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Aplanospore production in Porphyra maculosa (Rhodophyta)

Beverly J. HyMES and Kathleen M. COLE

Department of Botany, University of British Columbia,
Vancouver, B.C., Canada V6T 2B1.

Hywmes, B.]. and CoLE. K. M. 1983. Aplanospore production in Porphyra maculosa (Rhodo-

phyta). Jap. J. Phycol. 31: 225-228.

Margins of immature Porphyra maculose Conway blades collected from semi-sheltered
coastal regions of British Columbia, Canada at the beginhing of the growing season (April-
May) consisted of packets of 2 or 4 aplanospores which developed into bipolar sporelings in
culture. Mature blades did not develop aplanospores but produced spermatia and carpos-
pores, which subsequently germinated into the conchocelis phase. This is the first report
of aplanospore production in a Porphyra species which reproduces sexually.

Key Index Words: Asexual reproduction; aplanospore; Bangiophyceae; Porphyra

maculosa ; Rhodophyta.

Asexual modes of reproduction provide
means for rapid increase of Porphyra popu-
lations (COLE and CONwAY 1980) and are of
considerable commercial value (HAWKES
1980). However, reports of asexual repro-
duction of the macroscopic thallus are un-
common for the 17 species of Porphyra which
have been identified from the northwest coast
of North America (CONWAY et al. 1975,
GARBARY et al. 1980). Differentiation of
whole vegetative cells and subsequent release
of monospores from margins of young plants,
usually prior to sexual development, have
been observed in only three of these species,
P. gardneri (SMITH & HOLLENBERG) HAWKES,
P. torta KRISHNAMURTHY, and P. sp. (HAW-
KES 1977, CoLE and ConNwAy 1980). One
species, P. sanjuanensis KRISHNAMURTHY, is
strictly asexual ; vegetative cells along the
margins divide into packets of 8 or 16 apla-
nospores (KRISHNAMURTHY 1969).

P. maculosa CONwAY (1975) is a delicate,
small, orbicular species which occurs at mid-
intertidal levels in semi-sheltered coastal
regions of British Columbia. It appears. in
the spring and is relatively short-lived. P.
maculosa is monostromatic and has a haploid
chromosome number of 3 (CONWAY ef al.

1975). According to previous reports (CON-
WAY 1975, CONWAY et al. 1975), it reproduces
only sexually. However, in the current study,
the margins of sexually immature thalli col-
lected at the beginning of the growing season
consisted of packets of 2 or 4 cells similar
to the aplanospores of P. sanjuanensis. These
aplanospores were released in culture and
germinated quickly into bipolar sporelings.
The following is a report of this discovery.

Materials and Methods

Porphyra maculosa CONWAY grows during
the spring months (April-June) attached to
mussels at mid-intertidal regions of the beach
at Point No Point, Vancouver Island, British
Columbia (48°123°SW). Plants ranging in
size from 1 to 4cm in length were collected
in May 1981 and 1983. Most of the larger
thalli were sexually mature with charac-
teristic pale patches of spermatangia amongst
dark red carposporic areas along the margins
(Fig. 1). The margins of smaller blades
consisted of vegetative cells undergoing
several divisions, forming packets of 2 or 4
cells [Figs. 1 (arrows), 2]. Small pieces
from the margins of sexually mature and
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Figs. 1-7.
ConwaAy. Scale in cm ;
=14 pm
and 7, Bar=15 pym.

immature blades were placed in separate
petri dishes with ES culture mediun (Mc
LscHLAN 1973) at 10°C and 12: 12 L: D
photoperiod. Cultures were observed periodi-
cally for several months using an Olympus
inverted microscope, and micrographs were
taken using Kodak Pan-X film in a Nikon
microflex photomicrographic unit.

Observations and Discussion

Cultured immature (non-sexual) material of
P. maculosa shed aplanospores measuring ap-
proximately 12 #m in diameter which germi-
nated into bipolar sporelings over a two-week
period (Figs. 3-7). These developed into
small blades ranging in size from 0.5cm to
3cm (Fig. 1) which also released aplanos-

Porphyra maculosa. 1. Immature (arrows) and mature blades of P. maculosa
2. Portion of an immature blade showing packets of 2-4 aplanospores. Bar
3-7. Bipolar development of aplanespores in cullture. Figs. 3-5, Bar=12 pm.

Figs. 6

pores when transferred into fresh culture
medium. Subsequent growth of the spores
resulted in a large number of developing
thalli in each culture dish within several
months of the original setting up of cultures
from the field material. Mature sexual ma-
terial in culture released carpospores approxi-
mately 10 #m in diameter which germinated
into the conchocelis phase of the biphasic
life history. No bipolar development of
spores indicative of asexual reproduction was
observed in any of these dishes.

This is the first observation of aplanospore
production in young blades of a Porphyra
species which reproduces sexually. In fact,
there are few accounts of aplanospores in the
bangiacean genera Porphyra and Bangia and,
to our knowledge, these have been reported
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in species (or populations of species) which
reproduce exclusively asexually: asexual
populations of B. atropurpurea (RoTH) C.
AG. (=B. fuscopurpurea) (northwest North
America, marine ; Great Lakes, freshwater)
(CoLE 1972, SHEATH and CoOLE 1980, COLE
et al. 1983), P. sanjuanensis (northwest North
America (KRISHNAMURTHY, 1969, COLE and
CoNwAyY 1980), P. subtumens ]J. AG. (South
Africa) (ConwAY and WYLIE 1972), and P.
argentinensis PIRIZ (South America) (PIRIZ
1981). According to previous reports of some
biphasic species, young plants at the beginn-
ing of the growing season reproduce asex-
ually by a monosporic cycle, e.g. the three
northwest North American species mentioned
in the Introduction, P. gardneri, P. torta
and P. sp., and many Japanese species (e. g.
P. crispata KJELLMAN, P. tenera KJELLMAN,
P. yezoensis UEDA, P. akasaki MIURA, KU-
ROGI 1972, MIURA 1975). In P. gardneri,
P. kuniedai KUROGI, P. suborbiculata KJEL-
LMAN, P. yezoensis and P. tanegashimensis
SHINMURA, monospore production also con-
tinues along distal margins during sexual
differentiation, spermatangia and carpospores
developing along lateral margins (KUROGI
1961, 1972, SHINMURA 1974, HAWKES 1977).
Aplanospores were not produced by sexually
mature thalli of P. maculosa observed in the
current study. Considering the above data,
they may be the products of a type of par-
thenogenetic development of vegetative cells
which are potential carpogonia.

Obviously, species which form aplanospores
rather than monospores are capable of pro-
ducing many more asexual reproductive units
per plant. This leads to rapid and massive
population increase, as observed in cultures
of P. maculosa, which ensures preservation
of the species on the shore and is also of
industrial importance. The advantages to
small species such as P. maculosa and to
species which reproduce only asexually such
as P. sanjuanensis would be particularly
significant.

It is difficult to explain why asexual repro-
duction appears to be rare in Porphyra species
from the northeast Pacific Ocean, while it is

relatively common in those from the north-
west Pacific. Possibly species in the north-
west are better adapted and the asexual
system would tend to stabilize the desirable
genotype. All Porphyra speciss reported to
date which have some form of asexual re-
production are monostromatic and all have a
haploid chromosome number of 3, except P.
gardneri with n=4 (HAWKES 1980).
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Taxonomic studies on Porphyra variegata (KJELLMAN)
Hus and P. tenuitasa FUKUHARA
(Bangiales, Rhodophyta)?

Tetsu SHIMIZU

Department of Botany, Faculty of Science, Hokkaido University,
Sapporo, 060 Japan.

Suimizu, T. 1983. Taxonomic studies on Porphyra variegata (KjeLLman) Hus and P.
tenuitasa FUKUHARA (Bangiales, Rhodophyta). Jap. J. Phycol. 31: 229-237.

One local population of Porphyra variegata (Kjellman) Hus and two populations of P.
tenuitasa FukuHARA in Hokkaido were investigated phenologically and morphologically.
The following differences were found among the populations: the growing period, thallus
length and thallus thickness. The Muroran P. variegata, which grew in the uppermost
subtidal zone exposed to the waves, appeared in early April, persisted until early July, and
had thalli 14-21 cm long and 70-130 gm thick. The Muroran P. tenuitasa which grew near
the low water line sheltered from the waves, appeared in mid-March, lasted until late June
and had thalli 6-17 cm long and 40-100 pm thick. The Otaru P. tenuitasa which grew in
the uppermost subtidal zone weakly exposed to the waves, appeared before April, was
present until early June, and had thalli 6-23 cm long and 30-80 gm thick. However, the
plants of the three populations were similar in shape, structure of the rhizoidiferous basal
part and division formulae of the reproductive structures. The phenological and morpholo-
gical differences of the three populations are probably caused chiefly by water temperature.
It is concluded that P. tenuitasa is conspecific with P. variegata.

Key Index Words: Bangiales; Diploderma; morphology; phenology; Porphyra;
Porphyra tenuitasa; Porphyra uedae; Porphyra variegata; Rhodophyta; taxonomy.

NAKAMURA (1947) suggested the existence
of two ecological forms of Porphyra variegata
(KJELLMAN) Hus in Muroran, Hokkaido, one
of which had a thin thallus and the other
had a thick thallus. FUKUHARA (1968) dis-
tinguished the two forms at species level
and described two new species ; the thin form
as P. tenuitasa FUKUHARA and the thick
form as P. uedae FUKUHARA. He described
another diagnostic character as follows : “the
holdfast [=rhizoidiferous basal part, in the
present paper] of P. tenuitasa and P. varie-
gata is monostromatic below and becomes
distromatic upward, gradually in the former
but abruptly in the latter”. Later, P. uedae

D Dedicated to Professor Munenao KUROGI on the
occasion of his academic retirement.

was reduced to synonymy with P. variegata
by Kuroar (1977).

However, plants which were equally similar
to both P. tenuitasa and P. variegata were
frequently collected in Hokkaido. This sug-
gests that comparative studies on the two
species are needed to clarify their taxonomic
relationship.

In the present study, three populations of
the species inhabiting different environments,
one population of Porphyra variegata and
two populations of P. fenuitasa, were inves-
tigated to analyze the range of variation of
their morphological characters.

Materials and Methods

Phenological observations and collections
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were made fortnightly at Denshin-hama,
Muroran in 1978-1979 and at Syukutsu, Otaru
in 1980-1981. In the present paper, the data
are combined and shown in 1979 at Muroran
and in 1981 at Otaru.

At Denshin-hama in Muroran where P.
variegata and P. tenuitasa were present ; the
former growing in the uppermost subtidal
zone as an epiphyte, mainly on Phyllospadix
1watensis MAKINO, and exposed to the force
of waves; the latter growing near the low
water line and epiphytic mainly on Palmaria
palmata (L.) O. KUNTZE sheltered from the
waves. The two study sites were provi-
sionally named as “Muroran Exposed” and
“Muroran Sheltered”. The distance between
the two study sites was about 20 m, but there
was a breakwater made of concrete tetrapods
between the two sites and thus the effect of
waves was greatly lessened in the latter site.

At Syukutsu in Otaru, P. tenuitasa grew
in the uppermost subtidal zone and was epi-
phytic mainly on Neorhodomela aculeata
(PERESTENKO) MASUDA or on Laurensia
nipponica YAMADA, in an area of low wave
exposure. This study site was called “Otaru”.

Morphological observations were made with
fresh material which was carried to the la-
boratory in an ice chest.

Water temperatures in Muroran and in
Otaru are shown in Fig. 1. Yearly range
of monthly mean water temperature in: Otaru
was from 3.2°C to 21.0°C and in Muroran it
was from 2.8°C to 18.1°C. The water tem-
perature at “Muroran Sheltered” was 2.7-
4.0°C higher than that of “Muroran Exposed”
in late spring- and summer in low water
at the times of collections. Specimens on
which observations were made have been
pressed and are deposited in the herbarium
of the Department” of Botany, Faculty of
Science, Hokkaido University (SAP 043000-

043078). . RS TR
v o 9! Al D3
’ i o
Results
Phenology

Plants of P. variegata and P. lenuitasa are
monoecious (FUKUHARA+1968, KURroeI 1977).

N
=
1

Muroran

Water Temperature.’C
-
S

(=)

Month

Fig. 1. Monthly mean seawater temperature
measured at Charatsunai-hama, Muroran and at
Oshoro Bay, Otaru, in 1976-1980.

The following six stages were established to
describe the maturation of plant (Fig. 2).

(0) The thallus has no reproductive struc-
tures. (1) Half of the thallus becomes slightly
faded due to the initiation of antheridia. (2)
The antheridial part of the thallus becomes
colorless and clearly distinguised from the
other half. (3) Spermatia are released from
the antheridial part. (4) The antheridial part
is eroded leaving the cystocarpic part and
the thallus becomes falcate. (5) Carpospores
are released from the cystocarpic part.

All the plants examined went through these
stages of maturation in this order, and did not
skip over any stage. No plants released
spermatia and carpospores at the same time.

Figs. 3A, 3B show the seasonal changes
in the mean length of 20 of the largest plants
collected in each population and the seasonal
variation in the maturation stages of all the
plants to give an outline of growth and
maturation.

“Muroran Exposed”: Young sterile plants
up to 1.2cm in léngth appeared on Phyllos-
padix iwatensis in March. Growth was rapid
during late April te late May and plants
reached a maximum of 16.2cm in 2mean
length (range 14*21cm, SD 2.3) in June.
Some plants were in the maturation stages
1-2.in late April and released spermatia in
mid-May. Plants in varfous maturation stages
(stages 1-5) were found in late May and
some plants began tb release carpospores.
During June the mean length of the plants
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0 1
Stages of Maturation

Fig. 2. Diagramatic representation of different stages of maturation in Porphyra variegata and P.
tenuitasa. The left half of thallus is the cystocarpic part and the right half is the antheridial part.
(0) The thallus has no reproductive structures. (1) Half of the thallus becomes slightly faded due to
the initiation of antheridia. (2) The antheridial part of the thallus becomes colorless and clearly dis-
tinguished from the other half. (3) Spermatia are released from the antheridial part. (4) The an-
theridial part is eroded leaving the cystocarpic part and the thallus becomes falcate. (5) Carpospores
are released from the cystocarpic part.
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Fig. 3. Seasonal changes in mean length (A) and seasonal variation in the stage of ma-
turation (B) of plants for the three populations, “Muroran Exposed”, “Muroran Sheltered” and
“Otaru” (cf. Fig. 2).
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in stages 4-5 changed little. In early July
all the plants released carpospores and soon
decayed.

“Muroran Sheltered” : Microscopic germl-
ings (maximum length is 30 ym) appeared on
Palmaria palmata in mid-February. Plants
grew rapidly and reached a maximum of
10.0 cm in mean length (range 6-17 cm, SD
2.8) in late May. Maturation progressed at
nearly the same rate as that of “Muroran
Exposed” until late April when the matura-
tion stages were 0-2. Spermatia and carpo-
spores were released from the end of May.
The plants disappeared in late June one month
earlier than those of “Muroran Exposed”
population.

“Otaru”: It was not possible to detect
when the plants appeared. In early April
the plants already reached 5.5cm in mean
length (range 1-10cm, SD 2.6) and a few
of them started to form antheridia. They
grew rapidly and reached a maximum of
11.3cm in mean length (range 6-23 cm, SD
3.8) in early May. The length was nearly
the same as that of “Muroran Sheltered”
plants but smaller than “Muroran Exposed”
ones. Spermatia were released from the end
of April. All the plants disappeared at the
beginning of June one month earlier than
“Muroran Sheltered”.

Morphology
Thallus shape: Generally, P. variegata

and P. tenuitasa have ovate to elliptical thalli.
To compare the thallus shapes of the three
populations, the length and width of imma-
ture plants (maturation stages 0,1,2) were
measured. The measured plants of “Muroran
Exposed” and “Muroan Sheltered” were col-
lected on April 28, 1979 and the plants of
“Otaru” on April 17, 1981. The distributions
of length and width of each population are
shown in Fig. 4 with logarithmic graduation.
The mean ratio of length/width is 1.98 in
“Muroran Exposed”, 1.82 in “Muroran Shel-
tered” and 1.92 in “Otaru”. The thallus of
the three populations were similar in shape
to each other.

Thallus color: The thallus color was com-
pared in living and in dry conditions. Gene-
rally, thalli in “Muroran Exposed” were dark
purplish red and those in “Otaru” were pink.
Thalli in “Muroran Sheltered” population
were intermediate in color. However, the
color is different according to individual
plants of each population.

Thallus thickness: The thickness was
measured in imperfectly or perfectly matured
plants in the maturation stages 2-5 (Fig. 2)
of “Muroran Exposed” population collected
on June 24, 1979, of “Muroran Sheltered”
on May 28, 1979 and of “Otaru” on May 2,
1981, when each population reached a maxi-
mum in mean length. Measurements were
made in the center of the thalli.

The distribution of thickness of measured
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Fig. 4. Relationship between length and width of plants for the three populations. Samples
were collected on 28 April 1979 from “Muroran Exposed” population and “Muroran Sheltered”
population, and on 17 April 1981 from “Otaru” population.
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plants is shown in Fig. 5. Among the three
populations, “Muroran Exposed” plants were
thicker (ca. 70-130 #m) than the other two
and “Otaru” plants thinner (ca. 30-80 pm)
than the other two. “Muroran Sheltered”
plants were intermediate in thickness (ca.
40-100 #m). Overlaps in the thickness be-
tween “Muroran Exposed” and “Muroran
Sheltered” and between “Muroran Sheltered”
and “Otaru” are apparent.

Structure of rhizoidiferous basal part: Fu-
KUHARA (1968) de:cribed the rhizoidiferous
basal part of P. variega'a and P. tenuitasa
as being monostromatic below and distro-
matic upward, and that in the former species
the basal part became abruptly distromatic

10f Muroran Exposed

Ll

10F L Muroran Sheltered
£ —‘_|_i—
g
ol s ' \
10k ] Otaru
2 =
2

ol —I_‘| Thickness, um,

50 100 150

Fig. 5. Frequency distribution of thallus
thickness for the three populations, “Muroran
Exposed”, “Muroran Sheltered” and “Otaru”,
class interval 10 pm.

Fig. 6. Longitudinal sections of rhizoidiferous basal parts for the three

populations.
population ; ¢, “Otaru” population.
to b-c.

upward, but in the latter species gradually
distromatic upward. The rhizoidiferous basal
part of the three populations was examined.
Such a distinct difference between P. varie-
gata (“Muroran Exposed”) and P. tenuitasa
(“Muroran Sheltered” and “Otaru”) was not
found (Fig. 6). However, the distance be-
tween two cell layeres with thicker basal
part was greater than that with the thinner
basal part.

a, “Muroran Exposed” population; b, “Muroran Sheltered”
Scale in a is 50 #m and also applies

Muroran Exposed
Muroran Sheltered

—— T

QOtaru
—_—rre
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Fig. 7. Variation of height/width ratio of
vegetative cells in cross section of plants for the
three populations. Horizontal line indicates total
variation ; thick line, SD; cross bar, mean.
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c-d, “Muroran Sheltered” population ;

Suvizu, T.

\ et 0y 4

Fig. 8. Antheridia of plants for the three populations. a-b, “Muroran Exposed” population ;

e-f, “Otaru” population ; a, c, e, surface view; b, d, f, cross

section. Scale in f is 25 pm and also applies to a-e.
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Fig. 9. Cystocarps of plants for the three populations. a-b, “Muroran Exposed” population ;
c-d, “Muroran Sheltered” population ; d-f, “Otaru” population; a,c,e, surface view; b,d,f, cross
section. a-b from the glutaraldehyde fixed sp‘ecimens, others from the living plants. Scale in e is
50 #m and also applies to a-d and f. '
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Shape of vegetative cell: No difference
in shape and diameter of vegetative cells
among plants of the three populations was
found in surface view. However, some dif-
ference in height between the populations
was found in cross section. Fig. 7 shows
the mean ratio of height/width of vegetative
cells in cross section (100 cells were mea-
sured; 5 cells X20 plants). The ratio was
1.18 in “Muroran Exposed”, 1.11 in “Muroran
Sheltered” and 1.04 in “Otaru”. Thus, the
populations with thicker thalli have higher
cells.

Division formulae of reproductive struc-
tures: No difference was observed among
the plants of the three populations in division
formula, it was 64 (a/4, b/4, c/4) in anthe-
ridia and 16 (a/2, b/2, c/4) in cystocarps
(Figs. 8-9).

Discussion

The present investigation showed that the
plants of three local populations of Porphyra
variegata and P. tenuitasa inhabiting different
environments were similar in the thallus
shape, structure of the rhizoidiferous basal
part and division formulae of the repro-
ductive structures, all of which are of con-
siderable taxonomic significance among the
species of --Porphyra subgenus Diploderma.
However, “the following differences were
found among the populations: the growing
period, thallus length and thallus thickness.

The Muroran P. variegata, which grew in
the uppermost subtidal zone exposed to the
waves, appeared in early April and persisted
until early July. The Muroran P. tenuitasa
inhabiting near the low water line sheltered
from the waves appeared in mid-March and
lasted until late June. The Otaru P. tenu:-
tasa, which grew in the uppermost subtidal
zone weakly exposed to the waves, abpeared
before April .and was present until early
June. This difference may depend on dif-
ferent water temperatures. Water tempera-
ture in Otaru is higher than that in Muroran
(Fig. 1). Additionally, water temperature of
the sheltered site rises rather higher than

that of the exposed one in spring and sum-
mer. In Otaru the release of spermatia
begins in mid-April when the temperature
reaches 6°C and the release of carpospores
begins in early May when the temparature
reaches 8°C. In Muroran the release of
spermatia is delayed until mid-May when the
temperature reaches 6°C and the releaze of
carpospores occurrs in late May when the
temperature is 8°C (Figs. 1, 3B). Thus, a
minimum temperature of 6°C is required for
the release of spermatia and a minimum of
8°C is required for the release of carpospores.
Mature plants increase in abundance as the
water temperature rises and they decay
rapidly. This reproductive process procesds
more quickly in Otaru due to the higher
temperature than in Muroran.

Fertile thalli of the Muroran P. variegata
were 16.2cm in mean length and 70-130 gm
thick. The Muroran P. tenuitasa possessed
thalli being 10.0 cm in mean length and 40-
100 gm thick. The Otaru P. tenustasa had
thalli 11.3cm in mean length and 30-80 #m
thick. These differences also depend on dif-
ferent water temperature. The plants grow
vegetatively until the water temperature
rises to a sufficient level to form reproduc-
tive structures. The duration of the period
of low water temperature in early spring
results in the production of large and thick
thalli. Thus, the Otaru plants have smaller
and thinner thalli than those of Muroran.
Consequently, differences in water tempera-
tures among the three locations could account
for the differences in morphological and phe-
nological characters of the populations.

One herbarium specimen of P. tenuitasa
determined by FUKUHARA was examined.
It was collected by him at Usu, the type
locality, near Muroran on 6 May 1963. The
thallus is 11.6 cm long and 8.4 cm broad. It
is 51-70 pm thick in the center of the thallus
and similar in appearance to the plants of
the “Muroran Sheltered” population. Thick-
ness was measured with sections embedded
in 20% glycerin. The measured thickness
in this way is about 70-90% of the original
thickness of the living specimen. Further-
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more, two herbarium specimens of P. tenu:-
tasa collected at Oshoro near Otaru on 25
April 1972 and determined by FUKUHARA
were examined: (A) 17.6cm longx8.4cm
broad; (B) 8.6 cm long X7.5cm broad. They
are 40-48 ym (A) and 27-33 ym (B) thick in
the center of thalli and similar in appearance
to the plants of the “Otaru” population.
Thickness was measured as in the Usu
specimen. Thus, the plants of “Muroran
Sheltered” population and of “Otaru” popula-
tion can be identified with P. tenustasa des-
cribed by FUKUHARA (1968).

According to FUKUHARA (1968), Porphyra
variegata and P. tenuitasa are distinguished
by the thallus thickness and structure of the
rhizoidiferous basal part. P. variegata has
thick thalli (80-200 ym thick) and rhizoidi-
ferous bases which become distromatic ab-
ruptly, whereas P. tenustasa has thin thalli
(45-50 pm thick) and rhizoidiferous bases
which become distromatic gradually (FUuku-
HARA 1968). However, the thallus thickness

varies with individual plants and with habitat

as mentioned above. No difference in the
structure of the rhizoidiferous base between
the two species has been found in the present
study. It is concluded that P. tenuitasa cir-
cumscribed by FUKUHARA (1968) is included
in the variation range of P. variegata whose
morphological characters vary with habitat.
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INouYE, 1., Horr T. and CHiHARA, M. 1983. Ultrastructure and taxonomy of Pyrami-
monas lunata, a new marine species of the Class Prasinophyceae. ‘Jap. J. Phycol. 31: 238-
249, o ' '

A new spec1es of Pyramzmonas P, lunata is described based on t! the specimens collected
in Kesén-numa, Miyagi Prefecture, oné of the places in Japan, where’ phytoplankton blooms .
have often ‘been observed. Unialgalcultures were examined with the transmission electron
microscope with particular emphasis on scale morphology and the ultrastructure of cell
organelles.

This species is characterized by the presence . of trichocysts, the. morphology of -the
pyrenoid and newly-described body scales. The body scales of the intermedizte:layer are -
box-like and consist of a square base perforated in a.characteristic pattern and four , sides-_-
made up of slender rods.. Scales of the outermost layer are, as in many other species of
the genus, coronate and composed of slender rods. Howcver, these scales are particularly,
" large (520nm high and 680 nm wide). Scale tnorphology and cellular ultrastructure are

compared with those of other species previously studled and thexr vahdlty as dlagnostlc

characters is discussed.

Key Index Words:

Flagellar apparatus; Prasmophyceae Pyramlmonas lunata sp

nov. ; Scale morphology ; Taxonomy and ultrastructure of. Pyramzmonas
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For the last 20 years red tides have fre-
quently occurred in various places in Japan
and caused significant damage to the local
fisheries. To date many taxonomic studies
of red tide organisms have established the
basic data useful for further studies to resolve
this serious economic and social problem.
However, most investigations have been
restricted to the Bacillariophyceae, Dino-
phyceae and Raphidophyceae. Other groups
of phytoflagellates such as the Prasino-
phyceae, Prymnesiophyceae, Cryptophyceae
and Chrysophyceae have not been included
as sujects of red tide research. Among the
Prasinophyceae, only two species were
reported as organisms which cause phyto-
plankton bloom in the coastal basins around
Japan, viz. Pyramimonas aff. amylifera (as
Asteromonas propulsum) and P. disomata

(ADACHI 1972), despite the further species
of this class are apparently a common com-
ponent of the microalgal flora, of coastal
waters and have undoubtedly caused blooms
more:often than has been recorded.
Recently we have directed our research
towards the genus Pyramimonas, the tax-
onomy of which at "specles rank is still con-
fused. We have isolated more than twenty
strains of the genus from seawater samples
collected from various places around the
coast ‘'of Japan and examined them using
both light and electron microscopy in an
attempt to clarify the diagnostic characters.

* This work was supported in part by a Grant-
in-Aid for Scientific Research (No. 57440003,
No. 58124034) from the Ministry of Education,
Science and Culture, and the Toyota Foundation
(Grant No. 78-1-097, 79-1-198, 80-1-070).
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This paper is the first of the series and
deals with the bivamﬁgausmg species Pyra-
mimonas lunata’ %pé’ﬂ‘%ov isolated from the
Bay of Kesen-numa, Miyagi Prefecture,
Japan. Both light and electron microscope
observations are déscribed and various fea-
tures including scale and cell ultrastructure
are compared with those of other- Spec1es

Materials and Methods

Pyramimonas lunata was first collected by
Mr. Noritaka Fujita of Kesen-numa Prefec-
tural Fisheries Experimental Station from
the Bay of Kesen-numa, Miyagi Prefecture
in August 1978. According to him, this
species occurred as one of major components
of a phytoplankton bloom in the bay during
August and October, 1978 and June to Sep-
tember, 1979.

Seawater samples were collected on a
monthly basis from April, 1978, to February,
1980. The specimen used in this work was
originally isolated from a sample collected
on March 11, 1979. Cells were inoculated
in Erd-Schreiber medium (FgyN 1934) and
were maintained in the same medium and
GPM medium (LOEBLICH III 1975) at 15C with
exposure to 2000-6000 lux light in alternating
16/8 LD cycle.

Shadowcd materials were prepared by
placing single drops of medium containing
actively swimming cells on colloidin coated
grids and fixing them in osmium tetroxide
vapour for 30 seconds. After drying in a
desiccator, grids were washed carefully with
distilled water to remove salt and dried
again. Grids were then shadowed with
platinum-palladium at a low angle of 20-40
degree.

For sectioned materials, 50% aqueous glu-
taraldehyde was added to the medium con-
taining actively growing cells, at a final
concentration of 3%. After 1hr fixation at
room temperature, cells were rinsed several
times in the same medium and postfixed in
2% aqueous osmium tetroxide in 0.2 M phos-
phate buffer (pH 7.0) for 2hr. Then cells
were dehydrated in graded ethanol series

and embedded in Epon. Thin sections were
cut with diamond knives, double stained with
uranyl acetate followed by lead citrate (REY-
NOLDS 1963) and viewed with* Hitachi H-12A
and JEOL JEM 100C transmission electron
microscope.

Observations

a) Light microscopy

Pyramimonas lunata is broadly obovoid in
actively growing cultures. The length and
width of the cell are usually almest equal
(Figs. 1, 19A), ranging from 1% to 15 pum
and 10.5 to 14 pm, respectively.#, Four an-
terior lobes extend backwards as féur distinct
ridges up to approximately two thirds the
way along the length of the cell (Fig. 19A).
These are most conspicuous at the extreme
anterior end so that the polar view appear
as a square with rounded corners (Fig. 19B).
The anterior lobes surround a flagellar pit,
a conical groove, from the bottom of which
four flagella arise. Around the flagellar pit,
many refractive granules, trichocysts, are
seen (Fig. 19B). The posterior end of the
cell is usually rounded but sometimes slightly
acute in old culture. The single chloroplast
is cup-shaped and has eight anterior lobes
(Fig. 19B). A conspicuous stigma is located
in a median-lateral portion of the chloroplast
(Fig. 19A). A pyrenoid, located at the
posterior end of the chloroplast, is surrounded
by two laterally arranged, collar-shaped
starch sheaths which are often obscure under
the light microscope.

Cells swim rapidly for several seconds
rotating around their longitudinal axis, then
suddenly stop swimming and attach to the
cover slip or glass slide with four vibrating
flagella which radiate out in four directions
at right angle to one another. When the
mounting medium gradually evaporated or
was drawn off with filter paper, the cells
discharged many thread-like trichocysts.
Using phase contrast microscopy many deta-
ched body scales appear as small grains float-
ing around the cell body.
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Figures 1-6. Pyramimonas lunata. 1. Light micrograph of the cell. The length and width of
the cell are nearly same size. x1,200; 2-5. Electron micrographs of shadowed materials. 2. Whole
mount of the cell coated by scales. Thread-like discharged trichocysts (T) are seen. (Holotype).
x3000; 3. Inner (IFS) and outer (OFS) layer flagellar scales. x33,000; 4. Outermost layer body
scales. (Reversed print). x40,000; 5. Intermediate layer body scales. (Reversed print). x 60,000 ;

6. Electron micrograph of a base of the intermediate body scale showing characteristic perforations
(sectioned material). x70,000.
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Figures 7-9. Pyramimonas lunata. Electron micrographs. 7. Median longitudinal section of the
cell, showing lunate profile. Major cell components are seen; chloroplast (C), cylindrical vesicles
(CV), microbody (MB), mitochondria (M), nucleus (N), pyrenoid (P), trichocysts (T) and pit
microtubules (arrow heads). x9,200; 8. Transverse section of the flagellar pit region. Pit micro-
tubules arranged along the flagellar pit and four microtubular flagellar roots consisting of 4 (bottom),
3 (right), 2 (top) and 2 (left) microtubules with electron dense material are seen (in the circles).
%23,000; 9. Longitudinal section of the trichocyst made up of rolled thin membranous material.
Numerous granules are contained in the central core. x40,000.

241
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Figures 10-14. Pyramimonas lunata. Electron micrographs. 10. Transverse section of the
anterior region of the cell showing typical arrangements of cell organelles. G: Golgi body. Other
abbreviations same as Fig. 7. x6,000; 11. Longitudinal section through the flagellar apparatus.
Flagellar roots (arrow heads) extending from the flagellar base towards the cell anterior along the
pit microtubules (arrows) are seen. Rhizoplasts (RH) and associated microbody (MB) are also
seen. x15,000; 12. Two basal bodies connected by the synistosome (SY). Laterally situated fibrous
band (LB) is seen. x45,000; 13. Transverse section of the flagellar apparatus. Three basal bodies
linked by a lateral fibrous band (LB) are arranged along the convex margin and the other is at-
tached to the concave side of the synistosome (SY). Four flagellar roots (arrow heads) radiating
in a cruciate pattern are also seen. x40,000; 14. A scale reservoir (SR) containing only small-size
scales is continuous with cylindrical vesicles (CV) and the flagellar pit (arrow head). x10,000.
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Figures 15-18. Pyramimonas lunata. Electron micrographs. 15. Golgi body in cisternae of
which the outermost layer body scale and various other scale types (arrow heads) are being pro-
duced. x26,000; 16. Stigma made up of two layers of plastglobules. x28,000; 17. Pyrenoid (P)
and associated chloroplast ditch (CD), a boader between two chloroplast lobes. 14,000; 18. Pyrenoid
and sections of the chloroplast ditch which are occupied by the rhizoplasts (arrow heads). rx12,000.
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b) Electron microscopy

Scale morphology: Shadowed and thin
sectioned materials show six kinds of scales
coating the cell body and flagellar surfaces
(Figs. 2, 3). Of these, three are body scales
and the remaining three are flagellar scales.
Small body scales, the undermost layer body
scales, form a layer immediately outside the
plasmalemma of the cell body (Fig. 19C).
They are square, 45-50nm on each side,
and possess raised marginal rim and a small
boss or projection at the centre. The in-
termediate layer body scale is box-like, com-
posed of a square shaped base (290X 290 nm)
and four sides made up of slender rods (Figs.
5, 6, 20A). The square base has rectangular
perforations arranged in a characteristic
regular pattern (Figs. 6, 20A). From each
corner and the middle of each side margin
of the base, eight upright rods (200 nm long)
arise to make up four sides of the scale.
These upright rods are linked at the top by
slightly arched peripheral rods (Fig. 20A).
The outermost layer body scale is coronate
made of a framework (Figs. 4, 20B). The
base is square, ca. 680 nm on each side. It
consists of four slender side rods and four
rods arising from the middle of each side of
the equare base and meeting together, ap-
pearing as a “cross in the square” on the
base plane (Fig. 20B). Each rod of the base
has numerous small projections pointing
downward (Figs. 4, 20B). From the centre
of the cross of the base, an upright rod
(370-460 nm) arises and on top of it a short
rod (100-120 nm) is arranged horizontally
with a pair of spines at both ends. A pair
of rods arise from each end of the horizon-
tally arranged short rod, four rods all toge-
ther, ‘bend downward and terminate at the
corners of the square base. These rods have
tiny spines on the way at two fifth portion
from the upper end. The total height of
the outermost scale including spines is 400-
520 nm.

The inner layer flagellar scale which lies
external to the flagellar surface is square to
pentagonal in shape, ca. 45 nm on each side,
and has a raised rim and a central boss or

projection (Fig. 3). The second type of scale,
the outer layer flagellar scale, lies on top of
the inner layer flagellar scales. This scale
is shaped like the horseshoe crab, Limulus,
and its ornamentation on the surface is
similar to a spider’s web (Fig. 3). The total
length of the Limulus scale, including the
spine projecting toward the distal end of the
flagella, is ca. 300nm. Hair scales similar
to those described in other species are also
present. They are often washed away from
flagellar surface but can be observed in the
scale reservoir (Figs. 7, 14).

Cell ultrastructure: Median longitudinal sec-
tions of cells show a variety of profiles of
shapes, viz. boomerang to rounded triangle.
The most typical is lunate (Fig. 7) to which
the specific epithet refers. Approximately
250-300 microtubules emerge from vicinity
of the flagellar bases and ascend along the
plasmalemma of the flagellar pit (Figs. 7, 8,
11). In transverse sections of the flagellar
pit region, they are found just beneath the
plasmalemma in a regular interval (Fig. 8).
They disperse along the cell contour (Fig.
11), bend along the lateral cell surface toward
the cell posterior. It is not clear how far
the microtubules, called pit microtubules,
extend posteriorly. They were detected up
to the horizontal level of the base of the
flagellar pit. Four other groups of micro-
tubules, flagellar roots, each surrounded by
electron dense material arise from near the
flagellar base and ascend along the proximal
side of the pit microtubules (Fig. 11) in four
directions creating a cruciate pattern (Figs.
8, 13). The number of microtubules making
up the flagellar roots are 4, 3, 2 and 2 (Fig.
8). From the proximal end of the basal
bodies striated fibrous roots, rhizoplasts,
extend posteriorly passing along the nuclear

" surface to reach the chloroplast surface be-

neath which the pyrenoid is situated (Fig.
11). They extend dichotomously along the
chloroplast ditch (Fig. 18). A well developed
microbody is associated with this root (Fig.
11). Below the flagellar pit four basal bodies
are characteristically arranged in the 3-1
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Figure 19. Diagrammatic illustrations of Pyramimonas lunata. A. Side view of the cell; B.
Vertical view of the cell, showing relative positions of flagella, stigma, nucleus, Golgi bodies, tri-
chocysts and a scale reservoir; C. Longitudinal section of the cell, showing ultrastructural features.
Flagellar scales are not illustrated. C: chloroplast, CV : cylindrical vesicles, F, flagella, FP: flagellar
pit, FR: microtubular flagellar roots, G: Golgi bodies, IBS: intermediate layer body scales, LB:
lateral fibrous band, M: mitochondria, MB: microbody, N: nucleus, OBS: outermost layer body
scales, P: pyrenoid, PMT: pit microtubules, PS: pyrenoid starch sheaths, RH: rhizoplasts, S:
stigma, SR : scale reservoir, SY : synistosome, UBS: undermost layer body scales. Not to scale.

Figure 20. Diagrammed illustrations of the
intermediate (A) and the outermost (B) layer
body scales. Not to scale.

pattern (Fig. 13). Three lie more or less
linearly along the convex margin and the
other one is attached to the concave side of
the synistosome (Fig. 13). Non-striated
fibrous band links the former three basal
bodies along their lateral margins (Fig. 13).
Several slender connecting bands were also
observed between the basal bodies and synis-
tosome (Fig. 13) although their configulations

are not described in this context.

The chloroplast is single and cup-shaped.
It is deeply lobed into four sections in the
cell anterior. Each lobe extends anteriorly
along the ridge of the cell body and lobes
once again into two sections anteriorly (Fig.
10) so that eight small lobes are formed.
The pyrenoid is spheroid to oval in
shape. On the chloroplast surface, there is
a dimple-like cavity (Fig. 7) from which
the chloroplast ditch extends posteriorly in
opposite directions (Fig. 17). Many thylakoid
bands enter into the matrix (Fig. 7). Al-
though they penetrate deeply, they never
traverse the matrix. Some bands terminate
near the posterior portion of the matrix,
while others bend and switch back toward
the anterior end or anastomose with other
thylakoids. Two laterally arranged collar-like
starch sheaths surround either the posterior
half or the more or less posterior two thirds
of the pyrenoid matrix (Fig. 7). No inter-
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vening - membranous elements between the
matrix and starch sheath have been observed.
The ditnple-like cavity above the pyrenord
surface is occup&d by the rhizoplast and a
mlcrobody which 4s. surrounded by a “single
unit membrane (Fig. 7). The stigma’ is in
a median position in one of the lobes of the
chloroplast to which the nucleus is closely
appressed (Fig. 16). It consists of one to
two layers of hnearly arranged lipid droplets.

Many peculiar globules which - are ‘not’

bounded by membranes lie between the thy-
lakoid bands (Figs. 17, 18).  Their contents
may have dissolved or washed away during
the preparation of electron microscopy, but
occasionally electron dense material remains.

Trichocysts are present rhainly around the
flagellar pit region (Fig. 10). They are
threads-like when viewed in shadowed
material (Fig. 2). They consist of rolled
membranous material and contain numerous
small globules in the centre (Figs. 9,,10).

Usually two Golgi bodies (rarely three)
are present in the anterior half of the cell
body. Both flagellar ‘and body scales are
produced in the Golgi cisternae (Figs. 10, 15).
A large scale reservoir and many cylindrical
vecicles, which are continuous ‘to each other
(Fig. 14), were observed opposite to the
nucleus (Figs. 7, 14). ‘The reservoir-is well
developed and contains three kinds of scales
inéluding the Limulus, hair and small square-
shaped scales (Figs. 7, 14). Large scales,
intermediate and outermost layer body ‘scales,
may usually be released singly to the cell
surface.

The ultrastructure of the cell is diagram-
med in Fig. 19C.

Discussion

The intermediate body scales of P. lunata
are characteristic so that they could be used
as diagnostic characters of this species. The
perforation pattern of the base of the scale
is stable feature and does not change regard-
less of the age and condition of culture.
The outermost layer body scale could also
be considered distinctive for this speciés be-

Hori, T. ’and'”CmHARA, M.

cause of its large size.” It is much larger
than that in any other spec1es previously
examined. The largest scale previously

“vdescribed in Pyramimonas (325 nm wide in

P. occidentalis, PENNICK 1982) is Half the

sizeé of the outermost scale of P. [unata.
PENNICK et al. (1978) studied scale mor-

phology in 12 strains allied to P. orientalis

- and concluded that scale morphology is con-
stant in each strain but there are consistent

differences between strains.. This raises a
serious problem as to whether scale mor-
phology is a reliable taxonomic character for
the species level. . However, in the extensi-
vely examined species ‘P, amylifera no dis-
tinct differences have ever been observed in
scale morphology -among the various strains
(e.g. compare figures given by MANTON et
al. 1963 and NORRIS and PIENAAR 1978).
In three strains of P. grossii isolated from
various localities in Japan, no differences
have been observed in scale ‘morphology
(unpublished observation). Therefore, we
opine that the morphology of the scale is a
useful: taxonomic character in spite -of the
fact -that strain differéence on scale -mor-
phology exist in certain species of the genus.
It could be more useful when combined with
other features such as the ultrastructure of
the ﬁagellar apparatus stigma, pyrenmd and
presence or. absence of trichocysts. ‘

- The number of pit microtubules has been
estimated as 250-300 in P lunata, approxi-
mately 150 in P. parkeae (NORRIS and
PEARSON 1975), probably more than 250 in
P. tetrarhynchus (MANTON 1968, estimated
from figs. 7, 11), approximately 150 in P.
aff. amylifera (unpublished observation), 25-
30 in P. orientalis (MOESTRUP and THOMSEN
1974) and approximately 100 in P. grossii
(unpublished observation). Among these
species, the first four are large representa-
tives (more than 10 ym) and the latter two
small representatives (less than 10 gm). The
number of pit microtubules is reliably dif-
ferent from species to species but it is not
correlated with cell size. For instances, P.
orientalis and P. grossii are similar in size
but have a very different number of pit
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microtubles. The taxonomic significance of
such differences is still uncertain but should
receive attention in future investigations.

" It is likely that there are at least two dif-
ferent types of flagellar apparatus in four
flagellated species of the genus Pyramimonas.
The first has four basal bodies arranged in
a 3-1 pattern and the linearly arranged three
are connected to each other by a lateral non-
striated fibrous band. P. lunata, P. parkeae
(Norris and PEARSON 1975), P. grossii and
Pyramimonas spp. (Strain Samekawa, Strain
Udo, unpublished) belong to this group.
Whereas the second has basal bodies arranged
in a distinct diamond-shaped pattern and the
lateral fibrous band is absent. P. orientalis
(MoESTRUP and THOMSEN 1974), P. obovata
(MELKONIAN 1981) and P. longicauda (unpub-
lished observation) can be classified to this
group. MELKONIAN (1981) described detailed
three dimensional structure of the second
type of flagellar apparatus. Because ultra-
structure of the flagellar apparatus is con-
sidered as a useful taxonomic character in
various groups of algae, further details of the
ultrastructure of the first type should be
investigated. Previously examined species
possessing the 3-1 pattern of basal bodies
have more than 100 pit microtubules while
those possessing diamond pattern basal bodies
have few. The arrangement of basal bodies
and the number of pit microtubules appear
to be distinctive to each species.

The trichocyst is not a common organelle
in the Prasinophyceae and seems to be res-
tricted to very few species of Pyramimonas,
to date only five, including P. lunata. Since
this organelle is infrequent, it can be adopted
as one of the most important characters to
delineate species.

We believe that the number of chloroplast
lobes is constant within species. Eiglit lobes
at the anterior end are known at present in
P. aff. amylifera (unpublished observation)
and in P. lunata, while four lobes are com-
monly observed in many other species.

P. lunata is the only species with a pyre-
noid invaded by thylakoids from only the
anterior side and surrounded by collar-like

starch sheaths. P. orientalis (MOESTRUP
and THOMSEN 1974, Fig. 14), P. aff. disomata
(NorriS and PIENAAR 1978) and P. obovata
(PENNICK et al. 1976, Fig. 1; BELCHER et al.
1974, Fig. 11) have a similar pyrenoid invaded
by thylakoids from the anterior end. But
the starch sheath is cup-shaped and the
thylakoids in the matrix are many fewer than
in P. lunata.

At the light microscope level the following
four species are similar to P. lunata, viz. P.
extravagans, P. cruciata, P.inflata (CONRAD
and KUFFERATH 1954) and P. adriaticus
(SCHILLER 1925), that is, in all of these
species length and width of the cell are
nearly the same size. However, these species
are distinguished from P. [unata in the follow-
ing characteristics: P. extravagans has three
large anterior lobes; P. cruciata is acute
posteriorly and has four pyrenoids ; P. inflata
has two elongated bodies in the chloroplast ;
P. adriaticus has no pyrenoid. None of these
species has been studied by electron micros-
copy so it is not possible at present to com-
pare their detailed cellular features with
those of P. lunata.

Diagnosis

Pyramimonas lunata sp. nov.

Cells wide obovoid, 12-15 gm long, 10.5-
14 pm wide, lunate in longitudinal section,
motile with 4 flagella, possessing 4 conspi-
cuous anterior lobes and a conical flagellar
pit ; chloroplast single, green, 4 lobed suban-
teriorly and finally 8 lobed; stigma single,
laterally situated ; pyrenoid single, located
posteriorly, surrounded by two collar-shaped
starch sheaths; trichocysts present.

Cells covered by '6 types of scales: 3 body
and 3 flagellar ‘scales; intermediate body
scales box-shape; base plate, 290290 nm,
perforated with rectangular holes ; outermost
body scales, coronate, large, 680 nm wide
and 400-520 nm high.

Holotype: Figure 2.

Type locality: Kesen-numa, Miyagi Pre-
fecture, Japan. '

Distributions: Kesen-numa, Miyagi Pre-
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fecture ; Shioya-zaki, Fukushima Prefecture,
Japan (collector : T. Horiguchi).
Habitat : estuary.

Pyramimonas lunata sp. nov.

Cellulae obovoideae, 12-15 um longae, 10.5-
14 pm latae, lunatae in sectione longitudinale,
mobiles cum 4 flagellis, 4 lobos conspicuos
anticos et foveam conicam flagelli habentes;
chloroplastus unus, viridis, subantice tetra-
lobus et extremum octolobus; stigma unum
in parte postico cellulae sita, 2 vaginis amili
collumiformis circumcincta; trichocystae
adsunt.

Cellulae squamis 6 typorum obtectae: 3
squamae corporum et 3 squamae flagellorum ;
squamae corporum intermediae buxiformae;
laminae basi, 290X290 nm, perforatae cum
cavis; squamae corporum extimae coroni-
formes, magnae, 680 nm latae et 400-520 nm
altae.

Holotypus: Figura 2.
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Phenological and morphological studies on Punctaria flaccida
NAGAI (Dictyosiphonales, Phaeophyceae)*
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Outa, M. 1983. Phenological and morphological studies on Punctaria flaccida Nacar (Dic-
tyosiphonales, Phaeophyceae). Jap. J. Phycol. 31: 250-258.

Punctaria flaccida NaGcal was investigated phenologically and morphologically using
specimens collected at Muroran in Hokkaido, northern Japan. Small, barely visible plants
appear in October. They grow slowly during the winter, and become gradually larger in
spring, reaching a maximum of 5-7 cm long, 140-170 gm thick and 4-7 cells thick in April
to May. From April some of them begin to be eroded in the upper portion of thallus.
Plants are absent from July to September. From November to March only plurilocular
sporangia are formed and from April unilocular sporangia are formed in the thalli with or
without plurilocular sporangia. The similarities of the young fertile plants with only pluri-
locular sporangia to Punctaria hiemalis and of the old fertile plants with both plurilocular

and unilocular sporangia to Punctaria hesperia are discussed.

Key Index Words: Dictyosiphonales; morphology ; Phaeophyceae ; Phenology ; Pun-
ctaria; P. flaccida; P. hesperia; P. hiemalis; taxonomy.

Eight species of the genus Punctaria have
been reported from Hokkaido. These are
1) Punctaria chartacea SETCHELL et GARDNER
(UMEZzAKI 1961), 2) P. conglomerata YAMA-
DA et IwaMoTO (IwAMOTO 1960), 3) P. flac-
cida NAGAI (YAMADA and TANAKA 1944,
UMEZzAKI 1961, CHIHARA 1972), 4) P. kino-
shitae YAMADA et IwAMOTO (IWAMOTO 1960),
5) P. latifolia GREVILLE (HASEGAWA 1949,
KAwWABATA 1959, TOKIDA and MASAKI 1959,
CHIHARA 1972), 6) P. plantaginea (ROTH)
GREVILLE (YAMADA and TANAKA 1944), 7)
P. rubescens ]J. AGARDH (YENDO 1909) and
8) P. tenuis YAMADA et IWAMOTO (IWAMOTO
1960).

These species grow on rocks, other algae,
Phyllospadix or Zostera in the lower intertidal
to upper subtidal zones and are distinguished
by the following taxonomic features: the
thallus size, thallus form, the type of thallus
margin, the number of cell layers, the shape

* Dedicated to Professor Munenao KUROGI on the
occasion of his academic retirement.

and size of cells and the shape of the repro-
ductive organs. In order to analyze the
variability of these features I have been
studying the species of Punctaria found in
Hokkaido. The results of phenological and
morphological observations of Punctaria flac-
cida are reported in this paper.

Materials and Methods

Phenological and morphological observa-
tions on Punctaria flaccida were conducted
monthly at Muroran (42°21’N, 140°59’E), on
the south coast of Hokkaido from January
to November 1978. The plants were sampled
when the macroscopic thalli were present.
The plants collected were fixed and preserved
with 10% formalin in seawater for morpho-
logical observations.

Results

a) Phenological observations
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Plants of Punctaria flaccida (Figs. 1, 2) b ; :
attach to leaves of Phyllospadix iwatensis ' v ,' %!
and thalli of Palmaria palmata, both of which ‘ v ]
grow in the lower intertidal zone exposed . \? \V \M
relatively to wave action. The plants are
usually gregarious but rarely solitary when :
they are young. From data collected from
January to November 1978 (Table 1, Fig. 3),
small thalli (0.1-0.4cm long) appeared in
mid-October and increased in number from
February. After that, thalli gradually grew
larger and reached up to 7.0 cm long, 2.4 cm
wide and 170 #m thick in May. The upper-
most and marginal portion of thalli began to
be eroded from April. All of the thalli col- 0 1cm
lected in June were devoid of the upper Fe b.

portion. No thalli were found from July to Fig. 1. Herbarium specimens collectedfon
September. February 13, 1978 at Muroran.

0 5|cm

L 5 Apr.

Fig. 2. Herbarium specimens collected on April 26, 1978 at Muroran.
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In each month 100, 50, 20 or 4 individuals
were examined to study the formation of
reproductive organs (Table 1). Thalli col-
lected in October were sterile. Reproductive
organs occurred from November. Thalli
bearing only plurilocular sporangia collected
up to May. They began to decrease in
number in April, whereas thalli bearing both
plurilocular and unilocular sporangia or only
unilocular sporangia began to appear. Thalli
with only unilocular sporangia increased in
number in May, and those with only plurilo-

cular sporangia were reduced in number.

b) Morphological observations

External appearance: Thalli were com-
paratively small, oblanceolate and soft in
texture. The habit in February and April
is shown in Figs. 1 and 2. The maximum
length was 7cm and the maximum width
2.4 cm, the ratio of length to width was 1.5-
10.0 (3.7 in average) except for October,
when the thalli were very small and the
ratio was 3.0-18.0 (7.0 in average) (Table

length(cm)

=4 20

+1.0

cell layer

10 20
120 width(cm)
140

+ 60

thickness(pm)
Fig. 3. Variation polygraphs in length, width, thickness and number of cell layer of
plants collected on February 13, March 15, April 26 and May 26, 1978. 30 individuals were
lined in each figure. Thickness and number of cell layer were examined in the center of

thallus.
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1, Fig. 3). They were pale greenish-brown
in color from October to March and became
darker as they grew older. They generally
had entire margins throughout the growing
season. They possessed a short complanate
stipe which was 0.5-2.0 mm long and a dis-
coid holdfast.

Vegetative structure: In surface view
thalli were covered over with comparatively
large 4-5 sided surface cells (Figs. 5A, 6A).
Hairs were scattered all over the thallus.
They were numerous when the thallus was
young, and decreased as the thallus grew
older. In cross section, thalli thicknesses
varied according to the age (or growth
season) and with the portion of the thallus
examined.

The seasonal changes in thickness and cell
layer of thallus are shown in Table 1 and
Fig. 3. They were measured in the center
of thallus. In October to November and
February to March the thickness ranged
from 20 to 70 um and the number of cell
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layer from 1 to 4 (Fig. 5B-G). In this period
one cell layered individuals in addition to
multi-cell layered ones were found. In April
to May the thickness reached 140 or 170 ym
and the number of cell layers 4 or 7 (Fig.
6B-E). In this period one cell- or two cell-
layered individuals were rarely encountered.

On the other hand, the cell layer in the
lower portion of thallus was thicker than
that in the central portion. For example,
the fertile thalli in November and February
to March were 1-4 cell-layered and 20-70 ym
thick in the upper to middle portions, 4-7
cell-layered and 30-100 gm in the lower por-
tion, and 8-13 cell-layered at the stipe. The
fertile thalli in May were 4-7 cell-layered
and 70-170 ym thick in the upper to middle
portions, 8-9 cell-layered and 80-180 pm thick
in the lower porition, and 10-18 cell-layered
at the stipe.

In a cross section of a multi-cell layered
thallus surface cells with many parietal and
discoid chloroplasts were seen but the inner

pm pm ‘
.0
30 30
/ %
o000 ° 0.5
20 | 20 [ / [
z ocooo e
o odomwome (1
; e e
10 10 eece” °
L]
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1 L 1 1 1 1 1 1 1 1
pm
30
20
z
=
[
T
Apr May
1 1 1 1 1 i 1 1 1 1
10 20 30 40 50 pm 10 20 30 40 50 pm
Width width
Fig. 4. Scattered diagrams in cell size in cross section of plants collected on February 13,
March 15, April 26 and May 26, 1978, measured in the center of thallus. O: surface cell, @ : inner

cell.
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A, surface view; B-G, cross section.
B, C, margin of the middle portion of thallus’

cells had very few. The cells were quadrate
to rectangular, and 7.5-30.0 gm (height)Xx
7.5-37.5 pm (width) in surface cells and 7.5-
35.0 pm (height) X 12.5-50.0 pm (width) in
inner cells (Table 2, Figs. 5, 6). The size
of cells did not show a remarkable difference
between surface cells and inner cells in the
early growing season of the year, but inner
cells became generally larger and wider than
surface cells as the thalli grew older (Fig. 4).

Rhizoidal filaments issued from the lower
and basal portions of the stipe. They were
5.0-11.3 ym in diameter and entangled with
each other to form a single discoid holdfast.

Reproductive organs: As mentioned before,
this alga forms both plurilocular and unilo-
cular sporangia. Up to March only thalli
with plurilocular sporangia alone were col-
lected (Fig. 5A, D-G), and after April thalli

QaEnee’
as0g, Cj@g %
L

Fig. 5. Structure of thallus collected on February 13 (B-D, G) and March 15 (A, E, F), 1978.

A, D-G, center of thallus bearing plurilocular sporangia ;

with both plurilocular and unilocular spo-
rangia (Fig. 6A) and ones with only unilo-
cular sporangia (Fig. 6E) as well as ones
with only plurilocular sporangia (Fig. 6D)
were found. Plurilocular sporangia were
formed in one to two cell-layered small thalli
(Fig. 5D, E) as well as in four or more cell-
layered thalli (Fig. 6D). On the other hand,
unilocular sporangia were formed only in
four or more cell-layered thalli (Fig. 6E).

Plurilocular sporangia were formed by the
repeated divisions of surface cells on both
sides of thalli. They were first produced at
the upper portion of -thalli and formed a
small patch. The subsequent formation of
the plurilocular sporangia was basipetal.

In two-layered thalli collected from No-
vember to March, the two cells situated back
to back were frequently almost simultaneously
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Fig. 6. Structure of thallus collected on May 26, 1978. A, surface view; B-E, cross section.
A, center of thallus bearing both unilocular and plurilocular sporangia; B, central sterile portion
with hair; C, margin of the middle portion; D, center of thallus with only plurilocular sporangia;
E, center of thallus with only unilocular sporangia.

divided and formed two plurilocular sporangia
(Fig. 5E, G). In four- to seven-layered thalli
collected from April to May, the surface
cells of each side were divided independently
to form the sporangia. Mature plurilocular
sporangia were cylindrical to conical with

blunt apex. They were 17.5-25.0 pm high
and 10.0-17.5 ym wide in cross section in
February, then becoming slightly larger and
22.5-32.5 pm high and 12.5-20.5 gm wide in
May (Table 2). .
Unilocular sporangia were formed from
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Table 1. Seasonal observations on the size and structure of plants and on the occurrence
of plurilocular sporangia and unilocular sporangia
Jan. 10 \Feb. 13 !Mar. 15| Apr. 26 May 26 | June 25 | Oct. 18 |Nov. 15
length (cm) not 0.8-2. Oi‘ 0.9-3.0| 1.0-5.4] 1.5-7.0| not 0.1-0.4 | 0.3-1.2
measured| (1.4) 2.0) 3.4) (3.9) | measured 0.2) 0.6)
width (cm) ” 0.1-0.7 0.3-1.0/ 0.3-2.0| 0.6-2.4 ” 0.01-0. 10| 0.1-0.4
@ 0.4) | 0.5 | (1.0) | (1.2) (0. 04) 0.2)
= length/width ” 1.6-10.0 1.8-6.8 1.7-9.0| 1.6-6.8 ” 3.0-18.0 | 1.5-7.0
ﬁ 4.2) | 3.8 | (3.6)| (3.4 (7.0) 3.2)
thickness (pm) ” | 20-60 | 30-70 | 40-140 | 70-170 ” 20-70 20-63
(38) 42) (74) (114) (22) (42)
cell layer ” 1-4 1-4 2-4 4-7 ” 1-2 1-4
S with only 25 88 73 51 | 22 0 0 60
“_“,; pluril. sporang.
°§ with only 0 0 0o | 10 | 48 61 0 0
ER unil. sporang.
£  with both pluril. 0 0 0 19 12 3 0 0
3 E and unil. sporang.
8¢ sterile 75 12 27 20 18 36 100 40
examined 4 100 100 100 100 50 20 20

Thickness and cell layer

: measured in the center of thalli, ( ) : showing the average.

Table 2. Seasonal observations on the size of vegetative cells, plurilocular sporangia
and unilocular sporangia in cross section, showing height X width in gm

Feb. 13 Mar. 15 Apr. 26 May 26

Surface cells 7.5-22.5 12.5-22.5 10.0-30.0 10.0-30.0
x 7.5-27.5 %x10.0-25.0 x10.0-27.5 x12.5-37.5

Inner cells 10.0-20.0 7.5-22.5 12.5-35.0 12.5-35.0
%x12.5-35.0 x12.5-37.5 x17.5-42.5 x 22.5-50.0

Pluril. sporang. 17.5-25.0 not measured not measured 22.5-32.5
%x10.0-17.5 x12.5-20.0

Unil. sporang. absent absent not measured 17.5-55.0
x 22.5-45.0

surface cells without cell division. They
were scattered on both sides of thalli. They
were variable in shape, being ovoid or ellip-
soidal in cross section (Fig. 6E), measuring
17.5-55.0 pm high and 22.5-45.0 pm wide
(Table 2).

Discussion

From the present investigation it is clear
that macroscopic thalli of this alga appear
in October and continue vegetative growth
in length, width, thickness and cell layer of
thallus and in inner cell size to reach the
maximum in May. Meanwhile, the forma-

tion of reproductve organs begins in the
early developmental stage of thallus consist-
ing of one to two cell layers in November
and continues until reaching the maximum
thallus size in May. That is, there occur
young small fertile thalli and old large fertile
ones. Plurilocular sporangia are formed
throughout the growing season, and unilocular
sporangia from April in the later season in
the same thallus as plurilocular sporangia
are borne or in the separate thallus without
plurilocular sporangia.

The plants, which can be collected from
April to June and have 4-7 layers of cells
at the middle portion, are identical to P.
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flaccida as reported from Kunashiri Island,
southern Kuriles by NAGAI (1940) and from
Akkeshi, eastern coast of Hokkaido by UME-
ZAKI (1961) in size, form, color of thallus
and in cell size. The plurilocular sporangia
of the Kunashiri plants project two-thirds or
more of their length beyond the thallus
surface (NAGAI 1940, pl. I, fig. 12), whereas
those of the Muroran plants do not project
conspicuously beyond the thallus surface as
shown in Fig. 5. However, plurilocular
sporangia similar to those of the Kunashiri
plants were obtained in cultured plants in
laboratory from Muroran (OHTA, unpublished
observation), although I am unable to assess
the influence of environmental factors on the
development of protuberant plurilocular spo-
rangia of P. flaccida.

The plants found from November to March
resemble Punctaria hiemalis KyYLIN (1907)
with respect to bearing only plurilocular
sporangia in 1-2 layered thalli (Fig. 5B-E).
This species was described by KyLIN (1907)
on the basis of material from Kristineberg,
west coast of Sweden. It occurs in winter
on leaves of Zostera and it is characterized
by having small (2.5-6.0 cm long and 0.2-0.8
cm wide) and thin (1-2 layered) thalli and
bearing only plurilocular sporangia (KYLIN
1907, 1947, KORNMANN and SAHLING 1977).
Punctaria hiemalis, however, differs from P.
flaccida in having 1-2 layered thalli reaching
up to 6.0 cm long. Although P. flaccida has
1-2 layered thalli less than 3 cm long during
winter and early spring, the thalli become
thicker (4-7 layered) as they become older
and reach up to 7.0cm long in May. It is
unknown whether P. hiemalis becomes
thicker and produces unilocular sporangia as
P. flaccida does.

The other species that resembles P. flaccida
is Punctaria hesperia SETCHELL et GARDNER
(1924) described on the basis of specimens
collected at Pacific Grove, California. It is
characterized by having small (1.5-2.5cm
long and 0.5-1.0cm wide) and 4-6 layered
thalli, and by having both plurilocular and
unilocular sporangia on the same thallus. It
grows on leaves of Phyllospadix and is dis-

tributed from Vancouver, British Columbia
to San Pedro, California (SETCHELL and
GARDNER, 1925, ABBOTT and HOLLENBERG
1979). It is similar to P. flaccida in the
thallus form and the number of cell layers,
but it has a smaller and thinner (35-50 up
to 80 gm) thallus than the latter species.
The morphology and reproduction of the
early stages of P. hesperia are unknown.

In spite of the similarities of P. flaccida to
P. hiemalis and P. hesperia, it is difficult at
prezent to clarify the taxonomic relationship
between the first and the latter two, because
of a lack of information on P. hiemalis and
P. hesperia, espzcially of their phenology of
growth and reproduction.
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Trace metal contaminants in algae of Bermuda waters
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SivaLINGAM, P.M. 1983. Trace metal contaminants in algae of Bermuda waters. Jap. J.

Phycol. 31: 259-262.

Fourteen species of Chlorophyceae, five species of Phaeophyceae, five species of Rhodo-
phyceae and two species of Monocotyledoneae from Bermuda waters were examined for ten
prominent bioaccumulated trace metal contaminants. It was found that the level of these
trace metals, viz., Cd, Co, Cr, Cu, Fe, Mn, Pb, Zn and Hg, ranged between BDL- 1.12,
BDL- 10.52, BDL- 9.47, 0.65-9.69, 1.90-249.76, BDL- 4.79, BDL--4.79, BDL- 5.01, 0.49-18.84,
2.85-20.87 ppms and BDL respectively. Obviously, this reflects the cleanliness of Bermuda
waters from the viewpoint of trace metal contaminants as a tourist resort.

Key Index Words: Algae; Bermuda waters; trace metal.

Bermuda’s economy is primarily dependent
on its tourist industry and heavy industry is
practically nonexistent. Hence, no local
source for hydrocarbons, heavy metals, or
organic pollution exists. Only one major
sewage outfall exists on the island, and its
effect on the chemistry of seawater is loca-
lized and easily defined. ’

The islands of Bermuda are ‘I6cated in the
Sargasso Sea where they act as a passive
“net” collecting any floating matter from a
twenty-mile wide area of ocean. Many of
the heavily travelled tanker routes cross or
coincide with the currents which eventually
feed into the Sargasso Sea. Furthermore,
the Sargasso Sea located in the midst of the
North Atlantic gyre system, tends to accu-
mulate floating material rather than to dis-
perse it (BUTLER et al. 1973).

Studies have indicated that long-lived
petroleum residues “pelagic tar” released on
the surface of the sea by crude oil tankers
in the process of tank cleansing and debal-
lasting are highest in concentration in the
Sargasso and Mediterranean Séas (MORRIS
and BUTLER 1973; MORRIS et al. 1975).
Since Bermuda is the only larid mass in the
Sargasso Sea the fate and weathering of

considerable quantities of the tar eventually
stranded on Bermuda’s beaches has been
studied by BLUMER et al. (1973), ZSOLNAY
(1978) and ILIFFE and KNaP (1979). Also
there is a study by WADE and QUINN (1975)
on the hydrocarbon levels on the surface
microlayer in the Sargasso Sea.

From the view point of effective litigation
in the light of an oil-spill on the tourist in-
dustry of Bermuda a case-study’ has been
reported in 1978 (SLEETER and BUTLER).
MORRIS et al. (1976) exemplified the transfer
mechanisms of petroleum to biogenic hydro-
carbons in Sargassum communities of the

.Sargasso Sea. Detailed studies by ZSOLNAY

et al.’ (1977) on biogenic hydrocarbons in 84
intertidal ‘algal communities of Bermuda in-
dicated an overall mean level of 33.5 ug/g
of wet weight. Similar studies by MAYNARD
et al. (1977) indicated the possibility of some
algal samples containing high levels of petro-
genic hydrocarbons from area of heavy tar
accumulation.

It is obvious from the foregoing that much
of the studies on environmental contamina-
tion in Bermuda waters are focussed on oil
pollution.” Hence, to widen the spectrum the
author "has endeavoured to investigate' the
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SITE 1 (FERRY REACH)
BERMUDA BIOLOGICAL STATION

SITE 2 (FLATTS BRIDGE)

Fig. L.

trace metal contaminant status of macroalgae
found in Bermuda waters in cmparison to
those of other regions.

Materials and Methods

Algal samples were collected between 11-
26th January 1980 during the “Workshop on
the Intercalibration of Sampling Procedures
of the IOC/WMO/UNEP Pilot Project on
Monitoring Background levels of Selected
Pollutants in Open-Waters” at Ferry Reach,
where the Bermuda Biological Station is
located and Flatts Bridge of Harrington
Sound for the Sargassum species (Fig. 1).
All algal species after careful culling were
washed three times with triple glass distilled
water and dried completely in an air-oven
at 60°C.

For the determination of trace metals
other than Hg, 0.5gm of each dried alga
was predigested overnight in 10 m/ of 25%
hypochlorous acid and nitric acid (1: 2)
mixture before being digested in a Kjeldahl
flask on an electric heater. The digested

solution was filtered, diluted and analyzed
using an Atomic Absorption Spectrophoto-
meter. All values were calculated as pg/g
dry weight sample.

Total mercury content in the dried thalli
was calibrated using a Coleman Mercury
Analyzer MAS-50 according to the method
by STANLEY et al. (1971).

Results and Discussions

Table 1 shows the levels of trace metals
detected in the algal species of Bermuda.
In general, the levels are low with the overall
tendency of higher levels within them found
in the Chlorophyceae excepting a few in
species of other families. Comparison of
these values with those reported (LYONS et
al. 1983) for Fe, Pb, Cd, Cr, Cu and Zn in
sediments from Mills Creek, Hamilton Har-
bour, Lover’s Lake and Hungary Bay, those
of only Fe and Cd are higher in some algal
species. In relation to available data on algal
species from Malaysian waters (SIVALINGAM,
1978 and 1980) the bioaccumulated values of
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Table 1. Bioconcentrated trace metals in algae of Bermuda waters
Trace metal content (ppm)
Algal species
Cd Co Cr Cu Fe Mn Ni Pb Zn Hg
CHLOROPHYCEAE
Acetabularia crenulata 1.12 1.66 8.96 2.05 129.62 1.00 2.50 18.84 8.86 *BDL
Avrainvillea longicaulis 1.12 BDL 898 1.03 46.3¢ 2.01 3.76 10.26 6.37 BDL
Caulerpa brachypus BDL 5.00 5.97 4.10 249.76 3.00 2.50 7.07 6.00 BDL
Caulerpa racemosa BDL 3.3¢ 2.29 3.08 240.22 2.00 1.25 11.15 7.43 BDL
Codium spp. 0.55 1.65 2.96 2.03 31.35 0.99 BDL 4.67 4.08 BDL
Cymopolia barbata 0.56 1.67 BDL 2.05 47.52 BDL 1.25 7.08 4.28 BDL
Enteromorpha plumosa BDL 1.67 2.99 6.14 148.67 3.00 1.25 4.71 6.33 BDL
Halimeda incrassata 0.56 5.0l 2.99 2.05 4.75 BDL 251 9.44 475 BDL
Halimeda monile 1.12 3.34 4.48 2.05 37.94 BDL 5.00 9.42 2.8 BDL
Halimeda tuna 1.12 500 4.48 2.05 34.78 BDL 2.50 7.07 2.8 BDL
Lobophora variegata BDL BDL BDL 4.78 53.16 4.67 BDL 13.17 11.08 BDL
Monostroma oxyspermum  0.56 3.3¢ 5.99 4.10 37.89 4. 00 1.25 16.49 6.95 BDL
Penicillus capitalus 0.56 3.3¢ BDL 2.05 11.40 2.01 5.01 826 5.07 BDL
Valonia spp. BDL 5.0 BDL 1.02 158 BDL 2.50 4.71 12.64 BDL
PHAEOPHYCEAE
Colpomeina sinuosa BDL 8.39 375 5.15 23.84 BDL 3.14 592 7.95 BDL
Dictyota spp. 0.56 1.67 2.99 4.10 196.02 BDL 1.25 7.07 8.22 BDL
Padina sanctaecrucis 0.89 5.29 9.47 0.65 29.08 1.59 3.97 2.24 17.55 BDL
Sargassum fluitans 0.56 2.51 BDL 1.03 2.53 1.00 2.51 4.70 3.80 BDL
Sargassum natans 0.56 1.67 BDL 2.05 1.90 BDL 1.26 7.08 4.13 BDL
RHODOPHYCFAE
Acanthophora spicifera BDL BDL BDL 4.91 75.75 4.79 BDL 11.29 18.18 BDL
Amphiroa fragilissima 1.12 3.3¢ 597 4.11 41.14 3.00 2.50 11.79 6.65 BDL
Bostrychia spp. BDL 10.52 4.71 9.69 99.79 BDL 3.95 11.15 15.47 BDL
Laurencia obtusa 0.56 1.66 5.97 4.09 36.36 3.00 1.75 7.06 20.87 BDL
Spyridia spp. BDL BDL BDL 5.42 83.69 BDL BDL 2.49 16.74 BDL
MONOCOTYLEDONEAE
Thalassia testudinum BDL BDL 7.23 4.96 53.00 BDL BDL 5.71 11.49 BDL
Zostera spp. 0.56 3.02 BDL 4.09 12.01 BDL 1.25 0.47 17.07 BDL

* BDL ; Below detectable level.

the algal species at Bermuda waters are
relatively low and fall within the category
of water-type 1 for unpolluted waters as
designated by HAGEHALL (1973).

Evidently, it can be concluded from the
available information that at least currently
the waters of Bermuda are not contaminated
with trace elements to cause much concern

for the tourist industry.
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HaTaNo, S., Hara, Y. and TakaHasHI, M. 1983. Preliminary study on the effects of
photoperiod and nutrients on the vertical migratory behavior of a red tide flagellate, He-
terosigma akasiwo. Jap. J. Phycol. 31: 263-000.

The vertical migration of Heterosigma akashiwo was studied under a particular em-
phasis of the effects of photoperiod and nutrients in the laboratory using an axenic culture.
Clear diel vertical migration was observed both in a test tube and graduated cylinders at a
14L : 10D photoperiod under the fluorescent tube illumination of 40 #E.m™2 sec™?, in which
the downward movement commenced at a half an hour before the dark at a swimming
speed of 50 cm-hr~!, and the upward movement started about 2 hours before the light at
a speed of 3.5cm-hr~l. No vertical migration but homogeneous distribution was obvious
under continuous illumination or darkness. The vertical migration was changed to a new
rhythm at a 6L : 6D photoperiod. It took 3 to 5 days in order to acclimate in a new
migration regime. Simple phototaxis was denied by the downward movement of the cells
in the dark period under the light. The vertical migration was stopped under nutrient
deficiency. The recovery of vertical migration was prolonged exponentially with a time
duration after the nutrient deficiency.

Key Index Words : Heterosigma akashiwo; nutrients; photoperiod; vertical migration.
Satoshi Hatano, Graduate School of Environmental Science, University of Tsukuba,
Sakura-mura, Niihari-gun, Ibaraki, 305 Japan; Yoshiaki Hara and Masayuki Ta-
kahashi, Institute of Biological Sciences, University of Tsukuba, Sakura-mura,

Niihari-gun, Ibaraki, 305 Japan.

Heterosigma akashiwo® 3.5 7 ; YIEM (REYE
E£HM) CHBTAHWERT, AERBCREET K
FOXEJLEO L OTH D, AR L BHENLE L
57 4 F¥ED Chattonella % BHEE#E D Protogon-
yaulax OFED X 5w, FHEDO L OHEEHE T X
S TEEREMBRBCHEEY B IETC Lixdivn,
FEKBOKBEEAEL FRNTWBEZ LXEETDH S,

ZhETORBPFETIE, REARERR, RBRERS
OREMN, H5VIIFERELBEORBERMES D
WTHHBEOMREAER LTRICH (WM, 1976),
I HRFREREBRBOMIES ik, BLEO4

1) AWET XHEFEPEE (—ik B, 58480007)
DB VKB LD TH S,

% kb EOREFIIE ORI Olisthodiscus
luteus 3 %\ ~\3 Heterosigma inlandica k 3w
ThTuwi,

G, £, THEESOEREYFNLMR
LENDYREBBOTEL LD LS CEARLTVS
DEVSTERNT e —F LB L Bbhb,
EEZLILECKR, A\ T Heterosigma
akashiwo DB FED A RIE® OB ICEAL,
ZO/ERETHEEER, TicbbMilafoine
Lo THHRCECERT A L2 HRELL (Fu-
KAZAWA et al, 1980), %7c H. akashiwo R
ICHTET & 5 DI RE KPP OYEREYEIBRL
TEY, LardEhlBLEom KRS 5\ VILER
B BECHFET 2 WHE THHZ Lu0E L
(TakaHasHl and Fukazawa 1982), —J%, H.
akashiwo HRKIRT BB AREBH TS ik
BB IhTsh (RFEDH 1982), Z OREBEH
EROHERENE OB EMICE DAL E I bTH]
etk % e L7 (TakaHasHI and Fukazawa 1982),
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DX 51, BTt H. akashiwo = X % HENLE
TR EEDBOBEREL T TR, ARKER
BHEEMN & bl T, FIRM T HITTTEL R S h,
FERTERT 5 LBRTE 5,

AKPETI H. akashiwo O FEIFAE ORI
BELFHIEL D LBbh s QAREBIHBERC
KA Y X AR LOFEEEWENED L S CHET
B BRERIC X b ET LI,

HHEHEFE

$¥t> Heterosigma akashiwo 3K R BafR0m
iy 2811 D K BRI K PE BRER S R D s D g K A BB L,
R Ulo, ZEARBEHI & LT SRR KEERK
“f/2” (GUILLARD, 1963) % FI\», & 20°C, YR
40 pEm=2esec™* D E{EBICITT, 14L : 10D DBERS
AITREE L, MM EIcx, MERER “STP”
2% (ProvasoLl et al.,1957) THEEIREEY R
L,

RERERITIT LRGN 1 BN SERER LA U
S TSR Uik 4ml &353R0 11 DA 72l &
T 7 5 A R HIRAREE DY 500~1000 cells e mi !
b X5 EEL, Ll ToiEEELCbD
Ui, SEBIIOBEIL 250m! WA A~ Y v
F— (FHE 30cm, NEFE4dem) KHFRRETRCHMIE L
AR B LTEE LA, MIBDHERNL 1~ 31

MR TA AT Y vE—DFKeh [ EDIBH BT
6B HLAR I mm 077 AEE A, BEOSMIR
REAELE e\ X 5 WIEKIERE | CTERER L, MifREHE0T
IEREEORE v ic, BEAOSHEBTIE TROMIC
L2 B-nRBHRED TV, FIBEBTRi%RD
1 BE SR RE L1,
FIENBERTIXF » FLV vENREL, %
Win & NaNOs & NaH,PO,+12H,0 » [\ 1% D%,
ThZih TNHIRRY, TPHIR] & Lic,

HELRR

1. Heterosigma akashiwo D$REIEEN& KM

H. akashiwo 3. 40 pE-m~2.sec™?, 14L : 10D B
AT T, EREER,OWKE T Scm DRl
ARBRENT, B ERBCrEhcEBcBEc
WHTHONBEINL, KT HEREM 22cm ©
AAVY v E—hTIOHBREBHOFEMBEEY
Rt BHERMIMCRXAROELHH 1em OFEH
CERECER L, BB 21 2 MMM X hRE
il T HEBo LAY hE -7 (Fig. 1), Biflic
Antcd EWIBCRE Sem DR gERLTE Y,
D, BEBTRILINEEDIZEALERCES
otc, TOIRBEICTE D ¥ T2y 8 ~10M 2 2 L1,
W A %3043 Hids & R TRA BHEA L, THET 5 &
Wicox 5 &, FHOH L KET 5~10cm
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Fig. 1. Temporal changes in the vertical distribution of Heterosigma akashiwo in a graduated
cylinder. Shaded and open areas of the top horizontal bar indicate the dark and the light periods,
respectively. Numerals in the figure represent cell numbers (x10% cells-m/~!), and the contours
were drawn based on cell numbers as well as the visual density observations.
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CE LT, BEHICA - el KB
R LT, BEHidc b Milso B Bl EfT L, Fig.
1 THLMAX S, EROHMBRFBE N KRFECE K

h, TOMARBICASERE CHREL, BATE
RSB HB D 2 ~ 5 51 L,

RALEENE LV RoMREEENY - #E@Tc2~
5 x10% cellsem!~Y, 5 « KB T 10~50 x 10¢ cells.
mi™ Bote, i RBRROTFHOMEEE L 1x10
cellseml™ THEMH, ERFEIL 2 ~50FICic>Thw
5o B« RBIC kv 2 HROERL -y FREYET
BIcdOME—HE TR, HIREE»S LI -
ERBDOHEBE L BN TEZ EXHR I,

ZhBDHEBBDOEE X LA 3.5cmehr?,
TFRERED Y 50 cmehr™ Eic b, THEEN10ELLIE
HZ EDHBE L,

SNEBHEARPL OBFRYMHT 570 1) 4L ¢
10D, 2) 24L, 3) 24D, 4) 6L : 6D 4 OB
MTc8AMcbh- hERLL, (Fig.2), HEBH
T AAYY v E—DAONFIIREY WIRBEL, ©
DEEMBEMLHIFE LI, 14L : 10D Cix EBRMRMI+,

Lo X 5B EAMcRFALcEBE® < VBL
7= (Fig. 2), ThiZX L, 2Lk X024DDX51C
AR EA I LS4, 4L T 2 B F TR 4L .
10D L Ao R THEBBZ /R LAs, 3 HARIX
B R, 4 BRI E2C BENELE
L, dilaeBichic > TH—IaHTdrLoRic-
7= (Fig. 2), 24D DA LFEHIC4 BT TIXHE
BEE =L, SABCEAUATHEE/CH, 6 KT
BELSCARBME Y 4ok (Fig. 2), ZNX51C
24L L 24D X 5 RS AN L\ L SAER BT i
BRLTLES C LAY LL, 20, BEFHKD
BRI Ao EERE TR 20T, »
HEREOKMEANLETH D, BEHETOHY, W
ST/ 2 oM%Y LEE L, 6L: 6 DO
REEMTIE, 2H%E AL I0DOEHCHERS
L DETH, SAKIIETENME /) 4B BIX
5E4£ic6L: 6 DOBBAME®LRL, FLV-BE
YHETHIEI T B LA BRI 24L LAKETH -
(Fig. 2),
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Fig. 2. The pattern of vertical migration of H. akashiwo at different lighting regimes.

Solid

line indicates the dense position between the top (t) and the bottom (b) of the graduated cylinder,
and dotted line represents an indistinct or homogeneous vertical distribution. Shaded and open areas
repersent the dark and the light periods, respectively.
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‘Fig. 3. Time changes of the vertical distri-
bution of H. akashiwo- when the cells at the light
(L) or at the dark (D) period were transfered to
the light (L-L, D-L) and the dark (L-D, D-D)
conditions. The cells were forced to distribute
homogeneously at the start, and the cell densities
were shown as —, +, —, +, # in accordance with
the density.

] S
T, MlEH— AT B L 5 Lk, FhEhy
B « B4 TIC i\ O, BEOBBITiY 10431
MIRCHEZ Lk (Fig. 3), ZTOKE BUERcE
B LiclRERBEOFMEHTCE T, BUOER
TR L, WS SR U e A SRR T et &
SEBCHERNT B & LAV L, RE~OBHIZE
BERI0NELSIBRE D, 30DBICITRBADOEFIUT

55T Uieo R~ OB BN 105 LA PIic Bth L10~20°

DB 5ET Lz, oL, BfiMla% mAncis <
L, —HoMEs FBUTE BET 500 BEIh
o AR BA TR L, REMRCET
Dfifa%E,N A bR, LrL, WThOBAL LD
Bix& <t

2. Heterosigma akashiwo MDINEBENELFHEY
HREERFLLTF»HKEY YIREBL, $HEER
Bh & Fiett L OBBLTET 2 LR Tlhote, £
ERBRIATR S A M IR A 8, PR, NHIRE
bk (Fig. 4), HEBHL 3 oM Tize
CERBABIIH -7 (Fig. 5), HBX & PHIBRC
1%, 108 B ¥ CRIBSRA S L b bh, R 0.4~
0.6 x10% cellsemi™! TH 57 DA 5x10% cellsemi-1

( cells-ml™")
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Fig. 4. Growth curves of H. akashiwo under
nutrient limitations of phosphorus and nitrogen.
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Fig. 5. Vertical migration pattern of H.
akashiwo under nutrient limitations of phosphorus
and nitrogen. Solid line indicates the dense posi-
tion, and dotted line represents an indistinct dis-
tribution.
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Fig. 6. Recovery of the vertical migratory behavior of H. akashiwo suppressed by nitrogen

deficiency after the addition of nitrogen at the point shown by a wedge (V).

Symbols, +, +

and —, represent the obvious, indistinct and no vertical migratory behaviors, respectively.
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N4BTcik, 6 BBt 1 x10cellseml™! &L
L hTHRoMmAELE L, —HAksERCH
BMlickieieh, THE DI, B -BHxALT
BBIEILRAE L i o e, ERTIIABERLHBEO L
D& A—0EEE (£/2) Tt->TW50T, Nl
R, PHROWThOBEId BERKK 11 OHIfREE
T x L Sml OFPSHEROBANDY, F KT
4.4 pg-atell, Y T 0.16 pg-atel"! BEDHHEIH
ZEh, SORBHLLEYAFC IS DIAEYE
BleF oK, Y vaRIorhd, RERRTHRS
BN TERL LB DERE L THEBEHEES B L
TERICEHRLICEEOREL D, REBEH LRV
BoMlad, FEHETCHET 3 LBERCXAELYH
2 L COEBIIATR - T,

KT, FoFE Vv RMOEERT WigEY 77
W, BASKEBESHZEIL LTV 3R RNCHIBRAFRESY
HmNLC, SREBHOEHEOHEL TORREEFHL
(Fig. 6), %7 £/2 o N#IREE#HK T 10,28, 42 HEHE
AigE LR e i i EiRE (Fig. 6 £[B) » KNOs
YEMLT, TORDTEHLXBAE LI, Z0OBE, #ilk
WEER #7104 cellsemi~! L 2 5 % %o, 10 B D% DI
Wi BRI Mk ER A BB L, 28HED D

ORFEMLCYBSHNEREIIEHE T, ZAOHE
mkat@waiﬁ&%ﬁLt(mgsn 42 B D
aﬂfn3~4aﬁn%ﬁﬂﬁ§EﬁLto:hbo
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Fig. 7. Relations between the recovery time
requirement (Tr, hours) and the time duration of
nitrogen suppression (Tt, days).
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B LSBEBII TRy ERME (8 BM)
Hlic, #Mlax NHBTCBELTHLD EBAK
(Tt) & ARAKERBEG I LECERK (Tr) Lo
BAMRICIZ KR D X 5 Te AR A e BBARDFEIET 5 Z &8
g L1 (Fig. 7),

log Tr=0.065Tt—0.785 (r=0.976)

280 Bkl KNO; #FiEf®d 1/100 fFhnLic
L2 A A AHERHOBEMICET 3 RMICER -
ot WolcAEE L A RBEBENL 3 ARICIT
By, 4 ARt L, EBCERL
7= (Fig. 6), A U< 288 Boakhc NOs™ o2k b
1 10 pg-atel"t o NH* ®¥FEmMLi-Lz 5, BIER
A BHRIABKEBHOEELADK, £0K
ARMEHEL, 5, 6 HRICIXTHBEERY, THE
CEBEHAEL L, ThbD2FERML, KTy
FETEEABRETH L L1bbLT NH*F 0ofn
NO;s~ 2tz LC 2 f5Lh Lo Hif A ASER 8% ki
XRBPREOHB T ENHB LI, T, FROH
b hic PO, ¥ LTAICH HEBHOBERICIZS
Bhtleh ot (Fig. 6),

28H B oK A VT, RBEOREMMEHIA 2% T
NEBHEHORETFYEE L, Hilic A>T 5 KM
i RN Ui B4 6 RERIE (AR A » T 1R
%) CHREBENEH L, BCA - T 2 RfgiciR
LS EaE E 0N B FEREY, 228 E&oHM
A TcBEN BREREHINAR LD BRI,
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Heterosigma akashiwo @ B RREBIHCOWLTI,
0@y BEEETS RERETSTREShE 4
(FER 1980, &#:5,1982) MbhH, EHELTTH
M0« AR (1981) BFHOKET, AEOKEL AT
HERIETCHAREBH*BEL, 2L FREE
BOAR, AN & RBEHOBGRY T LTV 5,

APFRTIEERENTRE 20°C, X#E 40 pkEm
ssec™! D—BRIOHERERT, 4L 10DHIUH
L LTV o0 AEY XA FCRERETSCEL
Li- hEREY BH T2 &M TERL, TN &k
H. akashiwo oA FHEBEH RAKETORED
BRI X5b0Tikiel, AEOLORHETHBZ &
ZRLTW5,

—7 H. akashiwo »REROFEEERNC L 5 HEH
BRENY Gonyaulax polyedra, Ceratium furca,
Cachonina niei (EpPLEY et al.,1968), Prorocen-

trum micans (WANDSCHNEIDER, 1979) 7c & T340
HBRTV A2 hE CREFSh - BRIREREN
KEHT, MOSEHTOREZIZELL LV,

DX 5 I HEERD A AREBREHORERICOW-TI
[ (1980) A% Eutreptiella sp. G, SELIGER et al.
(1970) A% Peridinium bahamense T, g\ EYCHIT
IBTLEBELTVB, o L CERMELHAHKE
BOHORERD L DL LbE2BRBDN, AP
TRz H. akashiwo DOFE13 A RANEB BT B
R RFRIBLOTIRIEWZ LA B B2 TH
%, ¥7:- PFEFFEr (1888) ®° PrinGgsHEIM (1921)
51t Euglena, Cryptomonas, Glenodinium, Chla-
mydomonas DS, HERDOITEILF S HDFEY
HoWETHEEEINhD, TihhbbEHECIZH0T
BB EXERLIE, LiL, H. akashiwo D4
3, Ao X 5k, EEUCERYESICHEBRE S
¥, ABRWEH— LEETY, ERMRL Loy
ARBCRLTLES & L b¥fif T X 5 b
DTHHENWZ ELHONTH S,

BHEE L & M0 A AREBHOBRETIE, VT
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LB D S RIS HER BN BB I h T 5
HThb, (EPPLEY et al.,1969, {EiR,1980), = o
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LOTIRe L, MCHET 3R 600 RETE
LOBEEYRE LT\ 5%, Gonyaulax polyedra T
MR, EHRK, FKAR L —HEORBHEGI
AYXaicX hFE Ih T35 (SWEENEY and Has-
TINGS, 1952, SWEENEY, 1963) , H. akashiwo ®HJE
SEBED BRBE T CR—RURAEA Y XanR
TH, ThE—RHIALT U 24RRBANIC i > T
BB L, Fig. 2 @ 6L : 6DD X 5 HARSEIA
Lz EREO Biflich BB Eb530TH
Bo MET, #A Y XAMNEETH O 4 AHBE
OMEMI% LEL L, ZTORCHRE 4 EREMESZ
LDELTW5, ARRTCHLhCHREPRETS
L, H. akashiwo oA FHKEB I BitlcE b,
LB 0T, —FEORBEAM FiA
HE»hBZ kb, FDHTH LV AMCHHE Lic
WAV Xavkd 2k 5icind, BELLERY Xaiz
—RIOERMY EX THBEAMIIRET 5, ¥,
H. akashiwo ®HRHEBET XBWHY HIRT 5
TR X VEIEL, HERZ MRS AICBIR
CERBCHERT S, LhL, TREEHEIEL DA



Vertical migration of Heterosigma akashiwo 269

5 LHCHERBENYEET 5, ¥ EETRETH
EREEHZE L LB E LT 7ol ST
EHpiond, EBHHELFRT, AL d 6,8
TR UREXHEF LTV B EABRI R, 1,
RZF vy RBEE 525 LHNEBHEHOEEIRbh
oo RERDOSREBEOEIEIX HEANEY and EPPLEY
(1981) 1= X b Gonyaulax polyedra T3 &Hbh Tu»
5o HERXF » FELHIR L CHERBY EL X4,
DWTHRECERIC NO; # 4 LT B A oMl
EBRPHOEMT I L¥BR LI, APETIR, &5
T, REXRZRECERERSHRS &, HEBTHOME
BT b RCBEEID 2 b, WO IR B BAY 7B
FBDHBZ &% B2 L, Takanasur and Fuka-
zawa (1982) 1, KEEEEnZ H. akashiwo 77K
HEBIC TR LABRER X W iEH LT 2B ES
¥RNLBABORBCEL L TCEAREIERCITR
5 LOMEEMAHE LTV 52, APFROKRLE
ZOHELHBENCERETELOTHS,

IR (1980) BB\ TRBEDFEHEE S HE
L, EREA 80cmehr™!, FTRERA 50 cmehr! 2
HELTWb, LR, THERLD L6fE0oEIC-
T\ 5, THRONDSEN (1973) |3SEMEE T ¢ Ao
HEREXRELT 83cmehr! L RRKBTTOEI
HACEELXBL, FXERTIE, EREAZELL EL
3.5cmehr™?, TFREREAS 50 cmehr—! CiHHEIC LU E
DEVWHERbhI, 0 LREEOEVWERE LT,
ERICAVWRABOEIMN H. akashiwo DNEBE)
YRS AR AT bl ERCEET 5L
WS EZFTCLESC L, HBVIIXDOFA
WA ENRRDOEYEERILBZ EENELBRS,

E | 23
RO & RELHEE 2 W\ T FEREBR
GREEAE « £WHER) CRE#HCLET,

51 B X #&

EppLEY, R.W., HoLMm-Hansen, O. and STtRIC-
KLAND. J.D.H. 1968. Some observations on
the vertical migration of dinoflagellates. J.
Phycol. 4: 333-340.

FRME, 1960. REREBMBCBIT 5 EREBEN
Brge: 4 KRB @kt 5 Olisthodiscus
luteus DFRECOWT, WP ARFERERFHRE
BHeLamoc. 91H.

Fukazawa, N., IsuiMaru, T., TAkaHAsHI, M.
and FujiTa, Y. 1980. A mechanism of ‘red

tide’ formation. I. Growth rate estimate by
DCUM-induced fluorescence increase. Mar.
Ecol. Prog. Ser. 3: 217-222.

GuiLLARD, R.R.L. 1963. Organic sources of ni-
trogen for marine centric diatoms. /n OPPEN-
HEIMER, C. H. ed. Symposium on marine micro-
biology, pp. 93-104. Charles C. Thomas,
Springfield, Illinois.

Heaney, S.I. and EppLEY, R.W. 1981. Light,
temperature and nitrogen as interacting fac-
tors affecting diel virtical migrations of dino-
flagellates in culture. J. Plankt. Res. 3 : 331-344.

MITAFI, 1980. FEMEMOLYHIER. [HREhchi+
BED MR & HEOMBELR]. TEME MR,
pp. 81-88, HAKEEFRULH 2.

Prerrer, W. 1888. Uber chemotaktische Bewe-
gungen von Bakterien, Flagellaten und Vol-
vocineen. Unters. Bot. Inst. Tiibingen. 2:
582-661.

PrinGgsHEIM, E.G. 1921. Zur Physiologie sapro-
phytischer Flagellaten. Beitr. allgem. Bot. 2:
88-137.

ProvasoLl, L., MCLAUGHLIN, J. J. A. and Droop,
M.R. 1957. The development of artificial

- media for marine algae. Arch. Mikrobiol.
25 392-428.

SELIGER, H.H., CARPENTER, J. J., LoFTus, M.
and McELroy, W. 1970. Mechanisms for the
accumulation of high concentrations of dino-
flagellates in Bioluminescent Bay. Limnol.
Oceanogr. 15: 234-245.

SWEENEY, B.M. 1963. Biological clocks in plants.
Ann. Rev. Plant Physiol. 14: 411-440.

SWEENEY, B.M. and HasTings, J. W. 1957. Cha-
racteristics of the diurnal rhythm of lumines-
cence in Gonyaulax polyedra. ]. Cell Comp.
Physiol. 49: 115-128.

= « ALk, 1983. BiEmHEEC L5
EROKEE, HEEKKFFEHE 104: 9-25.

TakaHasHI, M. and Fukazawa, N. 1983. A
mechanism of ‘red tide’ formation. II. Effect
of selective nutrient stimulation on the growth
of different phytoplankton species in natural
water. Mar. Biol. 70: 267-273.

THRONDSEN, J. 1973. Motility in some marine
nanoplankton flagellates. Norw. J. Zool. 21:
193-200.

WANDSCHNEIDER, K. 1979. Vertical distribution
of phytoplankton during investigations of a
natural surface film. Mar. Biol. 52: 105-111.

MB X8, 1976. 7, 198 pp. i

&, RHMEZ B A, 1982. KIRERIE
iM% Olisthodiscus luteus D FREAFEA KR
BT a R —HBEE & A RHEBEICOWT,
EAEWTEHRE, 305, 191-214.



Wi Jap. J. Phycol. 31: 270-273. December 20, 1983

BEE, EHEEA T/ VOEESR

% & E

ERRIBAERI 2 v & — (039-34 TR AUHLEE I POy a5 1 10)

Notoya, M. 1983. The life history of Gloiosiphonia capillaris (Hupson) CARMICHAEL
from Shinori, Hakodate, Hokkaido in culture. Jap. J. Phycol.

The life history of Gloiosiphonia capillaris (HupsoN) CARMICHAEL from Shinori, Hok-
kaido was completed in about three months in modified GRUND medium at 20°C. And a

14 : 10 hr photoperiod with a light intensity of 2000-4000 lux.
collected erect gametophytes gave rise to crustose tetrasporophytes.

The carpospores from field
The tetraspores ger-

minated and grew into crustose thalli that produced upright monoecious gametophytes.
Thus the life history of this alga involves an alternation of heteromorphic phases.

Key Index Words : laboratory culture ; Cryptonemiales ; Gloiosiphonia ; Gloiosiphonia

capillaris ; life history; Rhodophyta.

Masahiro Notoya, Aquaculture Center, Aomori Prefecture, Moura, Hiranai, Ao-

mori Prefecture, 039-34 Japan.

EpeLsTEIN (1970) 35 L 0O¢ EpELsTEIN and Mc-
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Figs. 2-21. Gloiosiphonia capillaris. 2. Liberated carpospores from field collected material ; 3. One-
day-old carpospore germlings; 4. Three-day old discoid and filamentous carpospore germlings; 5 & 6.
Five-day-old discoid and filamentous carpospore gemlings; 7. Eight-day-old carpospore germlings; 8.
Surface view of the tetrasporangia formed in 20-day-old crustose sporophyte; 9. Tangential-section of
the mature crustose tetrasporophyte. Cruciately divided tetrasporangium is shown by an arrow; 10.
Liberated tetraspores; 11. Seven-day-old tetraspore germlings; 12. Tangential-section of basal disc,
showing primordial upright thalli; 13. Corticated primordial upright thallus; 14. Surface view of young
upright thalli arising from the basal disc; 15. Twentyseven-day-old cultured gametophyte on a slide;
16. Spermatia liberated from the surface of 27-day-old gametophyte; 17. Trichogyne (arrow) projecting
from the surface of 27-day-old gametophyte; 18. Cross-section of mature gametophyte, showing the
female fertile branch system; 19. Surface view of the gametophyte, showing two cystocarps; 20.
Cross-section of the gametophyte, showing cystocarp; 21. Mature upright gametophyte with cystocarps.
(scale in Fig. 2 is also for Figs. 3,4,7,9,10,11,12,13,16,17,18 and Fig. 20; scale in Fig. 5 is also for
Fig. 6 and Fig. 14; scale in Fig. 8 is also for Fig. 19)
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IwamoTto, K., TAKAHASHI, M. and Ioriva, T. 1983. Distribution of Prasiola japonica YATA-
BE in the Tamagawa River System, Tokyo. Jap. J. Phycol. 31: 274-279.

Prasiola japonica YATABE is a green alga which grows on the rocks in restricted moun-
tain streams in the Kanto and western districts of Japan. Investigation into its distribution
and growth conditions are still needed. Many field surveys to solve these problems were
carried out in the Tamagawa River System for several years after 1973.

Nineteen localities including five which had been previously reported were found through
the surveys. It has been certified that all localities are located in the areas of the Chichibu-
system of the Paleozoic, and the Triassic-system or the Torinosu-group of the Mesozoic.
These strata, which contain scattered limestone and chert, cover the area north of the
median line dividing the branches of the Kita-akikawa River and the Minami-akikawa River.

In the Tamagawa River System the Prasiola germs occur at all localities by the end of
June, and they are numerous and prosperous from summer to autumn. The grown thalli
are mosaicked by groups of male and female gametangia produced on the same thallus from
autumn to winter, and become ragged and decrease in size with the liberation of gametes,
and then disappear by February.

Key Index Words: Prasiola japonica; green alga; distribution; Tamagawa River;
limestone ; chert,

* Kozo Iwamoto and Teru Ioriya, Laboratory of Phycology, Tokyo University of
Fisheries, Konan 4-5-7, Minato-ku, Tokyo, 108 Japan ; **Mikio Takahashi, Ohshima-
minami High School, Shimohara, Sashikiji, Ohshima-cho, Tokyo, 100-02 Japan.

BEOHv 7Y EBEYE, HROCFEN3E &
ESHE, RAE6ENChITRERINTVS, =
NOIATBRKREINHATHB L L LD, T0%
BFRECINLIOERNRD S, Lrl, £ELLE
R T % fifa &R LT MR O 7o D Ml s
HOBERILEHEYDOT7T <=/ VEDO LD LEET 51
%, T IWER LCREe, R LOMBELR Ul
Bzl h OFE LT 5,

19fg =2 — e , R RF B EERICOVTiL LAGER-
HEIM (1892) 123 L<, *E Tit SETCHELL &
GARDNER (1920) 7%, A3 iz A (1924), R
(1930) B v 2 Y B EOEZY RN, Ll
—75, ZOBFMEREFRCAEEYHIIIE L& RS
Z & (KyLin 1930), EMREBTEE1HB L (A
M 1948, REIL 1949), MMEEEARY T~/ VEE4
B3zt (TAKEDA et al., 1967) i ¥m b, ¥
YEETHRAMIyFERIh B EL R, BRIV

JIVBET =/ VBB RESBERI WL DEL
FiEE LTV 5%,

LA, BE - FEWAI) i, T - FEEA96L)
PRI TR LB BREDE L ZER LEED
hadon ERCA{RHEEIhBEEL, —
BETRRABEERB L LTHENBETHLD DK,
N7 7 VB THECEETATWB I ERHLAR
L7

A7 Y IHARBAY, HERFEL HEEZI,
Iz B LR BE DB A #S\T YATaBE (1891) %
FRELLTER LA BEEOERMORRAZETH
Bo hitH 5 ~10cm ILic R GEOERET, B
WER Gy LETS/F oMo | Bissch s, 4
D EFM ©oWTiE YaTaBe (1891) LA#%, EmE
(1911), 3 (1913,1935), [IM (1938), el (1949),
AR (1952), TR (1954), FoOfoHEMID D,
B LER (RERFANZREIN) 28T,



Prasiola japonica in Tamagawa River 275

KEDOHENZHOBNETE D, KEELHBHECHE
SCEHEMNOFECREI NS &\ 5 BREVCHid
RLTW3,

IDXSE, RHRHMOEMLEENH D, &%
DAL - PEDEILNBH 7 /7 V1Y, FOLEFEFN
BREhTWT, £0&EERL S, 20k
EEOELESRL, MicH v /) DEET 5EHAE
B, NKEZLIEBEZRB LS\, FOHT
A RDHBR, —HTHERTHRETH 2,

BEXZIIDOI 3 BBER,S, AkLtor7 /Y0
AFEEYWAL,CTHEMT, I, chITrE
B O £ FHS MEIh T3 SEIKRY FAEL
oo ZTORER, AFETE LT, #ELBHBRTL
TS ERE ETIMERY B b Lt ), TOEFMI
TR OME LBERMECERLABD ORI T, &
CRETHRETH 5,

AL -WREE

SENTERHELEACHAETHEIIT, LR &
DERCHLERRILNLDOAFEIE, ILREOAE
BEHEN D DNEN L DKREED BREEEH,ILOWA
AN E LTHERBRESY, TOM, AficedTs
e, s, BEIL KL ®IITH S,
ZD5H, BINKRTIIER»D I 7 7 VEFOEH
12—, Zok, HELMBENLRTLEFOT
B ETEVGEEbhicDT, SEOHEE, LR
B Lte ZDMDKRIT DT, BEFI4A8E LB E4ERS
PR R BATE % 1T - oo

BEIL, HROEBTRBRODBENMTOLEBTOREL,
WL TOERELEOERCESWT, ERCETEH
DIBBREOLDB E L LI, EEDELEEBLEFTR
ROBEXTolco ThH X VELRICETRI LM
HEcigTs L e by O EFUSILE & OBFRY
AR,

#® 2

Fig. 1 @RLIcA~SO 19 BEH»BETTRHIY
7YV OEFE LTHER SR, FL4tBEIIEHESE
LI hFTTHB. DT, ZEIIKK, BEI,
BN 3 K[ FT, BEFEHRCOVTHBAT S,

1. SENEXHKFE

A KRB LR #kcollic a7 YV 4F

LT3 E0RGI1E L LSEIORHET, -0
NOEFROBEBHERTIE, » 7 /) 2EEh 3 FEEI
BENT IV EBERRE 2 = 7 RBEFRT B, =
DA77 Y DEGHILAEFTBIMC OV TRER T,
ZOMNDOERE ST THLMAZ LT bxiehs
oo T O, NBEXRIATH 7 VH4EFT
BIER (D) LT3z &inEhh, HEET
R TEieh -, BERBLEECEE TS L
EREEVCH D E L,

B. MG = oHIfd B & 7 - T HREKER
BIBRESBENBHAICA D, BEIL (1949) 12T DHIC
ABZDREGBHENAOME TEFTLTWSDXRT
WA, BERVLThIELEE Litve 208, #
A KRB RKEDORAG LIt foled, BBER
BYOPELY > FTVBA, HEREKSOPRL
MTEBEHLIHER I hic (IBRASOFEE KR MEFERK) .

M. BHR RSEH»G0KK2 BFILETS
FHix @, D Al ABRT,. @ FECERTH
Bo NKIRFBA ERKEDERNBIE > T 51,
ReEnA<{BEs v, BEETII—BE, #7791k
77hA (AKRA) REEIPNREEDLRTVBA, 0
RTud, <2, HENCHEKEDH *EE
LT\,

N. Bk BREEHCILLESRT, ZORDE
BTKEDOH 77 VRS (AFEEEDQILGE
—HBK) o

2. BENIXFE

ZDOKFBOEFHBHCOWTIE, AEOEHMETS
# (1913) DWEDIED, KK LOBREHIh*ig
LT3 EBhh k)| o4 5#E(1911), (1913,
1935) M BHIFC\ B, XbK, FHEHOEZLEY
*BgE Lic Ocino (1955) ikt L Lic #7770V %
KIMNEBRTHEILE LTV 5,

IDXSRHEKDOBETIHEFTMAED TERLL
T3, SEOHAETE, AFNAKCLIETOLE
R LRI, EFSHFOTMIL LA HENAGK
RALRRPETH D Z Ehibhsis

C. kiR EEH\BTORENAERKEL, X0 LFOR
ABDPEBRHTH S, FABETORBEOKRARIL
BEFEr»7 7 VNBEL TV 20 EELLEBERS
IINTED, RFABRAEFTERLES XV RFEE
iz s LDV ThH-Te LnL, &, K
HHEAOREDORPWMEOh B EOTHEHKIT, &
HIREEHLEDTE Lz,



276 IwamoTro, K., TaAKkAaHAsHI, M. and Ioriva, T.

e N SAITAMA-KEN

P
7 L
__A K
\ ippardgawal Riv.

™

$

{ N

Tabagawa N\ skeOtutama
i(k
~ C.
Kosubegaya Riv\, g ¥ o TOKYO-TO
\ 7 % : ©TACHIKAWA
-\ @}a\akm «,ﬁ"“‘ @ITSUKAICH! ”"a"gawa 3
: Akikawg p\ i
YAMANASHI-KEN e
\0 N N
A
~
/' ;_\ fsakawa Riv.

-

L‘\..-/ \;—\\

Fig. 1. Map showing the localities of Prasiola japonica YATABE in the Tamagawa River System,

Tokyo. The letters A-S and KZ denote the localities.

A. Ohtabagawa River (Xf3JI[); B. Irikawa-

dani (AJII4); C. Ohsawa (kiR); D. Kawanori-dani (JI|&%) ; E. Jimba-zawa (#JE{R); F. Kurasawa-
dani (ARA); G. Taru-sawa (#&{R) ; H. Takanosu-dani (& #.4) ; L. Karoh-dani (#» » —%) ; J. Ogawa-
dani (/MII#A); K. Gani-zawa (# ={R); L. Magosoh-dani (###4); M. Tochiyori-zawa (#FzFiR) ; N.

Oku-sawa (BiR); O. Yohsawagawa River (FERJI|);

P. Akai-zawa (##iR); Q. Mizunoto-zawa (K /

PiR); R. Sohdake-zawa (#2f31R); S. Tsukiyomi-zawa (A®RIR); KZ. Kiwazasu (i&fg).
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Fig. 2. Map showing the geological positioning of localities of Prasiola japonica in the Tamagawa

River System, Tokyo.
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YosHizaki, M., Mivaji, K. and Kasaki, H. 1983. Bostrychia (Rhodophyta, Ceramiales)
from Chiba Prefecture. Jap. J. Phycol. 31: 280-283,

Bostrychia tenuis Post f. simpliciuscula (HARVEY) PosT was found from the mouths
of Kuriyamagawa river, Kidogawa river and Sakutagawa river in Chiba Prefecture, as a
new record of north limited distribution in Japan. On these river mouths, Caloglossa
leprieurii J. AGARDH and C. ogasawaraensis OKAMURA are the common association of B.
tenuis f. simpliciuscula. The holdfast of B. tenuis f. simpliciuscula is originated from the
pericentral cells, and forming a strand composed of rhizoids. Geographic distribution and
morphology of B. tenuis f. simpliciuscula are discussed. )

Key Index Words: Bostrychia; geographic distribution; morphology ; Rhodophyta.
Makoto Yoshizaki, Kazuyuki Miyaji and Hideo Kasaki, Department of Biology,

Toho University, 2-2-1 Miyama, Funabashi, Chiba Pref. 274 Japan.
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Figs. 1-11. Bostrichia tenuis Post f. simpliciuscula (HARVEY) PosT. 1,2. Habit of the thallus;
3. Apex of an indeterminate branch, showing the pericentral cell formation; 4,5. Cross sections of the
thallus; 6. A determinete branch; 7-9,11. Development of holdfast; 10. A cross section of rhizoid.
(a, apical growth cell; ax, axial cell; rh. i, rhizoidal initial; p, pericentral cell)
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