ISSN 0038-1578

Vol. 38 No. 1 10 March 1990

The Japanese Journal of

PHYCOLOGY

CONTENTS

Orlando Necchi Jinior, Rejane Maira Gées and Maricia Ribeiro Dip: Phenology of

Compsopogon coeruleus (BaLBis) MonTaGNE (Compsopogonaceae, Rhodophyta) and

evaluation.of taxememic characters of thesgenuss i msm st fek 15 A M Cins des iR e o 1
Isao Inouye, Xiaoming Zhang, Mizuko Enomoto and Mitsuo Chihara: Cell struc-

ture of an unusual chrysophyte Phaeaster pascheri with particular emphasis on the

fapellan ap DA T N O s vt Vs it Sl o e s Ao v o S e e oS s B W el 11
Kunshan Gao: Seasonal variation of photosynthetic capacity in Sargassum hornert ........................oo... 25

Richard E. Norris: A critique on the taxonomy of an important agarophyte, Gelidium

L T P 35
Stein Fredriksen, Sung-Min Boo and Jan Rueness: Photoperiodism and life history

of Psilothallia dentata (OxaMUrA) KyLIN (Ceramiaceae, Rhodophyta) in culture.............ooooiiiiinn. 43
Hideaki Achiha and Hideo Iwasaki: Growth characteristics of the toxic

dinoflagellate; Alexandriim (amarense :=ssovvassesssusemmnasis s wprsess swsswssa cosd (in Japanese) 51
Tetsu Hirata, Kazuhiro Sakamoto, Satoshi Tada and Yasutsugu Yokohama:

Transplantation of Eisenia bicyclis and Ecklonia cava plants to artificial substrate with

AHRERIVE e S A S S T S A S S A S R T e A (in Japanese) 61
_ e XX S .

Note
Hitoshi Iizumi, Hiroyuki Nakahara and Isamu Umezaki: Nitrogen fixing blue-

green algae at @ Coral) FEEl <o iviirimaidimnm s v s s T e e e e o oo 0 o o e iy i e it 69
Shoji Kawashima: Drifting records of alien species of the Laminariales (5).

Laminaria dentigera KjeLLM. and Laminaria platymeris DE LA PYLAIE ..o, (in Japanese) 71
Kazutosi Nisizawa: A record of the attendance at the XIII International Seaweed

Symiposium held i Qanadd <ot oo iadsasevsmseas vasisessmssun s (in Japanese) 74
Yusho Aruga: Korea-Japan Symposium on Phycology, 22-25 November 1989, in

Seoul, KOTCA. «suonscusvmesmonsns pususmesmmes sasmusmsmme s mumuens Gor i Esess To Ey Sehs e s sy R e e (in Japanese) 76

o

OBIATY aiiies Vs i n R b i e e i T .(in Japanese) 79

Announcement (in Japanese) 82

The XIVth Annual Meeting of the Japanese Society of Phycology (program and

abstracts) (in Japanese) 83

Japain Science Counel] TEWSii caiis b s i s s sauwmis st s oo oness wamen raon s s 5o (in Japanese) 103

THE JAPANESE SOCIETY OF PHYCOLOGY



HA s S
K& ERTIfT
135,000/)

Kk L 04
AD RO
AN 5

The Japanese Society of Phycology, founded in 1952

SRS

VR19524FICRRN S h, BB LT L b, ASOBBICERT A
SBICIRCHAT 5, HBSBRAFEEOFELET 000 (4
%W%#bt@&féoﬁﬁéﬁmﬁﬁmmpmﬂ,ﬁ%%é©%§m1mm&mﬂ&?5o
hcBT AEE, 602 REM ERX Fife@/MIRA BAEE
108 WEHAXER4-5-7 RFEKEKRY FEEBETT BAE E# REZELRMWICE

Y [EEEE ) A4 4 BIFIFT L

E B % £

AR CEEDEBI IS,

&5, 1o [EE]

The Japanese Society of Phycology

, is open to all who are interested in any aspect of phycology.

Either individuals or organizations may become members of the Society. The Japanese Journal of Phycology (SORUI)
is published quarterly and distributed to members free of charge.

Inquiries and other information regarding the society should be addressed to The Japanese Society of
Phycology, Shimotachiuri Ogawa Higashi, Kamikyoku, Kyoto, 602 Japan.
members are 7,000 Yen (Send the remittance to The Japanese Society of Phycology at the above address).

The annual dues (1990) for overseas

Manuscript for publication should be submitted directly to the Editor-in-Chief, Prof. Y. Aruga, Tokyo University

of Fisheries, Konan-4, Minato-ku, Tokyo, 108 Japan.

1989—1990£ﬁ{QE§

Officers for 1989-1990

7] £ Eﬁ'?h FEKE) President: Hiromu Kosavasi (Tokyo Gakugei University)
[« il @T}?ﬁ R AY) Secretary: Nobuyasu Katavama (Tokyo Gakugei University)
Satid Bl B R RE) Treasurer: Shigeki Mayama (Tokyo Gakugei University)
FEE: Members of Executive Council:

FKiLI B (R Masaru Axkivama (Shimane University)

HHE i (?JIUJ\Lf_}\ %) Yusho Aruca (Tokyo University of Fisheries)

B8R R (RS Tetsuro Ajisaka (Kyoto University)

TR ek (R }\'m Mitsuo Cuixara (University of Tsukuba)

I BER (R Yoshiaki Hara (University of Tsukuba)

HlE R (ZEHAS Hideo Iwasakr (Mie University)

HH ﬁ%(t@ﬁi—) Michio Masupa (Hokkaido University)

=l PREE CREUKE RS Akio Miura (Tokyo University of Fisheries)

FRR EtE (BEREAS) Koji Nozawa (Kagoshima University)

N A (REERE) Hisao Ocawa (Tohoku University)

Kix R ([lllia'%@i]im Takeo Oumori (Sanyo Gakuen Junior College)

BE B LNk Takeo Oxupa (Kyushu University)

iy EFn (dedmaE ok Masakazu Tatewaxi (Hokkaido University)

¥ HBE (?fFF' }\"’ Yoshihiro Tsuso (Kobe University)

iUl & (= EWFFERT) Makoto M. Waranase (National Institute for Environmental Studies)

fds  HEE (I}L(H( }R—?— Yasutsugu YokoHama (University of Tsukuba)

: Editorial Board:

L EE thl CRIUKEE K2 Yusho Aruca (Tokyo University of Fisheries), Editor-in-Chief
: CREEHIER (I /J\}i)\‘f— Masahiro Norova (Tokyo University of Fisheries), Secretary

KITEA I M= (BLRE) Terumitsu Horr (University of Tsukuba), Associate Editor

M RER (ENLRE Téz’%ff' Jiro Tanaka (National Science Museum), Associate Editor

BT RREME (LD }\ = Yasutsugu Yokonama (University of Tsukuba), Associate Editor
%= B : TEZ\' EAN (PR K Sachito ENomoto (Kobe University)

ANEATF ("}CM(A-, Ikuko Suinira-IsHikawa (Osaka University)

g b (GTETAE) Tetzuya Kato (Kyoto University)

R # (PEUEICOKEEWFERT)  Hitoshi Kiro (Seikai Regional Fisheries Research Laboratory)

YFH  E1T (_.i’ EE Hiroyuki Nopa (Mie University)

g B Cul }\‘w) Takeo Oxupa ( Kyushu University)

A BN ClbdfgaE kse) Masakazu Tarewaki (Hokkaido University)

i3l & (BN AEWFFERT) Makoto M. Waranase (National Institute for Environmental Studies)

i3 AN SN ) Hiroshi Yasu (Hokkaido University)

SH B dbigE k) Tadao Yosuipa (Hokkaido University)



Jpn. J. Phycol. (Sérui) 38: 1-10, March 10, 1990

Phenology of Compsopogon coeruleus (BaLpis) Monracne (Compsopogonaceae,

Rhodophyta) and evaluation of taxonomic characters of the genus

Orlando NeccHI Janior*, Rejane Maira G6es and Maricia Ribeiro Dip

Instituto de Biociéncias, Letras e Ciéncias Exatas, UNESP, Depart to de Botd
15001-Sao José do Rio Preto, SP, Brasil

ica, Caixa Postal 136,

NeccHi, O. Jr., G6es, R. M. and Dip, M. R. 1990. Phenology of Compsopogon coeruleus (BALBIS) MONTAGNE
(Compsopogonaceae, Rhodophyta) and evaluation of taxonomic characters of the genus. Jpn. J. Phycol.
38: 1-10.

Phenology of C. coeruleus was studied monthly in a third order stream in Sdo Paulo State, southeastern
Brazil, from December 1987 to December 1988. All currently employed characters of Compsopogon were
evaluated and related to stream variables (temperature and current velocity) and local rainfall. Plant
height and diameter and size of monosporangia and cortical cells varied significantly throughout the year
and between summer (January to March) and winter (July to September). Plant height and diameter were
negatively correlated with current velocity and temperature, whereas size of monosporangia and cortical
cells were positively correlated with one another. Number of erect branches on the basal system was depen-
dent on the type of basal system and positively correlated with current velocity. Percentage of plants with
basal disc and that of plants without basal system was positively and negatively correlated with current
velocity, respectively. Rainfall altering seasonal stream current velocity was the key factor controlling
phenology of C. coeruleus. The variability of taxonomic characters extends to the limits of most species
presently recognized within the genus. The difficulties in defining reliable features for species identification

and in establishing well defined circumscription for the species of Compsopogon were evident.

Key Index Words:  Brazil—Compsopogon coeruleus—phenology— Rhodophyta—taxonomy.

The genus Compsopogon MONTAGNE is
classified in the family Compsopogonaceae,
whose members are characterized by possess-
ing a row of axial cells surrounded by a cortex
of variable number of layers (BoLp and
Wy~nNe 1985, BourreLry 1985) and
monospore formation by means of a curved
wall (KrisuNaMURTHY 1962). The allied
genus Compsopogonopsis is also classified in this
family and differs from Compsopogon in the
way of cortex formation (KRISHNAMURTHY
1962). Detailed generic descriptions are
found in KrisuNamurTHY (1962), BoLp and
WyNNE (1985) and BourreLLY (1985). Com-
psopogon was monographed by KrRisHNAMUR-
THY (1962) who recognized six species.
Later, five new species were described: C.
argentinensis (PujaLs 1967), C. lusitanicus (REIs
1977), C. occcidentalis (TracANA 1980), C. cor-

* Author to whom correspondence is to be addressed.

ticrassus (CHIHARA and Nakamura 1980) and
C. prolificus (Yapava and Kumano 1985).
The more important taxonomic features for
species delineation are: type of basal system,
size of plant, branches, cells and
monosporangia, number of cortical layers
and of erect branches on the basal system
(KRrISHNAMURTHY 1962, BOURRELLY 1985).
According to KrisHNamurTHY (1962) C.
coeruleus, the type species of the genus, is the
most widespread of the genus and presents
the widest range of taxonomic characters.
Variability of Compsopogon characters has
been confirmed by authors who worked with
specimens grown in culture. NicHOLs (1964)
demonstrated the great variability of some
characters used to distinguish species such as
basal system, monospore, branching, spore
germination and young plantlets, and that
they are not of taxonomic value. SHyam and
Sarma (1980) studied specimens of Com-



2 Necchi, O. Jr., G6es, R. M. and Dip, M. R.

psopogon combining characteristics of C.
coeruleus, C. corinaldii and C. hookeri in
culture. Their study provided evidence that
the morphological characters employed for
specific delimitation within the genus are
highly flexible and unreliable as taxonomic
criteria. They stated that on the basis of
cultural observations most of the earlier
described species in the literature may prob-
ably be ecophenes of one and the same
alga. NicHoLs (1964) and SuHyam and
SarMa (1980) pointed out that if such
wide variation occurs within the relatively
restricted conditions of the laboratory its oc-
currence in nature, where the conditions are more
diverse, must be considered. Inconsistencies
in the infrageneric classification system of
Compsopogon have been demonstrated (ENTWI-
sLE and KrarT 1984, NEccHI 1989), especial-
ly as to definition of taxonomic criterions for
species identification. Some authors (ENT-
wisLE and Krarr 1984, NeccH1 1989) have
supported the view of SHyaM and SarMa
(1980) on ecophenes.

No detailed study on phenology of Com-
psopogon species has been carried out. This
investigation was undertaken with the pur-
pose of studying the phenology of C. coeruleus
and to evaluate the usefulness of the tax-
onomic characters currently employed for
species identification within the genus.

Material and Methods

Phenology of C. coeruleus was investigated
monthly in a third order stream (STRAHLER
1957) from October 1987 through October
1988. The stream (Cérrego da Piedade) is
situated in S3ao José do Rio Preto, Sao Paulo
State,  southeastern  Brazil (20°49°S,
49°27'W). Field work was conducted in a
stream reach of 10m, where the species
population developed profusely. Plants were
predominantly epiphytic on submerged roots
of marginal vegetation and fixed on sticks
and, to a lesser extent, epilithic on stones in
the stream bed.

Two stream variables were determined:
water temperature and current velocity.

Temperature was taken at the midpoint of the
reach with a mercury thermometer. Surface
current velocity was determined by measur-
ing the time required for a fishing float to
travel along the 10 m reach. Five measures
were taken and the mean calculated. In addi-
tion, local rainfall values were obtained from
Regional Agricultural Division, Agricultural
Secretary of Sao Paulo State.

A representative sample was monthly col-
lected by hand at successive 1m transects
along the reach and immediately transported
to the laboratory where 20 plants were casual-
ly chosen from the sample and preserved in a
49 formaldehyde : distilled water solution for
study. The remaining part of the sample was
taken to estimate the dry weight. Along the
study period a total of 260 plants were examin-
ed. Voucher specimens were lodged at the
Herbarium of Botany Institute, Sdo Paulo
(SP).

All characters referred to by KRISHNAMUR-
THY (1962) and BourrerLy (1985) were
analysed: morphological (type of basal
system, shape of monosporangia and cortical
cells), morphometric (plant height and diam-
eter, size of monosporangia, cortical cells,
axial cells and uniseriate branch cells
and width of disc holdfast) and meristic (num-
ber of cortical layers and of erect branches
on the basal system). Two measures of
plant diameter were taken: one at the basal
(largest) and other at the apical (smallest) por-
tion. Twenty measures of monosporangia

Table 1. Seasonal values of temperature and
current velocity in the stream studied and local rain-
fall from December 1987 to December 1988.

Current Total
Season Tem%erature velocity rainfall
(cms™t) (mm)
Summer 22—26.5 70—83 720
24.3+1.7* 82.0%+ 5.3*
Fall 19—22 73.5—83 135
20.5*+1.5 72.7% 9.5
Winter 18.5—21 30.8—45 0
19.7+1.2 43.7+12.1
Spring 21—25 33—75.5 280
23.8*+1.9 53.7+18.8

* Mean =*standard deviation (n=3).
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and cortical cells were taken for each plant,
ten at the basal and ten at the apical portion
of the plant. We considered the longest axis
of these structures since they are irregularly
shaped. Width and length of axial cells were
measured in the same way as for plant
diameter, while for uniseriate filament cells
one measure was made near the corticated
portion and other near the apex. For observa-
tions of axial cells or cortical layers, free hand
cross or longitudinal sections were made,
when necessary, using razor blades. During
the course of the study more than 11,000
measurements or countings were taken.

For obtaining dry weight samples were
dried at 85°C to constant weight. Results
were expressed as weight (g) per unit area (m?),
based on a gross estimate of the area sampled.

Descriptive statistics (mean and standard
deviation) were calculated for the results ob-
tained, as well as analysis of wvariance
(ANOVA—one way) and Pearson’s moment
product correlation coefficient (SokaL and
Ronrr 1981). Tests were conducted with the
computer program APP-STAT (Statistical
Package for Apple II Computers) (ANONY-
Mous 1985), using an Apple Ile micro-
computer.

Results

Phenology

Water temperature ranged from 18.5°C
(August) to 26.5°C (December 1988) with
a yearly mean of 22.7°C. Seasonally,
temperature was maximal during summer
(seasonal mean of 24.3°C) and minimal in
winter (19.7°C) (Table 1). Current velocity
ranged from 30.8cms™! (September) to
83 cms~! (March), with yearly mean of
56.2cms~!. Seasonal mean was maximal
during summer (82 cm s~ !) and minimal in
winter (43.7cms™ ') (Table 1). Current
velocity was positively correlated with rainfall
(r=0.65, p<0.05); values of spring were
closer to the ones of winter, corresponding to
the dry season (late fall to early spring with
205 mm of rainfall), whereas velocities of fall
were closer to the ones of summer, coinciding

with the rainy season (late spring to early fall
with 930 mm of rainfall) (Table 1). In con-
trast, values of temperature during spring
were closer to the ones of summer, while those
of fall were closer to the winter tempera-
tures. Local rainfall ranged from 0 in winter
(July to September) to 219 mm (February)
with a yearly total of 1135 mm (Table 1).
Plant height varied significantly during the
study period (F=54.22, p<0.001) and be-
tween the two most clearly distinct seasons
(summer—January to March—and winter—
July to September) (F=39.27, p<0.001).
Height was minimal in December 1987
(2.7%1.9 cm, monthly mean = standard devia-
tion) and maximal in July (32.5%11
cm) (Fig. 13). Among the stream variables
analysed, height was negatively correlated
with current velocity (r=—0.78, p<0.01)

and temperature (r=—0.79, p<0.01).

Habit of a dried small plant of Com-
psopogon coeruleus (June). Scale bar=2 cm.

Fig. 1.
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Height was positively correlated with per-
centage of plants without basal system
(r=0.86, p<0.001) and diameter (r=0.83,
p<0.001) and negatively with percentage
of plants with basal (r=—0.86,
p<0.001).

Plant diameter varied significantly through-
out the year (F=8.82, p<<0.001) and between
summer and winter (F=7.09, p<0.001).
Monthly mean diameter was minimal
in December 1987 (116%57.8 pm) and
maximal in September (8822850 ym) (Fig.
13). Asregards stream variables plant diam-
eter correlated negatively with current
velocity (r=—0.83, p<0.01) and tempera-
ture (r=-—0.61, p<0.05).
correlated positively with percentage of
plants without basal system (r=0.84,
p<0.001) and height (r=0.83, p<0.001)
and negatively with percentage of plants with
basal disc (r=—0.83, p<0.001).

Length of cortical cells varied significantly

disc

Diameter

Figs. 2 & 3.
(arrowheads) portions (July). 3. Large plant (July). Scale bars=5 cm.

during the entire study period (F=14.32,
p<0.001) and between summer and winter
(F=5.34, p<0.001). Monthly mean length
was minimal in September (21.2£2.5 #m)
and maximal in April (27.5£2.9 #m) (Fig.
13).  There was no correlation between
length of cortical cells and current velocity or
temperature. A positive correlation was
found between cortical cell and mono-
sporangia length (r=0.59, p<<0.05).

Monosporangia length varied significantly
throughout the year (F=4.81, p<0.001) and
between summer and winter (F=4.84,
p<0.001) with a minimum monthly mean in
September (14.6+1.2 ym) and maximum in
March (16.4#1.7 pm) (Fig. 14). There was
no correlation between monosporangia length
and stream variables, but a positive correla-
tion was verified with cortical cell length
(r=0.59, p<0.05).

Number of erect branches was dependent
on the type of basal system: plants fixed by

Compsopogon coeruleus. Habit of dried plants. 2. Large plant with saccate (arrow) and normal
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rhizoids had always a single erect branch,
whereas those fixed by basal disc always had
more than one erect branch. This character
was positively correlated with current velocity
(r=0.90, p<0.001) and also with percentage
of plants with basal disc (r=0.75, p<0.01)
and negatively with percentage of plants
without basal system (r=—0.67, p<0.05),
height (r=—0.61, p<0.05) and diameter

Figs. 4-12.

(r=—0.59, p<0.05).

Type of basal system was highly variable
throughout the study period. The propor-
tion of plants fixed by basal disc was high (45-
859%) from December through June, low (0-
25%) from July to October and high again
(65-75 % ) in November and December.
Plants without basal system were absent from
December to April, fluctuated in their propor-

100 m

Compsopogon coeruleus. 4. Basal disc with three erect branches (February). 5. Basal portion with

rhizhoids (June). 6. Longitudinal section of a small plant showing axial cells and one cortical layer (February).
7. Cross section of a saccate plant showing monosporangia on outer cortical layer and short filaments growing
towards the inner part of the thallus (September). 8. Cross section of a saccate plant showing three to four-layered
cortex (July). 9. Apical portion of a uniseriate branch (July). 10. Basal portion (near cortication) of a uniseriate
branch (February). 11. Longitudinal section of a small plant with one-layered cortex (February). 12. Surface cor-
tex view of a saccate plant showing cortical cells (cc), monosporangia (m) and a cavity (ca) among the cortical cells

(July).



Table 2.

Taxonomic characters of Compsopogon species referred to in the literature and of the specimens presently studied. Data from the protologues
and KRISHNAMURTHY (1962).

Cortical : . . Uniseriate
Speci Height  Basal Erect Diameter cells Cortical Monosporangia . Spine-like Axial cell branch
pecies branches : layers size Microsporangia b h size .
(cm) system number (¢m) size number (#m) ranches (¢m) size
(pm) (prm)
C. coeruleus 20-40  rhizoids 1 up to 16-48 21 20-22 8-9 um (-) 100 X 48 16-26
(BALBIS) 2000 X X
MONTAGNE 1846 9-20 9-19
C. hookeri >50  rhizoids 1 up to 18-24 =1 13-18 (-) (-) — 14-22
MOoONTAGNE 1846 2000 X X
12-18 8-10
C. aeruginosus +20 — 1-2 up to 19-32 1-2 9-13 (-) (+) — 19-28
(J. AGARDH) 500 X X
KoTzinG 1849 9-19 6-16
C. corinaldii <5 basal few +200 12-22 1 9-13 ) (-) — 12-26
(MENEGHINI) disc X X
KorzinG 1849 64-78 um 9-12 9-19
C. chalybeus 5-10 basal 2-4 — 16-28 1 12-16 (-) (-) — 32-38
KirziNg 1849 disc X X
64—100 um 12-19 16-22
C. iyengarii up to basal several 120-250 8-24 =1 12-15 (-) (-) — 12-16
KRISHNAMURTHY 1957 20 disc X X
450 um 8-16 6-10
C. argentinensis up to disc 1-6 up to 10-30 1-3 10-23 (-) (-) 56-85 13-36
PujaLs 1967 26 rhizoids 1200 X X X
13-46 30-36 3.3-22
C. lusitanicus 30-32 disc 1-7 300-950 — 2-3 (-) 8-10 um (-) 30-255 30-35
ReE1s 1977 rhizoids X
180-225
C. occidentalis 38 disc 1to up to 13-58 1-3 10-18 (-) (-) 20-530 —
TracanNa 1980 rhizoids  several 1450 X x
10-45 23-450
C. corticrassus 50-80 basal several 2000- 14-36  3-4(-5) 16-22 (-) (—) — —
CHIHARA and disc 3000 X
Nakamura 1980 7-20
C. prolificus up to disc 1-2 up to 16-30 1-3 15-20 10-18 um (-) 44-50 —
YapAvaA and 42 rhizoids 200 X x
Kumano 1983 6-16 58-70
Specimens studied 0.5-68 disc 1-38 30-3000  7.5-55 1-4 7.5-27.5 =) (-) (10-)50-330 10-55(—165)
rhizoids (—10000) X X

(5-)20-320

3-15(-17.5)

A ‘A1 pue “JA Y ‘s390) '1f " ‘IHODIN
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tion from May to October (10-90%) and
represented a small fraction of the population
in November and December (10-15%). Pro-
portion of plants fixed by rhizoids was relative-
ly stable from December to May (15-25%),
alternated with those without basal system
from June to October (10-55%) and was
stable in November and December (15-20%) .
Plants without basal system were found more
abundantly in times of low current velocity
(July to September) and a negative correla-
tion was observed between percentage
of plants without basal system and that
variable (r=—0.88, p<0.01). In contrast,
percentage of plants with basal disc was
positively correlated with current velocity
(r=0.98, p<0.001).

Dry weight ranged from 0.051gm™2
(December 1988) to 5.519 gm™2 (August)
with a yearly mean of 1.172+1.716 gm ™2
(Fig. 14). There was a positive correlation of
dry weight with plant height (r=0.81, p<
0.001) and diameter (r=0.94, p<0.001).
Among stream variables dry weight was
negatively correlated with temperature (r=
—0.70, p<0.05) and current velocity (r=
—0.74, p<0.01).

In general, we observed low values of dry
weight (0.051-1.228 gm™~2) (Fig. 14), small
plants (monthly mean 2.7-14.7 cm high, 116~
202 p#m in diameter) (Fig. 1), with one, rarely
two cortical layers (Figs. 6 & 11) and
relatively few monosporangia from October
to June (spring to fall); high values of dry
weight (2.033-5.519 gm™~2%), large plants
(22.8-32.5 cm high, 524-882 ym in diameter)
(Fig. 3), with (1-)2-4 cortical layers (Fig. 8)
and monosporangia covering corticated por-
tions of the plants (Fig. 12) were found from
July to September (winter). In addition, sac-
cate plants (Figs. 2, 7 & 12) were encountered
in winter. They were formed by degenera-
tion of axial cells in old and large plants.

Taxonomic characters

The range of each character analysed for
the population of C. coeruleus is summarized in
Table 2. Monosporangia (Figs. 12 & 14) were
the only reproductive structures observed.

They were very variable in shape, being
round, elliptical, ovoid, fusiform or irregu-
larly polygonal (triangular to hexangular)
in surface view. Cortical cells (Fig. 12) were
irregularly polygonal or round, ranging
from triangular to hexangular. Two mor-
phological characters observed in the C.
coeruleus population were never reported for
the genus. Some short filaments growing
towards the inner portion of the thallus were
observed in some saccate plants of Com-
psopogon (Fig. 7). They are probably related
to mechanical sustentation of the thallus,
since these plants do not have axial cells.
Some cavities situated among the cortical cells
(Fig. 12) were often observed on the surface of
saccate plants, which presumably resulted
from release of contiguous monosporangia.

Discussion

Phenology of C. coeruleus in the stream
studied was greatly influenced by current
velocity and water temperature. Variation of
characters such as plant height and diameter,
type of basal system and number of erect
branches on the basal system were highly and
negatively correlated with current velocity.
This observation could be considered in terms
of mechanical adaptation of the thallus of Com-
psopogon to avoid effects provoked by high cur-
rent velocities. SHEATH and HaMBROOK
(1988) found that the value of breaking stress
of the Compsopogon thallus was one of the
highest among freshwater red algae. They
classified Compsopogon as a semi-erect, non
mucilaginous filamentous form, which was
accepted as more resistant to mechanical
stress of flow than crustose, tufts or
mucilaginous filamentous forms. Values of
current velocities reported by them for C.
chalybeus (14-59, mean of 36 cm s~!) are com-
paratively lower than the present ones,
however, our yearly mean fits within their
values. They proposed that freshwater red
algae have evolved different mechanisms to ex-
ist in moderate flow and suggested that the
constant flow of stream environements has
been a major evolutionary influence in deter-
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mining thallus form of freshwater red algae.
The strategy exhibited by the population of C.
coeruleus is presumably an adaptation to cur-
rent velocity: a small plant fixed by basal disc
and with numerous erect filaments is sup-
posedly more adapted to live under higher cur-
rent velocities than a large plant fixed by
rhizoids and with a single erect filament.

According to SHEATH (1984) most
freshwater red algae exhibit maximum
biomass and growth in the period from late
fall to early summer in temperate regions.
Our results of dry weight, plant height and
diameter essentially agree with his statement
but revealed a shorter period of maximum
growth (winter). SHeatH and HaMBROOK
(1988) pointed out that seasonal occurrence of
freshwater rhodophytes in tropical regions is
related to precipitation, in contrast with
temperate regions where precipitation is not
as seasonally related to rhodophyte occur-
rence. The present information reinforces
this idea. In summary, rainfall altering
seasonal stream current velocity is the key
factor controlling phenology of C. coeruleus in
the stream studied.

Temperature influcences latitude, altitude
and drainage basin distribution, as well as
seasonality of freshwater red algae (SHEATH
1984). Compsopogon is accepted as dominant-
ly tropical or subtropical with occurrence at
low altitudes. KreMER (1983) found that
Compsopogon hookeri had the highest photosyn-
thetic rates at 30 to 35°C. Paradoxically, dry
weight, plant height and diameter (and
presumably growth) here reported were
negatively correlated with temperature,
though water temperatures were relatively
high throughout the year. In addition, dur-
ing winter a higher proportion of plants were
old (indicated mainly by the great quantity of
monosporangia) than the ones of summer,
whose population consisted essentially of
young plants.

The variability of morphologic, mor-
phometric and meristic characters exhibited
by the population of C. coeruleus practically em-
braces the limits of most species of the
genus. SHyam and Sarma (1980) com-

mented that C. coeruleus, C. hookeri and C. cor-
tnaldii come close to one another and it ap-
pears that C. hooker: is a more robust and well
developed form, while C. corinaldii seems to be
a juvenile or developmental stage of C.
coeruleus. They concluded that there seems
to be justification to merge C. hooker: and C.
corinaldii in C. coeruleus. They raised the
hypothesis that most species are probably
ecophenes of the same alga. Following this
view, C. argentinensis, C. lusitanicus, C. occiden-
talis, C. corticrassus and C. prolificus can be in-
cluded in the group of well developed, large
and more robust forms, while C. chalybeus, C.
aeruginosus and C. iyengarii are identifiable
with young or developmental stages of C.
coeruleus.

KrisHNAMURTHY (1962) based his in-
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frageneric system heavily on type of basal
system, number of erect branches on basal
system and plant dimensions (height and
diameter). NicHoLs (1964) demonstrated the
great plasticity of type of basal system, which
is related to substrate and cultural condi-
tions. Number of erect branches on the basal
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Fig. 14. Variation (mean, standard devia-
tion, minimum and maximum values) in
monosporangia length, number of erect branches on
the basal system, percentage of the types of basal
system (@ rhizoids; O disc-shaped holdfast; ®
without basal system) and dry weight of Compsopogon

coeruleus from December 1987 to December 1988.

system was found to be related to and as
variable as the type of basal system. It is
shown here to be unreliable for species iden-
tification. SHyam and Sarma (1980) found
that the length and thickness of the mature
plants were quite variable in nature as well as
in cultures and, therefore, of no taxonomic
value. ENTwISLE and KrAFT (1984) and NEc-
cHI (1989) had difficulties in identifying,
respectively,  Australian and Brazilian
specimens of Compsopogon and showed incon-
sistencies in  Krishnamurthy’s  system.
CHiHARA and NakaMURA (1980) and R. Seto
(pers. comm.) regard shape and size of cor-
tical cells, number of cortical layers and size
of monosporangia as important characters for
species delineation. In the present study
these characters were very variable or
seasonally related. However, they could be
retained as useful criterions if well defined
limits among species could be established.
NicHoLs (1964) and SuHyam and Sarma
(1980) pointed out that if a wide variation was
found in relatively restricted culture condi-
tions a wider plasticity would be expected in
nature where the conditions are more
variable. The present findings are in com-
plete agreement with this supposition and
reinforce the recent tendency (SHyam and
SarMa 1980, ENTwisLE and KraFT 1984, NEC-
cH1 1989) of a drastic reduction of the number
of species accepted within the genus. In addi-
tion, specimens collected at different times
could be identified with distinct species on the
basis of the currently accepted criterions.

In this study the difficulties in recognizing
reliable features for species identification and
in establishing well defined circumscription
for the species within the genus were clear.
We suggest a review of the infrageneric tax-
onomy of Compsopogon in the light of the new
information originating from culture and field
studies.
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Phacaster pascheri with particular emphasis on the flagellar apparatus architecture. Jpn. J. Phycol. 38: 11-24.

Phaeaster pascheri SCHERFFEL was examined with the fluorescent and electron microscopes. Chloroplast
lacks both girdle lamella and genophore, and chloroplast DNA is of scattered or strand-like. The short
flagellum is bulbous and situated in the flagellar pocket to which the eyespot is closely associated. The
eyespot is disposed at the tip of a particular process arising from the base of star-shaped chloroplast. Con-
figuration of basal bodies, flagella and microtubular flagellar roots is unusual. Both the long and short
flagella extend towards the swimming direction, anterior direction, forming an acute angle of ca. 45°. This
is interpreted as that rotation of basal bodies and associated roots may have occurred in the evolution of the
chrysophytes. Two microtubular roots associated with the long flagellum extend anteriorly just beneath
the bottom of the flagellar groove. One of these, three stranded root showing clockwise path, is responsible
for organization of microtubules, and cytoskeletal microtubules are seen arising from this root and extend
up along the flagellar groove. Two microtubular roots associated with the short flagellum extend also
anteriorly along the mouth of the flagellar pocket. Observation of serial sections showed that mitochon-

drion is single and ring-shaped.

Key Index Words:
apparatus—Phaeaster pascheri.

Hieeerp (1976) described the class
Chrysophyceae by illustrating motile cell
organization. The  components  of
chrysophyte cells were reviewed later by
PieNaar (1980) and Kristiansen (1986), in
which the same cell organization as Hibberd’s
was emphasized as a basic form of
chrysophyte cells. Hisserp (1986) in a
discussion on some algal groups such as
prymnesiophytes, silicoflagellates, pedinellids
and choanoflagellates as well as some aber-
rant chrysophyte-allied genera such as
Olisthodiscus and  Bicosoeca suggested that
removal of these algae leaves a well-defined
natural group. ANDERSEN (1987) who
recently established the Synurophyceae for
silica scale-bearing chrysophytes such as
Synura and  Mallomonas  described the
Chrysophyceae sensu stricto using various
features including morphology, chemical com-
position and life cycle. The Chrysophyceae

absolute configuration—chloroplast DNA— Chrysocapsaceae— Chrysophyceae—flagellar

now seems to be a clear-cut taxon; it is a very
diverse algal group however, and contains
algae of various life forms such as flagellate,
palmelloid, coccoid, amoeboid, plasmodial,
sarcinoid, filamentous and parenchymatous.
To understand natural affinities between taxa
in such a diverse group, detailed studies on
motile cell organization would be very
useful. The taxonomic relevance of the
flagellar apparatus ultrastructure has been em-
phasized for green algae (for bibliography see
e.g. Marrox and StewarT 1984). In the
chromophytes, brown algae and some allied
algae have been studied from this point of
view (e.g. Moestrup 1982, O’KELLEY and
FLovyp 1985). In contrast, few studies have
focused on the flagellar apparatus of the
chrysophytes, and Poterioochromonas (SCHNEPF
et al. 1977) and Hibberdia magna (ANDERSEN,
1989) are the only species for which structure
of the flagellar apparatus has been revealed in
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enough detail. Information is too limited to
understand natural affinities and taxonomic
relationships between various taxa in the
chrysophytes, and many more taxa should be
investigated.

Phaeaster pascheri SCHERFFEL is a unique alga
in the class by its very compressed cell body
and its star-shaped chloroplast (BELCHER
1969). This is a palmelloidal colony-forming
chrysophyte and is generally accommodated
in the Chrysocapsaceae, an assemblage of
palmelloidal or gloeocystoidal chrysophytes
which produce Chromulina-type motile cells
(BourreLLy 1957, 1968, StarMmacH, 1985).
Since its original description, the general
features of colonial and motile forms of this
alga have been studied by BELcHER (1969)
and BELCHER and SwaLE (1971). However,
cell organization, including the flagellar ap-
paratus, has not been described in enough
detail to allow comparison with other
chrysophyte algae. In this paper we will
describe features of motile cells of P. pascher:
which have not been mentioned before.
Then, based on comparison of available data
for other chrysophytes, we will discuss the tax-
onomic relevance of several features, especially
of the flagellar apparatus in the Chryso-
phyceae.

Material and Methods

Culture: Motile and palmelloidal cells of
Phacaster pascheri were obtained from mud sam-
ple collected from Shishizuka pond in
Tsuchiura, Ibaraki Prefecture, Japan on 14
April 1987. They were isolated by micro-
pipettes and cultured in AF-6 medium (Karo
1981) modified by the addition of 5mg/!
NaSiO;-9H,0 and 5 m!/ soil extract to 1/ of
medium. The cultures were maintained at
15°C and a 12 : 12 LD cycle at 3,000 lux pro-
vided by white fluorescent tubes.

Fluorescent microscopy: Autofluorescence
of chlorophyll was observed to define mor-
phology of the chloroplast. For observation
of chloroplast DNA, 0.5 m/ of cell suspension
was mixed with solution containing 1.25%
glutaraldehyde and 4’,6-diamidino-2-phenyl-

indole (DAPI) (12 ug/m/) prepared in NS
buffer (Kuromwa et al. 1981). Cells were
then crushed on the cover slide and viewed
with a fluorescence microscope (Olympus
BHS-RFK) under UV excitation.

Electron microscopy: Material for section-
ing was fixed in a mixture of 1 %
glutaraldehyde, 0.5% osmium tetroxide in
0.1 M cacodylate buffer containing 0.1 M sac-
charose (pH 6.8) at 4°C for 2 hours. The fix-
ative was prepared just before the fixation was
undertaken. After dehydration in a graded
ethanol series, followed by a transfer to pro-
pylene oxide, the cells were embedded in
resin (SPURR 1969). Thin sections cut with a
diamond knife were double stained with 2%
aqueous uranyl acetate and Reynolds’ lead
citrate (REyNoLDs 1963) and viewed with a
JEOL 100CXII transmission electron
microscope.

Results

General features: Illustrations of the motile
cell of Phaeaster pascheri are given in Fig. 1, by
which the general cell organization obtained
from our observations can be understood.
Light micrographs (Figs. 2, 3) are also
helpful. In side view, the cell is heart-
shaped, and one flagellum emerges from the
convex side of the cell (Figs. la, 2), where
there is a flagellar groove (Fig. 1b). The cell
is elliptical in plane view (Figs. 1b, 3). The
organization of the cell is not typical for the
chrysophytes, and requires designation of cell
orientation for description. The position of
the cell where a visible flagellum arises is
similar to that of brown algae and a
raphidophyte Olisthodiscus luteus and is thus
designated as the ventral side, and the op-
posite as the dorsal side, as it is usually called
in these algae (O’KeLLy and FrLovyp 1984,
Hara et al. 1985). The direction to which the
flagellum extends and the cell swims is
designated as anterior and the opposite as
posterior. Lateral sides are called right and
left sides. These orientations are indicated in
Figs. la and b.

Fig. 4 is a section cut in a plane parallel to
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a

Fig. 1.

Abbreviations used in figures:

Diagrammatic representation of the cell in which the general cell organization is shown. a. Half cell
viewed from left side of the cell. Both the long and short flagella extend anteriorly. b. Cell viewed from ventral
side. Note that the chloroplast is lobed ventrally and a special process is in contract with the flagellar pocket where
the short flagellum is ensheathed. Note also the single ring-shaped mitochondrion. Illustrations not to scale.

1, 2, 3, 4: microtubular roots R1, R2, R3 and R4; A: anterior basal body; A

with arrow: anterior direction of the cell; C: chloroplast; Cv: contractile vacuole; Cb: connecting band; cMT:
cytoskeletal microtubules; D: dorsal direction of the cell; E: eyespot; Fg: flagellar groove; Fp: flagellar pocket; G:
Golgi body; L: long flagellum; L with arrow: left direction of the cell; M: mitochondrion; Mu: mucocyst; N:
nucleus; P: posterior basal body; P with arrow: posterior direction of the cell; Py: pyrenoid; R with arrow: right

direction of the cell; Rh: rhizoplast; S: short flagellum.

the anterior-posterior axis and perpendicular
to the dorsi-ventral axis. Fig. 6 is a similar
section but cut through the dorsi-ventral axis.
Fig. 7 is cut in a plane parallel to the left-right
axis and the dorsi-ventral axis. These sec-
tions give a three-dimensional image of the
cell organization including organelle con-
figurations illustrated in Fig. 1. The ring-
shaped mitochondrial profile in Fig. 1b was
based on serial sections of whole cells which
are not shown here.

There is a shallow groove with a flat bottom
(Fig. 7), the flagellar groove, at the ventral
side of the cell from where a long flagellum
emerges anteriorly (Figs. 4, 6, 17-22). Many
coated pits and vesicles are scattered near the
plasmalemma of this region (Figs. 18-20,
28). At the right side of the flagellar groove is
a pocket, called the flagellar pocket, in which
another hidden flagellum, the short flagellum,
is accommodated (Figs. 4, 7, 14-24). The
mouth of the flagellar pocket is a narrow slit,

(p- 14)
Figs. 2 and 3.

tions). Arrowheads indicate eyespots.

Light micrographs of the cell viewed from left (2) and ventral (3) sides (same magnifica-

Fig. 4. Longitudinal section of the cell cut parallel to the anterior-posterior axis and perpendicular to the

dorsi-ventral axis.

Peripherally located chloroplast lobes, mitochondrial profiles, contractile vacuole and

mucocysts with or without content are seen. Arrowheads indicate fibrous material in discharged mucocysts. The

long and short flagella, their basal bodies and associated four microtubular roots are seen.

Cytoskeletal

microtubules arising from R1 are indicated by arrows. Note that no indication of the transitional helix is visible in

the transition region of the short flagellum.
Fig. 5. Fluorescence microscopy of the cell.

Autofluorescence of chlorophyll directly indicates the mor-

phology of the chloroplast. It is star-shaped and the pyrenoid region is seen as a black space at the center.
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Fig. 6. A cell cut parallel to the anterior-posterior axis and dorsi-ventral axis of the cell. The long flagellum
is obliquely arising from the cell. Transitional helix gyres are visible. The chloroplast is cup-shaped, and at the base
is a pyrenoid with tubular grooves penetrated from the ventral side. The nucleus is in contact with the pyrenoid
region and its outer membrane is continuous with the chloroplast endoplasmic reticulum.  Golgi body is situated
at the anterior side of the nucleus. Contractile vacuole, R1, mucocysts and mitochondrial profiles are also visible.

Fig. 7. A cell cut parallel to the dorsi-ventral axis and left-right axis of the cell. Flagellar groove with flat
bottom, and transverse sections of three microtubular roots are visible. Cytoskeletal microtubules (arrowhead)
arise from R1. The short flagellum is ensheathed in the flagellar pocket to which a process of the chloroplast with
conspicuous eyespot is attached.

Fig. 8. A striated root, rhizoplast, connects the basal body complex and the nucleus.
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Fig. 9.

Fig. 10.
Figs. 11-13.
chloroplast and the centrally located nucleus are seen.

High-magnification of the pyrenoid region.
Note electron dense material in tubular groove of the pyrenoid (arrowhead).

Numerous vesicles are present in periplastidal space.

Part of chloroplast. Note that both girdle lamella and genophore are not present.
Micrographs of a crushed cell (same magnifications).

11. Phase contrast. Star-shaped

12. Phase contrast with superimposed fluorescence of DNA

stained with DAPI. Chloroplast nucleoids are scattered or strand-like aligned in the lobes (arrowheads) and not

ring-shaped. 13. Fluorescence only.

ca. 200-300 nm wide (Figs. 30, 31). The
short flagellum is bulbous and ca. 1 p¢m in
diam. so that it never emerges outside the
flagellar pocket; this, together with a con-
spicuout eyespot situated close to the
flagellum (Figs. 7, 22-24, 30, 31), makes it
difficult to observe the short flagellum with
the light microscope (Figs. 2, 3).

The chloroplast is peripherally located
(Figs. 6, 7). Fluorescence microscopy clearly
shows its star-shaped appearance (Fig. 5).
Lobes are variable, 6 to 13, and extend ven-

trally along the periphery of the cell (Figs. 3,
4). Beside these peripheral lobes, a process
arises from right inner side extends ventrally
and reaches to the dorsal side of the flagellar
pocket (Fig. 7). At the tip of this particular
process is an eyespot comprising of a single
layer of pigmented globules juxtaposing the
contour of the flagellar pocket (Figs. 7, 22-24,
30, 31). Chloroplast lamellae are mainly
made up of three thylakoids (Fig. 10). The
dorsal side of the chloroplast is a transparent
region that can be observed under the light

Figs. 14-24.
the cell.

Consecutive serial sections of the flagellar apparatus cut from the ventral towards dorsal side of
Orientation of the flagella, basal bodies and microtubular roots can be traced. Note that these basal
bodies are interlinked by a proximally located connecting band (Fig. 22 arrowhead).

Association of the short

flagellum with eyespot is also seen. Large arrows in 16—19 indicate one of R3 microtubules extending and in con-

tact with the anterior basal body. Cytoskeletal microtubules arising from R1 are indicated by small arrows in 19—
21. There are coated pits or vesicles scattered around the flagellar groove (arrowheads in 18-20). Magnifications
the same as Fig. 15.

Figs. 25-27. Three of a series of serial sections of the anterior and posterior basal bodies. Micrographs are
printed as to be viewed from the posterior side of the cell. Path of R1 and the connecting band (arrowhead) are
shown. R1 is made up of three stranded microtubules at its proximal end (Fig. 27). Profiles of R2 (Fig. 25) and
R3 (Fig. 27) are also visible. Magnifications the same as Fig. 25.
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microscope (Fig. 2). This is a pyrenoid
(Fig. 6) as has previously been demonstrated
by BELCHER and SwALE (1971), and is seen as
a black circular space when autofluorescence
of the chloroplast is observed (Fig. 5), in-
dicating lack of chlorophyll. The pyrenoid is
penetrated by tubular grooves from the ven-
tral side, in which electron dense material is
deposited, but never penetrated or traversed
by thylakoids (Figs. 6, 9). The girdle lamella
and ring-like chloroplast DNA region, the
genophore, both typical features of the
chrysophytes (GiBBs ¢t al. 1974, COLEMAN
1985), have never been observed in P. pascher:
(Figs. 4, 10). Lack of the genophore was
confirmed using DAPI-stained material.
Figures 11-13 are micrographs of a crushed
cell, in phase contrast, phase contrast plus
superimposed fluorescence of DAPI and
fluorescence only. These figures indicate that
the chloroplast DNA does not form a ring-
shaped profile but is scattered in the lobes.
The fluorescence of DAPI in the chloroplast is
often seen as slender strands parallel to the
lobes (Fig. 12).

The space between chloroplast lobes are oc-
cupied by vesicles (Fig. 4). The content of
these almost empty vesicles may have dis-
solved away during preparation for electron
microscopy. However, some vesicles contain
residue of a fibrous material (Fig. 4) that
seems to be of the same nature as that in small
vesicles scattered around the Golgi body
(Figs, 4, 6). These vesicles are thus called
here as mucocysts. This suggests their com-
mon origin from Golgi boby. These con-
tents may be released outside the cell and con-
tribute to form mucilaginous material in
which cells are embedded in the palmelloidal
stage. BELCHER and SwaLE (1967) reported
that a dominant stage of P. pascheri in culture
and also in nature is palmelloidal stage, and it
is also true in our strain of P. pascheri. The
fibrous vesicles described in P. pascheri by
BeELGHER and SwaLE (1971) may be of the
same nature.

The nucleus is situated ventrally to the
pyrenoid and its outer membrane is con-
tinuous with the outer membrane of the

chloroplast endoplasmic reticulum (ER)
(Figs. 6, 9). There are many ER profiles be-
tween the nucleus and pyrenoid, and we sug-
gest that a periplastidal ER forms a network
in this region. A Golgi body is situated ven-
tral and anterior to the nucleus aligning its
cisternae parallel to the nuclear surface (Figs.
6, 8). The contractile vacuole is also located
in this region (Figs. 4, 6, 7), often at the left
anterior side of the nucleus, however, its posi-
tion is not constant. In sections such as
Figs. 4, 6 and 7, several mitochondrial pro-
files are seen. However, serial sections (not
demonstrated) confirmed that it is single and
ring-shaped, and is situated on the inner side
of the chloroplast, as illustrated in Fig. 1b.
Flagella and basal body complex: The
long and short flagella are situated in definite
positions against each other. The long
flagellum arises in the flagellar groove oblique
to the ventral surface of the cell (Figs. 6, 28,
29) and extends anteriorly. It is coated by
rows of mastigonemes (not illustrated). In its
transition region, the transitional helix is
made up of three gyres (Figs. 6, 28, 29). The
short flagellum is situated right to the long
flagellum, also anteriorly, lying about 45°
against the long flagellum in ventral view
(Figs. 4, 14-24). It is bulbous and contains a
normal nine-plus-two axoneme (Figs. 30, 31)
as well as electron dense material surround-
ing the axoneme (Figs. 16-24). This dense
material is presumably flavin-like material
and responsible for autofluorescence of the
short flagellum, a feature widely distributed
in chlorophyll - and c¢-containing algae
(Kawar 1988, CoLEmMan 1988, Kawar and
InouvE 1989). No transitional helix has been
observed in its transitional region (see Figs.
19-22).

Although orientation is different, the long
and short flagella are obviously homologous
to the anterior and posterior flagella of typical
chrysophytes such as Ochromonas so that, in
the following descriptions, basal bodies
associated with the long and short flagella of
P. pascheri are called anterior basal body and
posterior basal body, respectively.

Two basal bodies are arranged to make an
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Figs. 28-29. Two of a series of serial sections cut through the long flagellum and proximal part of R1 (same
magnifications). Transitional helix gyre (arrows) and three aligned microtubules of R1 (Fig. 28) and associated
cytoskeletal microtubules (Fig. 29) are shown. Coated pit (arrowhead) is also visible.

Figs. 30-31.

Two similar sections cut parallel to the dorsi-ventral and left-right axis of the cell.
microtubular roots are seen along the surface of the flagellar groove and the flagellar pocket.

Four
The number of

microtubules comprising roots is three for R1, single for R2 (Fig. 30), and two for R4 and three for R3 (Fig. 31).
The eyespot closely associated with the short flagellum is also clear in these micrographs.

angle of about 45° in ventral view (Fig. 23).
The proximal end of the posterior basal body
faces the right lateral side of the anterior basal
body (Figs. 21-23). Proximally the basal
bodies are interlinked by a slender non-
striated connecting band (Figs. 22, 26) and
no other connecting structure has been ob-
served. The connecting band links the ventral
part of the posterior basal body and ventral-
right part of the anterior basal body (Fig. 26).

A fibrous cross-banded root, the rhizoplast,
arises from the proximal end of the basal
bodies and descends down to and along the
anterior side of the nucleus (Fig. 8). It is
slender and easily overlooked.

Each basal body has two associated
microtubular roots, termed R1 and R2 for
those associated with the anterior basal body

and R3 and R4 for those associated with the
posterior basal body. R1 is a three-stranded
microtubular root (Figs. 7, 27, 30). It arises
from the left side of the anterior basal body
(Figs. 22-23, 27), and extends anteriorly first
going down dorsally and then parallel to the
cell contour of the left bottom margin of the
flagellar groove (Figs. 18-23, 28, 29). This
root has a clockwise path when viewed
from the ventral side (Figs. 4, 18-23).
Cytoplasmic microtubules arise from RI1
(Figs. 4, 19-21, 29), extend up along the
flagellar groove and terminate in a short
distance of about 0.5 ym (Fig. 7). This in-
dicates that R1 carries a microtubule organiz-
ing center (MTOC). The microtubular root,
R2, arises from the right-dorsal side of the
anterior basal body (Figs. 23, 25). It is a
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Fig. 32. Diagramm of the flagellar apparatus of
Phacaster pascheri viewed from left anterior side of the
cell. Two flagella and basal bodies are arranged
making an acute angle and four microtubular roots

extend in an anterior direction. Note that R1 is
responsible for microtubule organization and there
is only a proximally located connecting band and no
distally located connecting fiber.  Associated
eyespot is shown. Flagellar groove and flagellar
pocket are drawn by broken lines. Mouth of the
flagellar pocket is indicated by triangle. Illustration
not to scale.

single microtubule (Fig. 30) and extends
anteriorly beneath the basal body and then
just beneath the hottom of the flagellar groove
(Figs. 19-23). It terminates inside the region
surrounded by R1’s path (Fig. 19).

R3 comprises of three microtubules (Fig.
31). It arises from the right-ventral side of
the posterior basal body (Figs. 21-22),
but proximally one of the component
microtubules extends and makes contact with
the anterior basal body at its ventral side
(Figs. 16-19). Distally, R3 extends anterior-
ly along the ventral side of the mouth of the
flagellar pocket (Figs. 14, 15, 30, 31). R4isa
two-stranded root (Figs. 14, 20). It ari,@.‘.es
from the left side of the proximal end of the
posterior basal body (Fig. 22) and extends
anteriorly along the dorsal side of the mouth
of the flagellar pocket (Figs. 20, 21, 30, 31).
It extends up towards the ventral surface
along the anterior end of the mouth and ter-
minates there (Figs. 14-18). It almost ‘at-
taches to R3 (Fig. 14) so that R3 and R4
together make a long flattened loop along the
contour of the flageller pocket. The flagellar

apparatus is illustrated in Fig. 32.

Discussion

The cell of Phaeaster pascher: is characterized
by the following features: 1) dorsi-ventrally
compressed cell body, 2) highly differentiated
chloroplast morphology, 3) lack of girdle
lamella, 4) scattered or strand-like chloroplast
DNA and lack of the ring-like genophore, 5)
short flagellum embedded in the flagellar
pocket, 6) anteriorly oriented anterior basal
body which makes an angle of about 45°
against the posterior basal body in the ventral
view, and 7) anteriorly extended micro-
tubular roots of the short flagellum. All these
characteristics are distinct from typical
chrysophyte cell organization.

The lack of the girdle lamella and ring-
shaped genophore has been found in some
other chrysophytes such as Rhizochromulina
marina  HiBBERD et CHRETIENNOT-DINET
(HiBBerp and CHRETIENNOT-DINET 1979),
Chrysamoeba radians KieBs (HisBerp 1971),
Saccochrysis  pyriformis KORSH. (ANDERSEN
1986) as well as two silica-scaled genera,
Chrysosphaerella and  Spiniferomonas (Chromo-
physomonas) (Pre1sic and HieBerD 1983). In
these algae, peculiar characteristics not
typical for the chrysophytes were found such
as rhizopodia (Rhizochromulina, Chrysamoeba),
two flagella arranged at a rather acute angle
(Chrysamoeba see Fig. 17 in HisBErD 1971)
and scales covering the cell surface (Chryso-
sphaerella).

The flagellar pocket is not common in the
chrysophytes, but a groove which ensheathes
the short flagellum has been found in some
species such as Chromulina  psammobia
(RourLLer  and  Faure-Fremier  1958),
Chromulina placentula (BELCHER and SwaLE
1976) and Microglena butcher: (CouTE and
Preisic 1981). These algae also possess
unusual features, e.g. a highly differentiated
striated fibrous root, a pseudocaryophore (C.
psammobia, see Fig. 9 in RouiLLer and
Faure-Fremier 1958, M. butcheri, CouTk and
Prersic 1981) and a dorsi-ventrally com-
pressed cell (C. placentula).
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The lack of the girdle lamella and
genophore and presence of the flagellar pocket
observed in P. pascheri are advanced features
in the evolution of the chrysophytes, because
they are associated with other unusual
features mentioned above.

Orientation of the short flagellum, basal
bodies and roots in P. pascheri is most
unusual, when we compare it with previously
published data for other chrysophyte genera.
ANDERSEN (1987, 1989) summarized the
flagellar apparatus of the Chrysophyceae, and
incorporating some other features which were
not mentioned by ANDERSEN, we characterize
it as follows and illustrated in Fig. 33 together
with that of P. pascheri for convenience. 1)
The long flagellum arises from the cell at an
angle of about 90° against the cell surface so
that it is seen more or less in transverse sec-
tion in the view shown in Fig. 33a. 2) The
short flagellum is disposed parallel to the cell
surface making an angle of about 90° against
the long flagellum. 3) The connecting
devices to interlink basal bodies are two prox-
imally located bands. A distal fiber, which is
common in many other groups of algae, has
never been reported. 4) One of microtubular
roots, R1, associated with the long flagellum
extends anteriorly and bends clockwise.
Cytoskeletal microtubules arise from this

a

Fig. 33.

root, indicating the presence of an associated
MTOC. 5) R2, another root associated with
the long flagellum, extends straight for a
rather short distance compared to R1. 6) R3
and R4 arise from the short flagellum, and ex-
tend away from the anterior basal body and
bend respectively counterclockwise and
clockwise, joining each other and forming
a loop. The eyespot underlies roots. The
flagellar apparatus possessing these features is
termed here as Ochromonas-type, because they
are mainly based on studies on Ochromonas
(Bouck and Brown 1973, ZnanNc unpub-
lished data) and Ochromonas-allied genus,
Poterioochromonas (SCHNEPF et al. 1977).

When we compare Figs. 33a and b, there
are clear homologous relationships of basal
bodies and microtubular roots, though orien-
tation of basal bodies and roots is different.
Homologous structures between these
flagellar apparatuses are labelled by the same
letters or numbers. It is conceivable that
Phaceaster-type flagellar apparatus is assigned
distal to Ochromonas-type flagellar apparatus
in chrysophyte phylogenetic tree, because
Phaeaster has advanced features such as lack of
genophore and girdle lamella and possession
of the flagellar pocket. The following events
may have occurred in the Ochromonas-type
flagellar apparatus, giving rise to the Phacaster-

b

Schematic illustrations of the flagellar apparatuses of Ochromonas-type (a) and Phaester pascheri (b).

Ochromonas-type flagellar apparatus may have given rise to Phaeaster-type flagellar apparatus by rotation of the long

and short flagella with associated microtubular roots (arrows).

Illustration not to scale.
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type flagellar apparatus. 1) The anterior
basal body rotated anteriorly with its prox-
imal end as a fulcrum, resulting in its distal
end being oriented anteriorly. 2) The short
flagellum with associated microtubular roots
rotated counterclockwise in the plane il-
lustrated in Fig. 33, resulting in all of them
directing towards the anterior end of the cell.

Cell organization and the flagellar ap-
paratus of P. pascheri are highly specialized,
and we suggest that this alga has evolved
into a very specialized direction. The
characteristics described here may serve to
understand its taxonomic and phylogenetic
position; however, our knowledge of chryso-
phyte algae as a whole is too limited and at
this time it is difficult to determine its precise
position in the class. Thus it will remain
until more information on many other genera
becomes available.

Finally, some differences between observa-
tions of P. pascheri made by BELGHER and
SwaLE (1971) and ours should be commented
on. These are scales covering the cell sur-
face, the long flagellum widened into a
bilateral wing at the base, and rhizopodia
around the flagellar groove. All of these were
reported by BELGHER and SwaLE (1971) but
never been observed in our strain. Of these,
scales of P. pascheri could be artifactual
because no clear indication of scales was
given. Only in their Fig. 15 (BELCHER and
SwaLE 1971, p. 167), are scales shown in sec-
tion. These scales seem to be situated just
above the chloroplast membrane and no
plasmalemma is observed in this figure. We
therefore suggest that these scales are part of
the plasmalemma broken down into small
pieces (compare well preserved plasmalemma
in their Fig. 12 and “scales” in their Fig. 15).
The bilateral wing of the long flagellum and
rhizopodia were clearly shown by these
phycologists and are undoubtedly their
natural features. In our strain, the basal part
of the long flagellum is swollen and wide (Fig.
31) but never clearly forms a wing. These
structures may or may not be variable in
culture conditions, the cell cycle or in stages
of the life cycle such as motile and palmelloidal

stages. We have not detected these features
in our strain in either motile or palmelloidal
stages (not illustrated) and in specimens fixed
at different times. Most of the other features
are identical between our strain of P. pascher:
and that of BELcHER and Sware (1971).
These features could thus be strain differ-
ences, but at present should remain as an
unsolved taxonomic problem.
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Seasonal variation of photosynthetic capacity in Sargassum horneri*
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Gao, K. 1990. Seasonal variations of photosynthetic capacity in Sargassum homneri. Jpn. J. Phycol. 38: 25-33.

Photosynthesis on a dry weight basis was measured with a differential gas-volumeter in Sargassum
horneri to see its seasonal changes. Photosynthetic activity in leaves of S. horneri showed two peaks a year,
one in November and the other in March. The seasonal pattern of photosynthesis was similar to that
reported for growth of this species. Net photosynthetic rates of the upper leaves were higher than those of
the lower leaves in all months except June, when the plants became mature. In June, net photosynthetic
rate in the lower leaves was higher than that in the upper ones. An adaptive shift of net photosynthetic
response to temperature was observed with a decline in seawater temperature from July to December.
Besides temperature, growth stage and nutrient conditions in the sea also accounted for considerable

seasonal photosynthetic variability.

Key Index Words:  Phacophyta—photosynthesis—respiration—Sargassum horneri.

Sargassum plants were reported to show dif-
ferent photosynthetic characteristics among
different parts (Gao and UmEezaxki 1988a, b,
1989a). Diurnal photosynthesis of S. thunbergii
and S. horneri was found to show higher morn-
ing rate and afternoon depression on fine days
(Gao and Umezakr 1989b, ¢, Gao 1989).
However, little is known about seasonal varia-
tion in photosynthesis of Sargassum plants
(Prince 1980).

Rapid growth of several Sargassum species
has been reported to occur primarily during
periods of low water temperatures (Tsuba
1971, CARPENTER and Cox 1974, DE WREEDE
1976, UMEzAKI 1984). It was suggested that
optimal growth of tropical seaweeds should oc-
cur primarily in winter (MATHIESON and
Dawes 1974). However, PRINCE and
O’NeaL (1979) showed that growth of S.
pteropleuron was rapid during the period of
maximum water temperature in summer.
Prince (1980) reported that a significant
decline in photosynthetic rates of S.
pleropleuron coincided with senescence of the
annual axis and the declining water

* Dedicated to the memory of the late Dr. Boudewijn
H. BrinkHuis, who kindly read and edited the
manuscript.

temperatures of winter. KiLar and HaNisak
(1988) reported seasonal patterns of mor-
phological variability in S. polyceratium.

S. horneri, an annual species, is distributed
on the coasts of both the Sea of Japan and the
Pacific Ocean throughout the Archipelago of
Japan, and is one of the most common species
around Japan. It grows on rocks at low tide
level or at depths of 1 to 5m, and rarely
10 m. The thallus often reaches several me-
ters in length. S. horneri matures in spring,
and disintegrates after the maturation
period; then juveniles germinated from fer-
tilized eggs appear. It has been used as a
food or a vegetable from old times, and even
now harvested plants are sold in some local
places in Japan (IKEHARA 1987).

Knowledge of seasonal photosynthetic
variations is fundamental to understanding
seasonal patterns of growth of photosynthetic
plants and to explaining their ecological
characteristics. The objective of this study
was to determine the seasonal variation of
photosynthesis in S. horneri. Further, I wished
to confirm the differences in photosynthetic
capacity between the upper and lower leaves
of this species examined by Gao and UMEzaKI
(1988a, b).
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Materials and Methods

Water and atmospheric temperatures were
measured daily at 10 o’clock in the morning
at the Fisheries Research Station of Kyoto
University, which is located at the seaside of
Maizuru Bay, one of the branch bays of
Wakasa Bay by the Sea of Japan. Figure 1
shows mean monthly atmospheric and surface
seawater temperatures. Experiments were
carried out from 1987 to 1988 at the station.
Samples of Sargassum horneri were collected at
the seaside within the station.

S. horneri locally matures in May, and
decays after maturation. Juveniles ger-
minated from fertilized eggs appear (visible
to the naked eye) in July. In July and
August, plants were juvenile, about 1 to 3 cm

long, and whole plants were used for
photosynthetic = and  dark  respiratory
measurements. In other months, leaves of

the apical and the basal portions were used for
the measurements. The fifth to seventh
leaves from the apex were designated as the
upper (apical) leaves and the leaves (the
nearest ones to the holdfast) from basal por-
tion of the plant were designated as the lower
(basal) leaves.

Photosynthetic and respiratory measure-
ments were carried out with a differential
gas-volumeter ‘Productmeter’ as reported
by YokoHAMA et al. (1986). Photosynthesis
and respiration were measured at 20°C
(near the yearly average water temperature
in the sea). Photosynthesis and respira-
tion versus temperature curves were deter-
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Fig. 1. Seasonal changes of monthly mean
atmospheric and surface seawater temperature at

the study locality (from Fisheries Research Station
of Kyoto University).

mined from 7 to 39°C in July, October and
December. Photosynthesis was measured at
600 tEm™2s~!, at which it was almost
saturated (Gao and UmEzaki 1988b).

Chlorophylls were determined by freezing
samples at —20°C, grinding in a mortar with
quartz sand, extracting with 909 acetone,
and filtering through absorbent cotton with
90% acetone. The absorbances of the
acetone extract were measured at 750, 664,
630 nm with a spectrophotometer (Hitachi
Ltd., Model 100-2). The concentrations of
chlorophylls a and ¢ were calculated by the for-
mulae of JEFFREY and HumpHrEY (1975).
Data were analyzed using Student’s t-test to
ascertain statistical significance.

Results

Net photosynthetic rate of juvenile
Sargassum horneri was lower in August com-
pared to July (Fig. 2A). Rates of the upper
leaves increased to reach a maximum in
November, showing highest values in Oc-
tober, November and December. Photosyn-
thetic rates then decreased in January and
February, being less than half the rate in
November, again increased in March, and
finally decreased from April to June. Net
photosynthetic rates of the lower leaves were
lower than those of the upper leaves in all
months except in June when the plants
became mature. In June, net photosynthetic
rate was higher in the lower leaves than in the
upper leaves. Net photosynthetic rates in the
lower leaves were higher in November,
February and March compared to the other
months, and did not fluctuate as greatly as in
the upper leaves (Fig. 2A).

Dark respiratory rates of the upper leaves
reached a maximum in November, decreased
until May, and then increased in June (Fig.
2B). Dark respiratory rates in the lower
leaves were lower compared to those in the up-
per leaves in all the months except in May,
when rates were similar in the upper and
lower leaves. Dark respiratory rates of the
lower leaves did not fluctuate as greatly as
those of the upper leaves (Fig. 2B).
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Fig. 2.
of S. horneri.

Dry weight to fresh weight (d.w./f.w.) ratio
of the upper leaves was lowest in October,
November and December, when net
photosynthetic and dark respiratory rates
were highest. The ratio was significantly
higher (P<0.01) in the lower leaves than in
the upper leaves in all the months (Fig. 3).

Comparing the seasonal variations of
photosynthesis and dark respiration of the
upper leaves, it is easy to see that higher

1988

Seasonal variations of net photosynthesis (A) and dark respiration (B) in the upper and lower leaves
The data are the means=*S.E. of 3 to 12 samples.

photosynthetic rates coincided with higher
dark respiratory rates. As indicated in
Figure 4, net photosynthesis increased linear-
ly with increase in dark respiration. Such a
linear relationship was statistically significant
(P<0.001).

Figure 5 shows net photosynthesis and dark
respiration versus temperature curves of S.
horneri obtained in July (A), October (B) and
December (C). Net photosynthesis in July,

028 1 Lower leaf
I  Whole plant

$ 020 | g—Feom77 :
3 L AR
3 <
< 042 }

012 Upper leaf

0.04 1 1 1 1 1 ' 1 1 1 1 1

1987
Fig. 3.

1988

Seasonal variations of dry weight to fresh weight ratios (d.w./f.w.) of the upper and lower leaves of

S. horneri. The data are the means+S.E. of 3 to 12 samples.
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24 |

Rd

Fig. 4. Relationship between net photosyn-
thesis (Pn, at 600 #E m~2s~!) and dark respiration
(Rd) of the upper leaves of S. horneri. Photosyn-
thetic or respriatory rates are expressed in m/ O,
g(d.w.)"'h™!, measured at 20°C.

increased to reach a maximum at about 29°C
and then decreased with an increase in
temperature. Net photosynthetic rates at
39°C were negative. Dark respiration in-
creased almost linearly with an increase in
temperature to 33°C and then increased
abruptly at 39°C. Net photosynthesis in Oc-
tober increased to reach a maximum at about
27°C and then decreased rapidly with an in-
crease in temperature. Dark respiration in-
creased linearly from 7 to 27°C and showed
abrupt increases at 33 and 39°C. Net
photosynthesis in December increased to
reach a maximum at about 25°C and then
decreased with increase in temperature. Net
photosynthesis of the lower leaves showed
trend similar to that of the upper leaves, only
with a photosynthetic maximum at a higher
temperature, 27°C. Dark respiration of the
upper and the lower leaves increased almost
linearly with an increase in temperature to
33°C and increased abruptly at 39°C. Net
photosynthetic rates of the upper leaves were
much higher than those of the lower leaves at
all the temperature levels investigated except
at 39°C. Net photosynthetic rates were
higher in the lower leaves than in the upper
leaves at 39°C. Dark respiratory rates of the
lower leaves were lower compared with those
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Fig. 5. Net photosynthesis (Pn) and dark

respriation (Rd) versus temperature curves of the
upper (O, @) and lower (O, ®) leaves of S. horneri
in July (A), October (B) and December (C). The
data are the means*S.E. of 5 to 16 samples.

of the upper leaves at all of the investigated
temperatures.

Relative (taking maximum as 100) net
photosynthesis and dark respiration versus
temperature curves were compared among
different months (Fig. 6). Net photosynthetic
response to temperature showed higher values
in the order of July, October and December
at suboptimal temperature range (7-25°C)
(Fig. 6A). That is, net photosynthesis was
reduced at lower temperatures in warmer
months, while photosynthetic rate in colder
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months was higher at lower temperatures.
Optimum temperatures for photosynthesis
were at 29°C in July, 27°C in October and
25°C in December, indicating a shift with

temperatures above the optimum, photosyn-
thesis was reduced faster in December, in-
termediate in October and slower in July.
That is, net photosynthesis was reduced faster
in colder months and slower in warmer
months at higher temperatures. Relative
dark respiration rates were higher in July
compared to those in October and December,
and higher in December than in October
below 30°C (Fig. 6B). Q;o was about 1.8 in
July and October, and 1.4 in December.
Net photosynthetic and dark respiratory
rates at monthly mean seawater temperatures
of S. horneri were estimated by conversion of
the rates at 20°C to the rates at monthly mean
seawater temperatures (Fig. 1) by taking into
account the relative photosynthesis and
respiration versus temperature curves (Fig.
6). Estimated net photosynthetic rates of S.
horneri reached a maximum in October and
November, decreased until February, increas-
ed in March, and finally decreased until June
(Fig. 7, Pn). Dark respiratory rates of the up-
per leaves were also highest in November and
were lower in April and May than in other
months (Fig. 7, Rd). In June, when plants
were decaying, dark respiratory rate in-
creased to be equivalent to net photosyn-
thetic rates. Net photosynthetic rates of the
lower leaves were highest in November,

declining seawater temperature. At higher  decreased from December to May, and then
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Seasonal variations of net photosynthesis (Pn) and dark respiration (Rd) of the upper and lower

leaves of S. horneri at monthly mean seawater temperature.
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Table 1.

Chlorophyll contents (mg/g f.w.) and ¢/a ratio of the upper and the lower leaves

of Sargassum horneri in different months. Means of 1 to 3 measurements.

Oct. Nov. Dec. Jan. Feb. Mar. June

Upper leaves
Chl. a 0.812 0.816 0.844 1.271 1.201 1.388 0.199
Chl. ¢ 0.112 0.114 0.116 0.162 0.143 0.142 0.044
Chl. ¢/a 0.138 0.140 0.137 0.127 0.119 0.102 0.221

Lower leaves
Chl. a 1.396 1.448 1.270 1.350 1.589 1.570 0.746
Chl. ¢ 0.238 0.239 0.206 0.224 0.251 0.247 0.123
Chl. c/a 0.170 0.165 0.162 0.166 0.158 0.157 0.165

increased in June (Fig. 7, Pn). Dark respiration
showed higher values in May and June,
during and after maturation period (Fig. 7,
Rd). Both net photosynthesis and dark respi-
ration of the upper leaves at ambient temper-
atures in the sea were higher than those of the
lower leaves in all the months except in June,
when net photosynthetic rate of the lower
leaves exceeded that of the upper leaves.

Table 1 indicates chlorophyll contents of
the upper and the lower leaves of S. horneri in
different months. Chlorophylls ¢ and ¢ con-
tents of the upper leaves were highest in
January, February and March. Chlorophyll
contents of both the lower and the upper
leaves were lowest in June. Chlorophylls a
and ¢ contents, and ¢ to a ratios were higher in
the lower leaves than in the upper leaves in all
the months.

Discussion

Photosynthetic  activity of leaves of
Sargassum horneri showed two peaks in a year,
one in November and the other in March.
UmMEzaki (1984) reported that the daily in-
crease in dry weight and in length of main
axis showed two peaks, one in December to
January and the other in February to
March. Thus, the peaks for photosynthetic
activity in the present study almost cor-
responded to the peaks for growth reported by
Umezakr (1984). Prince (1980) reported
that seasonal pattern of photosynthesis was
similar to that for growth in S. pteropleuron.
After becoming mature, S. horneri plants

almost ceased growth (UMEzAKI, 1984). This
can be due to lower net photosynthetic rate
and higher dark respiratory rate at this
period, as shown in the present study.

Gao and Umezakr (1989a) reported that
photosynthesis increased with a decrease in
d.w./f.w. ratio in S. thunbergii. In the present
study, net photosynthetic rate of the upper
leaves of S. horneri decreased while d.w./f.w.
ratio increased from December to January
and February. Net photosynthetic rate was
higher in the upper leaves than in the lower
leaves, with d.w./f.w. ratio lower in the
former than in the latter. The decline in
photosynthesis in the leaves of S. horneri coin-
cided with senescence of the leaves, as
previously reported (UMEzaki and Gao
1988b).

Receptacles accounted for nearly 70%
fresh weight of a S. horner? plant, and showed
much lower light-saturated net photosyn-
thesis in June (Gao 1989). In the present
study, light-saturated net photosynthetic rate
of the upper leaves was equivalent to dark
respiratory rate in June. Thus, daily net pro-
duction of an individual plant of this species
might approach zero or become negative in
this month. Reduced photosynthetic rate
was correlated with reduced chlorophyll con-
tents of the species in June (Gao and
UmMEzakt 1988a). In the present study,
chlorophyll contents decreased faster in the
upper than in the lower leaves when the plant
became mature, so that net photosynthetic
rate on a dry weight basis of the lower leaves
exceeded that of the upper leaves in June.
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Seasonal variability of the photosynthesis-
temperature relationship was studied by
Aruca (1965a) in natural freshwater
phytoplankton communities. He reported
that the optimum temperature for photosyn-
thesis adjusted in an adaptive fashion; the
higher the temperature of the environment,
the higher the optimum temperature for
photosynthesis. Aruca (1965b) also found
an adaptive shift in the photosynthesis-
temperature relationship in Chlorella ellipsoidea
cultured at different temperatures. In the
present study, the monthly mean seawater
temperatures were 26.5, 21.5 and 12.5°C in
July, October and December, respectively,
when the photosynthesis-temperature curves
were determined. Optimum temperature for
photosynthesis in S. horneri was 29, 27 and
25°C in July, October and December, respec-
tively. Net photosynthetic rate was higher at
lower temperatures and was lower at higher
temperatures in colder months as compared
with warmer months. These results of S.
horneri in the present study are similar to those
reported by Aruca (1965a, b) for
phytoplankton. In studies on 4 species of
green algae, 7 species of brown algae and 4
species of red algae, YokoHama (1973)
reported that the optimum temperature for
photosynthesis was higher in summer than in
winter. This is also similar to the results of
the present study. Such an adaptive shift in
optimum temperature through a year has
been also shown in gametophyte develop-
ment, growth and reproduction in Laminaria
saccharina (LEE and BriNkHUIS 1988).

Honpa and Oxupa (1989) reported that
the upper leaves of both vernal and autumnal
S.  horneri showed highest light-saturated
photosynthetic rates in autumn. The present
study gave the results of vernal S. horneri
similar to those reported by the above
authors. The possible reasons for the
seasonal variation of photosynthetic capacity
in this species are conclusively discussed as
follows.

Seasonal changes in temperature may great-
ly contribute to seasonal changes in photosyn-
thesis of S. horneri. However, lower photosyn-
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Fig. 8. Seasonal variations of mean nitrate
and phosphate concentrations in seawater at
Nagahama, Maizuru Bay (data by Dr. H.
NAKAHARA).

thetic rates were found in juvenile plants in
August and in plants after becoming mature
in June, so that different growth stages seem
to have different photosynthetic rates. KiLar
and Hanisak (1988) reported that patterns of
leaf development, senescence and loss caused
pronounced seasonal changes in leaf length-
width ratios in S. polyceratium. Seasonal
changes in morphological characteristics of
the leaves of S. horneri may give differences in
photosynthesis. On the other hand, seasonal
changes in nutrient conditions in the sea may
also influence photosynthetic variability in a
year. It was found that photosynthetic activi-
ty and chlorophyll contents of S. thunbergii
depended significantly on nutrient conditions
in the sea (Gao and NAKAHARA, in press).
LapoiNTE (1986) demonstrated that diurnal
photosynthetic rates in pelagic Sargassum
species, S. natans and S. fluitans increased with
PO}~ enrichment. At the present locality,
nitrate and phosphate concentrations were
highest in November and March (Fig. 8),
when the photosynthetic rate of S. -horneri was
highest. Therefore, nutrient conditions in
the sea can also be an important parameter in
consideration of the seasonal variability in
photosynthesis of S. horner:.
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Norris, R. E. 1990. A critique on the taxonomy of an important agarophyte, Gelidium amansii. Jpn. J.
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Originally described by Lamouroux from specimens collected in Madagascar and Mauritius, Gelidium

amansii is also found in South Africa and on the eastern Asian coast.

Not having been found again in

Mauritius, a well collected area, the designation of Mauritius as its type locality may be an error. Recent
collections in Madagascar also have not uncovered additional specimens of this species, and there may be an
error in the entire original designation of the type locality by Lamouroux. The type specimen of G. amansii
is a sterile plant having size and structural differences from the-South African plants. The type specimen is
also different from Japanese specimens identified as G. amansii. It is recomended that three different species
are represented in this study, G. amansii possibly from Madagascar, G. elegans from eastern Asia and a new

species, G. abbottiorum, from South Africa.

Key Index Words:
Japan—Rhodophyceae.

Fucus amansii was described by LAMouroux
(1805) from specimens collected ‘in insulae
Franciae et Madagascar oris’. Lamouroux
(1813) transferred this species to Gelidium.
Two varieties were illustrated by LAMouroux
(1805), one having many pseudodichotomous
to pinnate branches (Fig. 1) and the other, a
thallus fragment, with a more sparse but
similar branching pattern. The branches in
LaMouroux’s figures appear to be flexuous,
sub-terete in sectional view, and branch
tips are gradually tapered to a sharp point.
The axis is compressed, according to
Lamouroux’s description, at least in prox-
regions. Lamouroux’s  original
specimens were examined, described and
photographed by Sec1 (1959) who found no
reproductive branches on them, contrary to
Lamouroux’s figures. This discrepancy can-
not be explained at this time. Plants similar
to G. amansii were not collected in Mauritius
in the thorough study made on that flora by

imal

* The contents of this manuscript were presented as an
oral paper at the XIIIth International Seaweed Sym-
pesium, Vancouver, in August 1989.

agarophytes—eastern Africa—economically important seaweeds— Gelidiales—Gelidium—

BorGESEN (1943), and it is possible, therefore,
that the type specimen of this species is from
Madagascar. Marine algal collections from
Madagascar, however, are sparse and I have
found no specimens similar to LAMOUROUX’s
in a few collections from there that were
available for me to examine. The possibility
exists, therefore, that a mistake was made
in designating the locality of the original
specimens used and illustrated by
LaMouroux.

Plants identified as G. amansii also are
recorded on the east coast of South Africa
(Day 1969, Seacrier 1984), and in Japan
(Kiotzine 1868, Oxamura 1913-1915),
China (Tsene 1983, SanTELIcEs 1988), and
the Philippines (SiLva e al. 1987). Using
plants collected mostly in Japan, SANTELICES
and STEwART (1985) and SanTELICES (1988)
described G. amansii and compared it with
other Pacific species of Gelidium without men-
tioning the fact that it also occurs on the
South African coast. SANTELIGES (1988) com-
pared the type illustrations of G. amansii with
plants from eastern Asia and reviewed similar



36 Norris, R. E.

studies made by Seci and AKATSUKA. Plants
known as G. amansii in Natal have been com-
pared with two other large Gelidium species
from the southeastern African coast by Nor-
RIS ¢t al. (1987).

In my present investigation on the marine
benthic algal flora of Natal, I have made a
study of this species in southeastern Africa
and compared it with the type specimen of G.
amansii as well as with specimens assigned
that name from Japan.

Materials and Methods

The following dried herbarium specimens
were used in this study and are deposited in
the designated herbaria: International Indian
Ocean Expedition collections made in Natal
by G. F. Papenruss and R. F. ScaceL (UC &
UBC): PR-XXIX-53, Mission Rocks, north
of St. Lucia (22-1X-1962); PR-XXX-32,
Richards Bay (24-XI-1962); PR-XXXI-49,
St. Lucia Lighthouse (24-XI-1962); PR-XX-
XIII-9, Chakas Rock (26-XI-1962); PR-XXX-
IV-33, Reunion Rocks (27-XI-1962); PR-
XXXV-14, St. Michaels-on-the-Sea (28-XI-
1962); PR-XXXVI-53, Shelley Beach, north
of Uvongo (29-XI-1962); recent collections
made in the 1980’s by various collectors at
several localities in Natal from Cape Vidal,
northern Natal to Palm Beach, near the Tran-

skei border, SAM 100323-100341 (liquid
preserved pieces of thalli, in the SAM collec-
tions, were examined for many of these
specimens). The Japanese specimens studied
were all collected by Dr. I AkaTsuka in 1981
and are from Emi, Tiba-ken (SAM 100367-
100376), Dbégasima, Izu Peninsula (SAM
100362-100366), Hamazima, Mie-ken (SAM
100356-100361), Takahama, Noto Peninsula
(SAM 100349-100355), Kdénami, Noto Penin-
sula (SAM 100346-100348), and Senkaku
Bay, Sado Is., Niigata-ken (SAM 100342-
100345).

Only photographs of the entire holotype
specimen of Gelidium amansii, which is in the
Lamouroux herbarium (CN), were exam-
ined, but fragments of the type specimen were
found in UC and these were used for observ-
ing details of the structure of that species.

For investigations with the microscope,
pieces of herbarium specimens were sectioned
while the thallus was dry and the sections then
soaked in freshwater and mounted in corn
syrup medium containing aqueous aniline
blue stain.

Observations

Thalli from Natal (Figs. 2, 3, 7) and Japan
(Figs. 4, 6), when compared with the type
specimen of Gelidium amansii (Figs. 1, 5), have

Table 1. Characters distinguishing G. amansii from three localities.
Character Madagascar Natal Japan
Mature axes Cylindrical to compressed Compressed Compressed to flattened

Branching pattern

Branching near base
Angle of branching with
axis

Branch tips

Secondary branches

Distance between secon-
dary branchlets

Tetrasporangial branches

Subdichotomous, mostly
secondary

Common

Acute
Gradually attenuate

Straight

1-3 mm

Apiculate, up to 1 mm
broad, short stalks, not
geniculate

Pinnate, mostly tertiary

Rare

Mostly perpendicular
Abruptly attenuate

Often reflexed

1-3 mm

Spatulate, up to 1 mm
broad, with long stalks,
sometimes geniculate

Pinnate, tertiary and
quaternary

Common

Acute

Some gradually & others
abruptly attenuate

Straight

1 mm

Spatulate, up to 800 #m
broad, long stalks, usual-
ly geniculate
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few characters in common (Table 1). The
thalli from Natal and Japan are pinnately
branched whereas the type specimen of G.
amansii has subdichotomous branching with a
Ultimate branches of
the type specimen of G. amansii are narrower
than those in the Natal collections and they at-
tenuate to a much finer tip than in most of the

few pinnate branches.

Japanese or Natalian plants. Sections of the
axis of Madagascaran G. amansii reveal that it
is only slightly compressed (up to approx.
I mm thick), whereas the axis and some
branches of the Japanese plants are slightly to
strongly flattened and expanded (up to 2 mm
broad and 350 p#m thick). Axes in the Natal
plants are up to 1 mm broad, cylindrical to
distinctly compressed (up to 600 pm thick),
but never as flat nor expanded as they are in
the older parts of Japanese thalli.

Branching of the Madagascar plant as well
as those from Japan occur near the base of the
thalli, but the Natal plants often produce a

long unbranched axis before the first lateral
branch is formed, and, as a result, the mature
thalli of the Natal plants have no or few pin-
nae in the proximal quarter to one-third of the
This area is well branched in both the
Madagascar and Japanese forms.

The Natal thalli have many long branches
directed at right angles from the axis, the long

axis.

sterile branches often having few to no branch-
lets of the second order (Fig. 3). Third and
fourth order branching in the Natal plants oc-
curs but is relatively uncommon in many
plants and usually develops only when thalli
Third
order branching in the Madagascar plants
(Figs. 1, 5) is rare, but it, as well as fourth
order branching, is common in the Japanese
plants (Figs. 4, 6). Branches in the Japanese
plants are much closer together (approximately
I mm apart) than in either the Mada-

become reproductive (Figs. 2, 3, 7).

gascaran or Natalian plants (approximately
1-3 mm apart) (Figs. 5-7). Ultimate branches

Fig. 1.

Drawing of the type specimen of Gelidium amansii as published by Lamouroux (1805), P1. 26 (the

specimen in Lamouroux’s Fig. 2 was estimated to be approximately 15 cm tall).
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Figs. 2 and 3. Specimens from the Natal coast, both tetrasporangiate. The specimen in Fig. 3 (SAM
100323) has few fertile branchlets and many sterile branches of the second order, some with proximal reflexing
typical for specimens of this region. The specimen in Fig. 2 (SAM 100135) is the holotype for Gelidium abbottiorum.

of the Japanese plants are narrower than
those from Natal, but both are often obtuse.
The angle of primary branches to the axis is
often close to 90° in the Natal specimens,

whereas in  both the Madagascar and
Japanese plants the angle of branching is
always more acute (Figs. 5, 6). Secondary
sterile branch tips on the Natal thalli are often
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directed proximally, the lax branches being a
unique and distinctive character for plants
from this region (Figs. 2, 3).
Tetrasporangia-bearing parts of branchlets
in the Natalian and Japanese specimens
often have long stalks (up to 4 mm long)
(Figs. 8, 9), whereas these regions on
Madagascaran specimens are on shorter
stalks (f.3 & f.4 within Fig. 1). The breadth
of fertile parts of tetrasporangial branchlets is
distinctly narrower in the Japanese plants (up
to approximately 800 #m broad) than in
plants from the other two regions (up to
approximately 1 mm broad). Natalian tetra-
sporangial branchlets have broadly obtuse
apices whereas the branchlet tips in the

4

specimens from the other regions often are
Fertile branchlets of Japanese plants
usually are geniculate and sometimes such
branchlets are also geniculate in Natalian
specimens. Fertile branchlets are not geni-
culate in the type specimen of G. amansii (£.3
& f.4 in Fig. 1).

The position of rhizines in branches is
sometimes used to distinguish species of
Gelidium, and rhizine in third order branches
was a character used to separate G. capense
from G. amansii and G. pteridifolium in
southern Africa according to NORRIS et al.
(1987). The rhizines of second and third
order branches in the Natalian, Japanese and
Madagascar specimens assigned to G. aman-

acute.

LA g TR TR R
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A specimen from Takahama, Noto Peninsula, Japan legit I. Akatsuka (SAM 100349).
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3mm

Figs. 5-9. Branch tips of Gelidium amansii. Fig. 5. A piece of the type specimen from Madagascar. Fig. 6.
Branch from a Japanese specimen (SAM 100349). Fig. 7. Part of a tetrasporangiate specimen, the holotype, from
Natal (SAM 100135). Fig. 8. A branch with tetrasporangial branchlets from Natal (part of the holotype specimen
of G. abbottiorum). Fig. 9. A branch with tetrasporangial branchlets from Japan (SAM 100349).
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stz, however, are all located mostly in the in-
ner cortex. This character must be used with
caution and recognized as generally
unreliable in separating species of Gelidium
(SaNTELIGES and STEwART 1985).

Conclusions

The characters exhibited by plants known
as Gelidium amansii from the three areas,
Madagascar, Natal and Japan, are consistent-
ly distinct from one another and it is recom-
mended that three different species be
recognized for these specimens. The
Madagascar entity, being the type specimen
of G. amansi, retains that epithet. Gelidium
amansii as known in Japan is closely related to
G. pacificum OkAMURA (1913-15) in habit as
well as occurring in nearby habitats. Suto

(1954) considered G. pacificum to be much the .

same as Japanese G. amansii and AKATSUKA
(1982) as well as SANTELICES (1988) came to a
similar conclusion, pointing out the existence
of many intermediate forms. I recommend
that the epithet, G. amansii, be abandoned for
the Japanese plants, as well as those from
China and the Philippines, and the plants
from that region be known as G. elegans Kirz-
ING (1868), a name assigned to synonymy of
G. amansii (Lamouroux) Lamouroux by
Oxamura (1934), as a form of G. amansii, and
that G. pacificun OKAMURA be designated a
synonym of G. elegans.

The Natal G. amansit has a form different
from the Madagascar type specimen of G.
amansit as well as G. amansii of Japan. It is
hereby proposed, therefore, that the southeast
African plants previously known as G. amansii
be given a new name, G. abboitiorum sp. nov.
The new species epithet honours a unique cou-
ple who, both together and separately, have
made many significant contributions to the ad-
vancement of marine phycology: Professor
Isabella Abbott of the University of Hawaii,
Honolulu, and her late husband, Dr. Donald
P. Abbott, Emeritus Professor at the Hopkins
Marine Station of Stanford University.
Gelidium abbottiorum R. E. NORRIS sp. nov.

Rami erecti usque ad 300 mm longi, toti;

axis usque ad 1 mm latus, 600 #m crassus;
ramificantes plerumque in dimidio distali us-
que ad trientem distalem axis, ramosi usque
ad quater pinnatim ubi fecundi; rami secon-
darii plerumque perpendiculares ad axem et
saepe recurvati proximaliter et 1-3 mm
distantes. Ramuli tetrasporangiferi varie for-
mati, sed saepe elongati spathulati; ramuli
fecundi aliquando geniculati. Holotypus
speciminis (Tab. 3): SAM 100135, tetra-
sporophytum lectum e littore interaestuali
Widenham, Natal, a Dr. A. CRITCHLEY
(9-111-1986) (Nat 3768).

Erect branches up to 300 mm long, entire;
axis up to 1 mm broad, 600 #m thick; branch-
ing mostly in the distal one-half to one-
third of the axis, up to four times pinnately
branched when fertile; secondary branches
usually at a right angle to the axis and
often proximally recurved and from 1-3 mm
apart. Tetrasporangiate branchlets of vari-
able shapes, but often elongate spathulate;
fertile branchlets sometimes geniculate.
Holotype specimen (Fig. 2): SAM 100135,
a tetrasporophyte collected intertidally at
Widenham, Natal, by Dr. A. CRITCHLEY
(9-1II-1986) (Nat 3768).
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Photoperiodism and life history of Psilothallia dentata (Oxamura) KyLin

(Ceramiaceae, Rhodophyta) in culture
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FREDRIKSEN, S., Boo, S. M. and RuenEss, J. 1990. Photoperiodism and life history of Psilothallia dentata
(Okamura) KyLin (Ceramiaceae, Rhodophyta) in culture. Jpn. J. Phycol. 38: 43—49.

The red alga Psilothallia dentata (Okamura) Kylin from Korea was studied in culture under different
light : dark cycles (8:16,8:7:1:8, 16:8, 24 : 0) and photon flux densities (180, 90, 60 /zmol m~271) at
17°C. A Polysiphonia type of life history was demonstrated. Tetrasporogenesis was under photoperiodic
control and the tetraspores were only produced under short-day conditions. More than 10 short-day cycles
were necessary for induction, and interruption of the dark period by a one hour night-break did not inhibit
the formation of tetraspores. Gametophytes exhibited no photoperiodic responses. Growth was best
under the longest photoperiods and the lowest photon flux densities tested. This is the first culture study of

a species of Psilothallia.

Key Index Words:  growth—life history—photoperiodism—Psilothallia dentata— Rhodophyta.

Photoperiodism could be defined as “the
control of some aspect of a life cycle by the tim-
ing'of light and darkness” (DrinG 1984). Itis
important to distinguish between responses
due to the amount of light and responses due
to its duration. In the last 10 years numerous
reports of algal species showing photoperiodic
responses have been published (see Dring
1984 for review). Most of the responses in-
volve a change of phase in a heteromorphic
life history, usually through the formation
and release either of spores by the sporophyte
or gametes by the gametophyte generation.
So far only two of the reported responses are
to long-day regimes (TEN HOOPEN et al. 1983,
Huta 1979), all others are short-day
responses. A genuine photoperiodic response
should be all or nothing, and a night
interupted by a light-break should have the sa-
me effect as a long day. Although night-
breaks have been shown to be effective in
most of the short-day responses tested, this
criterion should not be regarded as absolutely
diagnostic of a genuine photoperiodic
response (Dring 1988), as demonstrated in
Acrosymphyton  purpuriferum  (J. AGARDH)

SjoesT. by BREEMAN and TEN HoopEN (1987).

In the present study we investigated the red
alga Psilothallia dentata (OkaMURA) KyLIN (ba-
sionym: Ptilota dentata Oxkamura). The life
history has been completed for the first time
in culture, and the alga was grown under
various regimes of photoperiods and photon
flux densities to test for photoperiodic
responses.

Materials and Methods

Unialgal cultures of Psilothallia dentata were
established from carposporophytic plants col-
lected from fishing nets near Kangreung, on
the east coast of Korea, in August 1986.
Reproductive plants were brought to the
University of Oslo, Norway, Section for
Marine Botany, where the experiments were
carried out. Carposporelings were grown in
polystyrene Petri dishes containing 25 m/
enriched seawater medium (IMR/2, EppLEY
et al. 1967) at 17°C and under a 16:8
light : dark photoperiod. =~ When the car-
posporelings reached a length of about 1-
2 mm, they were transferred to the following
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Figs. 1-6. Psilothallia dentata (Oxamura) KyLin. o
Fig. 1. Habit of fertile tetrasporophyte after two months in culture under short-day conditions (8 : 16). Fig. 2.
Early stage in the formation of tetrasporangial branchlet. Fig. 3. Mature tetrasporophyte showing the position
of fertile branchlets. Fig. 4. Detail of mature tetrasporangia surrounded by colourless, sterile filaments. Fig. 5.
Newly settled tetraspore. Fig. 6. Bipolar germination of tetrasporeling.
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regimes of photoperiod and photon flux densi-
ty (PFD): short day (SD) 8: 16, short day
with night break (NB) (8:7 :1:8), long day
(LD) 16:8, and continuous light (CL)
24:0. For each daylength, three different
photon flux densities (PFD) were tested: 180,
90 and 60 #mol m~?s~!. Light was provided
by Philips fluorescent tubes (TL E 32W/33
and TL E 40W/33) and was measured with a
QLS-100 Laboratory Quantum Scalar irra-

diance meter with a spherical quantum sensor
measuring photosynthetically active radiation
(PAR).

Three parallel dishes, each containing 5 car-
posporelings, were kept under each culture
regime. During the which
lasted for two months, medium was changed

experiment,

every fourth day and the plants were exam-
ined in a dissecting microscope to check the
development of reproductive structures. The

Figs. 7-10.

Psilothallia dentata (OKAMURA) KyLIN.

Fig. 7. Early stage in the development of spermatangial branchlets. Fig. 8. Mature spermatangial branch]e_t show-
ing one row of axial cells with budding side branches. Fig. 9. Detail of spermatangial branch system show'}ng. {hat
one spermatangial mother cell gives rise to two spermatangia (arrow). Fig. 10. Female branchlet prior to fertiliza-
tion, bearing a group of four carpogonial branches surmounting the apex.
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length of the main axis of each of the 180 ex-
perimental plants was measured after two
months in culture.

After the formation of tetrasporangia and
release of tetraspores, tetrasporelings were
isolated into separate dishes and incubated
under short days and long days at 17°C and a
PFD of 90 gmol m~?s~!. These plants pro-
duced dioecious gametophytes, and car-
posporophyte development occurred follow-
ing fertilization. Carpospores were again
isolated and grown
sporophytes. Thus the complete life cycle
was accomplished in culture.

into mature tetra-

Results

Reproduction and life history in culture

The first sign of the maturation of tetra-
sporophytes is the formation of special fertile
branchlets in an adaxial position on the lateral
branches of limited growth, or on the side
of the main axis between laterals (Figs. 1-
4).  The branchlets consist of colourless
sterile filaments surrounding the tetrahedrally
divided sporangia (Fig. 4). Tetraspores have
a diameter of 35-40 #m (Fig. 5) and ger-
minate in a bipolar manner typical of the

Figs. 11 and 12.

Fig. 11. Young cystocarp showing developing involucral branches.
volucral branches.

Ceramiales (Fig. 6).

Spermatangial structures are formed ter-
minally on special branchlets (Fig. 7) and con-
sist of densely branched, monosiphonous
shoots (Fig. 8), on which the spermatangia
are formed in an apical position (Fig. 9).

The female reproductive structures are
borne on special branchlets in a similar
position to the tetrasporangial and male
branchlets. Carpogonial branches occur in
groups surmounting apices of the branchlets
and with two to four protruding trichogynes
(Fig. 10). After fertilization, 4-6 involucral
branches arising from lower portions of the
branchlet cover the carposporophyte (Iigs. 11
& 12). The pattern of carpospore germina-
tion is similar to that of tetraspores.

The time required for completion of the life
cycle in culture was about 5 months.

Photoperiodic responses

The combined effects of photoperiod and
PFD on vegetative growth and reproduction
are presented in I'igs. 13 and 14. Vegetative
growth was determined as the mean length of
ca. 15 tetrasporophytes (started from carpo-
spores) after two months of growth under
each regime. As seen in Fig. 13 the longest

Psilothallia dentata (OxaMURA) KYLIN.

Fig. 12. Mature cystocarp covered by in-
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Fig. 13. Psilothallia dentata (OkaMURA) KYLIN.
Mean length of tetrasporophytes (vertical bars in-
180 90 60

dicate SD, n=15) grown for two months under
various combinations of photon flux density and
light: dark cycles. CL, continuous light; LD, long
day (16 : 8); NB, night break (8 : 7 : 1: 8); SD, short
day (8: 16).

plants were found at the lowest PFD under the
longest daylight regimes (16:8 and con-
tinuous light). The plants grown at high irra-
diances (180 gmol m~2s™!) under a short-day
regime (8 : 16) receive the same daily quan-
tum dose as the plants grown under con-
tinuous light at the lowest irradiance (60 gmol
m~2~!). However, the vegetative growth
under the two conditions differs significantly,
being much less under a short-day regime.

Tetrasporangia were formed only under
short-day conditions and were never observed
under a long-day regime or in continuous
light (Fig. 14). Interruption of the long night
by a light break of one hour did not prevent
the formation of tetrasporangia. A mini-
mum of 10-14 short-day cycles was required
for the induction of tetrasporogenesis.
Plants transferred to non-inductive condi-
tions after a period of about 2 weeks under
short days formed tetrasporangia within
a month. Plants not more than 2 mm long
produced tetrasporangia under a short-day
regime, while plants more than 12 mm re-
mained vegetative under a long-day regime.
Tetraspores incubated under various day-

Photon flux density (xmol m-2s-1)

Fig. 14. Psilothallia dentata (OxaMURA) KYLIN.
The number of fertile tetrasporophytes (T) produced
under each combination of photon flux density and
photoperiod. Initial number of plants was 15 under
each condition, and n is number of plants surviving
after two months in culture.

length regimes produced mature gameto-
phytes both under a short-day regime and
in continuous light.

Field data

In Korea Psilothallia dentata is apparently a
rare species. It has been collected on the
eastern coast near Kangreung as an epiphyte
on Pachyarthron cretaceum (PosTELs et Rup-
RECHT) MANzA at a depth of 18 m (Kim e
al. 1983). The material used in the present
study was collected in the same area in
August and cultures were started from car-
pospores. Five specimens were recorded at
the same site in September, four of them be-
ing tetrasporophytes and one a female plant
bearing carposporophytes. The specimen
bearing carposporophytes was 5.2 cm high, and
the tetrasporophytes were from 1.7 to 4.7 cm
high. In April and May the next year males,
females and tetrasporophytes were recorded.
The dimensions of 25 tetrasporangia were
measured and the average was 60.5+4.8 X
57.7%+4.8 pm.
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Discussion

Growth in Psilothallia dentata appears to be
light-saturated at low light intensities
(PFD <100 g#mol m~2s™ 1), which fits with its
occurrence in relatively deep water.
Vegetative growth was much less in plants
growing under short-day conditions than
under long-day conditions and in continuous
light. Even though the daily quantum dose
was the same, vegetative growth was less
under short-day conditions and regimes with
a night break than under long-day conditions
at the lowest PFD. There is a negative cor-
relation between the formation of tetraspo-
rangia and vegetative growth. Apparently
the induction of tetrasporangia leads to a
shift in allocation of photosynthetic surplus
to reproductive, rather than vegetative
processes.

Photoperiodic responses have been re-
ported for a number of algal species during
the last ten years (DriNg 1984, 1988). Most
of the responses involve a change of phase in a
heteromorphic life history, in red algae usual-
ly through the induction of tetrasporogenesis
by a short-day regime. There are only a few
examples in which the photoperiodic response
occurs in algae with isomorphic generations
(Guiry and CuNNINGHAM 1984, Macas and
Guiry 1982, RIETEMA and Breeman 1982,
Kain 1987). Kain (1987) demonstrated in
field and laboratory experiments with Deles-
seria sanguinea (Hups.) Lamour. that both
gametogenesis and tetraspore production are
under photoperiodic control. This is the only
species in the Ceramiales for which photo-
periodic responses have been demonstrated
before the present study of Psilothallia.
In Delesseria sanguinea there is a pronounced
seasonality, and the environmental triggers
and timing of the changes between vegetative
and reproductive processes seem to be well
adapted to the ecological conditions. In
Psilotallia dentata we have too few field obser-
vations to suggest a possible ecological adapta-
tion behind the short day response observed
in culture.

The interruption of the long dark period by

a short night-break of light may inhibit the
short-day response. This response has been
used as a test for genuine photoperiodic
responses (VINGE-PRUE 1975). In Psilothallia
dentata a night break was not effective, and in
this respect its response was similar to that
reported for Audouinelle purpurea (LiGHTF.)
WoELkERL. (DriNg and WEesT 1983) and
Acrosymphyton  purpuriferum  (J. AGARDH)
Sjoest. (BreEmAN and TEN Hoopen 1987).
However, as pointed out by Dring (1988) this
criterion should not be regarded as an ab-
solute diagnostic for photoperiodic responses.

Another characteristic of genuine photo-
periodic responses is induction (RIETEMA
1982). Plants transferred from inductive to
non-inductive daylengths will remain in
the induced state for some time after return
to non-inductive conditions. In Psilothallia
dentata we demonstrated that 10-14 short-day
cycles were required to induce tetrasporan-
gium formation and the plants remained
induced when placed in continuous light.
We therefore conclude that tetraporo-
genesis in P. dentata is caused by light period
and not by light quantity, and hence that

this is an example of a photoperiodic
response.
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tamarense. Jpn. J. Phycol. 38: 51-59.

Growth characteristics of the toxic dinoflagellate, Alexandrium

An axenic clone of the toxic dinoflagellate Alexandrium tamarense (= Protogonyaulax tamarensis) was obtain-
ed from a seawater sample collected from Ofunato Bay, Iwate Prefecture, northern coast of Japan. The lag
phase in fresh medium was shortened by increasing inoculum size and presence of bacteria. The growth
was markedly promoted by addition of the filtrate from lag phase culture. Optimal temperature for growth
was 10-18°C. The organism preferred higher salinity compared with other neritic red tide flagellates.
The optimal salinity was 32%; S. A. tamarense grew moderately well at pH 8.1-8.3. Nitrate, ammonium
salt, urea and glycine were utilized as N sources and both inorganic and organic phosphates were utilized as
P sources. The highest growth was obtained at high concentrations (> 10 mg/!{) of Na,-glycerophosphate.
The growth was stimulated with organic substances such as uracil, guanine and hypoxanthine. Chelated
iron, manganese and NTA promoted the growth. A. tamarense needed only vitamin B, for growth. The
critical concentration was about 6 ng//. Enrichment of the seawater (Ise Bay) with nitrate and phosphate
enhanced the growth. Moreover, the addition of amino-acids or NTA or trace metal mixture to the enrich-

ed seawater greatly increased the growth.

It is probable, therefore, chelate substances and trace metals

play a significant role in blooming of the organism in Ise Bay.

Key Index Words:  Alexandrium—bioassay—growth physiology—toxic dinoflagellate.

Alexandrium tamarense (= Protogonyaulax tamarensis) ¥Rk
OMRE PSP ORRY 7 v 7 + vO—fT, £
BB L THALRTV2, CORDT TV 7+
VIR TR YA A P E LTGRIL, 20
AP LEEEROL VI D (DALE e al. 1978),
F, BRBREHCEVCTLRBOEYC LD PSP
REHNHEMLTH b, BIE Alexandrivm X% BEHED
HEHPRBOEELRBEL L > T %,

Alexandrium DRET DT, YA IDEDEFE
7sh, BE ARFCERLREXRITZ EA4ALR
T\ % (AnNDERsON and MoREL 1979, ANDERsON 1980),
LinL, AEOREROMIAC OV TiHE AL
TUigly, ZDOFTEEOEBPHERCOVTRTT
T O DY (Prakasn 1967, PrakasH and

*BAER  BRRKERRBEESS (470-3¢ F
SNBSS R AN A HT S B H2-1)
Present address: Aichi Prefecture Fisheries Experi-
ment Station Owari Branch, 2-1, Toyoura, Toyo-
hama, Minamichita-cho, Chita-gun, Aichi, 470-34
Japan

RasHID 1968, YENTSCH et al. 1975, WhiTE 1978) 23R 5
hBED, ZOLREOVLTREFLTESCHEBIL T
e b, AUERTHEFREC L AR
HeErRohs o ENBEERTERBIATV3
(GuiLLarp and RYTHER 1962), % Z C, AW TILE
FEAMEED A. tamarense % AL, AEDOFHKIE,
BT, pH Wi, €FF, Y VIR, BESREX,
£ VER, B IUOEECRETERY b0
v— tEOHEI OV TER, BEtwfTio1,

# #

FEBRICITL, 1981F 8 ABFRAMEE TR X
hiREE, DEEXNT: A tamarense OF815 D ¥ —REHEHE
Br AL, €, Mg (B 1967)c k- THBS
hi-E\ED 7 v — vBAMER S Wi, 5, pH Mt
wBIT A KRB, B EREET, TOMORRIER
BEHCfTebhic,

B EENT(L, 20X125mm O Pyrex BDOR 7Y
a—F oy THERBRELT 7o vBOF + , T
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ML, 7ok, 77 ABEEE, WERDER TS
%, =F L o7 i v 4B (EDTA) 0.05% Kic—
BRBEL, HBKTL & LK, 250°C T1K
FEBE T BER L, ORI KIEL, EHER, 14
vEREBEAERE, ¥ AROEFER (Y=t
Autostill WAG28 &) TEEIhicbDTH%,
ERKCE, FHERCESE, ENTHERBE
SEEIRINYEAK SWII (Iwasakr 1961, Table 1) &, £ D
fORER T I AT H#EK ASP,NM (& 1971, Table 1)
#ERAL, FhFEh 150, 00EEERERCHER
Uiz, MIEHREIEM L LTk, ST3 (Iwasakr 1965) D
Rk L OB AR R L,
ErmERBRCE, EXBKCFBEEBEOEK
(27.3%S) Ao, ThEk 70°C THELTES Y
34%:S 1M L BfREK &, BERYKE SWII D4
FHepbOHEER RN LRI KOWEY, e

Table 1. Composition (w/v) of culture media.
SWII ASP,NM
(modified)  (modified)
Filtered seawater 1,000 m/
Distilled water 1,000 m!
NaCl 25 g
MgSO,-7H,O 5 g
Kl 600 mg
Ca (as CI7) 100 mg
NaNO;, 50 mg
KNO, 72.2 mg
KH,PO, 4.5mg
K,HPO, 5 mg
Nayglycerophosphate 10.5 mg
Na,SiO;3-9H,0 150 mg
Na,CO;4 30 mg
Fe (as Fe-EDTA) 0.5mg 0.3 mg
PII metals* 10 ml
S2 metals** 10 ml
Vitamin mixture [*** 10 ml 10 m!
NTA 100 mg
TRIS 1 g 1 g
pH : 7.9 8.1

* One m! of PII metals contains; Na,-EDTA 1 mg, B
(as H3BOs) 0.2 mg, Fe (as C17) 10 g, Mn (as C17)
40 pg, Zn (as C17) 5 pug, Co (as Cl7) 1 pg.
** One m! of S2 metals contains; Mo (as Na*) 50 ug,
Br (as K*) 1 mg, Sr (as Cl7) 200 pg, Rb (as CI7)
20 pg, Li (as C17) 20 pg, I (as K¥) 1 pg.
*** One m! of Vitamin mixture I contains; Vitamin B,,
0.02 pg, biotin 0.1 gg, thiamine HCI 10 pg.

ETRAELTHEDENE L,

pH REBTIt, Y0 HIT L > T pH EHT5
2, BB/ osd, & 2 TS pH BBk
ZREETIT, BEREEKD pH TRR LI,

EEERRBIL, WBEES Y VA, EETvE=
v, RE, 7Vvv, FARIVBEBIVTAAT
¥ VER AL, 1 pg~500 mg N/l DEECTOERH R
E L,

Y VERREBICIL, Y el VEEFFY YA, Y
VB2 AV Y A, TTF=—LBE, 7T =AEEA,
10 pg~30 mg P/l DEE TITle 1,

Ex I VEREZOWTL, E£ IV By, EAFv,
F7 1 vOSEECOVWTRE L, EHRZOHE
A>T HRARBR LI,

WESBICETAIERTIE, FL— tERIUF
Vb= vFvEERLKL, 22T, T7r VEO
E—Hh—RRAR—F e AT, BELBHERY
BINRIZE EDdB L5 L,

B OB R T A EERRT, 7Y vEEL
TCT7F=v, 7=V, FH¥vFv, RFHVFv,
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Fig. 1. Growth curves of Alexandrium tamarense
with different size of inoculum. A: 125cells in-
oculated into 10 m/ of the medium (®); 990 cells in-
oculated into 10 m/ (O) in unialgal culture. B:
420 cells inoculated into 10 m/ in axenic culture.
Circles and broken lines show the cell number of
chain-form.
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Y IOVEHELTY bV Y, Fiv, UL, &
FAY Y ERDRD 100 pg/l, 1 mg/l Fh LTE
BafTicotc, ¥, TDMOHEE LT, HY-case,
FA* v Y KB (DNA), ¥ o 8, +EERMHH S IO
RFEFEE LTD C-source mix-II #{FHL, TOFE
COWTHE LT,
AEOHMMICL b, BEYEILEERIA TS
(PrakasH 1967, PrakasH and RasHID 1968, YENTSCH et
al. 1975) 23, T T, =F VU7 i v 4B
(EDTA) &=tV = 3EREEE (NTA) D 2@E0+
V— tEOBEENIFRYMS B TERNTIbh
oo BEEIRICIL pH BMlAI L LT v — HEA%Z LD
FYANS FrAFS2FAT /7 248 (TRIS) %
1gll EATUVBA, EBuL TRIS % A FERIECTER
Ihis,

ek, R, Vv, €2 vRIUVHESBIED
ERER T, £ ERRYWERZ OREER CHEE
X, ThEROWEIC O THREBIE - D%
BEME & LRV B8 15°C, BAlE12: 1265/,
3,000~4,000 lux TITis\, SHEUEREIADHI
LT 3 RDOFHflEh HHEFERE A RDIC,

BRELUER

1. RN

BEE, EErEEFEY

B @Rk 2 EEEOR I L B RO
FOWTHR B L, Fig. LA ICRENB L5, B

—_ —_ —
o ~ S
T T T

Growth, cells number (x103 cells/ml)
[--]
v

S 10 15 20 25
Days
Fig. 2. Growth of A. tamarense with addition
of filtrates from different growth phase. X, control;
@, lag phase (after 8 days from inoculation); O, ex-
ponential growth phase (after 22 days); A, death
phase (after 37 days).

"ENS Vo EFEIRL, HHEMBOI L EAD
B,

BEEE A DIVEO “Bh” OFFECOWTL, T
“CIZ SPENGER (1954) 3 Nitzschia closterium D¥5EER T
BELTV20, XEOHELRABED B Mab
h, BECHANS L CoFHEBIrchRVC L
b,

—77, BEEMRBULBUEREI 09D ¥ TiaEmn L
foms, RESREoRTALEL L, EEMCEE -
tel Zbhtel e ot

MRAHPOBRBICRETHE

R E AR ST B BRI DTN & HE &
DOBAfR% Fig. 2 i, AEBRTIE, KESA%K B
HIMEH), 2281 OFEUEmEAIPI) S X U37AH
GEBH) DEBEH 04m DI YHET 7 4 LE—T
FEEOCHERL, BEKOFEER 10m/ 12K 0.5m!
T8N L THEE AR I NI,

ZOERBRIL, AEIECOHMEYEIR T A
&%) (autostimulate substances) & fIfASHC AW L,
ERCHEEHMTELVL I EXRLTV S, ZDZ &k
AEIHE RO B &, BERICACHEZ T
ZERTREL TR D, ABOKBEICE » TEELE
kb 2bDEEZBIRS,

2. KR & HEFE

REBC R\ TUE, 10, 15, 203 L UF 25°C I dsi)
BEMBNATANO NI, TORERY Fig. 31RT, &K
B HEBOER Y FL, 15°C Th » & N L L,

n w S
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T
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Fig. 3. Growth of A. tamarense at different
temperatures (after 21 days).
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25°C TIL ¥ » 7o A L7eds » 7,

—ic, BEGEMHOEBCKELREALRIILT
Wb, AEOHEDL, KBEIEEOEELERE VD
. (NeepLER 1949, PrakasH 1967, YENTSCH ef al. 1975),
¥h, YAPOEFIKBLKRESERAIhDEVD
% (AnpERsoN and MoREL 1979, ANDERsON 1980), &
EORRDOER, AbROMMCRELKED 10~18
°C Thh, NEEDOEE (Iwasakr 1979) & b i3iFsk
BLTWB, Lrl, RRTRIAMIEL 7~17°C ©
Bies {BEIh Tk, 15°C UTOEXRRETO
K, KBUAOBERNBEE LTV LniEx
bhb,

3. &4 L R

FERRERY Fig. 4 T, AER, ED20GMET
bokbISHAEL, 10%ATCis LEHILITEA
Eabhilsl e,

AEIRAYEIR TL2IE527.0~34.8% OHFE CHE
LT\ %, ZOfHEi%, YentscH e al. (1975), PrakasH
(1967) DEBRBERIC X BIFEEN L 3LT L —KL
VA, SEIOERER S L O Waite (1978) DRER
LRI —HKLTWD, ThbREESOEVTRT
LrELELZLRD,

4. pH k14FE

FHERTI\ T, AEIR pHHETHD, pHS.3
ETL ST B 2 Edibdio DT, ZORED
pH i ER % T -1, #ERIL Fig. 5 KR LA
X 51z pH 8.2~8.5 THFEN L » & $ L <, pH7.9T
REMEED/2LAT, ¥/, pH8.9 TR
V10LAF &7 b, pH6.9 THBLE -7 Abh

-

Growth, cells number (x103 cells/ml)
>
of chain-form cells
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T
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Jpes E
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Fig. 4. Growth of A. tamarense at various
salinities in unialgal culture (after 20 days).

TR L, 20 L5 AT HENE pH
'E‘J: \ ‘EZE%_’/:J—‘ ]./f:_o

5. SR &R

AL, ERYTh-% 6 BHEOEELLAYE T
RLEEFEL LTFIA LA (Table 2), EFRIRE LT
IRBEERI R R, KWTT vE=THE
B, RELELTHENI M LALH, HE
NH,-N T3 100 g N/I, RET 1mg N/ E— 7 (T,
FHhUEDOBE TREHR L, chicx LT, ABE
FEAWTIERY T -7 10mg N/ ¥ T, TEELRE
ZEFTIL 500 mg N/l THIEFERAEIR A DI ich - 1,
— iz, AEOEERFE S LU F0BE 5 RIGT
M, BHBTCHEERIGEA DRI T,

6. Y VLR

£ VEBBREORBEC K TS A tamarense DIEFE
% Table 3 KiRT, HZEDOWHEILS Y e ) vBED
10mg P/l LAEDOBRECHELALY, BE, NBEE
TR HBE (Y vOBE, ERETIE 31~155
pg P/, BT 31 g P LT, %1, £Y v
&, WiZ T 50~102 pg P/, $H%ETL 34~53 pg P/l
(PafE 1985)) THLIES A BT,

ALY YEEOMBRANEBR D I fodh, U VEE
RZOBEBERTO2@OMBLME #5~6HR) T
LT 5B, HFE LB e, EEMLsmsS
Y VBRI &, 1 Mfas B 32~64MIRaLL ki
T TE W Z ERTRLT WA,

PrakasH and Rasum (1968) (Y Y& LT, 7Y
tr ) BT MY Y AEACTERERYT, 13
#g~1.3 g P/l ORI TR ETII A bhich -1 &)

Growth, cells number (x103 cells/ml)

7.0 . R 9.0
pH
Fig. 5. Effect of pH on the growth of 4.
tamarense in unialgal culture (after 18 days).
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Table 2. Growth of A. tamarense with different nitrogen sources and concentrations (after 22 days).
Growth, number of cells/m/
Weight/!
NH,CI NaNO, Urea Glycine  Gultamic acid  L-Asparagine
None added 380 380 380 380 380 380
1pg 400 390 450 — - —
10 pg 520 710 350 660 260 410
100 pg 840 1080 640 530 570 340
1 mg 590 970 1010 680 410 430
3mg — — 590 — — —_
10 mg 0 960 430 810 490 480
30 mg — — 0 - — -
100 mg — 1050 — — - —
500 mg — 1120 — — — —

LELTWD, AEBRTE, 10mgP/l LETIZ LI
B LTS, 3mgP/l LT CIEEMNEL, BHoOKE
LR ->TERENELN,

7. BER XU v v LR

FL—FELFL— b vH UEBRCERETLT
ARITFHSEE Lcddy, Frv—rEEFrv—t<v
# B A ORECEUEERCES L TERY T
o1, FEE# Table 4 IR T,

Table 4 ICh b h X 51T, A tamarense (%, ¥V —
FEDOTRINZ X » T2 M CRE2. 4 DMLY, ¥
fo, FU— b= vH VORMTIEM 2 EEOMME YR
Lt EXIT, 1~10 pg/l BEDOIKRE CTHFE{RENE
AnabhsZ LERETS. ZERTIL, £B

Table 3. Growth of A. tamarense with different
phosphorus sources and concentrations (after
22 days).

Growth, number of cells/m!/
M catpo, Nardycero Adenylc G
None added 0 0 0 0
10 pg - 290 - —
30 pg — — 110 1,500
100 pg 2,710 530 — —
300 pg — 500 580 1,050
1mg 4,500 2,100 — 1,520
3mg —_ 2,370 2,920 —
10 mg 6,010 13,140 - 2,460
30 mg 3,400 13,700 850 —

BERET 7 e vEIBEAVTW S, RE, BES
BILEDLLOMBLEBHERIET Ohigh - cb 0
EBbh5,

Grover (1978) (X, 41 YIREIZR L TAEDIEE
Lgkeh OZIBE L ORI\ B Zb Rz &
H|ELTVBN, AEROERLELIFALTVS,

8. FEMHOEE

7Y v, €Y i VvEORINC X B A tamarense D
HEFE B Table 5 I7R$, Table 5 CABR B LS,
AL, /7=v (1.0mgl), eFE*x¥+vFv (0.1
mg/l), ¥ 7 ¥ (1.0mg/l) 75 £ & » THEFEHRE S
., 18AREICERMD DI~ 3 ~ 4 EROHHEY
RLTS
ThiEstLT, 7V v, €Y 1o vEUSAOEED
(Table 6) Tit, TOHMC & » CEFOHHEEDHE
A S hich, BEHERMEEARGT, &I

Table 4. Effect of iron and manganese on the
growth of A. tamarense in ASP,NM (after 22 days).

Growth, number of cells/m/

Weight/!
Fe-EDTA Mn-EDTA

None added 3,680 4,700
1pg 3,600 8,830
5pg — 5,640

10 pg 8,870 -
100 pg 7,940 9,070

500 pg 6,240 —
1 mg - 6,100
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Table 5. Growth response of A. tamarense to
purines and pyrimidines (after 18 days).
Substances Concentrations Growth,

mg/! number of cells/m/

None added 1,060
Adenine 0.1 1,300
1.0 1,790
Guanine 0.1 1,720
1.0 3,200
Xanthine 0.1 1,150
1.0 1.480
Hypoxanthine 0.1 2,970
1.0 2,490
Cytosine 0.1 1,100
1.0 1,580
Thymine 1.0 1,210
Uracil 0.1 1,840
1.0 4,050
Methylcytosine 0.1 1,740
1.0 1,220

DREZHRI AL RILh -1,

9. Fv—PHEOKE

* U — FHE L LT Na,EDTA (10 mg/l) I NTA %
B2 DBEECMZIIBE L NTA OADHEOMEER
% Fig. 6 TR T, CORMLHELMEL I, KR

Table 6. Growth response of A. tamarense to
organic substances (after 15 days).

Substances Concentrations nu mbGeI;O(:;tcl::’lls /mi
None added 5,800
Hy-case 10 mg/l 6,410

50 mg/! 5,700

DNA 0.1 mg/l 6,740
1.0 mg/l 6,550

10 mg/! 5,150

Sucrose 0.1 mg/l 6,840
1.0 mg/l 5,450

C-source mix. IT* 0.1 mi/l 6,840
1.0mi/l 6,820

10 mi/!l 6,170

Soil extract (land) 1.0 mi/l 6,240
10 mi/l 8,200

* One m/ contains: glycine 1 mg, Dl-alanine 1 mg, L-
asparagine 1 mg, Na-acetate 2 mg, glucose 2 mg, L-
glutamic acid 2 mg.

NTA DI & » THEENEESI R, & I 10 mg/l
D EDERERTE L1 -1,

WEREORIECHRT 5+ v — M PHOEERICD
WTIHE L DOPRBI L » THEEIh TR Y, KK
D\ Tdh, Prakasu (1967), PrakasH and Rasuip
(1968), YenTscH et al. (1975) TR EWC & 1, RERDF L —
2 —THHEBEWERT + / Bt L L B REF
BAARE X T\ 5, YentscH etal. (1975) (3, B
KT NTA % inx CHERESRY L T\50, Th
r B, KEOHIL NTA 10 mg/! OFINTIRME
hich’, 50 mg/l TN EE I Wz L vbh5,
AEER T3 EDTA (& ThE ERIB Lich -1
2%, NTA OHIMC X % HFEREFREELL, 300
mg/l DRETHAEFRRALRIL) >, Zhid,
AERAATERYERAKRLE LTAVCTW SOOI L
T, WORRAREKEEAKE LTERALLZ Ltk
BEWEEZ RSB,

IDXA, AEOHEIR LTH v — FMYELSK
E<HELTRY, ZOFABEBCOVLTRALLT
VWb o0, Fuv— rHEOTIILLOTACENR
OO L ) REORFEHRAE SN 5 TREM L &
bOTHEWEEZ bR B,

10. €& 3 vER

FERICIL, TOEPERER I Y REROEHRKTIS
Ao 2 MFHREEL T b DR FERA LA, &
hxE&x3Iv By, F73iv, €4FvEBIV0EDHE
SERHEAUBBERCERL, 0AMEELLEED
A. tamarense DIEFEE 4 Table 712, €& I v By, D

Growth, number of cells (x103 cells/ml)

0 {_“ 1 L 1 1 i
0.1 1.0 10 100 1000
Concentration mg/1
Fig. 6. Effect of NTA and EDTA on the

growth of A. tamarense. Basal medium contains
TRIS 1 mg//, and the growth was 1,600 cells/m!.
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Table 7. Growth response of A. tamarense to
vitamin B,,, biotin and thiamine (after 20 days).
Growth,
number of cells/m/

None added 3,700
Vitamin B,, (10 ng/{) 13,130
Biotin (1 pg/l) 0
Thiamine (100 pg/!) 3,740

Vitamin By, (10 ng/l)+ Thiamine (100 pg/l) 6,110
Biotin (1 pg/l)+ Thiamine (100 pg/l) 2,380
Vitamin B,+ Biotin + Thiamine 6,720

Badz T2ARMEEE LICBEORMEY Fig. 710R
ER
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Lico —7, F7 I YORIMC L » Tk & T8
Zbhish »1eh, B, &OHEER CIHIEMAERC

Table 8.
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Fig. 7. Growth response of A. tamarense to
vitamin B,, (after 22 days).
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Growth of A. tamarense in Ise Bay seawater enriched with various nutrients

Growth,
number of cells/m/

Filtered seawater

+NaNO, (50 mg/!)

+ Na, glycerophosphate (50 mg//)
+PII metals (10 m//l)

+S2 metals (10 mi/l)

+NTA (100 mg/{)

+ Vitamin mix. I (10 m/)

+C-source mix. II (1 m//l)

+ Hy-case (50 mg//)

+ Filtrate of culture medium™* (50 mi//)

+NaNO; (50 mg//)+ Na, glycerophosphate (50 mg//)

+N+P+Vit. mix. I (10 m//l)
+N+P+C-source mix. II (1 ml/l)
+ N+ P+ Hy-case (50 mg//)

iltrate of culture medium m
+N+P+Fil f cul dium* (50 m#/.

+N+P+NTA (100 mg/l)

+ N+P+PII metals (10 m//)
+N+P+S2 metals (10 m/l)
+N+P+NTA+PII metals
+N+P+NTA+S2 metals

810
770
2,200
890
840
850
1,170
1,060
3,710
2,170
3,310
3,790
7,230
3,360
3,440
7,120
10,410
3,930
7,790
3,870

* The filtrate of medium in which the organism grew axenically.
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Hirata, T., Sakamoro, K., Taba, S. and Yokonama, Y. 1990. Transplantation of Eisenia bicyclis and
Ecklonia cava plants to artificial substrate with adhesive. Jpn. J. Phycol. 38: 61-67.

Many programs of kelp forest restoration have been in progress in Japan. In most of them, embryonic
or juvenile plants of the Laminariales and Fucales were transplanted to artificial substrate. However, they
often failed to establish due to grazing by fishes or invertebrates in their earlier stage. In the present study,
it was tried to transplant adult kelps to artificial substrate with adhesive since grown-up plants might be
resistant to the grazing. ‘Aron Alpha’ GEL-10 (Toagoseikagakukogyo Co., Ltd.) was chosen out of
adhesives on the market and used with ‘AA-Setter’ (Toagoseikagakukogyo Co., Ltd.). Juvenile Eisenia
bicyclis plants and adult Ecklonia cava plants were attached to concrete plates and cultured outdoors in a run-
ning seawater pool. They favorably grew and new haptera attached to substrate by themselves about

20 days after the transplantation.

Key Index Words:
transplantation.

adhesive—Ecklonia cava—Eisenia bicyclis—kelp forest restoration—seaweeds—
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Fig. 1. The procedure of transplantation. Photo 1 shows a juvenile Eisenia bicyclis plant, a tube of adhesive
(Aron Alpha GEL-10), an injector containing AA - Setter and a concrete plate (20 cm X 20 cm X 2.5 em).  Photo 2
shows the holdfast of the plant. After the holdfast was wiped with tissue paper (Photo 3), a small volume of adhesive
was applied on it (Photo 4). Then, the plant was put on the concrete plate (Photo 5), and a few drops of the Setter
were applied (Photo 6).

Fig. 2. Growth of a juvenile Eisenia bicyclis plant attached to a concrete plate. In the blade of the plant seven
small holes were punched at intervals of 2.5 cm before the transplantation on June 6, 1989. The plant and its
holdfast on June 6 are shown in two photographs (Photo 1a and b). Photos 2, 3, 4 and 5 show the holdfast on June
23, the plant and its holdfast on July 7, the holdfast on July 23 and the plant and its holdfast on August 8, respec-
tively.
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Photo 1 shows the building blocks, on each of which three plants were transplanted as shown in Photo 2.
and 4 show three plants just after transplantation on June 10,
(September 10), respectively.

Juvenile Eisenia bicyclis plants transplanted to building blocks and their growth after transplantation.

Photos 3
1989 and the same plants three months after that
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Fig. 4. An adult Ecklonia cava plant trans-
planted to a concrete plate and the growth of its hold-
fast after transplantation. Photo 1 shows the plant
just after transplantation on March 20, 1989.
Photos 2 and 3 show its holdfast on April 20 and
May 19, respectively.
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Nitrogen fixing blue-green algae at a coral reef
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Nitrogen fixation is a likely major source of
nitrogen at tropical marine ecosystems which
show high productivity at ambient low concen-
trations of nitrogenous nutrients. Previous
investigations revealed that some blue-green
algae (cyanobacteria) actively fix dinitrogen
at coral reefs (Macue and HorMm-HANSEN
1975, WIEBE ¢t al. 1975, Ports and WHiTTON
1977, Porrts 1980). It is observed that mats
or turfs of blue-green algae cover a wide area
of exposed surfaces such as coral debris or
sediments. Organic production by these
blue-green algae seems to be important for
other organisms which cannnot fix nitrogen.

At a tropical coral reef of Ponape (7°N
158°15°E), several turfs were collected from
various parts of the reef and investigated for
their nitrogen fixing ability.

Algal turfs were collected by divers. Each
sample was rinsed with seawater and divided
into two portions, one of which was fixed by
formaldehyde for later microscopic observa-
tion. The other portion was used for
nitrogen fixation assay by an acetylene reduc-
tion technique. Samples were put separately
in incubation chambers (volume: 80 or
230 m/) together with HA Millipore filtered
seawater (50 or 100 m/). Acetylene was in-
jected to give the final concentration of ca.
20%, and the rest being air. Incubation
was conducted in an outdoor flowing seawater
bath (temperature: 28-30°C) under natural
light conditions. At intervals, gas was sam-
pled from the headspace of the chamber
and acetylene and ethylene concentrations

were analyzed with a flame ionization gas
chromatograph equipped with a 3 mm X2 m
column containing Chromosorb 104. Total
nitrogen content of the sample used for
acetylene reduction assay was measured by a
CHN analyzer after drying at 80°C.

Single species of blue-green alga was found
to form most of the turf communities collected
from different parts of the reef. Many of
them reduced acetylene (Table 1), irrespec-
tive of whether blue-green algae had
heterocysts (Dichothrix fucicola and Hormotham-
nion entermorphoides) or not. The one which
did not show active acetylene reduction was a
turf of Lyngbya majuscula (DiLLw.) HarvEY
mixed with AMicrochaete vitiensis ASKENASY,
Lyngbya nordgardhii WILLE and Nodularia
sphaerocarpa (BorN. et FLAH.) ELENKIN. Out of
six communities of blue-green algae which
reduced acetylene, four were new to the
record of the activity in the field; Dichothrix
Sfucicola, Symploca hydnoides, Hydrocoleum can-
tharidosmum and H. lyngbyaceum. The highest
rate was obtained by a community of a
heterocystous alga, Dichothrix fucicola mixed
with a small amount of Spirulina subsalsa
OEersTED. It is not certain whether the activi-
ty was solely due to D. fucicola or not.
Though nitrogen fixing bacteria other than
blue-green algae attaching to the turfs could
not be excluded, acetylene reducing activity
was likely due to the blue-green algae which
were the main constituent of the turf com-
munities.

Acetylene reduction rates were comparable
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Table 1. Acetylene reduction of blue-green algae communities at a coral reef.
nmol C;Hy mgN~'hr~!
SaI:Inple Dominant species 22108 -
0. Day* Night*

#1  Dichothrix fucicola (KuETz.) BORN. et FLAH. with Spirulina subsalsa OErsTED 220 30
#2  Symploca hydnoides Kuttz. 30 0
#3 Hormothamnion entermorphoides GRuNow 90 0
#4  Hydrocoleum lyngbyaceum Kugtz. 100 190
#5  Hydrocoleum cantharid (Monr.) Gomor. 50 0
#6  Hydrocoleum cantharidosmum (MonT.) GomoT. 110 0

* Acetylene reduction was measured under natural light conditions. Rates in the day and at night were measured dur-

ing 0715-2030 and 2030-0715, respectively.

to those recorded for other blue-green algae at
tropical reefs (0.53-220 nmol C,H,; mgN~!
hr=!, Macue and HoLMm-Hansen 1975; 4-
.18 nmol CoHy mgN~thr~!, Ports and WHirt-
TON 1977). It is not possible from our data to
estimate ecological significance of nitrogen fix-
ation at the study site. However, consider-
ing the coverage of turfs or mats of blue-green
algae on various surfaces at the reef, it is sug-
gested that the turf-forming blue-green algae
play an important role in nutrient budget.
This work was conducted on Hakuho-
Maru cruise KH-88-1, and supported by the
Ministry of Education, Science and Culture,

Japan.
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(5) Laminaria dentigera KjELLMAN 7 =5 2 v/ 7

Laminaria dentigera (3188941 KjELLMAN 23~ — U v
r@gna<y FAERDON—Y v 7 EHLBHE L
FRIEAFOME (digitate species) T, $HTILT 7 A
HEERZEHHPRFEDO YL, TECELIAFE—
Fica b h (Nacar 1940, DruenL 1970), FicH -~ v
EFTER: (Tokipa 1954) RALHEBIRE (VozzHiNskavA
1964) 2B LRI TV B,

BEN I =7 37 L dentigera & FE U EHEE
(Fig. 1) 1319834E10 23 A BEH = v HH 5 1 km i3
EHRIUAE ) OBHT, SBOFVEBEODMLLREAL
1D TH5B,

BERIFEOERAML DT oERAD, BLbThL
DB T ofehs, s LTERSHETHD,
B LT WA T, BB EEL
Righ oo ExBbifi, #FLIAXTRBE, B
TEX 1-1.3cm § T2~ 3 @4k LicBERB s
4EFE > TV BIETT, TorMEFHE LR
BhabbEhicBbhairBbhi,

FIRX 16cm, 3LALEREb VARRT,
BER8mm3EEHY, LM Th I IClE D, »o
RETAEFT, ETFTOKICLAIML-1ENRBR
v, Ffo, BEEREK, ot EL, BEiET
KBETC 1 7oL RACREMAY, $HEv T,
150X 50 pm 25, BRI 300X 70 pm i bET B K
E R ENECESONEEIN D,

B EAEERE TRV AL SROMEC
g, ZOIHLRRO 1 EFIIHIZ 2B VELT
o, EHRETR-TWAERIIKEE 56cm, 18
5.3cm $H5B, EAD2EIVTHLER,L 25-35

* B RE S 1B Dedicated to the memory of
the late Dr. Munenao Kurocr (1921-1988), Professor
Emeritus of Hokkaido University.

em i EDFHD LT h R X 5 eIk I h TV 523,
B 10ecmizESH T, FELLERIEKCKE
WD TH-Tc BRI B, EOEEL Fig. 1 125

LIcBETIIAL R 50, i EgEREROR
BT B LIRS 5 1ctcdd T, EFDORHIRRE
CRURTH 1, Fho, HEOHTIZZT H OB
ZDOEER-TELEL LTS, HEDHIKHDOH
FEEbhTVHH, BTHL BB -k
BRAFDO L B Th-TcbtExbRD, BEETIL
AEBHRCHFT, BE 50 pm (3 EDLER/P
BN 1 T 5, EEORITBVBRIN -
AV —-TEBTHB,

BT 0EBBREOBMICIER T E AN
WS DO0h B, ET, NMEEL LT, ZLEORK
MEEDOKEIEMNELLRILY, FiBEIFBCKE
CHRVOI, BERDEILSTHG, SO X5 ek
[EEsE % F5> digitate species 12\ Tik, 3T ATER (1
8 1988) Tii~t- k 512, bAEOIHEE TIL s <
Fav7, Fy=a~g avT L playmers 3 LU+
YR Fy AT L taeniata D 3D D, 17,
CORMCARBROERE L LTEARL, b
LAEEREbI > TARERT, BECiLbinC &,
FIVCEOHIENDFTHBEHEIATRISXS
LTWAI L EDHESEERTH L, ZoBEIE
L3Oh TR /7 ~Fa v BETHEERD
(MivaBe and Nacar 1932, Nacar 1940), %7, &M
(1911) D [WBEBEY¥) OESFCRIRTVS [
FTIALS] ORELKTS LEEBBEISIE L
S5ICRZ2 AV EOHEL ERFFBCRILTV S,

COEEWH X FICET RO Lo b
K Lich DL b bAARIE LIS, LKEBRBH
AR =Y IBIRBEOBETHH &, HLOBHIL
HBLDDOEE LTHET, 3LALBE RTL
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Fig. 1.
ashore near Hutatsu-iwa,

Laminaria  dentigera  KJELLMAN  cast
Abashiri, Okhotsk Sea

coast of Hokkaido. Collected on October 23, 1983,

by S. KAwasHIMA.

Lo bisnC binEnbib L, EENTTIZ
W& LicA=v7 2 (I 1986)L=F it =av7
OliE 1987) LRI U L 5w~V v EElsO 7 0 Y
A v (WREEE) WA S E o LB 2 5 0n
ROLBERTHA 5, AREL S FE A - C A
R— 7 PRSI R BRI R R & A L,
JetfEE iR i - Cih 200 1 ) E E D% 2’ri£i£1
~1.57 v FOEXTHRADE ES S5 CPNEE 1985
ISt THMETE S5 &, 29 04 '/lll*l‘/J»bn“ifiiE
FCFY 280 km (b s 1AL B O S FER A
THETELZ LD, ZDEIC, ) Vgl
L"’ VR ﬁré“ ShaAfEL, Hh 77 i

SIS GRENRTRICREEE L BETCE AL, 4FT
d k=7 2gdeE o 7 A — ] AT TR L i
KA, ZOWFRIC L > T~V VAT LkigE
MRS 5 2 LB g, e AT 5 KR
HiEe b 2 OO K T AL O TH B S
NEF+ VARDDET L L5, 12, ¥~ Y vBED
L. dentigera V2B % BARNY e B it e R 1
e, RN AR O R ol T &
LIRS feL DA TH D,

PR BT PO 0 S R Ve e ] T O | 1 O P

T W

3
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Fig. 2. Laminaria platymeris DE LA PYLAIE cast
ashore at Kiritappu, Hamanaka, eastern Pacific
coast of Hokkaido. Collected on April 15, 1972,
by S. KawasHIMmA.

(6) Laminaria platymeris D LA PyLale 5 2 v 2o f
b= i A

Laminaria platymeris {£1829%-1Z DE La Pyraie 7550 #K
L 72w digitate species @ 1 i, type locality
kA > X ALKPEPER Mg
Ak A G ALRPETE & LR D

Wb Z AV S B Sk S e, SEr-
cHELL (in SETCHELL and GARDNER 1925) (1= 415 O ffi
FCUR B A K R X e o i s L, Shb
% DE 1A PyLaie (1829) O L. platymeris W45 {5 U1z, =
O & oA o & U RERC i 5 L Eh
LA X CEEC b O ED S - CRIGE
Mg hEELALDTHELE2HL5THS,

B (1902) T o=+ e 7EBNBH{T,
wIA a7 LA L ok, M40, L. ruprechtii
(ArescH.) DE Tont (23T 5 Tufehy, HRICHE Ser-

Lfl,(O/) 3:)«“ ThWsB

2D=2—7 OV IFNF

Thb, TOHE,

CHELL D# % 1T 4 -
(MivaBe and Nacar 1932),

T, R LY (Fig. 2) (X19724E 4 A 15
A, 3 # oA 4O AR IR o el g 4 4, 5%
W (&5 562) OfFIcWTHS FFsht- b 0a

R UL OTHDH, RN B+

C L. platymeris =

¥ hiehn
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L7 DR LIRBETH - 12,

BIZEDOTH 2.5cm ZEDHAHH20EHE v
£ LTRORHTIBNCH, BT TERSmm 3850,
2 ~3@EBIETAHH, EHOMMHTE LA ETh
TEE 1.5-25cm < HuLinky, Befnokx X
ERE 5-6cm THHN, ERHLL - EKEL T
DERETH -1 Bbh B,

FREL CHIMELD D, KX 31em, EFEHL
RCEZH 12mm HbH, EFcm-THL ey, »
DRECREL, LT TRE 5 mm, B8 3mm (3
Yitte b, BiCEni - T Eic s, BEEIZR\T
REBOETICEICEALRBAK TR E X 110—200x
30—50 pm (3 EDK EIckREERY FHT 5,

PR, EBEAL, kB LRy - T2
AR L, EREH 65 cm, ERIL 26cm 55,
I EAEETIT TThRC ¢ L, FUE XS
NERCDB L TERYET B, BEDRIT 3.5-5
cm (3 EDH D /NERIRKREITHL T ) RO R St
LB, HREEIAERBRC ST 1 T
B R 30-45 um (3 & O E 7,

ZOEEHLENRL, EXREBENE L OBECH
PR TERNEVCETHED 7 ~F a2 v 7iFEBCR
T3, BEEC KT HIREENOHEKEED
BEL EomEAL V5, 18, EEWoERE
oK 3 HD 1 EPERTH B, Thih s
EohThThPF2REL, BTz s i lREC
£he COXSKBEHILZ=Fav7nrhiizti
EeRithbl-THABRTHE I LEARELSRLDA
Thb, ZDLH5LEOHELYFH I LTHEERE
T5E, ZOEEWE Mivase and Nacar (1932) IZ5E
BINRTBF Y7 I~A a7 L playmeris 12 X <
—%+5,

Fr=I~g 2 v 7OTEFIECKT HEBRIL= +
" 7 B CALiREL B BRI E S A ETEFT LT
BLELD, 0, coav IRt v EFOMD
*ok— 7 2@ —EH SR REROEREN o, EE
WORR BRI OMBAMENL SRS E, T
av 7=t e 7 Blic ETEFIBROEF S, F
BiRicdbimEinRCE T LT 2 EHBRR (1N
B 1985) i & » CRIEh TR D EELHR S,

Fr=adng 2 v TORROEFLHEE L TIL198]
F7A 4+ BREFITEEMA (bbb o-8) =92

ARdf av T fRCEE LIS LR Uit
EHFEOLE, LSS (TA6 M), ThHDEEY
AL E L YIB KERBRBCRE I Ty e hs, 1987
F7ACEENAB TANCKCIREL) HEED
BAOZIFERTEY, FD X5 hiEkrBRTS
L3 TEIeh o, 4D ET A, 2B LELS
DEFI X5 cBbhb,
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Kazutosi Nisizawa: A record of the attendance at the XIII

International Seaweed Symposium held in Canada

H13EIEEEE > v A o v A (XIISS) 1%, 19895
S8ABALLMEIBA T T6 Bt h, H+&D
Vancouver #i® British Columbia K T{Thtz, =
DEBSHT, EELUINC L AFECBALL L S,
i BTt Ere<s o) BT AFAWEL
Fihr e L, ThicBIET 5 ER S LORHAOMEC
Dk, FEOWREN IF—ELE L, ERRERY
v, FaL, FRBLFELLVBRLTEDLL
FEESMLTES S X 5E UM, ZOECH
LI AT NTKREID » YRSy ahifTbhb T
ISS DIEEBE L, —A T, TOaDEEHIE
ERERICRI LY & 210 ABTH#D, KED KRN
Eht, EEFHERMZEERS (International Advisory Com-
mittee, IAC) DER,EHOHEEY L, BEEDEE
i3, BEERLEBAHFEEPLIE, FovvEeva
BRI ER RO RETIT» T &L, FtEE
O LI ESH Y, 5908 ISS (Santa Barbara) DU
5 IAC HEM &7t > T - - EBGEHS (Inter-
national Seaweed Association, ISA) I —[L2E&HED
EEE Y HICREDEZ LIt o T,

BRCZ B E, 192FFICRA2, F5 YV FD
Edinburgh T# 1 [6 ISS 2B CLAE, BYicHE «
TIR#FIC 3 Fre—@E &L\ 5 & & ThHifEZh, BETIL
1971 DB AL chs i, $EIEZD13EE D
BLEVOSRTHD, ARADOERRIZSENTES LHHK
KERFEOBEHBEIZD 2 ATH - 1o, EZLE
23 Ebic» TEREBD DT, SETHEE L,

FEL23LPHEBCTOR, b 5RKIHERED
xSRI 1 EEREL IR L, RLTRBRBTHRIZE
AEEBRD LS CThh, HARHCIIRARY Licnib
FELEotcz bbbt

SEECHERSh T, / VT =2 —D A,
Jensen EIFDOH AT THF £D J. McLachlan ##%
NERERCI - GEE I hich, KEIOEEEORT
LRAEEOREIC KR b oL, T, #9
[8] ISS (Santa Barbara) DKF7 £ ) # AF 7 » T ISS
L DIEGE (algae) £BFERF L LIEBELYES

NET, ZHOTHIXISS bxo—MeLteh, BEWHE
DELESTEBESAChD LV EZOTIE, In-
ternational Phycological Congress (IPC) #{E Y, 1983
412 Newfoundland TIADTLE, Th b 3 F£H1h
#Eh, 1994FIhECTESE IPC 2T5FEE
TIREFTL T B, ISS OFIHEELTHF T 50
T, ISS & IPC DA BINT 5 Ak 2 Ffer CEE
FELHE Lis Tl b sV R B, T2 T
IPC 7 5EE (1994) IRk 4 F3s i, ISS (X14[HA
(1992) LI 4 4 2T huE, BEAMK 2R E
cuThhrrbfEsh, HEBCLEFICED L)
E2HNDHY, Bz~ 714 KFED Doty HiFI3E\F
Bish, ISS fllTit, 37ELDERAD D, Fhrls
FRERLDEEVPRBEDLOT, KB Y TRV L
WHBRLHL, FEERRE- T\ oy,

1SS DKEIF14EL19924E 7 5 v AD Brittany O
Brest & St. Malo D KETIT5 FERCHEH, FOK
EemF YV —TIT5FEL M-, McLachlan
REROHEEILF Y —D B. Santelices i LT »
7o Ei, TAC ZAEOEMITERINTIL I FERIC L
Iorbkunr o kit

48 OB EBULH210, A x —FKFILH5(A
Kokt r2HBEBENMOBRLEYL), HH#E
(Donald Renn : BEEEEAFOICEDITETTS
DNA HEOFBEOFEGIcHEH) ThoTco BEIOD 3
=Y VRISY A (Hy 3L Convener) & LT,
#% (E. Laws), 7 (C. Yarish), ¥ (C. Bird), 4%
EHHE (Y. Shimizu), 7= + 77 A + (D. Cheney),
HBemE (P Harrison) 75 &D 6 A\ Thhic, BD
WIEZBCEARE, ALk T, TrRfIAmEe
EECERDEDOD >t N4 DEE &b iThhis,
LEOMEERT, ERCIEZCITRATDH 5,
H00Z L EH -7 LB O, BEL B, RAEELR
WT L #4052 D NENBILTC, % 9[ED Santa Bar-
bara RFEIEDOFERKEICK S KBOWHEME &\
5T LAY, LD 5 BLYBUTENTFT 4« D FRFER
D -1,
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LR R A OKIBEILKET, €7+ YT RS,
Vancouver JL#EEEE 71 BIU, MREX, KT,
Royal Hudson ZX & A#B8 5 Squamish k1T (EFixZh
2B, MROBEREL LEBEHO/MRTIE
Shic, T, 2EEETHLRAEROKESZ L H -~ 1

— DM H 5B EREOBRY TiThh i,
FIEVS>THRBOBRDOKES + VA ADHANEH D
BT L N oRE CThbhicEn —~
F o —RREMIVYE UL LI BREIEIRATDH » 1o
(176 HREEHBEX M1L3-10-4)
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Y. Aruca: Korea-Japan Symposium on Phycology,

22-25 November 1989,

WA E Y 2 & AR R Lol el v v R
Uy ApRE Y v Thfe S, B, BAS
Bkt (REEERL), HE 614 TH -1,
A B OB IMEE K O AATLA2HI Y 7 i
FFE L, &7 -7 Hotel Lotte World Tl H 4

FCICBRAE £, 19K BILREG T LT %
DD, H I E O NS O 7e Z o I sg i G
¥ o7

AR, I~ L &2 Thbi, Jun
Cnune REFHF S SR LOVIMREL B A REY =
EROBEND - 12, 5l E 9 KF20700 5 AT 7ESE
KICA D, WEOSBMEN LR CHERLBD RN
(1) Brown algae: Taxonomy, cultivation and ecology, (2)
Vertical distribution and adaptation, (3) General tax-
onomy of algae D3 £, > g vYAia—b—7LA 2L
RAets £t SAT AR L, DO L i Rereat
motrbhic, ¥, MHB®RCE, [HFIEE] %
s b LdEAR0EE Wb fohte, Bixsincs
I otony, WEEE, AAGE, WEFEALZ BT
RN FEL ETHIDIIEDZ LTHS

1A A, R h OB BIFEREN T b,

(4) Taxonomy and ecology of microalgae, (5) Culture

in Seoul, Korea

technique, (6) Utilization of algae, (7) Red algae: Mor-
phology and life histories ® 4 & o, ¥ 5 Y23 H, = —
=7 A 7 LR E T EATHA & RBRCREER
ICHE RGeS T b, #E5R, 2 HIEc 7
qf,%;af L5 TeSUBOBIFERED B - 120
PEREFAE T e, A v AR s H &R
ﬁ\fﬂ oh, i OB REN D - 1oh, Ghb o0k
5ty AT Ak kil LB Loy & OFE R AR
CiiBhute, #5kR, ERMEE VS OILRETH A
55 2 FE UL I LB Bk B, RENE
HATOPfEA R 5 - Licie -1,

2 HIEOWIFETER O H A MRt v, 1912 S
ARy e n R T2 O MIFE CiE S h
feo 2V E—F—& LTKRY vRY Y A0lEEE ¢
DotV UL KED In Kyu Lee #3% & A& D
REL TR, RcBEEOSMEDE S A, K
DRBDIDIEHE KD LB In
Kyu Lee #$Z7 H OV Jun Cuune £, &£ Hbld In
Kyu LEe #3Z D 4 &£ T v 29 4 0 dkf & e
NERLTT ALK LOOLORMERAT L L LD
2, Ky vECY AR LTE B LERIth -7
Lotte Group; Ministry of Education,

VAR AD

Korea; Korea

Opening of the Korea-Japan Symposium on Phycology.
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*T. YosHipa: Taxonomy of Sargassum (Discussion by S.
A. Yoo)

*Y. P. Lee: Taxonomy of Elachistaceae (Discussion by
T. YosHipa)

S. KiriHARA, M. Nortova and Y. Aruga: Cultivation of
Laminaria japonica at Hachinohe, Aomori Prefecture

*I. K. CHuNG and J. A. Lee: Heavy metals in seaweeds
(Discussion by ARuGA)

*Y. YokoHaMa: Vertical distribution and photosynthetic
pigments of marine green algae (Discussion by Y.
H. Kim)

N. Karavama and M. Sarron: The influence of
temperature shift on the photosynthesis of two
marine macro-benthic algae, Cladophora densa and C.
opaca

M. Maecawa: Vertical distribution and light adaptation
of red algae

*C. H. Ko, N. Sung, I. Aun and S.-H. On: Algal zona-
tion and seasonality in the subtidal area at Ohori,
east coast of Korea (Discussion by Y. YokoHAMA)

M. Norova and Y. Aruca: Vertical distribution of
several species of macroalgae (Phaeophyta) along
the coasts of Aomori Prefecture

Y. H. Kim and T. A. NorToN: Combined effects of salinity

and temperature upon the germination and early
growth of Fucus ceranoides L. in culture

I. SHiHIRA-IsHIKAWA: Spatial and temporal organization
of micro-tubules in the cyst formation of Acetabularia
caliculus Quoy et GAIMARD

S. TakesHITA, T. NakaNO and Z. IwaTsuki: Taxonomic
studies on phycobionts (lichen algae) in Japan

T. Nakano and S. Hanpa: Taxonomic studies on cor-
ticolous algae in Japan

Y. S. On and I. K. LEe: Some taxonomic characters of
Cladophora gracilis and C. stimpsonii (Cladophorales,
Chlorophyta) from Korea

N. Saca: Biotechnology in marine algae

*Y. K. Cuang: Taxonomic study of Scenedesmus (Discus-
sion by H. Kosavasr)

J. H. Lee: The diatom genus Roperia: R. jinhaensis sp.
nov. from Korean waters

K. KaroH: Succession of diatom assemblage in Lake
Tairo-ike, Miyakejima Island

M. Iper and M. CHiHARA: Laboratory culture and obser-
vation of sexual reproduction in Melosira

*H. Kosavast and S. Mavama: Evaluation of water
quality by diatoms (Discussion by K. LEE)

S. H. Kanc: Diatom species composition and abundance
in water column assemblages from five drill sites in
Prydz Bay, Antarctica, Ocean Drilling Program Leg
119: Distributional patterns

*M. Tatewaki: A simple method of seaweed axenic
culture (Discussion by S. M. Boo)

S. Yoo, S. PaE and S. H. KiM: A new dialysis culture
technique for ecotoxicological assay

*A. Miura and J.-A. SHin: Cross-breeding in cultivars
of Porphyra yezoensis (Bangiales, Rhodophyta) — A
preliminary report (Discussion by J. R. Kim)

M. Okazaki: Alginic acid in red algae

S. A. Yoo and K. S. Lege: Structure, localization and
metabolism of PHB and poly-P in blue-green algal

cells
S. Kumano: Freshwater species of the genus Ballia
(Rhodophyta)

Y. Hara, T. Ikawa and M. CHiHARA: A taxonomic
study of Porphyridium and related algae (Por-
phyridiales, Rhodophyta)

*G. H. Kim and I. K. Lee: Unusual life history of An-
tithamnion sparsum TokiDA and Platythamnion yezoense
INaGAKI in culture (Discussion by Y. Hara)

H.S. Kim and I. K. Lee: The red algal genus Gym-
nophycus (Ceramiaceae, Ceramiales) from Korea
H.Y. Yun and J. A. West: Comparative studies on the
culture and hybridization of Polysiphonia acuminata
from California and P. japonica var. japonica from

Korea
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O8I IER « G. V. Deshmukhe (dt X - B - #g¥&Ht)
BARERE v €, =V 2 aBOSRENERR
OBHEE* - BRFE* - MEIA™* - H.W. o g~ ve ¥, TRELRE *F
FErhgid - 1, AR, lEERK - K - &Y, Y7 77 K)
a2/~ 087 v " AR=2gOWTOEE
OFHMBAE* - Z EAHK™ (LXK - B -4, LX)
AAFETEALER Leachiclla pacifica Kuerens (2 v+ 5 » 7 AL, 27 vA FH)
OMALEE* - FHBE™ (*AE=R - 2— . =2, ¥k -HE - )
A AGTERLIE Titanoderma tessellatum DFEREIZ DO\ T
O ESRigE* - RKRAEA - EEEARES (BB, YttimEsok - BEEE - £)
N afg A2 ) BUAIKEE{LR Eogoniolina Enpo (1953) DEKRE
BEAE (R¥EKX - %)
HEE (WRIR) offFREEE
OEFEER* - IMREET* - BE ™ - XIFRBL™* ("MK, ™H&fkKX, **&
ZNAEHR)
TEAN (W) O BEREMAE
OKRRFEE* - IMRBEF* - BE 1% - KIFRSIL*™ (BRRTmA, “Hhk, *@
ZMAHR)
BN (W) oftEFEEmEE
OFTAEB* - BT - BE 1™ . KIFRSILY (MEIRmK, ™HR&fhk, Y
ZNAER)
Cymbella lata Grun, DTLEE R
OSARREAN - IHEETF* - BE #B* (BIRHA, “HLHX)



16 :

16 :

16

100 (52)

15 (53)

30 (54)

: 45 (55)
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Achnanthes stauroneioides BOURRELLY et MaNcuiN DISFEZER
OfRE 1&* - /HRERTF™ - KIFREIL* ("R @K, “HEmK, **aRIaEHR)
FHAREEEERC KT B RY V= v A0S L TORMFEMER
BB, - MR BA* (VEREK - £, EREESED)
BRI EEEY Lo/ FEAL YA Y VBD 2 OWT
otk B - /NE—H - HE f2 (GUTEEER)
ol BEERR Actinocyclus J& 1 EORFMEATE
O HFHHEE - THREXH: (FX - £4)

BEFEEL 3 A28H 14:00~15:30 HBEPHHLHBE (BHE3 )
FEEEL:3H288 15:30~17:30 HEFPLSHE EHH)
TJ—4HLavs (WBERES) :3A308 17:15 K&SMHFE4S, 3A308~4H208



88

e i S 2]
TE57T HEHHMER®E 1-2-1
Béesk:

078-881-1212 py#R 6261

HRRERRBFHAME
€:))

Sawes |
C-401
kb8
e (%)
F-q
FRAR || an
B-403
BRan
B-402
(3 ES
B-401
Z4
R - T
5 2 LA XXX R0 ]
i Lan‘s\Boxf\
O&#TTHRBEN :
1) IRAHHR (F@, tedRRE\EREL T2
FithHIBEL THA): JbM (L) L5

7,

s====—==

|

18
A
_:ﬁ

nifictR(18) TRBLX-FZAFI FE0YE
PHLRE (W204, 180 . Iakk
EHBHG) cTEHLTFIW,

2) REARHFR (8. [TREHLEIR B
BREELIEA): BYY 2EN G
Y, itz (18) TXBEyr-—ZNTF) 7%
DYVIELHRE (152, 180M)
TEAHKERA cTHLTFT IV,

ORLLBEA: HAR THAKIEBHI TH.
WK, BEELEY. HEBF+
YRAZRRAY, FHEMAOMB:2FIAL €.
ABEFTCRH->TTEN,

ORBRLLBER: BHL L0 LANS BOX 1,
BEBE v v 2064 LB ATERYS
PV 2 (ESWL0D) bV TS, 4
B, ®RRENLTT. RELxBHIRLETT
2, LANS BOXr iz, #FE» B AR ;T T
DHEEBORIENR R ¢4, LANS BOX 5,
WRKRLAKAETY. RaxBRzc.
LWL OD Y.
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BAEHPL2FURKXRLEHEES

(1) omm—3h- M3kiEe: HABKY XE1aY
INJN 7 V) (Petalonia zosterifolia)ic oW T

Petalonia zosterifolia (Reinke) O.Kuntze ( f§7%
AVYE/VH) B, FPELSHROZEBRD ESETHH
HT, bAAE - LAFPRBICEBTLTINWS, XEIC
MysMeLT, SFEMEICEREDEZW con-
planate Scytesiphon L DML H 5, £, AH
DEJ/IZBWT, 0 microthallus &, HIKTHD
BULAYE/VHOAYE/YDRELIAINN/ D
picrothallus® & 5> 2 ZJ KK {E SR T, Fle-
tcher(1981)ix, AE ik £ X 5N 5 Petalonia
filifornisDIFTWICHEWT, WFHEZERT 50K D
microthallus# &% L, %7, Compsonema saxicolum

#EHLTWS, 50, HAE P. zosterifolialcD
WT, BBEABRSELENEREToE, BBFEHE
BRI B R0 (Rosenvinge & Lund 1947, Clay-
ton 1981, Fletcher 1987) ¥ IF X — L 72, WX
IZBWT (5-20°CO A (16:8) - 5 H (8:16) &k, PE
SI medium) , BEMELOEFREM SO EMBIE,
ik OpicrothallusicFEFEL, BIAKREERLE, &
Stkiz, B8 SHEFTEDRBLE, ££, B
KL HIcBFEAMHBT S nicrothallus 2§ 6 h
. WIS OMEMBOREIE, HTENS DM
FHRORELHEARBRTH >, nicrothallusid, HR
BERERT IS ahor, HAHKEKRTIX, HIT
BEICHFRELBICHFRIER I E, AEERM
BEIhahro iz, (dbx - 2 - KM)

(2) Odtulik - Nz - HHBA : TAESICBIT5185%
LFE (LFER) DEGEHEMAFHIZONWT

FREARFIEOEBS L D 45 (Cutleria cylindrica)
OEEEERNL . ZOBKTTOMNLEFET S L L bIZRH
% ERT TOEETROREE T2, TORR. KT
8 BAET L : 1 THEOIHL. ZIh5H 1 kmEbhEl
RHTIE3 : 284D %6IC2k mig7: - 7 AREMETIZ99%
LU TH B & LML~ T2, TRHDERD. B
FE L N EROBEETEREL . AEEOEERET (K)
AEEOBIERET (K9) LRAMECERERT (R?)
DELLILIEEIEN:, L. oL, BAEKRUEERR

HEETOTREIIAS? XA H61~96% TdH BDITHAX,
B XANTO~25%EH7 DTz, 7. EEERICLS
BT, A9 LR OLIOREIEV DEBO bTUL, BIb.
K QIBARAET B LAY XASDEAT L ARIC 1 ~Emm®)
Bk D | 10~20CTREICEBEICBWTRANS DL
R B ETREIR L CHEomEERE St L, ZOMBE
MBSk E DL D . 20°CTHIBIPLERRAEE
‘L7, —F. BUIS~20CICHWT ., EHCE iR E
WL 10, 1°CTRIAL CREMRET # Bt L7, DL
I h . BEREBEOLFERREICEVTUL. ARBISHTENRE
ey IR S Uz, BRI ER T SRS
HHBELTVWELDEEZLNS, (dek - 52 - W)

(3)  Oskigshr o WHEKE** : AKEBEY 2~
44 ¥ (Syringodermatales ) D4 MEEHEH

ke il (1974) BRIAEB & 9 Syringoderma &
DY ANAAKXEWME L, S.australeBEL 1z,
UL, SEIRAZEROHE, BB, 74 78XLD
W 21T - R, ABQREAFEFHEEIOHRESH
TW3 S.abyssicola LEIEST XETH B LEERL 2.
AERHRFCEFL, BeihB, XeKkRT 5 -4
ET, Bl oV A ROHARIPEVIEAL T
ERENEE2cm BEOHEVERE 2K L. LIFLIEK
Fifi & AT 2E L, FTHEiICRRIB2ET 5,
BREICHRICE CTHYRZEHL. FPORF2
Rt 5, REZHROTFMMARD SEEEIT > i
B, MHLELABADEHRCEST 5L CBED
BEEERL. BHREHEGCRFELRZIEKT 5.
HYRONAY MR HS Ak, R TRAS CHEE
B LUERIE S, 2LRETFRECEFRRE R
%33, hoofifRNSBic4EosERRE
EUKiie 5, HEAROEAREZL TV
M, HEMRES  ZHBGGERILL L REE, HER
MBEBTEELIONS, BEETIFLIESTRRE
HEBOMIL A RER I RELEEE 2 RES 5,
(x JbK o B o ffi4, xR o —HEE » £

(8)  HERFNE : BE - 77 A LAY ABTROTY
BB

SHEBERICIE, &FICT 7 AEisenia bicyclis
H, EHICH Y ALcklonia cava HBEEEZIBRLTH
N, ZoERLEBICOVWTIE, EBAXD LB
EREOEMICY > T, HFEROEFH D TH
BTHDL, 2T, ERICENT Z70HNERBENLA
R#\BH2LXEMELT, BHNCRAL, BIMKE
MTATSE, AFIERLEKEZRELT, BEZH
BLARRICOWT, BB LRIICHET 5.

LRECIEES T, Al LREDFRLERT
B0, MBEBICHIT HENOHRE BB L -
fe, @E0c0REN S, BENZ T, TIXTERED
WA, — ., AATEDMESBAECL -1, 2R
0coREH, S, WAL LEENBRINMDIHY, K
WBOFERHFEFELY, RRELTEEILL, £
ETIZ20coRRETH HH, REBRBHFEA, HRLL
WEXHTL7 7 A T2, BEOEEADEH PRI
HEfpd, HIAEINESEL, BREOMWB LUEE
DEKDL FNHFHBTH 7.

(Bht - BT - k)
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(5) OmBE« HEHM HHEHM : BEHY
ADFRHUPRICONWT

BEETHOBEBIETT L4V ADOTREBK
ZoWT, Ei, B, kS SICLBBVWEHSPIC
Fo0, FRHEER. BFEOR. EREIVERED
BEET-7f, ZORE, EHICE > TRMAM, K
#£, FEHARGEVWSRLAL. 3B EOEKT
14 BlcBE®RF RSN, 6 - 1 0ARIITRTH
BHEDSRIMLL, 2HOBETIZ6 AL HRAL LD,
8- 10AKIMNILALDEEFRILL. 1ROHE
T8 AH S RIMEKH R HNT . ORDEKTIE
1 2 Bicid TRty R 6 i . FRIEERKIZE
BrEVERIILASS, FEROBEKEL1I0AKR
RAILD, ZoOREERICEHFEL, 4%0H
hTIZEHP3 2%, 3HROMBHETIE3 1%, 2ED
BiETIZ26%, 1ROBTIIA%IELI, 21,
ER, X2, FERAKREWEEDSKICKRNT HME
MRS, LI Lhs, BEBICETS 3%
DEDA Y ADRBIIIA -1 0ATHD, RAKIZ
FHRBENAE SHEABRL TS LE LN,

(x BUKK - 3, »5HA - THERERELY S -)

(6) ORIFMT - WM : WRAKWE» 5070
F7S A MBEBORA

ALYV IRY, RIVBIUETIADOTOLNTS
ArDONBAERSE. FHUEBREIZ, D7 275
YTFEEINGY -, DFIEFEIINDY -,
DENLI-¥F/,XH R-10, WHBELEIIYY )
YRR, ROV SRAB LU T S A IRBOMEE
BTHED, ChoA2HMBLIFASGL, 2512188
FEMgRL LT0.8M? Y= b= A EEEZYLE -
EMXTEBBEL, SRGELEBLE, ZTOEE,
AbYYIIHIZONWTIE, ANV )T RIRED
HRRLELS-¥F ) XH R-10£BEL EBRIRIIC
&oT, 108 H/g(REULEDTD RT T A LM
AWMEhE, ?IOVICOWTRE, BALEWThOR
RiklcE->THTO N TSR MO EI AN =,
FIAOWTH, ENF-¥F ) XH R-10ETFA
ARBOMBRIZT ATV TR R %21
FOETE LN Y -2RAELEBERICEST,
106 W/ g(RBEILDOTO TSR MHQHEEH
%o (WK - BHD

(7) JBEE—: 2a7vary7 (2av7H) OO
FohE

FEREEOBBEAFKZCENT, F¥v2a7
22 v 7 (Arthrothamnus kurilensis)® 15EH& 25
BHORIEEHKT, LRIBEORF PN LE
KELZL, 3EBRENND THRVIKOBICE
HLLOBHB LM, £, 227V T (A
bifidus) DFEZH D& > HFEEEILIHE C HEHE
MAERLE: (BH37, p. 73) .

0tk EEE1989F 6A228, tiBEERETAR
BRAOFERMTECBVTEEL 227V T
D1, 2EEEFEORIVWThLRIENKE - IIEH
MRT, shoohiTideHmOA»2, 3HTILD
BHY, 5ETHBEBRREOKES mUFOEET
HFhoHONTE R, FROELIZASHIZRY
BIlEHA->Iz. £z, REShLEKIVTHL
6 0 cmUATT/h&EL, MKELTERMHERIIRY
RiEET, RELEELRTLOBH- 1.
FA72AVTDEDID &L D LELIZRS S EBK
FORERLELZE>TETRILDOTHB S,

(B EHEE4—29—15)

(8) OHEBAE®R® - WFEHE_"" -AHHB® : §
BEAMESIVTORARBLIUBHEELOLER

AMBBRBHEOYIY TIZONWTIBES AP 519
89fE3AET. EIZ1PAK1IE. KESm&20miZ
BMET2HGELFRL. BEoZBEHAEL. #HE%E
AR, £z, —EEREEKMS LT/MNABREOR
BMERICSAKCBEL., 20RGBRAENEThOERS
rREBhERELE. 2OER, KESmE20miZ
BETA2RAROFKRTIE., FHOBEKOSTBAETSH
. WFhOKETHL—EERKITARK. ZEEHR
Kit3~5RIKBARKE -1, KBhIZ &) FRE&EHBER
Nz —FEEFE. _EBRE®KICI0~11AT
b9y, _EBFGTRIIALBHERLSHEL .
ABEeMAICBHER (KE3~8m) LE—EBH
iz, MNATRERB IV KRBIEBESLZYKEL,
BREEIXBICHELL., NARBEROL THHAKLE
M., KB CRRAEMMO 2 AKRETCHET S 2L
Bot, 2hid/MaRBEOKBBKBMOENICHEL
T8~9AIIE4~5C. 10~2AKKIZ2~3THW
ZriLLBbDOLERIN].

(*HAK - BE, HHRKENNEEYY-)



(9) BROAN: BWFEERKICEL S0y 7HERR

BUIREa Y TOHEBRRNSL, 1H#HHEDDE
BHERZLEFIE@INTH SN, ar T EEEL
LT, BECOLDICRRICaAYTHAHLT
WRWAMO @GR Ty TREMTODND &
SR> THBY, FE, M, &R, REMOERT
W& H Do, THIGIBUETAUME M H8H2TIEMT
TG UK R ATl (Fij4 . 2kn, K ZE300m) OO £ 3%
WRITERAKRI R T8 (CkEEREL, %ol
FEBOTEREKKTE2I0m, #6°C) ZJHWTKRNT
TY Y THREEMIE) O AR MR E (T 2. #
DER, WThoFKICH MR ST, 2ET
270 (iS5 443) om,  FEMECEAST(ET2)mmER U
fzo OMIERBIZE R TIETEHI.6(HMI5.2)m, day,
BT EH2.00gE2.0)m/day T o1z, LD
Foic T8# ) odbl. 4kniti S (KEFS, 25-27°C) i
WEETEFUVIY 7HKERD TFTEYEBIRE
o085, (HHRERL TN, ERKIGKEEY
tE, KB, BRERTITOADO5EETTL, B
RTHHay TOHS, HICEEL T CNBICRD
BEICERO CEHLHAOND. (EilIKIL)

(10) OEEHIT* - EAEFk* - FHET ZMB* :
RIV7IV0RHHoHEEREA T2 3T ADRK

BB RICETT 51572137 ACyanidiun calda
rivniFRK®E (RK—18) £ M#E (M—-8H8) %
Y, MB 3 W#EGaldieria sulphurariab Ex 503,
HIABBLZATHWEH, ZORBKICDOWTITER
MHd, 22T, 41FaadiA0MEREORIC, &
BFRKCH® RBIBRERD S LEFIHENCRE %
HHTEE, SERRY7I Vo8BS Faad
AN L HBLRBICOWTEET S, RUPS
VEREKCEHRENGHE T, @RZES YRV —-LIC
FEL, ARV BPBBARRCHEELTWS, #
BBEERTHIEL, B/ oXREiBAT L8
Rk Iae h /574 —HPLO)EHRA /a2 T
74 —GOIEYBHLE, ZORKE, 15F52a3dX
RKEZFrLy>Y (C4, PI)EICKATIR
£BERY. LTHL), ARWITY (C3C4),
ARIIY (C3C4AC3) #8684, AXFIVUE
Porphyridiumi- & < BEIL T, FhCHL, 4157
AaTAMBRIASOR) 7IVoftic, 73 )
Jany (C3), JNVARNWIYY (C3C3),
JNARNIY (C3C3C3) 264, Yonss
LB RRBENA—-VRRLE,

ChkRFEEBAE, * kBB KEREN)

(1) OMBRS* - BIOHAMNR=- BRR2+ &
# Microcystis aeruginosa (s. lat.) OBZESH
&, TONEMENER

Hicrocystis aeruginosa (s.lat.) RIXKRMNG7 A
IBRERELTASNSH, BENGERAZSLL
ke, BEOBRBKOWTISERSTOEENE¥N
KABRGERBLHD. TCTHEBONABENERN
EITS52CEBAMELT, 2EBMMSIREL 19K
K2OWT, BAZE (IH 5E4BROEETR) &
HE-BHLI.

TORR, ABCRIDPECEHSH (smaller cell

type) & LB (larger cell type) M2BMARH SN,

MEOATIREENMEAHYCEATVEI &N
Shélok, a5K, 2RO L HIBENHKE
EENCOLEBNZEREAEL, TLOORYTLEY
RBLRGULBILEASNZDKEHL, SHEM:
DZRMT heterogencousBZx J N - 7TH DU BEH A
BOCEFTHRENTK., 5K, BKESKCOVTO
SSLHALHRADETHSD,

(x BAVHFEEWE, DI HERALAH)

(12) Otk #@-HF B - TH kit @457
FTANIZBIIIBRESROYEENEN

BRARTHHELASICZ, ERBEEINHENL S
CH MU AR R EREET S, VT TH L
B#da744E, AUNLNARRBL2ETST+7
FHNERT 5. ChoDBEIZLBIBBERIZH
TTAVY A LDOFENY -2 %3 - KL, £
SOBEMNEREZAEL 2. TOKER, HHEOKHN
YV Il ERZBOSh LN, 2 HEOEB
FidEEL, RETHZLLBBLE,

WORFHHNSILBEHRTBEICELILEL 5 A
DT FTEFHIZOWTENSDONREE - 714 V9 1
LkBINY - DUEBITo . BRETROEE I,
hh6d, BELEFEALOBEEDOKE Y — 12
THABOLOLA-TH-2h, BRBAFHES

FEORAN—HT (BEMIZARIZTFTFH)

WMOT+TFHE R BkENY -2 &TRLE,
—H, RPBAXBHEEDFH 744U, arasakiid
TAIVHLLEGIWLELER, 7THTAHELIERL 3
kY —nBOERE, BEDNY—VIGAFET
FTIHIZAOGHENY - BRH>TWE,
IVFRTAHETFTAHOBENERIE, LHERN
REERCIKEINY — o DENBZORBEWI EMG6, T
YHECELLEMOAETII 2. SEANSILOTEEN
133% 50 HOBRIKRIILDEEZHRE S,
THTFHIEREBEELETRTN, HLLThHFEL
EN&Hh, 20N CALEAIDBREHTIES T
WA AREML DRI X AL A, (HER - £8)

91
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(13) OMim #M-L+H H\- K Bo: BUE
B (BERTHS) KBI337 5744 (Ulva
pertusa) DEEER

HIEEABIEK, BEMFEOL I ICHMEL, ERHVE
BRICENS, BEHRT7 F7EHLRNBEREROR
RA37FYOERBNRE6N B, TOT7FH (VX7
FHERH) M7 FT7EH DL S enRENBIE
LHHPRETIENT, ABOTFVHOBRBRERL
LESMAPEL 2, 2OKR, (V7 F+744HEE
2B LTWEDIRAL, TVF7FYOLEII
FBHEEBICOAZHLTWS (DT YFTIHLT
FT7AYRBELTWE Q)XVYFT7EHOEBER
W7 F 73 LEENTHD, BTEORRMEO
BELENICHELTERT B, twiTehbrok

XBI, TVFRTEYELTHF7AYORYEERTH
HEOBRMBTIEEAL, BFETE2L, ARFICEDTH
BT AVHALEZRAWES FOHENRITOERTR
FAEDYAET I ARBWERREOMEEWS E, Bl
ABOMIc, KKiEBRE (KK, %8 (GREIW),
xR (AFH) L YFT7FHIcEBURBRE
ERTTIYMALR, CORADLBHEOML Y
EABRICEBTLTWAZ LR EEMRL 7,

UEDERMSE, VX TAVOBBERITEREZH
LERICLEIDBOLEZXZ LD, CUAEBHLZER
RE>THEHINITHEN MW HETE 5,
(REX EWHNER)

(14) OMEX - FEEL: REEF X740
B3 2BORERA TLERRIIOVT

BEH 2> 7A4Y Ulva conglobata Kjellman id,
BAZMBPEOGHH LBOE LItEFTIERTS
D, HADEDE S RRRPSETDEYSH 3.

EWREBEORE X FPAHORELEFBEEEN
BRTHENILLCS, BREIIUTORRZ 28N
HZT bl 1) BFEKIR1BoOhEERE
ICREL %, EErSEBELTRTEL LY 2EOR
Ris2s, 2) BESR 1 BomLEREIREL
%, EBrSSy A RIZEOL2BORRKEL 23,
ChERWTRY, BROKX P AHOREDOHE
(Yoshida 1965) LiXBURBRERA S THB. Ch
SikIREM, REFMIZ LV 2Hichhhid, AL
REX A THBUREVEE R

EFECELTR, 4BBHEEFOR I K 3EEE
HMOBVELPHEEHhTHEY, £ 28ERET
WEAEEHEMOBEDMOSN TS, EHEORRE
¥, WTFhoREXS TO(bABBHEETL 282
EEFERBEL, AUNHTRARERRKERL .
RELHOBRIVELRFohlhot. (BHX - X
)

(15) OBVESF» ABEX: BB THH o2
STA VM T IR/ VLB VOEBENEN

BENDRY7 A Y (Enteromorpha prolifera) (&
sEHEcHY, AFCbr>THEARIBRL TS
2R, BEZBLE->-TERIN30RI1I2A~1 A (&7
V) L4A~5H (F/7)) ofiviiBicd s, F/
VOBEBMIIR VL EARTHEC FRLYIREARIE
LAEBVEbHE, EEHR, Y- vhrY
TH/VOEFREBVTLBRAERToR. 20&
B, 2/7VRBABTHEC FTHSTI2ER, £/ 0RTF
M2 BRVEFCREREERDI L BDH
Sk, BEGORERE/ VOAREVR, BFEEOY
ooy s NvaBREZVOFRSL o, T, XY
B297+ 7 V0L ERBEAYE /), Eficikoan
Foronsiabnt. EHEHB0BEBKRL /Yy - X
v, KB 10.6 ~ 19.6 °C, ¥4 0.01 ~33.51,%
Yy -Rve, KB 17.8 ~18.3°C, H4HY 0.25 ~
31.80 THHoh, T, X7V REMO LY 7.0knk
HOEBBHKEEL, £/ V13Y S.5kexCcOBEHKAE
FHRERE(CR->TWE, Thid, KPoEI LR
2B LEAbDNG. (K -@REHEYR-)

(16) OMEME - HEA—: 74 /34 LB &
UHEDOKEIC K 2 8% K Anabaena cylindrica
KT s7rny o —R

HHHEOHYAFELET HE%EYHRENLT, HED
REPKRERLEAEETEXMBILED I VIREESE
7, TORR, 5leRzXhEHR EAllelopathic
effects LIEATW3,

K1 Tt Eleocharis coloradoens isid il & o /K 4 4
MiAllelopathic effects®sr U,E.microcarpa M5
EREHOBREMFE R RI ARABHEARVWEEHLT
W5, ¥/, Chara globularish S IXEEZEENitzschi
apalea WHEMERERT, SHALADHPREZ LT
Wb,

ZZTCl, 74734 h%® (Potamogeton oriental
is) BLUBEDOAKFEICOWTE ¥ &/ —IEHW
T ETY, EHICEE - EEE - PHEEL2 2E,
KBHEE S L AHDE TESRESE (Anabaena cylindrica
IAM M-DICH T 2R EORTER-—N-FT 1 AV
BREUBRFLEDTHRET 3.

(MR N REETER)




(17) BEAHE : R/ S—ILEDKH, Astrephomene
(TAML 7+ A%F) & Pyrobotrys (R F
OE)NLE) 1T T

1988FED R/ =N TS TYRETRMS i LY
TS UTOZ@mrsgERsh,

Astrephomene: 32, 64F /i 1284MAah & LIcER
ROBET, BB 2% 1201 4{EOIEMMIaE b,
EERAIYS F ROUTIC>2FNTED . HH
BEELSRALEVICEF L TARELL, WM
1T EMITS, BRI AR T, EL/AF
BRAIW, UEDEEDS, K% A gubernacy-
lifera ERR Uz, ik, SORITRES Y v /0
HiEERHER L,

Pyrobotrys: BEKRIMIPIERIEICLD 70— ik
B3z U7z, RIS EAED Pyrobotrys (Nozaki 1986)
ERIZY, FNF I UBEEEICEM U L3R
Lish -1z, BERRBRT, 1637213 s@fattTh-
1o. BAOBAOMIIC, HREERHIESHRNH
-7, ULDFEBIL P. casinoensis ITHAHA Ak
DFENEDRHDBEHAPS U ELEHOMIAITK &
RREE L DELTRILS, (BIEHARFER)

(18) O¥MIZE* « hBRE™: 7 THOMREL
BH

WES IR, WEELEZROAMERT L 2HRLE
HTHY, ThETEBRAOFEHRBVWTETOH
E2fT-T 5. SO, bt BRETROH
BEHANO 7 Hh o8 8RB oW THREL
FEEAL, BBV 1B 18, RFBFEISEEZRALL
T OTHET 5,

FHEOAMIBL TIX, HERHEBBMBkE
T# 1 » AMENEERTY, 27V —RR KO BKE
pEL, BEET-T.

ROEFEICHE LB & Stichococcus bacilla-
ris ©, ®\TPseudococcomyxa simplex, Chlore-

1la emersonii HH B 5N,
HAFERIE, Cocconyxa gloeobotrydifornis ,
HEEEFEE LR LHTHEESh DI, Bracte-
acoccus minor , Neochloris alveolaris, T rebou-
xia glomerata , Coccomyxa gloeobotrydifornis T

&9&0
(* RBREE, KK 2 )
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(19) OfFHeh - +HRE - SRAEL  HKH)
W= > dk (Normandina pulchella) » 5 @ h
EREE

J W< v d% (Normandina pulchella) &, B 1
~2mOFEHEI TS LBHFROBAET, BEEP MO
HMABEBE, HdERCHEEL, LERICIEKL
FHLTWD, JIUVRYITrBoBKEIE, HRETK
LG ZAThRY, KFERTIE, BEAFIT7F
N+ Y F d4 (Pannaria canoplea) EICHAEL T
BN ydrhoREEEHE - FRL, SEEN
Rt z1Tle ok, Z0O#%, Nannochloris
normandinaeA'#&sH SN 7, N. normandinaeid H 4K
HOREST, MRE3IX5mnRk~EMAK, #X
WERHEY, REABEGERORBICEAL 2 HBIC
LoTHEDbhD, CO2HBICE>TEL ZRMR
FEERFICHYTINAEIMIDWTI, EBICH
MeRFAHIFDETHSD, £, AHEEHEIBRE AL
Mok, JIerIdro4EFEIFE, Tschermak-Woess
(1981) =& ¥, *&¥) Nannochloris normandinae A°
#WEENTWD, 4y, Nannochloris normandinaeld
HEAFETH D, (KK -# - M)

(20) OXEMW— +- BHEEE «: B2AHHICEY
M7 S o7 b OERNHE

HESMETICABE S 2BAHEICEWT, 1976~1988
FicEE1E, EREET /oo 74 ba (Chl.a) &
LEWmTS vy b OEREEERE. 79 80FEICIEE
B 2@l &M (Si0,. PO4-P, NO3-N)EIMA THES

CABEEULN MWT T U0 b U REBRHNT VLI

Chl.a REFBEORENHORBCESE 3>y
Font, bbb, 1) Chl.a EA150@EfTELD £
TEL EBENFLBTH—NNIMA, D EEEER
F2LEIONBHAKICL > THBI W XKEESE
FIF U CHEBAEMS 308, 0~6n BicChl.a &A2%E
W5~6H. 3) 0~3nf@H L U6~15m@icChl.a BHE <,
6Bl ECHBEOEB TRENSELT-8ATH 2.1
FoRAMFKkROMENZBOFHE/LERBRLTY
2 LA, KEESIO,OMBENHOFHED SRE
xh, HEMOBELEL(RES, SHOESE
4. DAsterionella #F &4 2H#, 2) Fragilaria,
3)Staurastrun¥ & . L@ Tlilicrocystis. HET
{2 Synedra®s & U'Melosira DBFENE A -1,

(+ WENNEKED, BAKK - BE #EkK - B8




94

(21) OmAFH -0t BRkE o Bt Hokk - ZHRM
5 PESERAMTOEWT SV F VOB
(F#D ’

FEREHS DO FEEERLVIBRIENSD ., K
BEOERYBMICIBEAL, ERORRBREVSVEE
XHFTVS. SFEEIRRACEIhLBDTED
BERED TR COBEORBEIHEF—-LOHE
HTH3. SHENFEULFERM (56m x 88m x 2.5m
MWE LT BAOELMBER SV, TWHTERUE
KER1500 ke/HEAL, Tho2BEENAT S
g, 7vav¥abnersy s yRONILY
,AvLy, o2, JTHBNEEIh TV,

FELI1980F 9 WML EMENAR LY, L
WKEAFRHELART, (DEWTIO70D
—kEEBEOHTEIL, (DWPLOCLZH#MTS VY b
JEHBRHBDOEDChorophy | | BEOBIE, GHERRD
EONASBIEHOHE, (DpicoplanktonR B LKW
T2 oDH 4 ANREREKXABBOHERIT
sh, AEMTRL LOBER D >ARRABOWEN T 5
VO IOHEROVWTERT B,

GEN AET, k EfKE K, TR

(22) O3t - KM : I HY % LA
DEDIFTICHET 2 RBER-pHE ALY D LBE

I HY ¥ EClosterium ehrenbergiiffl & AN KLEE
ABIZIRNF ~ W EH IR IS U, BT R E
BIEERD, —F,ABEXEELTAHTEHTIR.A
TEDRF L = LIROPNLEL BEOFIEFWE WS H
mrMHsehi, 22T, pH(6.5~8.5) L CailBE (0.1~
100mg/ D DRFEHFIZRIT T HELETINE, BRIZED
FRHpH8.5 & TEBIICHEFHBAE L, I & 2 vl
EHFO T EMREINFE. ABIEPHT. 5~8{¢ i 1= Blipll D
C—70h R E8.5FTHNYT B85 HD BEHIZEH
FTHRWIZLAESHNEWS EFEWpIEIFEZ &S
mENRE, BEUTERLUAABBROKERAL TH%
U, MR 8% IL8ed 3 & IEpl TIZABEDS, BpH T IEBAEAS
ZhZEhiFOMBEZE Lo X, phmitotbidici
5ULTWAZLREEhE, L LB THRLE
BERALABAICRLTLHES L ST, EoplT
BHARFOHIREABIE LOW, F EARHZECailRE (
2.5mg/IUAT) THLEKHEMU DK LT, BEEEH F
D BB HMA LR 2, WHE SHEETOME
BReNGE» 2, (KERLAERR, EK - JSMET)

(23) OWEAE - §INIl 7% - - BiE Bl
BREINVBLALNIRARERANTEYE

BRCUAFTEEICRETAREFBECRDE -
TWBLDHEN, JHIEER, KESCIIBH B
NBVWICLEHNBREBIERTALEELLNS, L
PL—FTit, ~RCBEHORERERREENLEF
KEBOBELBRIZITBILHEALATVSG, ZD
k5%, R TrARRNAGHENIZRDEBBE
EROWAABELBERERSLES D, 22T, BREXR
FleRBLEteRERROTEENEH, EHL Y
FHLPICTHDIC, B -BHED I N B XITER
BN TINERBL LIBEERET 7. $%b
H, RELEEZAE On~150 T 50 JEICHED
THERL, lyAkbRVZN7OR 74 LADT
JARKDEHBROEILEBHL 2.

in RicBWT 223z 2 8RB EERLLY, 7
o744 a/b RIFXOEBRRICBWTLIEE—ET
Hot, LizhoT, INEBOKICHT S ERBEIC
EoTit, KERALVLULAIREERELEL LR
BI2RVEETHELHFEILHND,

(*lIBLK -, »ZEA-AHER, #HEX- TH)

(24) OFILgFEE - eISIAIL - BUREME " : #1 KT
—REETA7FTAYCE T A RAROEEEL

PFELHB THBEHBOY A F7—NVIEFTTE7 S
TAYDIC—40°CleB T 2R EREEE, (DEBR»
SHEBALSCEOBEX LT TRHEST 2HE QB
KiE»HHAMEEBRMcEAEIRSCEHOEEEZE
ATHET HHE DEKA»EBNEREICBL
THETHHET, 795 7 b A=F—-2MWTHX
reZA, HohEXam - RERRICENET A,
FEMIizck > THsh A, HEGICL->TH
shiL D BBMICZOEEOE -7 2 F>Tw
e ER. FEQIRE->THERAEME HIEQ)
ko TEshAfmRIcR, KR WEEE HIC
KEREEMNE» 2, ZhSOMEE, HFEDES
FERORBWIERAETOMNEICET ZEHAICES 2
HBAOREWRILICE ZDBOLEDRE,

Ehlz, RiREICBIT A OEMRMOBEELE,
WETTRES A, IFUAICHEREEEHOLZL
Hhiro i,
CHEEERA-EH, CREL - -BEEREVY-)



(25) OE#ER - #IFTE - BRAME: AFOE
BHHEEAROBIE

HFOREHHH/ELE 2D LT, khoRBHER
EBZLEFO—DOTHD, ZRKRTHE, EHARCEE
L, BABRIPMEORERBHCRIETHE L ENR
BRHE L OBECODVWTHET S,

CHEHRESEXBUREOEMRYE, KiFE25~30mDF
O EYREL, KBETC—EFBEEKDC
AhTBLELREEZ A, FRETCREGHREERKEA
BUEETLEDKHLT, ERMETCRELVETER
bhighotz, XIC, BABOAENIY +T375Y
LEEPFTHBAPECOVATEVWEL DT, %/
B, EHRELLEFXTOLOL) bRERELDE
FTE/hEhot,

EHMRUCEFRPSHREEALEH40EDLEFEEC OV
TEABRBRNHEONH LB RLEZ A, HRHETK
SRCEFEhTVLEOCHL, ERETERE, bL
e EFhTwho

REDZ EhS, EABRABZOEENHLRFT
SEELERO—OTHH, EARRNHERSED
EARLLBAFRETIBHEHHDIEE2HND,

(ZEK - £PEE)

(26) M D XFEEX: BARAGBEHT TS
Ty AnEHMHRE

7 v b 7 A (Eckloniopsis radicesa)id, K¥EH¥R
B BB O LHEAHBRANTIREU,O—FE
VIHEBEENRTVENR, TOEBROVWTRES
BRErAERY., EEHR, tEBPROAGHE L
HT237 V7 A0EREBARKOVT, ~BoEG
K-V 7 %70, 2FHebr->THEL L.

Ty b7 ARABRALAKEI D SIS mOER
ErEBLTVER. 22dBELET V7 A0 SG
BRIRAGH»LBREIN, BbHCoBEERHALL
NDiRAKBABISCERZLATATH->R. 7V 7Y
AomEHcsy T, REKE (BH15C) 2R¥ 24
THKRABMHER 6.1%/B%xL, 3ALAHEK
VERBR7 Y7 ABEOYIRBERED2E SR>
. thER6 A LA (B23C) TTHBLI, RAEKE
Ik 51.3co THorh,. FERROBRI7TATALSS
ATARK»rT TRESHh, AUCEHFTE7HADL
OALYEI-R, TRTOBGOERBIRIALS
FORPELAY, HEBOEFRI2AGHEITHR
&, BFnl AL BELE.

(BmXk -BREHEYZ-)
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(27) O cChristine A. Oroscor o LA+« X%
EX* : 74 VEY, RSO VvBrETZAI /Y
BrBE+2EBHER

TaVEYDOAS T vEREARBYFE, AR
AN-@REL, YyvIEES(HED. X7 VED
FI/VDEBHEER, 188F 1 A, BIFE%24
EALEARACHbhE, FT /7 VEBDHCIR, Y
~7OHRNBPR[LOY VY IH LB ABEAE. BB
INAEHE, Gracilaria

coronopifolia, G.

eucheumoides, G.
arcuatam 4 @H T H
Sf. N5 7 vETIX G. coronopifolia MK K A4
LT, 2TORBcBBINL, G. salicornia, G.
coronopifolia M2 I 2K KT, G. arcuataid 1 X
BThabhBOR b B, AT/ VEBRELT
ABRABR, REHELXEC, W 2.63ks B/ mwofd
ERLE, BRE0FI 7 VRBREGEVRFREEZR
L, ¥vIGhtoBBEREVRFEERLA. X,
AT/ VBECRBOBELREL VIR, 208
Al s~% LBV BEVREREANAEBNRL,

(*Bax -WHEEDEy2 -, 2B EK KE)

sali-

cornia, G.

(28) OBt * - R.N.Pienaar* * : BEWOBE
ETHEM ~TUI4TAZVLABREILOVWT~

WEERBICIL. BEODERLIAI K T7—IVICHR
MICERTEEVFALNSE, L LEHs, 20
NBBERFOMBM/EL Y AT MR, 3%
EX+HTH5, SR LOBBERBOGT,
X¥L/FAZTLBDT Y 74T 41270 B RT3
SH3, ¢7%bbAvphidiniun semilunatum, A. cf.
latum, A. britannicum, A. krebsiiFhickEIZRBD

MR ET 2w R BOBRLLALER
KBRI2Y, ZoREENFESLHBAEIZTRTH
7% 3, A semilunatunbdBMERRE2 B I LW, fiiod
BRERLECEHMBAICRDAARMELT S, 22 A
cf. latum3BFRACZY 7 FEEE 1 ~3HMNR
A, PSLEKRLTZ. BROJYTFFEEMIRA
HiHE, ThoFRIBICRTIEHTHIBAND
3, —F, O3EEIMBANRERKEELL, XEA4R
EBILSIN. ThoNERKOBBIEEWCIREZ >
W3,

(*ENX - #&¥H,

*x* 7 4w bhN—FRAFTVEK)
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(29) O%% k#i-#L R TH Kt : BFHE
HEBFIN L/ 7V AASRNBE

HFivy /2 ) ¥ AEG197T4ECCayral L Billardic
LoTRIINLBEREBEO—RTHS. RELR
B0y FamshTwna s, HELZT TR #AR
RLMERBS LW, RESIHAZLBTRELLDY
Mo, ZEBICETAIVWSOr0RENMEL, Kk
PRMLL, ChHIERK, CL/AK, R, B
HROBREA, MBZRYBACERENBRL EICE
BY¥3Z kX~ T, Sarcinochrysis, Pulvinaria,
Chrysodernak BT AT L HTEL, ThH3ED
HEREPLOBERZMOTTHSE. ZD&RBOHEE
MEIthOBEEHRLBIRLY, BEFEIPLEL
%, F7:Sarcinochrysisk Pulvinarialc 2 WTEFH
BMBRICL B THRNLBEET>LHE, wihibL
A4 RIIEEBTHE L, &5IcSarcinochrysisd
BEMBTHEIZ<OHELERICRSNIBEERDS
HABBEERVWTWR I LPRBEIL, hbnlt
BUEETLASNTE ) AkEN,

(BEKX - EHHER)

(30)O% M= -3+t 2h: Hesostigma viride
(Prasinophyceae) MRS H L M/ BERE

ZAEET 5y ) ADResostigna viride DMLY
HBAEZMABELICBT LA, AHIRSRELE
WaESH L EEILFRTICharophyceae & - TiT 5
BO—DOTHEEERLEMRERE LTSERE
F{(MLS) 22@db, ZHIH5—D2DFRHKE (
Ulvophyceae, Chlorophyceae®) 2 {F#H JIF A XA ¥
BRELHELOILHYRAERIN, REMHERK
BHOEBHRIGEWENELTHEEZA TV AENT
HB. AWMRCBWTHRSRBEZANEZLZ 3,
BARETH»r 6 MIcHr I T THRESEERR
TETL, B oMk 2MBEORKIRHE (furrow-
ing) k- THBESTDOTLhIZ bk,
I774AT7 AL EOMHMOSHEERNEROHR L
Hohzhrok, —HICHARERHOREMICS Y
Hifats, BHbHNBEOMBAREIRMEIC—E
DESKCRAD, ERHOZERMBRELOEWICE
WU, MRARDOERTEIBARBEVWTLEDE SR
BHUTHEEREO—ERIRES ATV EINIGTHEKD
2MBTH 2. T2 EHZ MBI DRI E
ZOMBIZONWT, FHETHLNEZRIIEIWTE
TEMR =, (RiEX - EWHER)

(31) O#Lt % FHiEM - FREE: 75/ %
Prasinopapilla (¥/8) oM EL 28 - &L
o fir &

HEHEB,» 4 AHEL L >RBEOBER LM L 1o
COER, FATEY BB EAT P A= HHEERR
RESS v/ BEHBEORR 2 bo—F, MRALRRICI
Ak Ei2 (papilla) % &5, FAWERNEHIC X IHH
BERETRIRE, BEEABVHERTHEEELED
EboTWVW3, CHSDKEILSEFEEZT S5y BOH
BHETH 2% LYWL, Prasinopapilla vacuolata®
ZHi%25 A oo F/NEDyvacuolatald EARHEME &
2Cl¢éikB, AR 1 EoEROBEREELSL, %
OHREIC O/ PNEEN ORI TEFILTVWS, MR
RSB SH L EE, B, LAY, BRER—AK
REL, RficEksEYT 5, choiexd L THEE
EBEH—EORATEIIL TV, RXEHEREZE
BEGEMLS)ORAEBEET S L, BIXUBHKREB S
PP REBHERBOS TSI RNEROMBMFEO LS
» 5 Pyramimonas, Pterosperma, Halosphaeraii &
DTS5y /8, SSRTAIE, v+ VI EHEOHER
BAGRHSHE S M it id - 72, (GREK - EVRER)

(32) KR : BEIE LY BOWE, 7Y
V7Y (R OFRE

FELBRBERTEISHIIO T TREZWET Y
JNOE® V7Y (Spathoglossum sp.) 3 2 E V7Y
(S. pacificum) ¢ FIRR. @ THOBBOELIZET
THEP. ARV ITHOEETELVRDOTWIBRIZ
YEEFT S, BIAEXE 1-1.5co Taer sy
EINHHFWH, FXIZ 0.5 m FETELEL LS,
FEARCTHOLSCRBICHOIINTEBZ L
Bad . REARKEIZROPTHZ, En6RIINY
TERBEVERIN S, BFOIHIIREHR T 500
un x 200unm BEDKEITRMEZBOBALLT
BEXhS, BEATABLHIH 100un T, AREIC
HoTHEREXNB-HDEBOLIZE) Latsz e ldn
Wo 4B FOSIRBEMIFICHSE > THEMZXH
5, BiECHBE. &X 150un x 1§ 90un ORI
AETH 2. PYNAETVIHOEFOSL 4TRF
DOITHOGNIEFREBOERBRIE. a2V 7Y
A0 EO7I VY HOEMARNTASN S,
ERBHEN EA> THEKEhB LD LI RWIZRE >
TwW3, (EIHZHME - Hh)
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(33) OmRTAA*- J. KIL AR : MifEBTH
RINZ@RER VYO SERO 1 EIZO>WT

(35) BRAXB: 7*a L zs (BE, cv¥vs5
) o—5ixs

BHlEESTRREINARREA LV YISERO 118
id. vAF M5 E N : Sargassun polyporun
Hontagne &RBEVIZIERICBITWS, AfE. 8K
DREBRBOSBPBOELHL, EH6I5ITHMOE
BAERZTQ2cnETHIET . ERICIPVBELT S, B
R, R, BORWEAK T, d— LERTIk1-1E
BEAPRICOHT 2, BEOKEXE, B2 1-5cn, 1§
3-1mTH 3, FEIFHEIDLIIcbBh, BETO
AEEIAOND, R, RX6.500 ¥ TORKEE
FIRBET. FTHREZ2RIFORIIERIAGNS,
AMBIRICHIZASAZ VW, SETHANSIRSRT
BEEBOIRVIISEROBLELTH LINEY (=
AYTEY) HBEINTWEY AFICHRTED
AR > THWEBRE b O L L EABRITICHARZ
FEHHOIETRNTE D, X5ic. AN

ERGOBSIIHE 0.5 - 1.5 0, SFELEHESR
A#E. PFLEIRMAAERDERFIAERC, R
KL, B% 0.5 - 1ca, EXfkcew. 154EFH
HEIBERBADESREL L., £BLAR=SHE
T HOBRRERCHEAEL, hlha., MEKEE< .,
BV, EBOERIHABcEYEY, LBoE B
B-BRCEHNBBEEREL, EFEKcER
24 T3, ERRELcHI. SREXABC, BE
LBOFHMELLEL, BREEXUTELHT
5. BERKC, EWMERIFREAL, AL s+
5. BUHERBRIFEALRC, ESWI1.5cn, B
B8 loo o, BHENBRRITEL, EX3 -5 o
T8 1.5 - 200 CHB. AROERMBHEERCCEF
A 1EAL, RBHPWIR7ATH-9AT4H.

%H O\ 4 EDSargassun polyphyllum J. Agardh
%7 Y) 7 #@EDSargassun polyceratiun Nontagne &
ERBERMZBEIZOWTHRME T 3,

GERK - B, ok — MNBEBIR)

(34) OF=ES-HE B:BAMNELIIES L
FUAREY (1BEB KU ITR) DHE

ERBRLEMBRICE, FHKHOHZFFT TN
DY B, WLA(1942) 13, D H L EIHE A [GE TEED
EWEE%E ¥ U/NEY (Sargassum alternato-pinnatum Ya-
mda) &L, BERBENZHEPCHRE CEEBOKVEE Y
4 7%7% (S. asymmetricum Yamada) & L7cAY, HH
(1989) (I MRERJICBARE S ZD LW L2 RBE LT, BES
(3, 1987ED S1988FICMI A & 7€ 7 DERICHE S ik
DELE, FOREMIGEVERBREEHEEEHIcEV
THE L. TDHR ABREVKICEBRORNET
BEOLWA Y 7€/ ROBEBERTOICHL, EHRLL
BETCREEOFHABRTEEDROF LA RIRERL
1:o COMBERE, BEROPECEFTEEOEILLST
bEUT, $RERBRIANDEHIRT, HHER—ER
BIK (BHERR) Thotlo SOKFLNEIENSIVE
I OEBERICRONBHEOERI., AhbEHTES
IIEIDERBAICA T B>THUNEIEAS T
E/7R3R—ETHY, SBRBFVNEZ (S altermato-
pinnatum Yamada) W3 EX2HSIHTRIBLREWL,

(BREBX - k&)

(B#HX 2« B

(36) om#&ES - BaMZ " - SHEL " : DX
1OV, 7YAIEY, 791 b EIJDHBBO
ERBIZOWT

YRLQEY, TYRAIERY, T¥4bEVIR, B
REBR, FOIFBELZWSPRELEE, 25
BEARMRETIERZEERERIHNTWS (FHI19
85) . SELLbAFHEPLICAHL, EBOBED
REWEBLRLORBHRAROTRELRBHICE -0
BBELICERLTWS, 205 28HTRELE
HT5EDIR, AFEFE 7 LARICHASRICES
FRRHBENSIOCRBEVWILEREhE, 22T,
SHIAE-MBICEFTFLIWIHBRAAGHES IS
WT, 19854E 8 HICEhEhOEDHE—FETIET
ORBEBEBRBLE,

AL OEICIRLEGICRATE, THIXDY
BHHRBRIBOSBERETWE, —FH, T¥RY
BE2LIVAPEITREBBORIDENSHEN 1
wOARERORRELH, FHISEE, BH204N
HGHTWE, ZRORIZHETER S ¥ H5.8m,
BRECRREOMEY4mTH %, £, ZREHK
AULEHBORIIFAETRATEEY3IEX, B#ETR
K28EEYIIETH - o (° wE
B, CHREEBETFIT /-, k- E - W)
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(37) OXKF H:BERFAKERLAHEOHMAK
RETHAREORE

NBDBERVHAERLEEEONAEECRI T
HABEOH B>V THRR.

BEKEAEE: ASBROKIHIBRE (S) %15%
LTl LEYy, BEHAEEOBLUTRAX
bk, BHEEEERBSNCHABRE L FERE
BE (ABEBEEOSLULNBEXBSALENIR
E@E) 0BV h, 1I5KRE62DI/V-TKENT
&,

BAREEEAERE: 6(ho>b 4B LEEERLE
R o2 FREBERENK CRIESEERLA.

(HRBA - ApEX - KEER)

(38) HINFTE: TV FALOECLIBERERN
YEEOYIab—vavETFL

BERBOLELEBEPFE 2L CROLVAELER
WHENOXBRTH S, LiLl, kKhTOXBRED
BERHEFELZLLHY, ThETREALTRDA
Tohhok, 22Cava—2%HWT, BER
KBREEHETIEHDORE Y Ialb—YaVvET
LMNERRTHIIENRTELEDT, ZZRERET S,

EVFAIAMRKERE LBV ab—Ya Vi, HEY
AOWTHRRNCEEEANTIHEO—2THH, —
BCATARBELRECHL CEMTHZ, FETFA
DERNEPEERIET 00, ERORBRS VY
LEL, BOABELBRACELLIRERBBCOVT,
HERXBRE®>Ialv—brLEEZ A, Monsi und
Saeki (1953) DHMKEH T B 2BHER L ZE—F
L, ‘

XEFLR, ERORE, XRUCBEOHEREE, &
KPEOBNBHELRLCTLEEZILICLY,
HAOBEBEBECO VT, BENRBELMIT TS
LRTES, (Z&EX - £HFFE)

(39) ®#Bfox : AL@EFRETIC B 3 @RBERAH
EPORGHEAZ(DABCNHEL BRI OVT

HEQEER 200 54 Y EHEABEEILU. 8K
HORMBEMBLELR>TV 3, TORDIZWIAL
ABEPHABORKE, HRENBZOERBLETSHY.
BRERZORBACHEBNEHEEL TV 5.

LW ETMREIIRB VT, D> TOREBOEZRIEA
OBEEBEL T WRORFAAFLFHU RFHRY
BHSEEEh R, FUARIR K - TEE M D
SR TERIE 11 PYT. aYI ) - OER
LOFBERFRY, N53IVEOMKH RITBIAR.
SIREMBOSRBTAKREE L. TOFREAN
EUTTABORILSOSHEDZSLVRILES 2 AL
RHEEYT. 1988 £ 11 B 29 BIIEPIREI R,

FRBUHHEH TSV P JORE, TOLEER
OREBLVAMOBESE2AEL VR,

1989 £ | B&VHABLMKBU 11 BETOMD
6 BOAXORER. K& 3n KWHREBURHEER 3
AR7AYRAVTHHBEL RONEEE L. O
HABEILAR AV THAEU k.

(eigEREAE)

(40) Miiller, D.G.x, OJI|&sE*+, Stache, B.*,
Folster, E.*, Boland, W.x*x: {§& =<'V ¥ (Analipus
japonicus) 7z ICONVWT

TYRIBIEKRPESKEICHHL, ABORFikE
HERKOEBENBITABOHRLRE T2, BE
FIRIIFEBT BREC—BOLESBBICEINE
BEHMZTI. AbRCEMCHELCBERBTFH
NiTEET 2OV ICHEERBTARISNIEED
BZ3, BRMoOK7zo0T IZIAEITHLIOEHE
BRAEENTWS, $EHLLBEEERENTYEICDE
AL -7 Mg ICIVE 7z 2 HHL
HR7ATKTTF7 4=, RRAARZ baXRY =
L RELL, EELRFIE ectocarpene TE
MiHh hormosirene & dictyotene ¥ 2% A LN B,
LPLBANBENLEERE7z 0By 2HWLAE
MBRENER, HEREMBTFIE ectocarpene L HEL
hormosirene (C1 O OfE L BREHAEH GV LHFREN
7o, B> THIAEICIE hormosirene DB B HEHTH 3
LbEZLHN, TVENRBTFHASICBEVWTIRCN
L2EBHO7 oY HEEALTWE EEZ 605,
(B - 2V RP VK- £, odbk - B - &
wxgGHl - A —N AN —T K - LFE)



(41) O =& o ZHilElE : 29y ) ORMK
Fio & 5 AL ol

Y €)Y OFBE & FEEIOBIRE R E-—d
BB 28—, HURETIHOERITS 5,
RBEELFERETML, REHL SRATFEE LT
REGRIME 2B hIF B & 2000353
KLU, fffiic & 351Kk, BanefalodizT
DOHHIISBIRIC & » T, BHEISTRY, FFERLE
aRORRREKIcH Y 2R BERIRKOLE KD
HHIEEYNE O NS, KELEIEALT, FEiE
o RFRERI LR, SRR FOENOXKOBAL
BU A HAR L #ME Ui, £DBAOTHIR—
HRROER 2 T2 b0 TiTabhiz s, 4HE
BRELEFEROER % BV TV hh OfRFPRIEE
P ot E 2 1 BE 0 BB OHEE 21775 > TH I
REMOEFZIEL, FBHOES 2], 2, 4, 8,
16 & L, RBEUENDSBITELE - BEOEM
Fi3Eh¥h48.0~55.0, 32.6~34.5, 16.1~23.0,
11.9~13.1, 5.6~6.4R) &0, LU, HEBTIHE
Fauke L, RBRENE], 2, 4, 8, 1BK&EL, #
BRESH SRATFEE > L BAOHIMBREREN
45.1~50.3, 67.6~69.3, 81.2~82.2, 90.8~491.7,
93.9~95.1¢A) & 159, HnL 2.

(BKK o BEAANEGIH)

(42) OmMER + G.V. Deshmukhe : ZMHis
#L# ¥ )NV ZX (Palmaria palmata)®DHiESE

MBSV ZAOM -2 R L, ZEROAR KOG « &
THERIZOVWTEHEL 7, BRICH L THAME-F R K
i, 1: 10%&TThEnMTERBIKICERL
foo MEMERRFMREA—SHIKIET, 10—1 24D
BWIREATEZHEEZBRL, RBL MR BAEEL S,
NI KARTHBEERBARENSORFEMAS
&, BFRIFEHBCMANL, MAERISHEANZRE
LTHMac AD, WEMmAT S, TR, KR
K EOBIROERIRD S, T ENBIM DT E
NRET B, 6— T » PERTIRE (- 1Ky
A2 IR L fco MBS RE DRk H—
RUDERILH D, —F, HERTEIBIKELS N
MO T ERXLREEL, 533 —41 5 HTHlRiE
(HERCMBIR) 1L, ATRFEIRRL 1,
(et K« B« i 8 6F)
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(43) * BEHEBE « EBER - KBAR "
HE.Yenvev " e ERMBEAN: HXBHAGY
vde .,/ vouRoSEEHNERY

v aoM(Calliarthron Manza,1937)& , M &8
OHEMRAEO LR BIIATCHOY Y TE
EMHOoBMEEXficE s HEAEELTRR,xVY 2w
[Calliarthron yessoense (Yendo) Hanzal ,¥ n X ¥
2o [C.nodesutua (Yendo) Hanzal , [C.latissinunm
(Yendo) Manza) KM h TR, ELT, ¥nXva
CREMBROBEANRZ SO CHMK [Alatocladia
(Yendo) Johansen,1968] kB X hk, ¥R, xV ¥ 2
CREYANILI VI o EREER B, AEEHELS
RefARE S »hTcHHET s HNMbhTwE, ¥
CCeBHMoMBE2HLIAR T IENCHABENLER
HEBIN -

TORR . /v o oBEEBLUARHESNREDISS
BBLL . UE(HEAEBR) WE(REEH)OEMBR
2d3oxvvanERMBMA(BBER) VA (HAE
RIOEBBREI DY NI v o EERRSY,C.1at]
ssinun® . ¥ ¥ 2 o (C.yessoense) D —H & # X .,z
Yoo RABROVWTHRBEMELEREL &
CTFREPRG-HY, " BEH, LB A(HB) £
TS — 2 RE e HY)

(44) OBHEBE+ = EHE T  LEI /N YR
7Y ING ARZIIDOWTDEE

Y ) NG AN Z Erythroglossum pulchrum \X1LEH
kY 1938 EIHARTFEOHETNTREZN
feo EOBRBBREA R 2o WFNRBELMTH
EIREI N2 OBRDOEES T oAV TOmER
BgL, 1HEOIFERK 1 #ohitaiEs 28
R &% DPolyneura BTHHI L #WHMILT
F/= AX=JE Sorella Hollenberg DR A TETH
% California B® S. delicatulalldWTH La
Jolla THREZNEERIOWTEAR, TOoANVTH
BRI Polyneura RITHBZ L M- f=. BHRT
BRSO LIHESNBZ LR ENS, JVINT
AX=% Erythroglossum BT < Sorella BV &
HERETHDLKRENT=

(* dK - B2, =HLEAE)
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(45)ORFEE+ &H H B % ++: BEMEFELR
Leachiella pacifica Kugrens (2L 235 v 2 2
®H, 22v41+8)

LB HERRBRELBBRE TS 7Y (Polysiph
onia sp.) 8L UV NZRX Y (Pterosiphonia sp.) Dk
TEFELTVWALEEBRELLE. COFERL, B
ROAEBEBEHBACHRATINEN LR KRER
FEOR2. AEBUERBLERETABBEEL,
S<OBAHER ol TTH3. BEKRARECRAT
ZARKBBIRANT, BEMRE_KMOLFABEES %
BERys. BRORBhLtOSBRFHEIRALERE L
D, A M/HREEREBDLELOh D, KB Kk,
BRE, RRLLOBBIVZ7AYVIABEARFERE D

S # & XN T BLeachiella pacifica Kugrens (2
vdasy2A8, A2v41+B) ERAELE.

(*LBEAY, REXZRX - 2— - 22 (&)
*x L@HKP)
(46) OBBFE" - KEIEA"" - EEBAM: HAH

BEFL® Titanoderma tessellatum DI D> WT

Titanoderma tessellatum (Lemoine) Woelkerling,
Chamberlain & Silva (9 X=+7 F v o, HHK) I,
Ny IRPER, H5TRES 74 EBLIE
L HGXEPARBEKREETSEkLY, BbLO
WMEiy  TEREBEBRBATE S, WHESRTER
POBHMBRRPTCORBARPHEE, AMER Rk
BLUNEFRRBEOUNFHTABERET2HENTE
feo RERHHEFOSIAFT - VALSHEFOEL
55 VHEANEBEFORRECEET 2, ChIBAE
HERETRYDTORNETSH 2o hoOHERMRE
Fl+ 2 EBME T Lick LaREMaL» SRy,
BRICEL - TRBEROABETD, ERden E
E1mmiciEd 2, SEHEEESMOTRREN, BF
BOEEBREEOS cBMNEETERENE L
DS D& e MG RETFHERUCMESETE
DEMBBEOHER, RROMEHER—HLA, B
AE Titanoderna B AEZINA 5 MOEFNWHRE
NTW 3, COBEARGEDL AL HK - B

(47) BB\ Rigr: “VABIY ) YNERRALE
Eogoniolina Endo(1953) D HE it

Eogoniolinaid, 19534E@MWERICk > THEBR X
38 T IR A K & DNeoschwagerina craticulifela#f
& DEWHL ~Eogoniolina johnsoniZ MXMEE L T
RIBEHhEBTH 5. EWIIARE %Dasycladaceaeis
RN, 196TEDOR T, EogoniolinaBizonT
NizziaBOBEWNBZZ L E2EW/LE, L2020
ERBARINLWE F969ERBIIMALTLES
ko MEIX, KWEKHEDYabeina globosa &3t
¢ SEogoniolinalz > WT AR MK % fER L THRE
LEZERZhoOBAOEHREEOZ < IX, WO
LTWZWREHH - E2HIF LAY DthallusD i
BHERAOLTWE, S5ICRKSZERLL T2HD
thallush &L 2BEMXFERZh A, ZheoHA
R b thallusain < D SEBFR I2EE LR L WY,
BEORI:CHEHEOIIZHOTHALTVWESLW,
K D% 5Eogoniolinaffix, Mizziaf§adSyno-
nwyoT, ¥aJiddtoniolinakix, REMBEITR
wWboeE X 6N B,

CGHRFEZEKX - HEHE)

(48) OFEEE+/MASETF+ BEEe KIFHTLres
R (BRI O EREHE

Az RO BILRBIC & 2 HELH )| O LTI
55Y AHliTHB. COMDITEREE1989FE4H. 8A.
1 1A, 1990 1 A0 4 ERBEAT - 1. FAEMHAUT
st. UBJIIHE. st. 28I, st.IBIBHEET. st. 458
BERET. st.5HEHAR. st.cREO6HSRTH S,
BEERL LTXE. KB pH. BOD. COD,
T—N. T-PO#EETEZ-> 1. HEXROBFER. v~
J v OSRIEEN. B Y OZHPELCOVTH
&Y 3.
(MERAIIKE - #HRELTFERFE KT - v ARIILEHR)



(49) OKiRBEs /INKBEF+- B EyTlar - KIFFFIT+s+
FEKN (BRINR) ot EREEHE

BRINEOFEPREFIICHNIEKIONER%E
198952 A. 5A. 8A. VAN4AEHEEATR-> 1=
HAFMLIEITidst. IEBHE. st.2hHE, st.3+E
. st.4EEH. st.THER. st.8iEABO6 ST,
ZNTidst. SKIBIIKFER T OEH. st. 63M )1 KB
Bo2itikTHs. BEEFE LTRE. k&, pH.
BOD. COD. T-N. T-POFELFTL>1.
ERORER. v v/ YOSKEEN. BSHELLEDOS
MERITOVWTEET 3.

(HHEMLKF - wHELTERBKY - v BERIIAER)

(50) OIRTTBE* /NKBE T+ - FEE 1G4+ - KIFFFIT #4+
BEEN (BRINR) Off EREHEE

MEEOBEREFRhLBEIOFERE1989E2A.
58. 8A. 1 0AN4ERBEXT2- z. HEMSZ
st. I8RINKER. st. 2FPAJIKRD. st. YIFNIKR
M. st.6FFIIKFEM. RTEEIK)Dst. 3+3LFHE.
st. SEEEH. st. TERRBUKET. st.3BEGHD 8T
3. REERE L TXE. k&. pH. BOD. COD.
T—N. T-POREETLZ-> . TERORFR. Vv
)V OBRMEN. BSEZYOEMHEICOVTERS
¥ 3.

(HEEMILKRE - +RFALFEFKRE -+ BRJIAEHK)
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(51) OBARBA* - IHBET * - BEM* *

Cymbella lata Grun. OFEZLZR

REBFESRAMTINIETAICELHNA400E
EARESCOEECHRLLEREBET 5. HRIME
BUTOLS5TH2. 51 RK28~53.5um,. FH{#E
39.3um. ¥ RIE12.5~1Tpum, FH{E14.5um,
FARPREFZ{/EE (0umPEY) ¥W6~9
A, FHME 7.6k, BWT~124, FHYE 9.8%,
TARARBEZREE. HW9~14%. FiyE11.6
X, BEI10~15%, FHE12.1%K,

(*BEHIKE - *x * WAL FHERFTRYE)

(52) OB * - /|VRBET * * - KIFHEIL * * *
: Achnanthes stauroneioides Bourrelly et Manguin

DFEER

Achnanthes stauroneioides (fBourrelly & Manguin
HSKerguelen THONILERIIL > THESOILETH
3, EBEEOFHIELZEEOBRETER TSNS
HEBHCENDT, ¥/ LB 2BHABHS.
TR BOREHIRES LV EGRERBEL. BBk
THHR L BERBROTS L HET & 12 bOKBUEEK.
R £ L ATRROR LT O L0 I50Ek%EH
HESOERIHE > THRL EREBET 2.

(k BUATHRK - * * BRETTA - * * * FR)AFR)
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(53) OHEWEBE % - h#k Fhk*: FILHEEMER
ITBBERYVV I LOBRELE FORKENER

Ny LR, EROFRERMIIBWIERE A
SHMARFORELmNEL, FHEICHWEREOR
BETHD, CORMBEITMTIBXREDLHTY
2<, NREREEGEEHIBI3BUIVEFEE N,

FReWA A EEL, ANEMOTEE2RAE
Eunotia pultiplastidica sp. nov. (&),

pectinalis v. minor (Kuetz.) Grun., E. tropi-
ca Hust., Actinella brasiliensis Grun. M 4 M
IBWTHAKRFIESIRE, TheDR)Y Yy
L%, HItREMEZLOMERTLHERO2ER
MO L>TWE, BGERBRINTET -T2y

FTHoE. PREIZUET 58 1 SERHTEIL
<, TOEMOBMAEYIZ Eunotia TIFHEIL, Ac-
tinellaTiZE.LMHKRTH > 2. ZOERIIBRKX TP LE
HREIHRNL2LOTH B, BLEERTBONY -
try=1% TCEREIRTWEIHLBERZOLD
L, ARERGENEZOLONRMELELIL, T
ZhbABELEFONNY -y —HRAELEER
ERL K. (R BEA - W, * « BFHEEN)

L3,
E.

(54) O/MM sh-/hIE—% - EH 8 FHELRM
HBEALODIFELTAVIBROZHIZ DN,

—BICIFELTAVIBOBBORBITEM 2R
BHELCEEL, BMOB<OERCRONDILIS
RNEZAITHEAIIA OB, ARBICESSHT 3
Cymbella japonica Reich. & C. leptoceros (Ehr.)
Kuetz. FEICBZE>TAWRBZ L HOHMTH 5D,
SEM ick > T#ANE L Z 51D Cynbella OFMICH
shiawWREksREBEZI I L DRk,

C. japonica DRMIIME CROLWHITEL LT
BEL, TOPD EDOFICUARITEZ2 L >EET
X &h, £, XBONMITEWE, Tabb, B
RBELIEThsBEICR TWD, ¥/, HREBAIKX
ICEBRZEBETIRVOBROHEEMD 1 BiZEhEh
BORICEDP ST, C OF2BLOHBCOHOFH L
WZR 3,

C. leptoceros ORMIBMOAMM SR 2 LEHEW
B2 2HFETH A, AMIREND, WEDOFAS
MEZDEMRYICENP>T, N6ROEEMEEHT
EWSEDbo EMBEICR> TWa, RBOMMAER
SR 3RIEAELREILTS 5. (HFHRH)

(55) OW#rE - FIREHE  hoEHER
Actinocyclus F& 1 D &1L 45

Actinocyclus & Coscinodiscus I=¥ifl3 345, 15
i (pseudonodule) Z#F D> 2 & TR X h B, chi
TIRARBICHOSNABIEETEBETS - 2, HES
WEHEFBDNRBOBEKEELD Actinocyclus & [E
TE&AEARBETE, ABEOHFHERMIT. RAREHT
WMMAEEDL, KKk GESRETS) I
RBIEL &> THEBTHI LW TEE, HFIRLE
OFBEMPNSBEERININ, COBEBTELTO
ERhe A mooMuBEIMFICSEEINT, BRE
ELTRTHND, HFRIENSPDEDRH EH
AkT, ERkEHFEAY. RX8-10umTH 5. %k
DEMUBIADOHEEIZRL. 0um LTH 5.
BABEHERI S EHERESBABTIBEREKE NS,
Mt 2 50EREPTHOREOMBIZRS N,
B A X EEH26-18 u m DRI 5 B B PRk T HRMA B
At 2o 3T umBlLOMEIETH > 2, THiE
REREh 5 M ARFIk, BRRTHEEI-130um T,
EEIIAECABICHE» R hAAEF> 28 iIck
STHDRTW A, (HEX - EWHER)
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103
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NHAREIBEXAICKT

OAIAIAINTNAIN O O A 92 O SASRIASATHNOAINIA AN AOASRINIAIN AN

FR2E2H BAEMRBLEERS

ONSININSHN

BAEM2#IE, PRTEZICEROLHBH2Z 3EMEL 2 L2, FENBAEMEFEL L) T £OLRER
SOBBEICMZ T, FLFHVEML TOEBRNFEIHL LIZOWT, BRILEVWLLET,
SPROASAIND 552 58 S5 O TN SASAIAIASASAIAOAIHAOIA SASAASATAIASASASA A SASASASHASASAOAOA A SASASA

BASWEATHARBRS

ST, BEOM ERGERR, TB, EYXLUMH
RAEFZICHY 2 REEE X2 L v Aedo i i
BIRODEMO—BE LT, WE, SHHBEHS LB
Twd, ZOHEHRIE, ALWMSEHHME %), Fibity
FELEC, o, BHICH L -1 T —= 28 L T
LTw3,

SEEL 3N LBHBHELBML 2T, ZOMEL
LT8R 2,

1. ABRS "ARGBRE bICEELND D,
EREBEIL, E2FEHTEION278 (&) 138583057~
178512, ALBHEETH 280 AoEML B TRMB S L,
Bz, HEIER - F4B2H CRERFEHRREE R
%) %, THERDBBELE 20, CEL T, KAFn
TEbRFEEL 70 c 25 oMM A RIBO LY
129, BRKEZ2EBUHAMOMIBEIZLLLTK
ERAN-U AR A R IR G NN AN

BT, AB—E - F6IHH (RABRFRFIIZ)
B, THUKBUE S B2nhhr b)) LELT, AOoHh,
HRAKEOM L4 EHHRPTREZNL ODOERE RIE
ZALTHY, ZOFTHERACERLL Y10k 5 EE
HoRib (Bhisidk) %, KHEHE - LBEERL L2958
ZLTwBILEiEHL, RENHBRELIIHDVTIEX
72

Bis, BHE - FIHSB(AERRFRIREHHZ)
P, THIBRIRBI DEE L ABH SRR, L EL T, HIEk
REOREL, MERKRBEORFEOFEICMZ T, ARBHE
DEITENDHBIZOWTOMRILETH S Z & 2L
ABEHENFHARRZEZ T ZHAREIZHV TR

~N7z,

1. ABIRE TCABEOSA D STERSRS—TF X
AHEB20FEA4RBEZLT—,

EREBHSIT, K2ERITEIIAIZA (L) 138305~
178512, RLSHmBETH250 ADBSMEBCRBI N,
Bz, BELE - F1E82E (72 AL¥ERARER)
A, TUAKE LRt R, BT, AERRoL, -1
¥ -o—2BRICET2AHEEENHEHFLLEIN
2Lz onT, FEBERO—TFEENNGRF L5 ¢ MM
BIEREBIC & » Tk~ 2

KROT, KATE—D - B 3MEE (WHFRAFRIRY
fBUR) A TR B A0 ARBM— HHRICHEES O A
WEPLII—, LELT, E&LT, #ihEAoaRRE
TEENZ BT 5 AHERICOWT, 2O, MoK L 4
- R BN ENENE, TN 52 R L EIZon T
~N7z,

BOT, BAK—IS - F482H (RRAFHEFIH
2) 2%, TEER# L AHE LEL T, BENFL VY
HHORRBIZE > TL2H 37z, EOERTO TAEE
HEL B2 BHIZOWT, FRODEREMBESL &
[ IR LT AN

ik, #iR - B2HSH (—GRFEFIRIR)
TAHENEIL L BliE, L BL T, Bk L TOANEDEILD
BEEET S & E LI, BoRIZE T 5 AHLER AERR
FRHALLH S, SHERLOOH2HARMOEL A
(Mo IR @1 TN AN

0. 2ABMESE "(S5LEZMOARE— AL LD H
L &% —,

BRR#mald, 5 ERUEEIZA8H (£) 130~ 178%
12, MIATOHLELETHIOANSME S THES N,

ZOFHESOMMIZ B 5 TS, HILKY¥, SHEHE
FHS, AaHEEERES, ALHFBREO %R EZIT,

B, #R - 7 HEE (RILRELERR Y
TEHHELNENH—REEZ2HIDEFLEH, LELT,
BELIEET L EBRPRESTELLHNENGEXFERTS
ICIRBLVYRENHD 2 L 2fEHL, REE2XIBEF
LEHRIZE - TOMBEEIERL, 25 0BEFRIZOV
TRz,

BT, BRI - 2 BB (E¥RA¥EEEDHIR)
h, TRBRAR~DEHLHEE LEL T, LENLPRLRE
ENHLBEBL Y DLHORENHEIZIZINERLLREEL
DUNBIF T 7oL ZANGHL EEHELREL LR
FAPARARTH B Z LA LICDWTHENT,

Bikis, HERE - £6HSR (ARBER¥ERFIHH
By #, TREUS CEHKE LELT, B HEK
DN DEHIZEHHNER & WUFHDERIGEFET 2 2 & (3,
HLOABMRENILNEIZIZDHA B Lk, BEEN
EE s et ik,

(B, INHNBHSOBHESGIZ, "HENE, L
T, (M) BEREMHFHEA» SHEREET.)
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HIRIBIBRIGEIC B T 3 TEHRD
LEYHIZHOWT—F 5 BHEE

IR, ARENES ML, EREEE LN LD,
ALHEEERLNKBLBTARLL,

(E B

IRz BT 5 ABIIGEI O KBEULIZ, MERESIIC 2L
Zex b s L, FOBMHSABHOEFRUZNLNE 2
LB T LI h-TER, 2R, KOMRIZHITT
AEHIBRD %2 EF TR HURE, BHTEE»DHEED
B L RS L B L E0 2 EH T b
DIFBMOEEB) TH D,

TR, ORI, EREAYC L EMAICLBD T A —
NARE L, o, RAE, KE, MELCEHE LKz,
72AHAETHEORHREEL L THANS LTI, WG 2 %
RY BB - T, MEREIZEL - RN, S99
ERRREIC b, RO BCLENH S, 12,
B BRI EH 2 Eb o —Ba L SRR T 4 (
HWEREKICB T 2 KL RR L V) BED S, HERkE—
DNLATLELTIZ, ARREL AHT#H L 2vrn
SIEERICE YW THMEE T XERE V) BliDS,
BAEMICIY HMUNERMBETH S,

MERERBIRIE A AR BB NER L TH L %2 &
2hE, AUTNEZ LI, HERBUEICEEL et A
FEEIN - HICH L I REZEAT I L LICLY,
AR iES) & MERBRE O RN RO H L VR %
flkT2r2TH B,

Zid, MERIREI ABES L 2REL T(—oNnL 2T
LELTZ, ZIIBT2HE - 2 ALVX—BER - =%
LWE—WZNHENELEEMIFMTELFELHR
L, ABV@EFLEIH L RATERZHBET 2%/
Thd, ZNDL) GHEKS R F LOT¥% THHKS 2F 4
I, LMz izt 5,

D& ) B H I A FRETEEA & O A AR RSO
f2Hicid, BEEDERGE2 S DHTIC L ) Eeh IR
Rl BETILENH D, ZnlHIZiE, LFE, WET
O 7P ERETHILICE VBN LIFEHEZITH L
BEhibhb, HHE»»LLFMBEEMEREL THEL, B
M DEFFESE & & LI ERIRIERI MR ICEY) L = &1
MEREN, BHHcHT2EANHFLVILDEEL
7285, BAYBEOEBELEZLND,

TRk 2 % (19905 ) Bt R E M ERR

ALk, RBHBELURLBUL 4 EOENBRERS
HEBIRF MR & KRIEML TE 2D, FR2E
(19904 ) BEIZ I3, 22T, ko6 EBLSHLHET 2,
BERTERESH

BAEIART PRk 248 H12B~18H

R EREERSE (REH)

&K EH1,000A, EMNS00A, F1,500A

HEFE (M) BARLEELES
W22 [E R G H LEELH

BAfEIAR SER 24 7 A22H~27H

BAfESFr EXREERSE CGREH)

SmEHK Es450A, ERS50A, E1,000A

HERMEK BRLEES /

W E 150 E R i &%
BHMEIIN  ER 249 H13H~22H
BT AR A— i CABGH)
SMEH  [EN2,000A, [HHN3,500A, i5,500A
R B AREWFHE

W11 E[E SRS Lol ol [E R # 2
BHfE IR ¥k 248 A18H ~29H
RS MEEBESEE (METH)
smEH E51,500A, EIMN2,000A, §3,500A
HEER (#) BEREEE 644

551 1 [ (E B e e 2 e
BAf AR ER24E9H2H~8H
BHIERT BN REBEESE (R0
SmEH ES600A, EMI0A, i§1,500A
HERAEK B ARSREYS

W4 5 O EFR AR &3
BHfE IR ERk 248 H23H~30H
BT MBE7Y) > AR T (i)
smEH  ES00A, [EMN1,000A, it1,90A
HAEFEA BAENEYS

—EMSRZRER

BA¥MSHETIE, ZEBSFMCREEL LT, HE2
SoREAENEICIKGEL, FHMEORF-EF LT 1
DFEMBIZ OV TERRIREZT-> T, HITLEBORES X
PEERT-TE,

FRCERIZIE, QI0A2582511A4 83T, 4%
TRUZAL AN, ESKBIESRUTS &N2H»5KB
£H%, QRH4E»L12BET, 1> FA, KTIEZH
SRLUT6 8N B2 LRXAREREZZNEIIREL 72,

42N TRUEZRL ZRERERIZ, 1520 T7TIE, 1%
) TN RH K¥ - BERRAYE, 0—< K,
o—2-HAXLEHL Y, 24 AT, 24 AL,
HBENBEHRE - BB, 24 ABFEREL, 0ok,
Fa—1) e KRELE LML,

ZFHRE TS, BRE EDOBIT, FHULEFNDOEDHiF
RAHCHF MR L L 2D > TERRLIMIIThILL
O, 4 7)) T T, RTBRO—F{LERS 262,
KEZXMENEEL ST LT, K% - B ey
FHERBELTWBIEIZOWT, 72, 24 ATIE, M
FFE & LIS, BBOHEIR % MBI E4T 2 BE OB
DHMA L FRATE E DEHEIZOWT, FHFRHALICE
Roghpri ani,

1> FiREBRERIE, 1> FEARBYT AT 1 —, B
EEWESHK HEZEES, BEHEMF, RAL—K%, 7
U=k, F 5 ERERRATLE ZHRL 2,

RFMETIE, BRELOBT, BFERimo s RV
HEM DS DB L FMLH L L&D ¢ > TERLH
b, 2, BWENEH#LVIZLLH T, #EN
b b, BiFhomk, FERROBESL & OBIG, ik
DOMEL K2V THLICEROTRA L & sz,

HER - - BMVWADLEE»HNF LS, Tl
THHFE(LE Y,
T106 RRAPHEXAFKRT7 —22—34
BAEMSHMLBRERS E5503(403)6291
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