ¥7:GDH,
GPI, AAT, EST i, »5EMick\ T EERZ
BRICWIEGD B - T, TEMD R DI - DR,
7 ) ORI X5 b 0Tk  HEKEL T s,
Bl o THEMABDIRER DS D\ L BRERMBI X5 L E X
bhd, 5%, BESMES XOHRERNYRAT L
BEhbBHLBbIhS,

TROZLII CAT 74 V¥4 2DBEFHEL

JVDORBEEEXHELTHRBEAYEI Y, FFT R
HEIY, THIVIY, AASTHIH Y, [H
H, V] TABGEFHEE E, -7 (Table 2), =
¥/ ) ohTEEREHERRECERTIL B @]t
EFHRENE,P T, COEMIIAY /7 VERMD
BHINDIDTHD, RoTAFEZ VITET, &
ThT\wb B BETIVERHC BRIACIOLE
bhbd, =AAAT7H 2747 )Tk B BETFOHRAKD
h ARIOCCEBEFRIEADREII, Uy T4 A
VT =A-"TH 247 ) XBRL oI » B
BEFHENEL, 3bk C BEFOHEENZDR
7z (Table. 2),

Cat BETFHENID, AFE/ Y, 7T AFE)

Table 2. CAT. Isozyme in Porphyra thallus

Species Location No. &fsttg‘da”“s Phenotype Gene frequency

A B C A B C

P. yezoencis B (& JD 53 48 5 0 0.91 0.09 0

=& (Bk k') 19 19 0 0 1.00 0 0

=EE (B3 ) 48 45 3 0 0.94 0.06 0

=8 (E #R) 32 29 3 0 0.91 0.09 0

EE (b ) 33 8 25 0 0.24 0.76 0

F. yezoensis f. narawaensis =i (& il B) 20 20 0 0 1.00 0 ¢

R R B 28 27 1 0 0.97 0.03 0

TE (4 R) 12 12 0 0 1.00 0 0

F#E(F W 20 20 0 0 1.00 0 0

TIE (F B B) 22 21 1 0 0.96 0.04 0

F4an-1 23 23 0 0 1.00 0 0

B4 (K B) 28 26 2 0 0.93 0.07 0

R (4 ) 23 23 0 0 1.00 0 0

#E (R ) 30 28 2 0 0.93 0.07 0

=B B 10 10 0 0 1.00 0 0

F=H (A ) 16 16 0 0 1.00 0 0

@ (8 JID 20 20 0 0 1.00 0 0

P. tenerc B (KANE-1) 50 45 5 0 0.90 0.10 0

B (RAIB-2) 30 29 1 0 0.97 0.03 0

T F OB 45 4 1 0 0.98 0.02 0

=& (A ) 15 5 0 0 1.00 0 0

M (4 2=-1) 17 17 0 0 1.00 0 0

i (4 #-2) 13 13 0 0 1.00 0 0

P. tenera f. tamatsuensis ML (4 72) 19 19 0 0 1.00 0 0

wE (H JiD 20 15 5 0 0.75 0.25 0

Cross* 40 ( o)) 19 19 0 0 1.00 0 0

P. kuniedai wE (& B 19 019 0 0 1.00 0
P. pseudolinearis =ik (Kl B) 29 17 6 6 0.58 0.21 0.21

B (& JiD 46 21 25 0 0.46 0.54 0

* Origin of Fl. (P. yezoensisx P, tenera f. tamatsuensis)



YV, THIZHI Y, A7 Hr4 ), [HEH/ Y
DEE=ZAAZATHIH Y, 9, TN VDL
DT bR, BIEGEEEEOTTHHERTWS Y
HThy, BEXEEDODEIMIOAT WL Y
BHThr, 20z L, Cot BEFHEDOE VL
LLibDEBEbhS,

Mia¥oms b 2 ) BES ERETHEI LT R
Y, FAYW H5AVRLTWS, AEBRT~T aEH
Abhiehoto Sk b, T4 V¥4 ADEMDD
7 VIEGPERETH D T LA HE I,

5%, EHRORERY, RERMELIERHTSE
ERIDERDAT YR ELKLL, IhHELDT
A V¥A axBRHTES X 5ThiE, VEDHEED
BN, &, tHAE BRSEOH IR OM
g bhi,

Kb, 7 VEDELTHIRE W gHIOKER
BHOH 2 BHOBEXERT 5,

531 B x mk
D) d)lREERE (1976) BETF O MBS 2 DA

TeBEEA FO0b. BREEREDOHES 17 35-44.

2) NAKAGAHRA, M., AKiHAMA, T. and HavAsHI
K. (1975) Genetic varition and geographic
cline of esterase isozymes in native rice
varieties. Japan. J. Genetics 50: 373-382.

3) Katavama, T. and CHerN, J.L. (1973)

Miura, W., et al.: Isozymes from Porphyra 143

Zymographic studies on diploid Oryza punc-
tata and its related species. Japan. J. Breed.
23: 329-333.

4) NisHikawa, K., FuruTa, Y. and GosHIMA,
H. (1975) Genetic studies of a-amylase
isozymes in wheat. Japan. J. Genetics 50:
409-416.

5) Pai, C., Enpo, T. and Oxka, H.L. (1973)
Genic analysis for peroxidase isozymes and
their organ specificity in Oryza perennis and
O. sativa. Can. ]J. Genet. Cytol. 15: 845-853.

6) EHE—EF (1972) BHEEHCTITB LfafkT
&, k¥4 10: 11-21.

7) B E - EEEER - LREE (1975) Ry
VYDA x 3 vEERKEREFICOWT. BKEE.
41: 337-341.

8) Suaw, C.R. and Prasap, R. (1970) Starch
gel electrophoresis of Enzyme-A compila-
tion of Recipes. Biochem. Genet. 4: 297-
320.

9) WHE #® (1967) 7, v BEEED ML
II. RisFRFhoMBEsH. JbAKEETREE
18: 201-202.

10) —, (1974) 7=/ VBOLRGBELZ. Hit
KFBFZE 4 (33) 101-108.

11) MiciTa, S. (1967) Cytological studies on
Porphyra yezoensis Uepa. Bull. Fac. Fish.,
Nagasaki Univ. 24: 55-64.

* 980 fUATAWEN 1-1, HILKFREDKES
HEHE

B84 A

R AL AR ER R AR S 060 ALiRm PRI 3 &H7-1 KESHEMA
WBEEFRRGR 2L 160 HREFHEEFEL-29-8 MEAEAAEHECLH
HREES TR S B ERRE 100 HFUFTABRKAFITI-6-1 KFET AL
SEBERFRLEDREAESS 108 HAUHEREHR2-16-5

K. K. BRI « BB 173 FHRERGR AILERr32-17
BB 113 HERESURE A H5-25-18
BR&tv 70 AETHER 189 HRHE LA A %1796

IWARBEWERDR 143 HREAXERXAHHRS-2-12

BLEHR R 2 EER 214 I % BEX 4= [H18580-61

XETS 410-21 [HIFHESIEILNTG A KT227-1

LPHBERREREN R v 2 — 40 BFTHEHrr69-6

MREEKRR SN 742-15  REETRM AR HENT 1 5 962-1



W
= B RIRAEARE
EMAES dnvd

EH =8B
(ke mytgt  EEE—F i

AEE |3 BE R E LT T 300 4Rz = f«ﬂ\ﬂ‘%iHJVHIWUHmmU@@
B2 % 358 OB L 722000 S 4D &K & th ZD ik & 2L (2 K EEBIRE <0 ] 2%,
BARSE, ZHMICERDIRS TIHRWEEHICIK T, 1D THRAEBICE KR I 1L
RIERIOEELREFTH ), BBREWGERTH B/

BRSNS ASCIRIFZE DB 12, o EBEICHL EINET o2 BEH L ETH

—XxXEOH K-

HA 4% (210mmX 297mm)/“’\ 230 W
W AT — b G/ RS 5 5/ L
Wi A B EAEX468 — fl KAFFE11H M
. '*f"ﬁ, i i’.’ E‘k 6 4»'5(/“{‘ J -5 }\‘61’&.

l“‘.—l-ﬁ’h_,l.z V4 ’7—7\/\/ nsM\ [ |

Effi16,000 (BEAREFSSEO A RAIRY 4512, 800FT (13t ) ) J
= BAERAROR~NTAHBEL~FFORE |
H A& W #% 3% E SEAOR TR R R B
I A < A B ¥zo,ooo = B * ﬁ*ﬁ@ﬁ
\\» 5‘:\ =
WOFH 2 O OEH S {
B GL = ¥ 7,000 = gy F-SWE=-EE R B 5 ) - 950 %
5% %»: e ol | »—t»?‘ S XS - 5 a 3L 75— 8 4
: S EfKE-ENEETTH R WWEE - L
il e ¥2,500 = BEMELE - (A ¥ 36,000
ROV #* % =
DA - bF = e
GEH A ¥2,800 = FEONE L 1
= WHAEDOPOKE THESRICFEE SN TV 5 LD#3, 800%k
‘lﬁﬁ@ fé\ﬁ Fti ;I: S (2o bEEL, 5008 34T % 4L 2.
Jgy S = ¥ 1,300 E .%1Lb7)'|‘talilhb!I’Imﬁﬂ(%ﬂh#ﬂ’ﬁbtﬂﬁ”@77/7
19 = k> #92,00086 2 Ftr, 77> 7 P REE LW B NE.
e B 52 58 B SH S msmummioc b, b B MoOSEEOEE, B
s S REHZNLOEBREFAHHEIC—EL THEITE 3.
e e _mmmeEL( S 2BIBERLNT. s, AR, A
%EIXEkéh —HROCELC S smerkoMEy ik
RELC= S mam WAL SRR % o0 S L
IETEE ¥1,800 = THABRK SRR $ ) & IS D THb B R D7
IR = HIZTHRE LR F YRR E N TS
j(?Vé:ﬂ(a)la%gﬂ%nm S WMERONA, b, WEOEM LSRR
Jolll  EZE ¥1,500 = WAAHICHLERCHFTHL.

*» NEZEHBEFL 05 W




OBHEBGICOVT LEBHIV, FOMLIHAOLIHMAHL TTOT RELIFATHRFHRITHHL
BAHTE,

(1) IUEESAEEIES AFS TRIEE S T ITiulME Bt BMSETFITHL £ L7, JOFEHEI, B
BHFEAERAOTTED SN, TORMIT S TEREMOFMEICL > THYENE L, AL i~
xxviii, 1~418 F, (LESEAE O - FIE - $H—5 « BRI SO0 RO HBEEE X D SRR 50
@ (e, fog2)) PHBESINTOET. fiHs ER5500 M, E5 6000 (FiEH) .

(2) LEERDIO I JELE RANE - BIEFAFE WHI9F 9] 3 B LT fThh: BAEDFS& O,
AABEEA LT M= vy 72 BT 53iHE ) 2PN ELEY, TOLEZORELFITSRIDTT,
B5 i, 65, FeFEML 4 EOBIEHGE LAt EEMEHES L T2, @18, T00[ (&&H)

(3) Contributions to the systematics of the benthic marire algae of the North Pacific (I.A. Abbott &
M. Kurogi ed.) WF#f146 4 8 [ IZkLIR CRlo N 7oA KFEREE & BT 5 AKElYE+ 3+ — otk T,
B5 M, i~xiv, 1~280 B, 16 [Xhi, 20 oo Mgt 218k, g, Er3000m, E5 4000 @ (&) .

BB#N 53 FEIRE Officers for 1978
£ B President : Kazutosi Nisizawa
Lapelhdr ||| | Secretary general: Takaaki YAMAGISHI
FEF R LS Secretary: Kurazo FURUYA

Treasurer : Megumi OKAZAKI

T & i

FREZBE = Editorial Board
= A B /M G4 | Hiromu KoBavasi (Tokyo) Editor in Chief
Masaru Akiyama (Shimane) Seibin ArRasaki (Tokyo)
%= B OBl . BRE - S = Mitsuo CHiHaRA (Tsukuba) Hiroyuki HirosE (Kobe)
PRGEN » BRIGIEFN « TR - Kozg Imanor! (Osaka) Munenao KUROGI (Sapporo)
17 ARk 3 Masakazu TATEwWAKI (Muroran)
& F OWFEEE - KB Secretaries : Terunobu IcHiMURA, Kaiichi QosHiMA

TP HEEE, (T184) REEHNEHTEAIE 4-1-1 REZZAFEMFELRAN BAFTEFARS
EEL, BREDOMALIMERLAEVWTTIV,

Manuscripts and other correspondences should be addressed to the Japanese Society of Phycology,
¢/o Department of Botany, Tokyo Gakugei University, Koganei, Tokyo, 184 Japan

HAFI534E 9 H 20 B ENR MR TE 7 Fk gl
15349 H 25 1 ZEfT T84 MR Gt HEALET 4—1—1
W EEE IR RSN

HoRl AT 5 B4 ED R BR X £

2 & #® WSS K B AL 2—13
ToHoER % f M ROk B OE % 2
T84 HHCH NIRRT d—1—1

Printed by Gakujutsu-Tosho-Insatsu Ltd. TRFERFENFEEN

Wy RE 6—41999



$20% F35 BMS3FEIA

= R

B e WF X e )RRV TET< VEEDLEORAEE oo (B8 97
BEEF £ HABKIENNT 72 v ir 5 AR 1 Bl - e () 105
HGRBUEE - REIUBASE « BRI : % V7 — A PRiEE OB 1. FRONA MR- - (L0 109
F B BARM : Rhodochorton subimmersum SETcHiELL et GARDNER O 4P SE &

AR AN PO | 1w oy s e AR B 5 kA, B e e ek S o seee o ETE), 115
HSHEB & Sargassum kjellmanianum r S. miyabei (3« = v £V 58l OFFEHLHERELA - 121
RE—8: A JE 2 r‘rf~]'1'"[~‘/' A S (DY rasasimsnl i w6 5w o o g s teimia i vk sk ol 8 sl S waidlie sdewann s 195
gt &=F: Pleodorina californica Suaw (Volvocaceae) (T D\ T v ovvrevvrerereeneeeeeenen. 13]
SHENEF - BREEA - BRREE: 7 VIEERDT A VA AC DT rerrrerrrevenenieenae 139

SRR 0 iiw m vn om0 0w e e k4 B89 B R ATS  6h  4 wi Ged  e e we s S 100

FHALVCHMEFERLOR LT, 2681 5h O GRE ZDWE L A% “The Japanese

Journal of Phycology” e ZH L ¥ L#, Lavl, Bl %7,



