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Biochemical relationships of Valonia fastigiata and Valoniopsis

pachynema from the tropics

P. M. SivaLINGAM

School of Biological Sciences, Universiti Sains Malaysia, Minden, 11800 Penang, Malaysia

SivaLingam, P. M. 1989. Biochemical relationships of Valonia fastigiata and Valoniopsis pachynema from the

tropics. Jpn. J. Phycol. 37: 1-3.

The amino- and fatty acid compositions of Valonia fastigiata and Valoniopsis pachynema from Penang

coastal waters were investigated and compared from the biochemical viewpoint.

It was found that the

major amino acids in both species are lysine, asparagine, glycine, alanine, valine and leucine. With respect
to fatty acids, the major common acids are 16:0, 16:107, 20:1 and 22:1 in both species, 16:3 majorly in Valonia
fastigiata while 18:109, 18:4w3, an unknown component and 20:3 in Valoniopsis pachynema. Undoubtedly,
while the major biochemical and enzymatic pathways in both species appear to be similar, some enzymatic
reaction rates of specific enzymatic systems reflect non-similarity, based on the obtained results.

Key Index Words: Amino acids—biochemical relati

sis pachynema.

Phycological research in tropical regions,
especially in Asian countries, is extremely
limited. In the Malaysian context, some
ecological (SivaLingam 1977a, b, 1978a) and
environmental contamination problems
(SwvaLincaM 1978b, 1979, 1981a; SivaLINGAM
and KamariaH 1979; SivaLincaMm and Rop-
z1aH 1981, 1982) from the bioindicator stand-
point have been investigated. Algae as a
human consumable food source (SivaLincam
1979b), biochemical taxonomy of Laurencia
and Gracilaria spp. (S1vALINGAM 1980a, b) and
the production of biofuel-gas (SIvALINGAM
1981b) have also been considered to a certain
extent. Under these constraints of fairly
limited information, the current study
endeavours to evaluate biochemically the dif-
ference between Valonia fastigiata and Valoniop-
sis pachynema found in Penang tropical waters,
with respect to their amino- and fatty acid
composition. The results of this evaluation
are presented here.

Materials and Methods

Valonia fastigiata and Valoniopsis pachynema

hips—fatty acids—Valonia fastigiata— Valoniop-

employed in the experiments were harvested
at the rocky shores of Batu Ferringhi, Miami
Beach, Penang, Malaysia, during low tides in
February 1987. The specimens were brought
back to the laboratory in plastic bags and
washed in filtered seawater concomitantly
culling-off epiphytes. A final washing was
executed with distilled water prior to drying
in an air oven at 80°C for a few days. The
dried thalli were pulverized separately using a
mortar and pestle. In the case of amino acid
analyses, known aliquots of the pulverized
samples were digested at 110°C in vacuo in
small amounts of 6N HCI solution which
included a drop of phenol. On digestion, the
samples were dried over NaOH pellets prior
to analyses in a Shimadzu Amino Analyzer
according to the methods mentioned previously
(StvaLincgam 1980a). Similarly, for fatty acid
analyses, the samples were separately
extracted for total lipids for 24 hours with ethyl
ether in Soxhlet extractors prior to analyses in
a Shimadzu Gaschromatograph according to
the methods mentioned previously (Siva-
LINGAM 1979b).
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Results

Table 1 indicates the comparative amino
acid composition of both Valonia fastigiata and
Valoniopsis pachynema. It is obvious that the
major amino acids in Valonia fastigiata and
Valoniopsis pachynema are lysine, asparagine,
glycine, alanine, valine and leucine. In
Valonia fastigiata, on the other hand, isoleucine
is slightly higher as compared to its counter-
part. Basically, these results transpire the
conclusion of moderately similar patterns in
amino acid synthetic pathways.

The results of fatty acid composition are as
demonstrated in Table 2. Unlike amino
acid composition, while the major common
acids are 16:0, 16:1@7, 20:1 and 22:1 in both
algal species 16:3 is predominant in Valonia
Jastigiata and 18:1w9, 18:4®3, an unknown
component and 20:3 in Valoniopsis pachynema.
This evidently reflects that the enzymatic
activity rates in the fatty acid metabolic
pathways of both species appear to be slightly
different. Nevertheless, this variation could
be attributed to a number of non-specific
reasons.

Table 1. Comparison of amino acid composi-
tion (%) of Valonia fastigiata and Valoniopsis
pachynema.

Amino Acid  Valonia fastigiata  Valoniopsis pachynema

Lysine 4.41 3.61
Histidine 0.10 0.15
Ammonia 27.3 32.52
Arginine 1.60 1.26
Asparagine 10.15 9.68
Threonine 3.69 2.45
Serine 3.76 4.71
Glutamine 6.82 5.61
Proline 3.22 5.19
Glycine 10.09 13.63
Alanine 8.38 8.45
Valine 6.05 5.91
Methionine 1.23 1.12
Isoleucine 3.65 0.73
Leucine 5.26 3.14
Tyrosine 1.62 0.83
Phenylalanine 2.67 1.01

Table 2. Comparison of the fatty acid com-
position (%) of Valonia fastigiata and Valoniopsis
pachynema.

Fatty acid Valonia fastigiata  Valoniopsis pachynema
12:0 4.2 4.3
? 1.3 1.1
14:0 4.0 3.1
14:1 1.0 1.0
15:0 1.6 0.9
? 0.5 0.2
16:0 5.1 5.8
16:107* 5.5 4.8
16:2
17:0 1.4 1.6
16:3 12.4 3.1
? —_ JE—
16:4 3.8 —
18:0 0.9 1.1
18:1w9* 4.3 6.1
18:206 3.0 2.1
18:2w4 — 0.8
18:3w6+? 1.8 —
18:3w3 2.0 1.7
18:4w3 3.8 10.8
? 2.3 5.9
20:1 5.0 5.3
20:209? — —
20:206? 1.0 3.3
20:3? — 6.3
20:3w6? 4.9 —
20:406
20:303 3.7 —
20:403
20:4w3 2.1 1.5
20:503 3.3 2.2
22:1 10.4 6.9
22:4? 1.7 1.7
22:5? 1.6 2.9
22:503 0.8 —
22:603 1.1 1.7
24:1 — —
? 4.6 —

* Small amounts of other monoenes included.
+? Some unknown peaks which are not listed.

Conclusions

It is evident that the biosynthetic pathways
of both Valonia fastigiata and Valoniopsis
pachynema for amino- and fatty acids are
relatively identical save for some minor
accountable variations. These variations
culminating in fluctuations in some fatty acid
composition could be due to a number
of environmental factors leading to differ-
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ences in enzymatic activity rates at specific
sites of the system. At times, this might
result in some acids being only found in one
species while none in the other, viz., 16:4,
18:3w6+7?, 20:3w6?, 20:3w3 and 22:5w3 in
Valonia fastigiata and 18:2w4 and 20:3? in
Valoniopsis pachynema. States of predominant
levels in fatty acid composition could also
prevail due to these reasons, i.e. 16:3 in
Valonia fastigiata and 18:109, 18:403, an
unknown and 20:3 in Valoniopsis pachynema.
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SivaLiNcam, P. M. 1989. Cytoplasmic electrolyte fluctuations in Valonia fastigiata and Valoniopsis pachynema
with regard to the external environmental medium. Jpn. J. Phycol. 37: 4-6.

Cytoplasmic electrolyte fluctuations of Ca, Cl, K, Mg and Na with regard to external medium concen-
trations were investigated in Valonia fastigiata and Valoniopsis pachynema from the tropics. Interestingly, the
levels of the electrolytes of Cl, Mg and Na were fairly identical in both species as compared to the external
medium. CI and Na in comparison to that in the external medium were lower by ca. 30 and 90%, respec-
tively, while Mg greater by ca. 52,700% in both species. The electrolytes of Ca and K were also higher in
concentration in both species, but at varying levels, i.e. Ca, by 124% for Valonia fastigiata and 92% for
Valoniopsis pachynema; while K, by 78% for Valonia fastigiata and 971% for Valoniopsis pachynema.

Key Index Words:  Cytoplasmic electrolyte—Valonia fastigiata—Valoniopsis pachynema.

Studies on the accumulation of electrolytes
in Valonia spp. had began as early as the
1930’s (OsterHout 1930) leading to a
number of postulative suggestions. Gross
and ZeaTHEN (1948) with an identical inclina-
tion illustrated the functional role of SOF in
the buoyancy of planktonic diatoms. The
relationship of ion concentrations in the
vacuole of Nitella and Valonia spp. to that of
the outer medium was further indicated by
HoacLAND (1948). In this regard, ScotT and
Haywoob (1955) had also demonstrated that
cation exchange capacity in Ulva lactuca and
Valonia macrophysa is absolutely a physiological
process directly dependent upon light intensity
and temperature conditions. Notwithstanding
the foregoing, scarcity in this area of
research had spurred the author currently to
delve on the electrolyte relationship of Valonia
fastigiata and Valoniopsis pachynema from the
tropics with that in the external medium.
The results of this investigation are reported
here.

Materials and Methods

Fresh thalli of Valonia fastigiata and Valoniopsis

pachynema were harvested daily during the
early hours of the day at low tides from Batu
Ferringhi, Miami Beach, Penang, Malaysia.
These were immediately washed with triple
distilled water and the cytoplasmic fluid of the
cells was individually siphoned out with
micro-syringes and collected in micro-cen-
trifuge tubes. The cytoplasmic fluid (=sap)
was brought back to the laboratory and
cell fragments along with contaminating
chloroplast were centrifuged-off prior to
analyses of the electrolytes, viz. Ca, CI, K,
Mg and Na, employing a Varian Techtron
120 atomic absorption spectrophotometer.
Similarly, in the case of the external medium,
i.e. seawater, after collection at the growing
site of the algal species it was filtered through
a 0.25 Millipore filter prior to subjecting to
similar analyses. In all cases, appropriate
dilutions were carried out when necessary,
while analytical work performed in tripli-
cates.

Results

Table 1 shows the results of the present
investigation. It should be noted that all
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Table 1.

Percentage of cytoplasmic electrolytes in Valonia fastigiata and

Valoniopsis pachynema in comparison to that in the external medium.

Electrolytes (%)
Sample
Ca Cl K Mg Na
Seawater 100 100 100 100 100
Valonia fastigiata 224 70.1 178.6  52,742.8 2.8
Valoniopsis pachynema 192 70.1 1071.4  52,742.8 2.7

electrolytes present in the seawater medium
are designated with a percentage value of 100,
in which Ca, 520.8 ppm; ClI, 19,400 ppm; K,
373.3 ppm; Mg, 190 ppb; and Na, 5,937.5
ppm. Against these concentrations the
electrolytes present in the cytoplasmic fluid
of both Valonia fastigiata and Valoniopsis
pachynema are compared.

The percentages of Cl, Mg and Na in the
cytoplasmic fluid of both species are fairly
identical although values of Cl and Na are
lower as compared to the external medium
while Mg comparatively higher. Regarding
the electrolytes of Ca and K they both are
higher than that existent in the external
medium de facto Ca being higher in Valonia
fastigiata and vice versa for K.

Discussions

Studies by OsterHOUT (1930) had
indicated that in the cytoplasmic fluid of Valon:a
macrophysa and  Halicystis  osterhout  the
electrolyte of Cl is similar in level to that in
the external medium, i.e. equivalent to 100
percent, while Ca lower by 1.77 and 0.7%,
K higher by 84.1 and lower by 0.45%, Mg
undetectable and lower by 6.8% and Na
lower by 70 and higher by 6.5%, respectively.
HoacLanp (1948), on the other hand,
demonstrated that in the Valonia spp. the elec-
trolyte of Cl was identical in percentage, Ca
lower by ca. 11%, K higher by ca. 76%, Mg
lower by ca. 24% and Na lower by ca. 95%
with regard to comparative concentrations in
the external medium. In contrast, his studies
on a freshwater Nitella species interestingly
reflected higher percentages for all the
electrolytes in the cytoplasmic fluid in the
following category: Ca by 149%, Cl by 80%,

K by 45%, Mg by 28% and Na by 4%. At
this juncture, the conclusion by Scorr and
Haywoop (1955) that cation exchange in
Ulva lactuca and Valonia macrophysa is a
physiological process dependent upon light
and temperature conditions transpires to be a
validated statement to a certain degree.

In contrast, the results from those of
tropical Valonia fastigiata and Valoniopsis
pachynema illustrated a completely different
picture. Here, it is appropriate to mention
that the levels of the electrolytes Cl and Na
are lower in equi-percentages while Mg higher
on arelative basis. Ca and K electrolytes, on
the other hand, are higher by 124 and 92%
for Valonia fastigiata and Valoniopsis pachynema
and 78.6 and 971% for Valonia fastigiata and
Valoniopsis pachynema, respectively. Evidently,
this reflects the extent of complications in
electrolyte transport/pump systems in tropical
Valonia and Valoniopsis. It is postulated that
the electrolyte transport system across the
membrane system of both algal species has a
close relationship with the related enzymes,
especially ATPases, and their photosynthetic
pathways. Hence, this phenomenon might
have a close relationship with such
environmental factors as mentioned by Scort
and Haywoop (1955), but would differ
drastically within the species due to a number
of factors.
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Gao, K. and Umezaki, 1. 1989. Comparative studies of photosynthesis in different parts of Sargassum
thunbergii. Jpn. J. Phycol. 37: 7-16.

Photosynthetic and respiratory rates of different parts of the brown alga Sargassum thunbergii were
measured with a differential gas-volumeter. It is clear that various parts of a S. thunbergii plant are
differentiated with different photosynthetic properties. The light-saturated photosynthetic rates were highest
in leaves, intermediate in vesicles and lowest in axes of main branchs on any of dry weight and chlorophyll a
bases. The axes of main branches showed similar chlorophyll content, but higher light-saturated photosyn-
thetic rates in the apical compared with the basal portions. The leaves showed lower chlorophyll content
but higher light-saturated photosynthetic rates (on dry weight basis) in the apical than in the basal
portions. On the chlorophyll a basis, the light-saturated net photosynthetic rates of both leaves and vesicles
were higher in the apical compared with the basal portions. It is also clear that the vesicles, in addition to
supplying floatation, contribute significantly to the photosythetic production of the plant.

Key Index Words: Chlorophyll content—differentiation—photosynthesis-light curve—Sargassum thun-

bergii.

Typical Sargassum plants consist of a
holdfast, a stem from which main branches or
main axes are formed, and lateral branches
arising from the main axes which produce
‘leaves’, vesicles and, during the mature
season, receptacles. Such thallus differentia-
tion is presumably correlated with an ap-
propriate functional specialization of different
thallus parts and may partly be described in
terms of biochemical and physiological proper-
ties. Such functional specialization has been
reported in Laminaria, Macrocystis, and Fucus.
Gradients of chemical composition (BLack
1954) and long distance translocation of
stored assimilation products (HELLEBUST and
Hauc 1972; ScuMiTz and LoBBaN 1976) have
been already reported for Laminaria species.
Furthermore, WEIDNER and KUppERS (1973)
reported a differential distribution of certain
carboxylating enzymes within the thallus of

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

Laminaria hyperborea, and KUpPeErs and
KreMER (1978) reported a longitudinal
difference of carbon dioxide fixation capacities
in three Laminaria and three Fucus species.
WHEELER (1980) showed changes in photosyn-
thetic rate and pigment content along the
fronds of Macrocystis pyrifera. However, there
are no reports of such specialization in
Sargassum, a plant that has more com-
plicated morphological differentiation.

Sargassum beds in Japan are important
subtidal forests as typical as the communities of
Ecklonia and Eisenia, being noticed as nursery
grounds for fishes and shellfishes, and as
biomass resources and sources of raw material
for algin industries. A number of ecological
investigations on Sargassum (YOSHIDA et al.
1963; NAKAMURA et al. 1970, 1971; CHAUHAN
and KrisuNaMURTHY 1971; UMEezak: 1974;
TanicucHl and Yamapa 1978; KANE and
CHAMBERLAIN 1979; Umezak: 1983, 1984,
1985, 1986) have been done.

From botanical and ecological perspectives,
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it is important to obtain a general knowledge
of the photosynthesis of Sargassum plants. A
better  understanding  of  ecological
characteristics of Sargassum must be based on
the knowledge of photosynthesis and respira-
tion. However, little knowledge has been
accumulated on the photosynthesis of Sargassum
(Tromas and TREGUNNA 1968; YokoHAMA
1977; Gao and Umezakr 1988). The present
study on Sargassum thunbergii (MERTENS ex
Rorn) O. KuNTzZE aims to determine
photosynthetic capacities of different parts
correlated to thallus differentiation.

Materials and Methods

Sargassum thunbergii is a perennial species
growing on rocks in the mid to low intertidal

|

Sargassum thunbergii. ‘h’, holdfast; ‘s’,

Fig. 1.
stem; ‘b’, main branch; ‘I’ lateral branch; ‘v’, vesi-
cle; ‘e’, leaf.

zone. The species is distributed along the
coasts of both the Sea of Japan and the Pacific
Ocean throughout the Archipelago of Japan.
The plant elongates by apical growth, and
grows rapidly in the early summer season in
Wakasa Bay facing the Sea of Japan
(Umezakt 1974). The ‘leaves’ of S. thunbergii
are filiform, up to 1 cm long and 1 to 2mm
wide, and cover the whole length of the main
and lateral branches. The vesicles are
fusiform, 3-5mm long and 1-2mm in
diameter. Different parts of S. thunbergii are
illustrated in Figure 1.

The experiments were carried out during
the period from May to July 1987 at the
Fisheries Research Station of Kyoto University
situated at the head of Maizuru Bay, one
of the branch bays of Wakasa Bay facing the
Sea of Japan. Samples of Sargassum thunbergii
were collected at Nagahama, Maizuru Bay,
where palnts form a conspicuous zone at
approximately —10 to + 15 cm tide level and
mature in July. The main branches fall off
after maturation. Newly germinated plants
or sprouts on main branches appear in
September.

Photosynthesis and respiration were
measured in the laboratory as reported by
YokoHAMA et al. (1986) with a differential
gas-volumeter,  “Productmeter”  (Nikko
Kagaku Ltd.), equipped with eight pairs of
reaction and compensation vessels kept in a
water bath fitted with a motor to shake the
vessels. Photosynthetic and respiratory rates
were determined from the volumes of oxygen
evolved or consumed by the samples. For
photosynthesis-light curves, various photon
flux densities were attained in a stepwise
fashion from the lowest to the highest by
changing the number of white paper sheets.
Light was supplied with halogen lamps of
slide projectors (Cabin Industry, Twin Cabin
Super). Dark respiration was measured by
completely covering the reaction vessel with
opaque plastic. Fresh weight of the samples
was measured after blotting water drops from
the thallus surface with tissue paper. Dry
weight was determined after drying the
samples at 85°C for 20-24hours. The
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Fig. 2. Changes with time of net photosynthesis of a Sargassum thunbergii
plant after cutting. O, branches, and ®, leaves of the apical portion. 0O, leaves
of the basal portion. Measured at 560 #£E m~2s~! and 20°C.

photosynthetically active radiation (PAR,
400-700 nm) of the supplied light was measured
with an underwater quantum sensor (LI-
COR, LI-192S) linked with a recorder (Toa
Electronics Ltd., FBR-253A). The water
temperature in the water bath was controlled
by using a Taiyo Coolnit (CL-30). Photosyn-
thesis and dark respiration were measured
at 20°C. The water temperature in the sea
varied from 18 to 23°C during the experimen-
tal period.

The photosynthetic and respiratory
measurements for vesicles, receptacles and
axes of main branches were carried out soon
after cutting. The effect of cutting on net
photosynthtic rate was investigated for the
‘leaves’ and lateral branches. Figure 2 shows
the changes with time of the net photosyn-
thesis of leaves and lateral branches after
cutting. The net photosynthetic rate in
‘leaves’ of the basal portion showed the
highest values soon after cutting and then
declined slightly with time, while that of the
apical portion was constant for about six
hours after cutting. The net photosynthetic
rate of the lateral branches of apical portion
was lower soon after cutting and recovery oc-
curred about three hours later. On the basis
of these results, photosynthesis measurements
were made soon after cutting for ‘leaves’ and
after three hours’ storage in flowing seawater
for lateral branches.

Chlorophylls were extracted with 90%
acetone and filtered through absorbent
cotton, after being homogenized by grinding
the samples frozen at —20°C in a mortar with
quartz sand. 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 ¢ and ¢ were calculated by the
formulae of JEFFREY and HumpPHREY (1975).

Results

Net photosynthetic rates (dry weight basis)
of the ‘leaves’ from the basal portion were
much lower compared with those from apical
portion (Fig. 3A). As shown in Figure 3,
net photosynthetic rate of vesicles from the
apical portion was slightly lower than the rate
of leaves from the apical portion (A), and was
lower than the rate of vesicles from the basal
portion (B).

Figure 4 shows the average photosynthesis-
light curves on the basis of dry weight
measured for the different parts of the
plants. Net photosynthesis and dark respira-
tion showed a little higher rate on the average
for the lateral branches of the apical portion
compared with the basal portion (Fig. 4A).
Net photosynthesis was not saturated even at
560 pEm~%s~!. The net photosynthetic and
dark respiratory rates of ‘leaves’ from the apical
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Fig. 3. Photosynthesis-light curves  of

Sargassum thunbergii. (A)O, leaves and 4, vesicles of
the apical portion; ®, leaves of the basal portion of a
plant about 50 cm long. (B) O, vesicles of the apical
portion; ®, vesicles of the basal portion of a plant
about 70 cm long.

portion showed much higher values com-
pared with those from the basal portion (Fig.
4B). Photosynthesis was saturated at about
300 zEm~2s7! in ‘leaves’ of basal portions
but was not saturated until 560 #Em™2s™!
(Fig. 4B) in leaves of apical portions. In
the photosynthesis-light curves for the axes of
main branches (Fig. 4C), both the photosyn-
thetic and dark respiratory rates showed
much higher values in the apical compared
with the basal portions. Photosynthesis was
saturated at about 200 #E m~2s~! for axes of
the basal portion but was not saturated for
those of the apical portion. Photosynthesis
of receptacles was saturated at about
300 #.E m~2s~! (Fig. 4D). Photosynthesis of
vesicles from apical portions did not saturate
until 560 #.E m~2s~! (Fig. 4D).

Figure 5 shows the photosynthesis-light
curves based on chlorophyll a for vesicles (A),
‘leaves’ (B) and axes of main branches (C).

12 A Lateral branch
Leaf
12F /es/"‘;
10 |
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34t
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o _28.
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PAR
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Fig. 4. Photosynthesis-light curves of
Sargassum thunbergii. Values are the means+SD of
three to five plants 50-80 cm long, measured at
20°C. (A, B, C)O, the apical portion; ®, the basal
portion. (D) O, vesicles; ®, receptacles.

Both net photosynthesis and dark respiration
of ‘leaves’, vesicles and axes showed higher
values in the apical portion compared with
those in the basal portion. Little difference
was found in the initial slopes of the photosyn-
thesis-light curves for vesicles between the
basal and the apical portions compared with
those for ‘leaves’ and axes of main branches.

For clear comparisons among the different
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Fig. 5. Photosynthesis-light curves of

Sargassum thunbergit at 20°C. (A) A single plant
about 70 cm long. (B, C) Means=*SD of five plants
60-70 cm long. O, the apical portion; ®, the basal
portion.

parts, photosynthesis-light curves in Figures 4
and 5 were replotted in Figure 6. On a dry
weight basis (B), the average net photosyn-
thetic rates at 560 ykEm~2s~! were 12.0,
11.5, 10.0, 6.0 and 4.0 m/O, g (d.w.)"'h™!,
and the average respiratory rates were 1.7,
1.2,1.6,0.8and 1.3 m/O,g(d.w.)"'h~! for
‘leaf’, vesicle, lateral branch, axis of main
branch and receptacle, respectively. The
‘leaves’ showed the highest values in both
photosynthesis and respiration. The light
compensation points were about 25, 20, 20,
18 and 13 pkEm~2s™! for receptacles, lateral
branches, axes of main branches, vesicles and
‘leaves’ of the apical portion, respectively.
They were higher in the apical than in the
basal portions for ‘leaves’, lateral branches
and axes of main branches except for
vesicles. A considerable difference was also
found in the photosynthesis-light curves based

N

o

ml O2 mg(chl.a)-Th~!

ml O, gld.w.)~h™!

0 200

400 600
PAR
(MEm=2s-1)

Fig. 6. Comparisons of photosynthesis-light
curves of different parts of Sargassum thunbergii (replot-
ted from Figs. 4 and 5). (A) ‘a’ leaves; ‘b’, axes of
main branches; and ‘c’, vesidles; of apical portion:
‘1’, vesicles; ‘2’, leaves; and ‘3’, axes of main
branches; of basal portion. (B) ‘a’, leaves; ‘b’,
vesicles; ‘c’, lateral branches; ‘d’, axes of main
branches; and ‘e’, receptacles; of the apical portion:
‘1’, lateral branches; ‘2’, leaves; and ‘3’, axes of
main branches; of the basal portion.

on chlorophyll ¢ among the different parts
(A). The leaves from apical portion showed
the highest values and the axes of main
branches from basal portion gave the lowest.

Segments from base to apex of a Sargassum
thunbergii plant were cut without separating
the ‘leaves’, vesicles and lateral branches.
Photosynthesis and dark respiration were
measured for these segments to determine
their changes. Both net photosynthetic and
dark respiratory rates based on dry weight
were found to increase from the base to the
apex of the plant. Subsequently, gross
photosynthetic rate also increased from the
base to the apex of the plant. Relationships
of the relative gross photosynthesis and the
dry weight to fresh weight (d.w./f.w.) ratio to
the height of the segment of a plant are shown
in Figure 7. The gross photosynthesis
increased logarithmically and the d.w./f.w.
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photosynthesis (Pg) at 560 #.Em™2s~! and 20°C
and dry weight to fresh weight (d.w./f.w.) ratio (Y)
to the height (H, vertical postion from the holdfast)
of a Sargassum thunbergii plant. The relationships
are expressed by Pg=4.66+21.50lnH and
Y=0.200—4.255 % 10~* H. ‘r’, the regression coefi-
cient.

ratio decreased linearly from the base to the
apex of the plant. As indicated by the regres-
sion coefficient, both the relative gross
photosynthesis and the d.w./f.w. ratio were
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closely related to the height of the segment.

Figure 8 illustrates the amounts in fresh
weight and the chlorophyll a content on a
fresh weight basis of different parts of a
Sargassum thunbergii plant. As clearly shown,
vesicles account for a considerable part, about
55%, of the plant, while ‘leaves’, axes of
lateral branches and main branches account
for 12, 24 and 9% of the whole plant, respec-
tively. The chlorophyll a content decreased
in vesicles but increased in axes of lateral
branches from the basal to the apical portions.

The basal portion showed higher
chlorophylls a and ¢ contents in ‘leaves’ and
vesicles, but not in axes of main branches,
compared with the apical portion (Table 1).
Chlorophyll a in vesicles was highest in both
apical and basal portions. The content of
chlorophyll ¢ was highest in vesicles and in
‘leaves’ for the apical and basal portions,
respectively. Chlorophyll ¢ to a ratios of
leaves and axes were higher in the basal than
in the apical portions. There was no signifi-
cant difference in chlorophyll ¢ to a ratio
between the apical and the basal portions for
vesicles. The d.w./f.w. ratio was higher in
the basal portion compared with the apical
portion, and was highest in axes.

Based on the data in Table 1, chlorophylls a
and ¢ were 36% and 68% higher in the basal
than in the apical portions for ‘leaves’, and
17% and 15% higher for vesicles, and 4%

Chl.a mg g (f.w.)"!
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Fig. 8. Diagram showing the vertical distributions of different parts of a Sargassum thunbergii plant.
Left-hand side is for leaves (hatched area) and vesicles (open area). Right-hand side is for axes of lateral
branches (open area) and main branch (hatched area). Chlorophyll a contents of vesicles (®) and axes of

lateral branches (O) are also indicated.
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Table 1.

Chlorophyll contents [mg g (f.w.)~!] and dry weight to fresh weight

ratio (d.w./f.w.) of leaves, vesicles and axes of main branches of the apical and basal
portions of Sargassum thunbergii. Each datum indicates the mean +SD of five sample.

Chl. a Chl. ¢ Chl. ¢/a d.w./fw.

Apical portion

Leaf 0.665+0.009  0.074+0.001  0.111+0.048  0.139+0.013

Vesicle 0.821+£0.004 0.094%0.002 0.113%0.002 0.161+0.012

Axis 0.534+0.001  0.060+0.002  0.110%+0.004  0.194+0.004
Basal portion

Leaf 0.9021+0.048  0.124+0.009  0.137+0.003  0.181+0.028

Vesicle 0.958+0.027  0.108+£0.002  0.112*+0.001  0.167+0.027

Axis 0.514+£0.003  0.064%+0.005  0.124+0.009  0.261+0.003

lower and 7% higher for axes of main
branches. However, net photosynthetic rate
(at 560 #E m~2s~!) on a dry weight basis was
about 21% lower for vesicles (Fig. 3B), and
100% and 2009 higher for ‘leaves’ and axes
of main branches (Fig. 4B, C), respectively,
in the apical compared with the basal por-
tions. On a chlorophyll a basis, net photosyn-
thetic rate was about 33%, 66% and 150%
higher in the apical compared with the basal
portions for vesicles, ‘leaves’ and axes of
main branches, respectively (Fig. 5). The
cause of increased chlorophyll content but
decreased photosynthesis in the basal portion
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Fig. 9. Relationships between gross photosyn-
thesis and the d.w./f.w. ratio of various parts of
Sargassum thunbergii.

will be discussed later.

Photosynthetic rates were measured at
560 #.Em~2s~! for different parts and were
plotted as a function of the d.w./f.w. ratios
(Fig. 9). As indicated, the gross photosyn-
thesis of Sargassum thunbergii is closely cor-
related with the d.w./f.w. ratio, expressed as
linear (A) and exponential (B) functions on
chlorophyll a and dry weight bases, respectively.
Gross photosynthesis decreased with increas-
ing d.w./f.w. ratio.

Discussion

The difference in photosynthesis-light
curves between ‘leaves’ and vesicles was
much larger on a chlorophyll a basis than on a
dry weight basis for the apical portion (Fig.
6). This could be caused by higher
chlorophyll contents in vesicles than in
‘leaves’ (Table 1). Photosynthetic responses
of vesicles to light showed values about twice
that of axes of main branches on a dry weight
basis (Fig. 6B), but showed little difference on
a chlorophyll a basis (Fig. 6A). This was due
to the much higher chlorophyll content of
the former (Table 1).

In this study, vesicles accounted for more
than 50% of the fresh weight of Sargassum
thunbergii (Fig. 8) and were photosynthetically
very active (Fig. 3B and 4D). On the basis of
the photosynthesis-light curves (Fig. 4) and
the dry weight [obtained from fresh weight
(Fig. 8) by taking account of the d.w./f.w.
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ratios], it was estimated that more than 60%
of the photosynthetic production per hour of
the plant under saturating solar radiation
depended on vesicles, only 14% on ‘leaves’,
and the rest on axes of main and lateral
branches. After maturation, main branches
of the plant fall off, and new main branches
apear from the stem in September. These
newly sprouted main branches and small
young plants germinated from fertilized eggs
have no vesicles. Vesicles gradually appear
and their number increases with age. It is
reasonable to assume that the photosynthetic
production of S. thunbergii is almost entirely by
‘leaves’ when plants are small or young, with
the contribution from vesicles increasing as
plants grow larger. It is clear that vesicles of
this plant contribute remarkably to the
photosynthetic production in addition to
supplying floatation.

Photosynthetic  activity was  already
reported to be higher in the apical than in the
basal portions for Sargassum horneri, S.
hemiphyllum and S. confusum on the basis of
chlorophyll & (YokoHama 1977). In studies
on Sargassum horneri, S. serratifolium, S. autum-
nale, S. thunbergii and S. patens, Gao and
Umezakt (1988) also reported that ‘leaves’ of
the lower part showed higher chlorophyll
content but lower photosynthetic rates on a
chlorophyll a basis. Photosynthetic activity
of Padina arborescens becomes lower toward the
base of the plant where the chlorophyll
content is higher (YokoHaMa 1977). These
results are similar to those of the present
study.  Possible reasons for increased
chlorophyll content but decreased photosyn-
thetic capacities in the basal portion of S.
thunbergii are discussed below.

Ramus et al. (1977) found that chlorophylls
a and ¢ and fucoxanthin in Ascophyllum
nodosum and Fucus vesiculosus increased with
the water depth or more shade. WHEELER
(1980) reported that transplanted juvenile
plants of Macrocystis pyrifera showed higher
pigment concentrations in deeper habitats than
in shallower ones. Similar results have been
obtained from other marine algae such as
Codium fragile, Udotea petiolata, Porphyra um-

bilicalis, Chondrus crispus and Dictyota dichotoma
(Wassman and Ramus 1973; Ramus e al.
1976a, b; PErEz-BERMUDEZ et al. 1981). At
Nagahama in Maizuru Bay, Sargassum
thunbergii forms a conspicuous algal zone, so
that their basal portions are usually shaded by
upper parts, especially during the period
when the plants grow larger. Increased
chlorophyll content in leaves and vesicles of
the basal portion of S. thunbergii (Table 1) can
be considered partially to be caused by an
adaptation to the reduced light conditions.
In addition to light adaptation, aging and
thallus differentiation can produce differences
in pigment concentration or photosynthetic
capacity. Consequently, the lower
chlorophyll content in axes of branches may
result from their differentiation. KiUPPERs
and KRrEMER (1978), in studies on Laminaria
digitata, L. hyperborea, L. saccharina, Fucus
spiralis, F. vesiculosus and F. serratus, showed
that less pigments were contained in younger
regions compared to older ones. WHEELER
(1980) also showed that the meristem of
Macrocystis pyrifera contained less pigments.
As mentioned earlier, S. thunbergii elongates
apically, and the apical portions are younger
than the basal portions. The results of the
present study agree with those reported by
KippreErs and KrREMER (1978) for the Laminara
and Fucus species and by WHEELER (1980)
for Macrocystis  pyrifera; aging can be
accompanied with increase of chlorophylls.
The d.w./f.w. ratio, which usually increases
with age, can be considered as a parameter
engendering an aging effect on the photosyn-
thetic capacity in S. thunbergii (Fig. 7). When
the d.w./f.w. ratio increases and water con-
tent decreases, the activities of some enzymes
which directly or indirectly affect photosyn-
thetic rate can be inhibited. For example,
Kippers and KREMER (1978) demonstrated
that the lower photosynthetic capacities in the
older parts of Fucus spiralis, F. serratus and F.
vesiculosus resulted from reduced activity of
RuBP (ribulose-1,5-biphosphate) carboxylase.
This supports our suggestion, provided that
the enzymatic activity could be depressed
with an increase in the d.w./f.w. ratio.
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Plurilocular sporangia and the development of plurispores in
Ishige okamurai YENDO (Phaeophyceae) from the Kada
coast, Wakayama Prefecture in Japan
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Plurilocular sporangia and the development of plurispores in Ishige okamurai YENDO

(Phaeophyceae) from the Kada coast, Wakayama Prefecture in Japan. Jpn. J. Phycol. 37: 17-22.

Plurilocular sporangia on the frond of Iskige okamurai were observed for the first time. They were
uniseriate and transformed from the assimilatory filaments of the cortical layer. In culture, plurispores
developed into new fronds through an initial pseudoparenchymatous disc stage.

Key Index Words:

The genus Ishige YENDO was originally
placed in the Fucaceae (YEnDO 1907). But
with the observation of zoospores from
unilocular sporangia in I. siniola (SETCHELL
and GARDNER) CHIHARA (ONDA and AzuMaA in
SEcawa 1935), a new family Ishigeaceae (in-
cluding 2 species) was established (OkAMURA
in SEcawa 1935). In I sinicola, unilocular
sporangia are transformed from the apical
cells of the assimilatory filament, and
zoospores have been observed (Mivake and
Kuniepa in Okamura 1936, fig. 131).

Since the discovery of a microthallus stage
derived from the zoospores of I. sinicola
(Arasaki 1943), this family has been placed
usually within the Chordariales (e.g.,
YosHIDA et al. 1985).

The author has observed no unilocular
sporangia on thalli of I okamurai YENDO
collected year-round on the Kada coast in
Wakayama Prefecture. However, sori of
plurilocular sporangia were observed on
September 27, 1981. The plurilocular
sporangia and the resultant developmental
stages derived from these plurispores in
culture are described for the first time.

Ishige okamurai—Ilife history— Phacophyceae—plurilocular sporangium— plurispore.

Materials and Methods

The thalli of Ishige okamurai were collected
on the Kada coast in Wakayama Prefecture
facing the Pacific Ocean on 27 September 1981.
They were found growing on rocks in the
upper littoral zone.

The mature fronds were carried to the
laboratory in a cool condition (ca. 5°C). For
the culture study, the fertile fronds were
rinsed thoroughly with several changes of
autoclaved seawater and were dried for about
one hour. They were then placed in Petri
dishes containing sterilized seawater until
plurispores were obtained. Plurispores,
showing negative phototaxis, were washed 3-
4 times in Petri dishes containing sterilized
seawater using a micropipette under a
microscope. A small suspension of
plurispores was poured over glass slides and
left for half an hour to settle. After settle-
ment of the plurispores, these slides were
washed with a jet of sterilized seawater and
placed in glass vessels (6.5 cm %X8.0cm)
containing 180 m/ of medium.

For single algal cultures, individual germ-
lings adhering to the glass slide were isolated
with a micropipette and transferred to a
culture test tube (2cmX13cm) containing
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10 m!/ of medium.

The culture medium used in this study was
PES medium (Provasorr 1968). The
cultures were maintained in the incubators
illuminated with the cool-white fluorescent
lamps (ca. 3000lux) under the following
temperature-photoperiod regimes: 20°C, 16-8
hr (Set 1); 20°C, 10-14hr (Set 2); 15°C,
14-10hr (Set 3); 15°C, 10-14hr (Set 4);
10°C, 14-10 hr (Set 5) and 25°C, 16-8 hr (Set
8).

Results

1. Plurilocular sporangia and plurispores

When a frond of Ishige okamurai was placed
in a Petri dish, a mass of yellow-brownish
swarmers was observed near the middle to up-
per branches (Fig. 2 A, arrows). The surface
of these branches was covered with several
raised sori of plurilocular sporangia (Fig. 2

B). At the cortical layer of these portions, the
assimilatory  filaments  were  divided
dichotomously once or twice. The outermost
4-6 cells were transformed into uniseriate
plurilocular sporangia, each cell of which had
a red eyespot (Fig. 1 A, 2 C). Plurilocular
sporangia were not observed on the basal por-
tion of the frond. Plurispores were released
from an apical pore of the plurilocular
sporangium. They crowded around the
parent frond for a while. Then, they showed
negative phototaxis and swam to the wall of
Petri dish.

The  plurispores measured 7.4-9.8
pmX4.9-6.1 pm in size. A plurispore was
pear-shaped with a single chromatophore
and an eyespot, and was laterally biflagellated
(Fig. 1 B). Settled plurispores became

spherical, measuring 6.1-7.5 #m in diameter
(Fig. 1 C).
2. Development of plurispores

Fig. 1. Ishige okamurai. Plurilocular sporangia, plurispores and developmental stages of the plurispore: A.
Plurilocular sporangia; B. Plurispore; C. Settled plurispore; D-1. 2-(D), 6-(E), 10-(F), 12-(G), 14-(H) and 16-(I)-day-
old germlings in Set 2.
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The following developmental stages of the
plurispores were recorded mainly in Set 2.

Within 1-2 days, the settled plurispore ger-
minated by pushing out a protuberance, and
it divided transversely into two cells (Fig. 1
D). Usually, all contents of the plurispore
moved into the protuberance.

The germling developed by the successive
transverse divisions into a creeping uniseriate
filaments consisting of 4-5 cells and 50-60 g#m
inlength (Fig. 1 E). Primary lateral branches
were produced near an apical cell of the
protuberance (Fig. 1 F). Secondary lateral
branches developed on the basal cells of the
primary branches.

Within 2 weeks, as a result of the extensive
branching (Fig. 1 G, H), 50-60% of the
germlings soon developed into pseudoparen-
chymatous compact discs (Fig. 1 I). Since
outermost cells of the disc sent forth prostrate
branches dichotomously, the discs developed
radiately into large ones (Fig. 2 D). They
measured 200-300 gm in diameter within
1 month in Sets 1, 2 and 8, and within 2
months in Sets 3, 4 and 5.

On the other hand, other germlings
developed into long filamentous prostrate
thalli (200-600 #m in length), which produc-
ed long uniseriate upright branches, within
2 weeks. However, tips of branches made
contact with the substrate here and there, and
then new discs were formed (Fig. 2 E, F).

Initial developmental stages of the
plurispore germlings were the same in the
other Sets. In Sets 1-4, 50-60% of
plurispore germlings soon developed into the
compact discs, and others developed into the
filamentous thalli. However, in warmer con-
dition (Set 8) and cooler condition (Set 5), a
ratio of the discs increased to 70-90%. The
growth of the discs in warmer conditions was
faster than that in cooler conditions. Within
one month, both types of germlings developed
into large discs.

Profusely branched upright filaments were
produced from the center of the discs (Fig. 2
G). When these filaments were cut off and
cultured in the test tube, new discs were
produced from the cells which attached to the

substratum. In Set 8, the upright filaments
usually became dark brown. Then, a part of
them fell off and made a new disc on the
substratum. The discs enlarged (usually
5mm in diam.), and eventually coalesced
into a large mass (Fig. 2 H).

The disc has not produced any reproduc-
tive organs under any of the culturing condi-
tions. The discs also have not made any
erect fronds even after a year in Set 8.
However, when a disc was transferred from
Set 8 and cultured in Set 5 for 5 months, an
erect frond was developed on the disc (Fig. 2
H). The erect frond produced some
dichotomous branches and grew into a typical
Ishige okamurai thallus, but it has produced no
reproductive organs even after a year.

Discussion

According to the fig. 131 (Mivake and
Kuniepa in OkaMura 1936), the unilocular
sporangia of Ishige sinicola were transformed
from the outermost cell of assimilatory
filaments. The outermost cell enlarged into
an elliptical cell, containing many
chromatophores.

In the present study of Ishige okamurai, the
macrothallus  bore only plurilocular
sporangia, which were transformed from the
assimilatory filaments. They were uniseriate
and left no sterile terminal cell.

These reproductive organs were observed
on material of Ishige okamurai ca. 20 years ago
at the middle part of Honshu, Japan
(TaTEwaKI, personal correspondence). Both
sporangia were observed on the same
individual at Enoshima, Kanagawa Prefecture
in June. Only plurilocular sporangia were
observed on thalli from the same place in
July, whereas only unilocular sporangia were
observed on material collected from Atami,
Shizuoka Prefecture at the end of
September.  Zoospores and plurispores
developed into discs, on which Ishige thalli
were erected later.

In the life history of I. sinicola as reported
by Arasaki (1943) from Mikawa Bay,
zoospores from  unilocular  sporangia
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developed into filamentous microthalli, which
formed uniseriate plurilocular sporangia.
Gametes from the plurilocular sporangia
showed sexual conjugation, and zygotes
developed into-filamentous microthalli. But
they did not grow into Ishige thalli. ARasak1
(1943) concluded that the Ishigeaceae belongs
to the Chordariales for the following reasons:
1) I sinicola showed an alternation of
heteromorphic generations, 2) microscopic
gametophytes had motile gametes, and 3)
plurilocular sporangia (gametangia) of I
stnicola in culture resembled those of certain
species in the Chordariales.

In this study of I. okamurai, plurilocular
sporangia were uniseriate and lacked sterile
terminal cells. Plurispores from the frond
developed directly into the typical fronds
through a pseudoparenchymatous prostrate
discoid stage. The disc was always sterile
and functioned as a perennial holdfast system.
The taxonomic position of Ishigeaceae is thus
uncertain. Next, the author wishes to com-
pare the characteristics of Ishigeaceae with
those of members of the orders Chordariales,
Scytosiphonales and the genera Analipus,
Mpyelophycus and Melanosiphon. In the Chor-
dariales, some species have both types of
sporangia on the sporophyte. However,
unilocular sporangia are always formed on
the basal or middle part of the assimilatory
filaments.  Plurilocular sporangia of I
okamurai resembled those in the Scyto-
siphonales. However in the Scytosiphonales,
the macroscopic frond with plurilocular
sporangia is the gametophyte stage and alter-
nates with a microscopic sporophyte stage
with unilocular sporangia (Nakamura and
TaTEWAKI 1975). Analipus has both types of
sporangia on the macroscopic fronds. But
the developmental stage of zoospores and
plurispores are  parenchymatous, and
plurilocular sporangia have typically two (1-
3) sterile terminal cells (WynNNE 1971).

Myelophycus and Melanosiphon have both types
of sporangia but on separate individuals.
These genera show polystichous growth and
form parenchymatous tissue (WynNE 1969;
TanNaka and CHIHARA 1984).

According to TATEwAkI’s personal cor-
respondence, there may be several 1. okamurai
populations, in which Ishige thalli produced
different types of reproductive organ.
However, the question remains whether the
frond with unilocular sporangia is really
absent or not at Kada coast, Wakayama
Prefecture and whether the species of the
Ishigeaceae have an alternation of isomorphic
or heteromorphic generation.

To clarify the taxonomic position of the
Ishigeaceae in Phaeophyceae, it is necessary
to survey critically the presence of unilocular
sporangia and to complete the life history on
materials collected from various localities in

Japan.
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World distribution of the genus Antithamnion NAEGEL1

(Rhodophyta, Ceramiaceae). Jpn. J. Phycol. 37: 23-30.

The world distribution of 51 species belonging to the genus Antithamnion NaeceLt (Rhodophyta,
Ceramiaceae) is presented. Of each species both the geographic distribution and the distribution-group to
which it belongs are given. On the basis of this study the genus Antithamnion is shown to be characteristic of
cold-temperate waters. A list of species to be considered as synonyms of other species of Antithamnion or
transferred to other genera is given. Two new combinations are also proposed.

Key Index Words: Antithamnion—Ce

aasty

barfs, hhut hh

-Rhodophyceae.

Since its description (NAEGEL! 1847), more
than 100 species were referred to the genus
Antithamnion. But, owing to Wollaston’s
redefinition of the genus (WoLLasTON 1968),
based on the characters of the type species 4.
cruciatum NAEGELI, about 50 species were
transferred to other genera. This redefini-
tion of the genus resulting in a more precise
taxonomic entity led us to analyze the world
distribution of the genus in order to get an
overview of its biogeography.

Materials and Methods

Numerous floras of different geographic
regions were consulted (see References). All
the species of Antithamnion there reported are
listed in two tables. In Table 1, all the
species reliably referable to this genus as well
as two species (marked with ?), the taxonomic
value of which was not possible to ascertain,
are listed. In this table, to every species was
attributed a number with which each of them
is indicated in Fig. 1. In Table 2 are listed all
the species previously referred to the genus
Antithamnion that, however, on the basis of their
characters, are now considered differently by
a taxonomic point of view. In this table are
also included two new combinations proposed

PrYEISEUsSTapty
in this paper.

Results and Discussion

Of the species previously referred to the
genus Antithamnion, 9 are conspecific with
other species of the same genus and 55 were
transferred to different genera (Table 2). As
far as we can ascertain at the present time, the
genus Antithamnion contains 51 species (Table
1).

Most of the species (34) have a restricted
distribution or are reported only from the
type locality. Moreover, none of the others
(excepted A. hubbsii, A. lherminieri, A. percur-
rens and A. secundum) has a Northern to
Southern Hemisphere distribution via the
tropical area, that represents a thermic
barrier.

Only three species are widely distributed:
A. cruciatum (the type species), distributed in
the Mediterranean, along the boreal Atlantic
coast (from N Africa to N Europe and from
the Antilles to Canada) and in the Indian
coast with var. radicans CoLLINsS et HERVEY;
A. antillanum and A. lherminieri which can be
considered as sub-cosmopolitan species.
However, the distribution of the last two
species is hardly definable because, since
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Fig. 1. World distribution of the species of the genus Antithamnion NAEGELI. The numbers refer to the
species as listed in Table 1.

Table 1. Geographic distribution (with essential references) and distribution-group (according to Cormaci
et al.,

1982) of the species of Antithamnion NAEGELI.
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. adenocladellum Norris INDIAN: Natal (Norris 1987). Endemic

4
A. adnatum (J. AGarDH) J. AcarpH PACIFIC: New Zealand (De Ton1 1903). Endemic
A.
4
4

alternans GARDNER (1) PACIFIC: Alaska (Dawson 1946). Endemic

. amamiense Itono PACIFIC: Japan (ITono 1977). Endemic
. antillanum BoERGESEN ATLANTIC: Antilles, Canary Islands (BoerGEsen 1930). INDIAN: Mozambique

(WoLLasToN 1984). PACIFIC: Caroline Is. (Trono 1968), Philippine Is. (SiLva et al., 1987), Marshall
Is., Japan (IToNo 1977), Solomon Is. (WomersLeEy and Bamey 1970), Australia (Crise 1983).
Sub-cosmopolitan

. applicitum (HARVEY) J. AcarDH (2) PACIFIC: New Zealand (SoutH and Apams 1976). Endemic

armatum (J. AcarpH) DE Ton1  PACIFIC: Australia (WoLLasToN 1968). Endemic
asymmetricum GARDNER PACIFIC: Alaska (GARDNER 1927). Endemic

calloclados Itono PACIFIC: Japan (Itono 1977). Endemic

? confusum (J. AcarpH) Laine PACIFIC: New Zealand (DE Toni 1924). Endemic
cristatum (Kuerzing) TavLor ATLANTIC: Brazil (TavLor 1960). Endemic

. eristirhizophorum TokiDA et INaBa PACIFIC: Japan (YosHIDa ef al. 1985). Endemic
. cruciatum (C. AGarDH) NAEGELT ATLANTIC: Coasts of Europe and North America, Antilles, Canary Is.

(ArDRE 1970); New Zemlja? (DE Tont 1903); Senegal (PriCE ef al. 1986). MEDITERRANEAN SEA
(FeLpMANN-Mazover 1940). INDIAN: India (Dixit 1979, only var. radicans CoLLINs et HERVEY).
Boreo-Atlantic

. defectum KyLin (3) PACIFIC: Alaska to Baja California, Mexico, U.S.S.R., China, Sakhalin Is. (ScaceL

et al. 1986); Japan, Korea (Kanc 1966). ATLANTIC: Brittany (L’Harpy-HaLos 1968). RED SEA
(PapPENFUSss 1968a). Boreo-Pacific

. dendroideum SmrtH et HoLLenBer PACIFIC: Alaska to California (ScackeL et al. 1986); Guadalupe Is.

(Dawson 1962). Boreo-Pacific
densum (Sunr) Howe ATLANTIC: South Africa (PapEnFuss 1968b). PACIFIC: Northern Chile
(Levring 1960). Southern Atlanto-Pacific

. diminuatum WoLrLastoN ATLANTIC: Cape of Good Hope. INDIAN: Cape Agulhas, Natal (Norris

1987). PACIFIC: Australia (WoLLAsTON 1968). Southern Indo-Pacific

. divergens (J. AcArDH) J. AcarpH INDIAN: Natal (Norris 1987). PACIFIC: Australia (WoLLASTON

1968). Southern Indo-Pacific

. echigoense Nopa PACIFIC: Japan (YosHIDA et al. 1985). Endemic
. eliseae Norris INDIAN: Natal (Norris 1987). Endemic
. flaccidum (Hooker et HARvEY) DE Tont ATLANTIC: Cape Horn, Falkland (PujaLs 1963). PACIFIC:
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Australia (?), New Zealand (WorLasToN 1968). Antarctic

22 A. gracilentum (HARVEY) J. AcarpH PACIFIC: Australia (WoLLaston 1968). Endemic

23  A. gragffei (GruNow) DE Ton1  PACIFIC: Tonga Is. (De Tont 1903). Endemic

24 A. hanowioides (SonpER) DE Tont PACIFIC: Australia (De Tont 1903; WorLaston 1968). Endemic

25 A. heterocladum Funk MEDITERRANEAN (Funk 1955; BoupouresQue 1984; GALLARDO et al. 1985;
G1acconE et al. 1985; ATHANAsIADIs 1987). Endemic

26 A. hubbsii Dawson INDIAN: Natal (Norris 1987). PACIFIC: California, Guadalupe Is. (AesoTT and
HoLLENBERG 1976), Japan (ITono 1969). Indo-Pacific

27 A. kylinii GARDNER  PACIFIC: Alaska to Mexico (ScackL et al. 1986). Boreo-Pacific

28 A. leptocladum (MoNTAGNE) WYNNE ATLANTIC: Strait of Magellan, Argentina, Tristan Da Cufia, South
Africa (WyNNE 1986). Southern Atlantic

29 A. lherminieri Nasr (4) ATLANTIC: Antilles, Brazil (UcapiM et al. 1986). PACIFIC: California, Polynesia,
Japan (Itono 1969), Philippins Is. (Corbero 1977). INDIAN: Natal (Norris 1987). RED SEA
(Nasr 1941). Sub-cosmopolitan

30 A. lindaueri G. FELDMANN PACIFIC: New Zealand (Hay ¢t al. 1985). Endemic

31 A.? microptilum (Grunow) DE Toni (5) INDIAN: St. Paul Is. (D Tont 1903). Endemic

32 A. minutissimum LEVRING PACIFIC: Is. Juan Fernandez (LEvrinG 1941). Endemic

33 A. nematocladellum Norris INDIAN: Natal (Norris 1987). Endemic

34 A. nigrescens J. AcarpH (6) PACIFIC: Australia (WoLLaston 1968). Endemic

35 A. nipponicum Yamapa et INacaki PACIFIC: Japan (YosHIDA et al. 1985), Korea (Kanc 1966). Endemic

36 A. ogdeniae ABoTT (7) ATLANTIC: Antilles (ABBoTT 1979), Canary Is. (ATHANAsIADIS 1985b), Brazil
(Ucapmmetal. 1986). MEDITERRANEAN SEA: Greece (ATHANASIADIS 1985b), Corsica (BOUDOURESQUE
and VERLAQUE 1976). Boreo-tropical Atlantic

37 A. okiense Kajimura PACIFIC: Japan (KajiMura 1987). Endemic

38 A. orbignianum (MonTaGNE) DE Tont  PACIFIC: Peru (D Ton1 1903; Dawson et al. 1964), Chile (De Tont
1903). Endemic

39 A. percurrens DawsoNn PACIFIC: Japan, Marshall Is. (ITono 1969), Solomon Is. (WoMERSLEY and BAILEY
1970), Australia (Cries 1983). Pacific

40 A. piliferum Cormact et Furnart MEDITERRANEAN SEA: Sicily (Cormact and Furnarr 1987a).
Endemic

41 A. pinnafolium WoLLaston (8) PACIFIC: Australia (WoLLasToN 1968). Endemic

42 A. pseudoarmatum STEGENGA ATLANTIC: South Africa (STEGENGA 1986). Endemic

43 A. pterocladellum Norris INDIAN: Natal (Norris 1987). Endemic

44 A. pteroton BorNeEr ATLANTIC: Canary Is., Tangier (BoErGesen 1930). Endemic

45 A. ptilotum (Hooker et HARVEY) GiBsoN-HarvEY R. J. ATLANTIC: Cape Horn, South Georgia (PujaLs
1963). INDIAN: Crozet Is. (DE Tonr 1903). PACIFIC: New Zealand (De Tonr 1924). Antarctic

46 A. secundum ITono INDIAN: Natal (Norris 1987). PACIFIC: Japan (Itono 1977). Indo-Pacific

47 A. shimamuranum Nacar PACIFIC: Washington, Aleutian Is., Kuril Is. (ScackeL et al. 1986). Boreo-Pacific

48 A. tanakae ITono PACIFIC: Japan (ITono 1977). Endemic

49 A tenuissimum (Hauck) ScHiFrNer (9) MEDITERRANEAN SEA: (FELDMANN-MAZOYER 1940; BOUDOURESQUE

1984; GALLARDO ef al. 1985; Giaccone et al. 1985; ATHaNasiapis 1987). ATLANTIC: Brittany
(L’Harpy-HaLos 1968). Endemic

50 A. veleroae TavyLor (10) PACIFIC: Galapagos Is. (TayLor 1945). Endemic

51 A. verticale (HARVEY) J. AcarpH PACIFIC: Australia (WoLLaston 1968). Endemic

(1) On the basis of the description and iconography (GARDNER 1927: 377, Pl. 78, Figs. 1, 2), this species does not
seem to belong to Antithamnion. The study of the type material could make its taxonomy clear.

(2) This species should occur also in Chile, if the synonymy with Callithamnion pectinatum MONTAGNE proposed by
Brauner (1982) was nomenclaturally validated.

(3) The occurrence of the species in the Red Sea (PapEnrFuss 1968a as A. pygmaeum) seems due to a casual
introduction, since this species and the taxa considered as its synonyms (4. pygmaeum, A. setaceum, A. sparsum)
occur only in the Pacific Ocean. In a similar way, Guiry and IrvINE (1974) explained the occurrence of this
species in Brittany.

(4) This species, according to ATHANAsIADIs (1985b), is conspecific with A. antillanum.

(5) This species, according to Huisman and KraFT (1984), is probably to be referred to the genus Balliella Itono
et TANAKA.

(6) This species, according to WoLLAsTON (1968), is probably conspecific with Platythamnion nodiferum (J. AGARDH)
WOLLASTON.

(7) The reports of A. antillanum from Brazil and Corsica should be referred to A. ogdeniae on the basis of the study
by ATHANASIADIS (1985b).

(8) The reports of this species from S. Africa (Norris and AKEN 1985), have to be referred to A. pterocladellum
(Norris 1987).

(9) The occurrence of this species in Brittany could be a recent introduction.

(10) On the basis of the description (TAYLOR 1945) it could be a synonym of Antithamnionella glandulifera. The study
of the type material could make its taxonomy clear.
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Table 2. List of the species conspecific with other species of Antithamnion or transferred to different genera.

b OAAAAARRRAARAADAADDN ADADAARRAARADR A AARAARBRARRDRRRR RAARARARARL

americanum (HARVEY) FarRLow =Scagelia pylaisaei (MoNTAGNE) WYNNE (WYNNE 1985).

. antarcticum KyLIN= Plerothamnion antarcticum (KYLIN) MOE et SiLva (MoE and SiLva 1980).
. applicitum YENDO=Antithamnion nipponicum Y AMADA et INaGax1 (Itono 1969).
atlanticum OLIVEIRA FILHO=Antithamnionella atlantica (OLIVEIRA FILHO) SCHNEIDER (SCHNEIDER 1984).

australe (J. Acaron) DE ToN1=Shepleya australe (J. Acarpn) Gorpon (Goroon 1972).

barbatum (C. AcarpH) HOLMES et BATTERS =Spermothamnion barbatum (C. AcarpH) BorneT (1).

basisporum ToxiDA et INABA= Antithamnionella basispora (TOKIDA et INaBa) CorMAcI et FURNARI comb. nov. (2).

baylesiae GARDNER = Hollenbergia subulata (HARVEY) WoLLAsTON (WoLLasTON 1971a).

. boreale (Gom1) KJELLMAN=Scagelia pylaisaci (MONTAGNE) WYNNE (WYNNE 1985).

breviramosum DAwsoN = Antithamnionella elegans (BERTHOLD) PRICE et JOHN v. elegans (Cormaci and FURNARI
1987b).

butleriae CoLLiNs =Acrothamnion butleriae (CoLLINs) KyLIN (KyLIN 1956).

cladodermum (Zanarpint) Hauck = Balliella cladoderma (ZANARDINT) ATHANASIADIS (ATHANASIADIS 1987).

. comosum (HARVEY) J. AGARDH = Warrenia comosa (HarVEY) KuETzZING (WOLLASTON 1971D).

. corallina (RuprecHT) KjELLMAN=Scagelia pylaisaei (MoONTAGNE) WYNNE (WYNNE 1985).

corticatum ToxiDA= Tokidea corticata (ToKIDA) YosHIDA (YOsHIDA 1974).

crouanioides IToNo= Balliella crouanioides (ITono) ITono et Tanaka (ITono and Tanaka 1973).

? delicatulum (HarvEY) DE Ton1=Antithamnion divergens (J. Acarpn) DE Tont (WoLLasTON 1968).

denstusculum GARDNER = Hollenbergia subulata (HARVEY) WoLLAsTON (WoLLASTON 1971a).

dispar (HARVEY) J. AGARDH = Perithamnion dispar (HARVEY) WoLLAsTON (WoLLAsTON 1968).

dumontii DawsoN= Wrangelia dumontii (DawsoN) ABsoTT (ABBOTT 1979).

elegans BERTHOLD = Antithamnionella elegans (BERTHOLD) PRICE et JouN (PRICE et al. 1986).

flagellatum BOERGESEN = Antithamnionella flagellata (BOERGESEN) ABBOTT (ABBOTT 1979).

Sfloccosum (MULLER) KLEEN = Antithamnionella fl (MULLER) WHiTTICK (WHITTICK 1980).

. floccosum f. pacificum (HARVEY) SETCHELL et GARDNER=Antithamnionella pacifica (Harvey) WoLLasTON

(WoLLasTon 1971a).

. fragilissimum (ZANARDINI) DE ToN1=Antithamnion cruciatum (C. AcarpH) NAEGEL! f. fragilissimum (ZANARDINI)

Hauck (3).

. gardneri DE ToN1=Antithamnionella spirographidis (ScHIFFNER) WoLLAsTON (WoLLAsTON 1971a).

. glanduliferum KyLIN=Antithamnionella glandulifera (KyLIN) WoLLAsTON (WoLLASTON 1971a).

. hannafordii (HARVEY) J. AGARDH = Ptilota hannafordii HARvVEY (WoLLAsTON 1971a).

. horizontale (HARVEY) J. AGARDH =Antithamnion verticale (HARVEY) J. AGARDH (WoLLASTON 1968).

menabii DAwsoN =Antithamnionella macnabii (Dawson) Younc (Younc 1981).

miharai TOKIDA =Antithamnionella miharai (TokipAa) IToNO (YOSHIDA ¢t al. 1985).

mucronatum (J. AGARDH) NAEGELI=Macrothamnion pellucidum (HARVEY) WoLLAsTON (WoLLAsTON 1968).

nigricans GARDNER = Hollenbergia nigricans (GARDNER) WoLLAsSTON (WoLLAsTON 1971a).

nodiferum (J. AGARDH) J. AGARDH = Platythamnion nodiferum (J. Acarpn) WoLLasToN (WoLLasTON 1968).

occidentale KyLIN =Scagelia pylaisaet (MONTAGNE) WYNNE (WYNNE 1985).

pactficum (HARVEY) KyLIN = Antithamnionella pacifica (HARVEY) WoLLasTON (WoLLasTON 1971a).

palmyrense DAwsoN = Antithamnion lherminier: Nasr (ABBoTT 1979).

plumula (ELLis) THURET = Pterothamnion plumula (ELLis) NAEGELI (MoE and SiLva 1980).

plumula v. bebbit (REINsCH) J. FELDMANN= Plerothamnion plumula v. bebbii (REINscH) CorMAcI et FURNARI
(G1ACCONE ét al. 1985).

plumula v. crispum (DucLuzeau) Hauck = Pterothamnion crispum (DucLuzeau) NAEGELI (ATHANASIADIS 1985a).

.2 preissit DE ToN1=Acrothamnion preissii (SONDER) WoLLAasTON (WoLLasTon 1977).

pseudocorticatum DawsoN = Balliella pseudocorticata (Dawson) Younc (Younc 1981).

. pulchellum GARDNER=Antithamnionella spirographidis (ScHIFFNER) WoLLAsTON (WoLLAsTON 1971a).

pusillum (RuPRECHT) KJELLMAN=Antithamnion cruciatum (C. AcarpH) NAEGELI? (DE Ton1 1903).

pygmaeum GARDNER = Antithamnion defectum KyLin (WoLLasTON 1971a).

pylaisaei (MONTAGNE) KJELLMAN = Scagelia pylaisaei (MONTAGNE) WYNNE (WYNNE 1985).

. ramulosum (REiNscH) KYLIN = Pterothamnion simile (Hooker et HARVEY) NAEGELI (WoLLAsTON 1979).

sarniense (LYLE) G. FELDMANN =Antithamnionella sarniensis LLE (LyLE 1922).

serippsianum DAwsON = Antithamnionella glandulifera (KyLIN) WoLLasTON (WoLLAsTON 1971a).

secundatum GARDNER = Antithamnion kylinii GARDNER (WoLLASTON 1971a).

setaceum GARDNER=Antithamnion defectum KyLIN (WoLLAsTON 1971a).

simile (HOOKER et HARVEY) J. AGARDH = Plerothamnion simile (HookEr & HARVEY) NAEGELI (WoLLAsTON 1979).

simulans GARDNER = Scagelia simulans (GARDNER) CORMACI et FURNARI comb. nov. (4)

sparsum ToKIDA =Antithamnion defectum KyLIN (YosHIDA 1981).

. spirographidis SCHIFFNER = Antithamnionella spirographidis (SCHIFFNER) WOLLASTON (WOLLASTON 1968)

. subcorticatum IToNo = Balliella subcorticata (IToNO) ITONO et TaNaKA (ITONO and Tanaka 1973).

. sublittorale SETCHELL et GARDNER = Antithamnionella elegans (BERTHOLD) PRICE et JOHN v. sublittoralis (SETCHELL et

GarDNER) Cormact et FurNart (Cormact and FurNari 1987b).

. subulatum (HARVEY) J. AGARDH = Hollenbergia subulata (HARVEY) WoLLASTON (WoLLASTON 1971a).
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A. tenuissimum GARDNER =Antith

lla spirographidis (ScriFpNER) WoLLAsTON (WoLLASTON 1971a).

A. terminale INAGAKI= Acrothamnion preissii (SONDER) WoLLasToN (IToNO 1969).
A. ternatum JoLY et CORDEIRO =Antithamnionella elegans (BERTHOLD) PRICE et JOHN v. elegans (Cormacr and FurNARI

1987b).

A. ternifolium (Hooxer et Harvey) D Ton1=Antithamnionella ternifolia (Hooker et HaRVEY) LyLE (LyLe 1922).
A.? thouarsii (MoNTAGNE) D Ton1=Medeiothamnion lyallii (HARVEY) GORDON (GORDON 1972).
A. tnisticum JoLy et YAMAGUISHI =Antithamnionella elegans (BERTHOLD) PRICE et JoHN v. elegans (Cormact and Fur-

NAaRI 1987b).

A. uncinatum GARDNER=Antithamnionella pacifica (HARVEY) WOLLASTON v. uncinata (GARDNER) WoLLASTON

(WoLLasToN 1971a).

A.? verticillatum (Sunr) De Tont1=Antithamnionella verticillata (Sukr) LyLe (LyLe 1922).

(1) Antithamnion barbatum is based on Callithamnion barbatum G. AGARDH transferrred to the genus Spermothamnion

by BornEeT (1892).

(2) This species, reported from Japan (YosHIDA et al. 1985) and from Vietnam (Puam-Hoanc 1969, p. 222, Fig.
2. 152), shows the typical characters of Antithamnionella LyLe. Therefore, formal transfer is proposed: Antitham-
nionella basispora (Tokipa et INaBA) CormaAct et FURNARI comb. nov., basionym: Antithamnion basisporum TokiDA

et InaBa, 1950. Pacif. Sci. 4: 118, Figs. 1, 2.

(3) The taxonomic discussion on this taxon is reported in Cormact and FurNar1 (1987a).

(4) This species, reported from Alaska (GARDNER 1927; ScAGEL et al. 1986), shows the typical characters of Scagelia
WoLLaston. Therefore, formal transfer is proposed: Scagelia simulans (GARDNER) CorMACI et FURNARI comb.
nov., basionym: Antithamnion simulans GARDNER, 1927. Univ. of Calif. Publ. Bot. 13(18): 376, P1. 78 Fig. 3.

several authors consider them as conspecific,
it is difficult to realize to which taxon the
different reports have to be referred. Never-
theless, the presence in the different areas
of the one or of the other taxon, is reported
according to the epithet used in the floras
examined.

Only 7 species are exclusively or prevalently
distributed in the tropical area. But two
of them, A. densum and A. orbignianum, cannot
be considered typical of warm waters, since
they are distributed along the Peruvian and
Chilean coasts lapped by the cold Humboldt
current.

The majority of species (38) occur in the
Pacific Ocean. In this Ocean there are three
areas having several endemic species: Japan,
with 6 that are endemic out of a total of 13
species; Australia, with 6 out of a total of 10,
and New Zealand, with 4 endemic species out
of a total of 6 species.

Of the four non-endemic species occurring
in Australia, two (4. antillanum and A. percur-
rens) are widely distributed from Australia to
Japan, while the other two (4. diminuatum and
A. divergens) also occur in South Africa. That
suggests a floristic affinity between these two
areas, which was previously pointed out by
SiLva (1962) and by van pENn HoEek (1984).
The two non-endemic species occurring in
New Zealand (4. ptilotum and A. flaccidum)

have a disjunct distribution. A. ptilotum is
reported from the Crozet Islands, Cape Horn
and South Georgia; 4. flaccidum from Cape
Horn and the Falkland Islands. This pattern
of distribution is probably linked to West
Wind Drift and agrees with an Antarctic
phytogeographic province.

Of the five non-endemic species occurring
in Japan, two (4. antillanum and A. percurrens)
are distributed, as mentioned above, from
Japan to the Australian Great Barrier Reef
through tropical islands; the other three (4.
defectum, A. hubbsii, and A. lherminieri) have a
wider distribution. In particular, their occur-
rence along the coast of California,
strengthens the validity of the Japanese-
Californian floristic pattern quoted by Sriva
(1962).

Thirteen species are found in the Indian
Ocean, where they show a distribution very
restricted. In fact, 9 species (4 endemic)
occur only in Natal, where they were firstly
reported from in 1987 by Norris (1987); 4.
microptilum and A. ptilotum are distributed
respectively at St. Paul Island and the Crozet
Islands, along the boundaries with the Antarc-
tic region; A. cruciatum var. radicans is found
only in India (Dixit 1979); A. antillanum only
in Mozambique (WoLLAsTON 1984).

Fourteen species are found in the Atlantic.
Six of them are endemic in this Ocean: 4.
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cristatum, A. pteroton and A. pseudoarmatum,
recorded respectively only from Brazil, the
Canary Islands and South Africa; A.
cruciatum, widely distributed in the boreal
zone; A. ogdeniae, with a boreo-tropical
distribution and A. leptocladum, occurring only
in the South Atlantic. The pattern of
distribution of the other species shows the
close connection of the Atlantic with the
Pacific, probably due to the communication
between these two Oceans through Central
America, that is known to have existed until
Late Pliocene time.

Of the five species living in the Mediterra-
nean, A. cruciatum and A. ogdeniae are
distributed also in the Atlantic, while A.
heterocladum, A. piliferum and A. tenuissimum are
endemic. With reference to the distribution
within the Mediterranean Sea, 4. cruciatum,
A. heterocladum and A. tenuissimum are widely
distributed; A. ogdeniae and A. piliferum have a
more restricted distribution: the former is
reported only from Corsica (BOUDOURESQUE
and VERLAQUE 1976 as A. antillanum, see
Cormact and Furnarr 1987a) and from the
Aegean Sea (ATHANASIADIS 1985b); the latter
only from the type locality (Cormact and
Furnar1 1987a).

In conclusion, although the type species of
the genus is an Atlantic species, from this
study it appears that the genus Antithamnion
has a Pacific origin. Moreover, the patterns
of distribution of the species strengthen the
floristic affinities (between New Zealand and
the southern part of South America; Australia
and South Africa; Japan and California)
pointed out by SiLva (1962) on the basis of the
distribution of the genus Codium STACKHOUSE.
Finally, both the scanty presence of species
in the tropical regions and the very limited
distribution in the Indian Ocean show the
cold-temperate affinity of the genus Antitham-
nion.
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KocioLek, J. P. and MaHoney, R. K. 1989. Observations on valve morphology and the systematic
position of Rouxia californica M. PEraGALLO (Bacillariophyceae). Jpn. J. Phycol. 37: 31-38.

Valve morphology of the fossil diatom Rouxia californica is investigated with light and scanning electron
microscopy. The valves are heteropolar due to differences in puncta pattern and structure between the two
apices. Structural differences also exist between the valve interior and exterior. The exterior of R. califor-
nica is dominated by large elliptical puncta and coarse interstriae, while a broad axial area occupies the
majority of the interior. The short raphe branches have recurved ends both internally and externally, and
the internal distal ends do not terminate in helictoglossae. The relationship of Rouxia and its purported
allies (Amphipleura, rhaphidioid taxa, Gomphopleura) is discussed.

Key Index Words:  Bacillariophyceae—diatom—R ouxia— systematics—ultrastructure.

Since its original description from fossil
deposits in Japan (Brun and HEriBAUD in
HeériBaup 1893), the systematic position of
the genus Rouxia has been debated. The
genus was originally (HErmBaup 1893)
considered to be closely allied to Eunotia,
Peronia and Actinella (then considered part
of the araphid diatoms). Van HEeurck
(1896), and later KarsTEN (1928) and TAvLOR
(1929), suggested Rouxia was related to raphid
genera such as Amphipleura, Frustulia and Gom-
phopleura which have raphe systems shorter
than most other biraphid diatoms. Although
most reports of the genus have come from
fossil localities, HEIDEN and Korse (1928)
described and an extant species from the Ant-
arctic. A review of the early literature as
well as described species of Rouxia can be
found in Hanna (1930).

More recently Berc (1942) and
SHESHUKOVA-PORETZKAJA (1956) have defined
more explicitly their ideas regarding the
systematic position of Rouxia. They suggest
the genus is part of a primitive group of
raphid diatoms, clearly allied with Peronia and

other rhaphidioid forms, but intermediate be-
tween them and naviculoid diatoms. The first
electron microscopical observations of Rouxia
were made on the valve exterior of R. califor-
nica by SCHRADER (1973). Based on his obser-
vations, SCHRADER (1973, p. 200) suggested
the alignment of Rouxia near Amphipleura
“...cannot be followed according to the sub-
microscopical structure.” Instead he offered
the view that Rouxia may represent a “...more
degenerated” genus related to Gomphopleura.

The objective of the present report is to
detail valve ultrastructure of Rouxia caltfornica
with a view to comparing its morphology with
supposed allies.

Materials and Methods

Light and scanning electron microscopical
observations were made on fossil material
from Redondo Beach, California (“Lump #1,
17 February 1983, some very small, Mat.
#648, J.A. Schulze Collection,” ANSP).
Material was rinsed in distilled water and
air-dried onto cover glasses. For light
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microscopy dried material was mounted onto
glass slides with Hyrax® and viewed with a
Leitz Ortholux microscope. Additional light
microscopic observations were made on
isotype slides (TEMPERE and PErRAGALLO 1910,
2nd edition, #648, 649, ANSP). For SEM,
cover glasses bearing the dried material were
mounted on aluminum stubs and sputter-
coated with 20nm of gold-palladium.
Specimens were viewed on a JEOL T100
SEM at an operating voltage of 15 kV, and a

Cambridge S200 SEM operating at voltages
ranging from 8 to 20kV. Terminology of
valve features follows that prescribed in Ross
et al. (1979)

Results

Light microscopic observations of Rouxia
californica are presented in Figures 1-10.
Valves are fusiform and angular with the
poles blunt. Valves range from 30-82 p#m in

) Figs. 1-10. Light Microscopy. Size diminution series of Rouxia californica. Fig. 3 shows specimen
with curved apex. Scale in Fig. 1=15 ym for Figs. 1-10.
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Figs. 11-14. SEM, valve exterior. Figs. 11 and 12 show general valve features of a large and small
valve, respectively. Scale in Fig. 11=10 #m, scale in Fig. 12=5 g#m. Fig. 13. Complete raphe branch with
ends curved in the same direction. Scale=5 #m. Fig. 14. Central area showing proximal raphe ends recurved
in the same direction. Note puncta between raphe ends appear occluded relative to other puncta.
Scale=2.5 ym.

33



34

KocIoLEkK, J. P. and MaHONEY, R. K.

Figs. 15-18. SEM. Figs. 15 and 16. Exterior of apices showing differences in ornamentation. Scale
in Fig. 15=2.5 pm, scale in Fig. 16=5 p#m. Figs. 17 and 18. Interior of whole valves showing axial area
extending length of the valve with raphe system embedded within. Scales=10 zm.
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length, and 6-8 pm in breadth. Through size
diminution there is a great reducton in length
with little corresponding reduction in
breadth. Parallel striae extend up to raphe
branches and across the central area between
raphe branches. Striae densities range from
10-14 in 10 gm. Valves are isopolar with
regard to outline but heteropolar with regard
to ornamentation. Puncta extend along the
axial area to one pole yet are much less
distinct at the other. Lengths of the raphe
branches are the same on a valve but vary
with size. Although raphe branch length
appears to be positively correlated with valve
length, valves of similar length may have
raphe branches of differing lengths. Some
valves appear to be bent slightly at the poles
(e.g. Fig. 3).

External views with SEM show the needle-
shaped valves with unequal ornamentaton
between the distal raphe ends and the apices
(Figs. 11, 12, 15, 16). The puncta in these
areas do not completely penetrate the basal
siliceous layer, with puncta at one end of the
valve being smaller in diameter and much
shallower than those at the otherend. Puncta
of the striae are interrupted by thick, slightly
elevated siliceous ribs that run longitudinally
(Figs. 11-14). Puncta are elliptical near
the margin but smaller and more rounded near
the axial and central areas (Figs. 11-16).
Puncta appear occluded near the axial area
and across the central area (Figs. 13, 14).
Proximal and distal raphe ends are curved
slightly in the same direction (Figs. 11, 14).
In most specimens, the proximal raphe ends
on a valve are curved in the same direction
(Fig. 14), however specimens with ends curved
in opposite directions (Fig. 12) have been
encountered. Small spines may be present at
the poles (Fig. 16).

Internal morphology of R. californica is
dominated by a broad axial area which,
unlike the valve exterior, extends the length
of the valve (Figs. 17, 18) The axial area
protrudes inward toward the middle of the
frustule and has the raphe system embedded
in it (Figs. 17-21). An elongated central
nodule is bordered by elliptical puncta which

open to the mantle and valve face. Puncta
bordering the raphe system become con-
stricted, then expanded and rounded towards
the axial area (Figs. 21, 22). Puncta positioned
along the axial and central areas externally
are subtended and apparently occluded by the
axial area (Figs. 20, 21). External siliceous
ribs are visible through the puncta. Both the
proximal (Figs. 19, 20) and distal internal
raphe ends are recurved in the same direc-
tion, while the distal raphe end terminates
next to an internally raised area (Fig. 22). In
transverse view the raphe appears to be of the
plicate type (Fig. 23).

Discussion

Specimens from Redondo Beach corres-
pond with the original description of
PeracarLo (in TempERE and PERAGALLO
1910) for R. californica. Size and striae den-
sities of the specimens are in general agree-
ment with values presented by CLevE-EULER
(1953) and SHEsHUKOVA-PORETZKAJA (1956)
for this species. Observations made on
isotype material failed to yield specimens
suitable for comparison. SHESHUKOVA-
PoreTrzkaja (1956) has previously illustrated
bent valves of R. californica similar to Redon-
do Beach specimens. Rouxia californica is said
to differ from R. peragalli BRun & HERIBAUD
“in that the entire surface [of R. californica] is
covered with indistinctly punctate striae”
(PeErAGALLO in TEMPERE and PEraGALLO 1910,
translated in Hanna 1930, p. 186). The
original illustration of R. peragalli (HERIBAUD
1893) shows striae interrupted by broad
longitudinal fasciae, although this is different
from the interpretation of this taxon publish-
ed by Brun later in that same year. If distinc-
tion between the two species is based on striae
pattern, then Brun’s (1893) illustration in Le
Diatomiste may be that of R. californica. Striae
pattern differences between R. peragalli and
R. californica appear distinct enough to argue
against SHESHUKOVA-PORETzkAJA’s (1956)
transfer of R. californica to R. peragalli . califor-
nica, which is not followed by VANLaN-
DINGHAM (1978).
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Observations on the ultrastructure of R.
californica  allows comparison with other
groups to which Rouxia has been aligned.
Rouxia californica shares similarities with the
genera Berkeleya and Amphipleura, particularly
B. rutilans (LyngB.) GRUN. and A. pellucida
(KiTz.) KiTz., with regard to relative size
and position of the raphe system. In B.
rutilans external raphe ends are curved in the
same direction (Cox 1975), a feature also
obseved in R. californica. Interruption of
striae by longitidinal ribs is found in 4.
lindheimeri GruN. (Cox 1975). Rouxia differs
from these groups (and most other raphid
diatoms) by lacking typical helictoglossae.

Although Rouxia is structurally
heteropolar, there appears to be little
evidence to support the suggestion of

ScHRADER (1973) that the genus may be closely
related to Gomphopleura.  Unlike Gom-
phopleura, Rouxia is not asymmetrical to the
transapical axis with regard to outline, and
although the raphe systems are small in both
genera, a number of raphe characteristics
distinguish the two. In Gomphopleura the
raphe extends to the poles and the external
distal ends run onto the valve mantle
(ScHRADER 1973, MAHONEY and REIMER in
press), while in R. californica the raphe does
not approach the poles. Also, the raphe in
Gomphopleura is of the key and slot type (sensu
KraMMER 1982, ScHRADER 1973, MAHONEY
and REIMER in press) whereas a plicate raphe
is found in Rouxia. Presence of septa,
pseudosepta, marginal laminae and apical
pore fields in Gomphopleura (MAHONEY and
REIMER in press) suggest a close relationship
between this genus and Gomphoneis.

Another view (e.g. BErG 1942) suggests
Rouxia may be related to the rhapidioid
diatoms, especially Peronia. Although both
Rouxia and Peronia share the feature of struc-
tural heteropolarity, Rouxia lacks asymmetry
in outline about the transapical axis. Both

genera have spines and external raphe ends
that are curved in the same direction (HasLE
1973). Differences between these genera
include presence of labiate processes and
helictogloassae in Peronia, which are lacking
in Rouxia. Construction of the raphe, par-
ticularly the external distal openings, also
differs between the two genera.

Considering differences in ultrastructure
between R. californica and genera previously
held to share a close genealogical relationship,
it might be best not to consider Rouxia as a
form intermediate between rhaphidioids and
naviculoids (as suggested by SHESHUKOVA-
PoreTzKAJA 1956), but as comprising a
separate lineage within the raphid diatoms.
HanNa (1930, p. 187) considers the possibility
that, due to its association with pelagic
species in fossil material, “the entire genus
may have been pelagic.” This observation
leaves open the possibility that the small
raphe system of Rouxia may be due to secon-
dary reduction (as suggested for other groups
such as the monoraphid diatoms, e.g. MaNN
1983, KocioLek and STOERMER 1986) rather
than primitive development.
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New records of Pseudolaingia larsenii (SkoTTsB.) LEVR. are reported from southern Chile, the Falkland
Islands, and the Kerguelen Islands. Since this species has been sometimes confused with superficially
similar species such as Delesseria lancifolia J. Ac. and Laingia hookeri (LyaLL) KyLIN, the criteria used to

distinguish these related taxa are discussed.

Key Index Words: Delesseriaceae—Falkland Islands—Kerguelen Islands—Pseudolaingia larsenii—

southern Chile.

The genus Pseudolaingia was established by
LeEvriNG (1944) on the basis of Delesseria
larsenii SKOTTSBERG (in KyLIN and SkotTs-
BERG 1919), and it remains a monotypic
genus. MEeNDoza (1973) described male,
female, and tetrasporic material based upon
collections made in southern Argentina.
Recognition of this taxon variously mis-iden-
tified among holdings in three herbaria (FH,
MICH, and NY) prompts me to report some
observations concerning this alga and to
clarify its relationship with vegetatively
similar species such as Delesseria lancifolia J.
Ac. and Laingia hookeri. (LyaLL) KyL. Some
remarks are also made in regard to a collec-
tion of nine syntype specimens of Delesseria
sanguinea var. lancifolia HookER now in FH.
The relationship of Pseudolaingia with
Pseudonitophylla and Odontolaingia also deserves
attention.

The type locality of Pseudolaingia larsenii is
South Georgia, and it has also been reported
from the Kerguelen Islands (LEvrING 1944;
Zinova 1963) and Tierra del Fuego of
southern Chile (LEvrING 1960; ETCHEVERRY
1986) and of southern Argentina (MENDOZA
1973).

Materials and Methods

Some of the specimens used in this study
are in MICH, and others were received on
loan from FH and NY. Herbarium abbrevia-
tions are according to HOLMGREN ¢t al. (1981).

Observations

Male, female, and tetrasporic specimens of
Pseudolaingia larsenii (SkoTTsB.) LEVR. were
found (labeled as “Schizoneura hookeri”) in the
Farlow Herbarium of Harvard University
(FH) and the Herbarium of the New York
Botanical Garden (NY). These several
specimens (a total of five) were collections
made by Roland THAXTER at Punta Arenas,
Strait of Magellan, Chile, in January,
February and March of 1906. Three
specimens were tetrasporic, one specimen was
male, and one specimen was cystocarpic.

The color of the specimens was pale red to
pink, and the thalli adhered firmly to the
paper. The heights of the thalli ranged from
15cm to 37 cm, whereas the widths of the
blades ranged from about 4cm to 28 cm.
Blade width, however, was not easily
measured because of the great degree of
laciniation and lateral branching of the
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primary blades. The cystocarpic specimen
(Fig. 1) was an essentially unbranched blade,
although it was lacerated along the margins.
One tetrasporic blade was also minimally
branched, although it also had been torn in
several places and bore a few small marginal
proliferations. =~ Two other tetrasporic
specimens (Figs. 2 & 3) bore numerous lateral
secondary blades, some of which in turn bore
marginal bladelets.

All blades showed a broad, well developed
midrib with similarly developed lateral
nerves, mostly oppositely placed. A system
of anastomosing tertiary nerves was also
evident, particularly in the tetrasporic blades
because tetrasporangial sori usually followed
these tertiary veins (Figs. 2 & 3). Branching
from the blade margin (Fig. 4) was much
more common than branching from the
midrib, although the latter pattern did also
occur.

Apices were attenuated (Fig. 5) and with an
organization typical of the Delesseria-type apex
(KyLIN 1924; WyYNNE 1985). Lateral pericen-
tral cells underwent transverse divisions,
and the development of midrib cortication
commenced relatively close to the apex.

On the female specimen (Fig. 1) special
proliferations bearing procarps and cystocarps
arose at random over the blade surface and
had no relationship with the midrib or lateral
nerves of the parent blade.

The male specimen bore small sper-
matangial sori over the entire blade surface,
the sori being separated into discrete islands
by intervening sterile cells (Fig. 6), as has
been shown for this species by MEeNDozA
(1973).

A collection in MICH from the Falkland
Islands reported by TayvrLor (1939) as
“Delesseria lancifolia” upon examination also
proved to be Pseudolaingia. TavLor (1939),
referred to the surface of the blade as being
“beset with very many tiny pedicellate-
lanceolate proliferations 1-3 mm long” bear-
ing evident pericarps and also to the fact that
these pericarps did not occur on the main

blade proper. This distribution of female
bladelets scattered over the surface of the
vegetative blade is the primary characteristic
distinguishing the genus Pseudolaingia from
the closely related genus Delesseria.

Also in the Farlow Herbarium were found
two sheets with a total of nine syntype
specimens of Delesseria sanguinea var. lancifolia
(Hooker 1847). Both sheets bore labels:
“EREBUS AND TERROR ANTARCTIC
EXPEDITION”, “Deter. W. H. Harvey”,
and “Herbarium Landsborough”, with the
additional information of: “St. Martin’s Cove,
Cape Horn, Oct. 1842” and “N. W. Bay,
Hermite Island, Cape Horn, Nov. 1842”7,
which were the two localities referred to by
Hooxker (1847). Several of these syntypes
have the narrow, lanceolate habit, with the
slightly undulating margins, as depicted by
Hooker for this alga. But a few of the
specimens are much broader, two of which
are female thalli with special cystocarpic
proliferations produced randomly over the blade
surface as is characteristic of Pseudolaingia
larsenii. Thus, it would appear that the
original collections from Fuegia, used by
Hooxer (1847) to described Delesseria
sanguinea var. lancifolia contained some
specimens (now in FH) attributable to
Pseudolaingia larsenii. Ricker (1987, fig.
110c) has illustrated the lectotype of Delesseria
lancifolia, which is now housed in Lund (LD
31749).

New records of Pseudolaingia larsenii:

CHILE. Punta Arenas, Strait of Magellan: 7.
ii. 1906, leg. R. Thaxter, cystocarpic (FH); 1.
ii. 1906, leg. R. Thaxter, tetrasporic (FH); 25.
ii. 1906, leg. R. Thaxter, tetrasporic (FH); 1.
iii. 1906, leg. R. Thaxter, male (FH); ii. 1906,
leg. R. Thaxter, tetrasporic (NY).
FALKLAND ISLANDS. North side of Port
William, dredged from 26-28 m, 9. iv. 1927,
leg. W. Schmitt 257, cystocarpic (MICH).
Kidney Island, scuba collection at 6 m depth,
7.1. 1987, leg. B. Patterson-van Tussenbroek 251,
tetrasporic (MICH).

Figs. 1 & 2. Pseudolaingia larsenii (SkotTsB.) LEVR. 1. Cystocarpic thallus (in FH). 2. Tetrasporic thallus (in NY).
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Figs. 3-6. Pseudolaingia larsenii (SKOTTSB.) LEVR.

branching. 5. Blade apex.
Figs. 4 & 6; 50 m in Fig. 5.
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KERGUELEN ISLANDS. Long Island,
Station 49, 2-20 m depth, 20. ii. 1930, leg.
BANZARE 930 and 933, cystocarpic (BM); 1.
iii. 1930, leg. BANZARE 939 (BM).

Discussion

The fact that problems in the identification
of Pseudolaingia have been encountered is a
basis for a discussion of the criteria that can
be used to separate certain genera of
Delesseriaceae that are sometimes confused.
Pseudolaingia is most closely related to
Delesseria, both genera having a similar
apical organization and monostromatic
blades in regions between midribs and lateral
nerves. Several species of Delesseria are
distributed in the same cold Subantarctic
waters in which Pseudolaingia larsenii is present
(Papenruss 1964). In Delesseria bladelets
bearing procarps/cystocarps arise only from
the midrib or lateral nerves of parent blades
(MENDOzA 1974; WYNNE 1982). Pseudolaingia
larsenit is vegetatively similar to Delesseria lan-
cifolia J. Ac.* WHEN SKOTTSBERG (1923) first
delineated D. larsenii, he referred to its apical
organization and the structure of the midrib
as being identical to that of D. lancifolia. He
said that D. larsenii differed by the dark

brownish red color of the frond, its non- -

adherence to paper, and in the richer develop-
ment of its anastomosing tertiary nerves.
Delesseria lancifolia has been depicted as hav-
ing usually simple blades (Harior 1889;
Levrine 1960; LamB and ZIMMERMANN
1977), occasionally branching from the
midrib. Ricker (1987), however, showed
this species to be considerably branched from
the midrib. Cystocarps in D. lancifolia are
formed either directly on the midrib of
primary blades or on the midrib of small pro-
liferations arising from the midrib and lateral
nerves. Tetrasporangia are produced in

* When J. AcarpH (1872) described Delesseria lancifolia,
he cited Delesseria sanguinea var. lancifolia Hook. & Harv.
as a doubtful synonym. Therefore, the variety of Hooker
and HarvEy (1847) should not be regarded as the
basionym, and authorship should be credited solely to
J. AcArDH.

small elongate or irregular sori on the
primary blade or on small bladelets arising
from the midrib and nerves. The color of the
blades of D. lancifolia is rose to deep red
(Ricker 1987). Blades are up to 50 cm long
and about 10 cm broad. From a comparison
of the observations made on Delesseria lancifolia
and Pseudolaingia larsenii, it is evident that the
different location of cystocarpic proliferations
is the best criterion to distinguish these two
genera. Blades can be simple in both taxa,
but where branching does occur, it tends to be
from the midrib in Delesseria but from the
blade margins in Pseudolaingia. The greater
development of tertiary veins in P. larsenii is a
secondary distinction but perhaps less
reliable. It is concluded that the color of
blades and their adherence or non-adherence
to paper are not reliable distinctions.

Corron (1915) recorded, with hesitation,
Delesseria lancifolia (as Paraglossum lancifolium)
from the Falkland Islands. His description of
minute cystocarpic proliferations arising
“over the entire surface of the frond” would
be evidence that his material was Pseudolaingia
rather than Delesseria.

Odontolaingia, like Pseudolaingia, is present in
the region of Tierra del Fuego but can be
distinguished from the latter genus by the pro-
duction of both numerous vegetative bladelets
and small cystocarpic bladelets from veins of
the primary blades (MEenpoza 1976).
Pseudolaingia lacks such vegetative bladelets
and bears its cystocarpic bladelets randomly
over the blade surface.

Pseudonitophylla, which has been described
from Argentina (Menpoza 1975), can be
separated from Pseudolaingia by the fact that
cells in first-order rows undergo intercalary
divisions and branching of the thallus occurs
both from blade margins and from the
midrib. Furthermore,  procarps in
Pseudonitophylla are produced on the lateral
nerves of blades and are not restricted to
primary cell rows as in Pseudolaingia. Thus,

"these two genera belong to the two different

subfamilies: Pseudolaingia to the
Delesserioideae and Pseudonitophylla to the
Nitophylloideae.
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As previously mentioned, the Thaxter col-
lections from Chile (in FH and NY) had been
mis-identified as Schizoneura hookeri (LyaLt) J.
Ac., a synonym of Laingia hookeri (LyALL)
KyLiN. Laingia is a genus known from New
Zealand (WAGNER 1954) and its Subantarctic
islands (HAy et al., 1985) and is also placed in
the Delesseria Group (WYNNE 1983). Both
Laingia and Pseudolaingia produce their
cystocarps on special proliferations that are
distributed more or less randomly over the
surface of the primary blade. These two
genera, however, can be separated by the fact
that in Laingia blades are polystromatic
throughout and lateral pericentral cells do not
undergo transverse divisions unlike the condi-
tion in Pseudolaingia (WAGNER 1954; MENDOZA
1973; Mikami 1978).
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Honpa, M. and Oxupa, T. 1989. Egg liberation, germling development and seasonal changes in
photosynthetic rates of autumnal Sargassum horneri. Jpn. J. Phycol. 37: 53-59.

This paper presents the results of studies on egg liberation, germling development and seasonal
changes in photosynthetic rates of autumnal Sargassum horneri from the coast at Yanai in Yamaguchi Pref.
1) Egg liberation does not synchronize the lunar cycle. 2) Egg size varies within a receptacle and also
among receptacles of a plant. 3) Division of rhizoid cell is radial 8-celled type as in the ordinary S. horner:.
After these 8 cells develop into 8 primary rhizoids, 8 secondary rhizoids elongate. 4) The photosynthetic rate

is highest in autumn.
from summer to autumn.

This is the same to ordinary vernal S. horneri at Tsuyazaki in Fukuoka Pref.

Key Index Words: Egg liberation—egg size— Phaeophyceae — photosynthesis — rhizoid — Sargassaceae —

Sargassum horneri.

Masaki Honda, Biology Department, Central Research Institute of Electric Power Industry, 1646 Abiko, Chiba,
270-11 Japan; Takeo Okuda, Fisheries Laboratory, Faculty of Agriculture, Kyushu University 46-04,

Fukuoka, 812 Japan
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Tsuyazaki

Honshu

Shikoku

Fig. 1. Maps of sampling stations.

Lyman & Fleming D AT#KZ AV, XFIEEZ7
+ PV 7 V2857 (100V500W) 7 5 » Fa VT,
EBROFS&H 2 Az 0, 170, 500, 1600, 2000 £E.
m~Zsec™! D 5 &M, 5 A 0, 100, 300, 500, 1000,
2000 #E-m~2.sec™! D 6 E¥f, 7 A, 98, 108, 11
H 3 0, 140, 200, 300, 500, 1000, 1500 ¢E.m~2.sec™! M
TBETH- 1. BESFBERIKCRBTH7HE2T
1178 20°C, 9 A 25°C, 10A20°C ThHbH, £BEH
oA BILEhFh 19°C, 23.3°C, 21.4°C TH » 12,

Table 1. Dates of egg liberation in autumnal
Sargassum horneri at Yanai, Novemer 1984.

Receptacle Date
nusber 5 6 7 8 9 10 11 12 13 14 15 16 17
(] (]
1 + + + -
2 + 4 + + -
3 + + + -
4 + + 0+ + -
5 + + + -
6 + ¢ + 0+ -
1 + + 0+ 0+ -
8 + + 0+ - %
9 + + + -
10 + + + -
11 + + + -
12 + + + -
13 + + + + -
14 + + + -

- : Could not cbserve.

FEATHT7H»E7 T 2H 10°C, 58 20°C, 9
A 25°C, 118 20°C THbh, £BFHEHOKBIL TR
#h 10.2°C, 19.8°C, 26°C, 20.1°C TH » 1,

® R

LY 4]

ETEREK A OIFEH B % Table 1 &R T, HHERE
Cit- &b Ltk Rond, 2 BES L THH
THHEE, KE# 2 AECEERET 554, 3SHE
CHHT284, SHEEBCKRETHERD -1, E

Fig. 2. Types of egg liberation in autumnal
Sargassum horneri at Yanai. a, general type; b, skip-
ped type; c, inclined type; d, one-sided type; e, f,
patched type.
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BUERBRTE - EIIARDbhith ot BRTRELBEHERTOARVR 20 THRE
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COYROEBY AR 2 ANEHEETH -1, I (Fig. 20, ARIOZDOKHE (Fig. 2d), A RIlORKHA
BRI B O LR, S IEREHBBRCHGER  BBE—ECRZ5E (Fig. 2, ) RIBHFTH-T
il (Fig. 22) T30O0—BITH -7, L LE  HHBPOKXKES
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1 4 h,i,j,k

Fig. 3.

tation; c, second segmentation, forming the rhizoid cell; d, first segmentation of the rhizoid cell; e, second segmen-
tation of the rhizoid cell; f, g, rhizoid cell in a radial 8-celled stage; h, rhizoids somewhat elongated; i, secondary
rhizoids elongated; j, primary rhizoids further elongated; k, further development of rhizoids.

Germling development of autumnal Sargassum horneri at Yanai. a, egg with 8 nuclei; b, first segmen-
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Table 2. Egg size in mean value for autum-
nal Sargassum horneri at Yanai.

Position in one receptacle

Basal Upper
Upper 204 X 170
Position A
in Middle 256 X 206 > 218 X 177
one plant 1l ]
Basal 252 X 207 > 218 X 178

Il : Differrence is not significant.(P<0.01)
A,> : Difference is significant.(P<0.01)

BHEIOKX & S FG EOEFHEBROMA, Tk

FEERIR EOBILIRDOIPAL TR L » Ttz FKITHEAT
57 H % 7 DBG LM T, ERHBKOILBA ORI
DA EXDFHL 204X170pm (BREXER) T
Hot, BEFRE LUTHROHAL, £EBROE
WA T ERER 218X 177 pm, 218X178 pmTH
h, EEBEROERMTIXERFH 256X206 pm,
252%207 pmTH T, ZOMICEELRENBDLR
(Table 2), BRBHT A7 v 7 RBOEAMH
o bhic (Table 3), HWHIPOK E JXKITHHT
B5HDTNED ot

SRR D AR

KRBT 57 7 = 7 RO RARER Y Fig. 3 ITR
T, BN 8RB L (Fig. 3a), K 1 DA
BLIMMOBILHL 5, F—oErREwCH LTEER
B3 (Fig. 3b), H_4ElTv v XROKIBMEEEL
W Ehs (Fig. 3¢), = ORIBMAL1EE MR
PETERD 2 @RI YT Hh (Fig. 3d), H=7#
BENEEICE D 4 MRS HOND (Fig. 3e)s KD
DU THE=LHENPLER > TED HBRRCEA
el bh B (Fig. 3f), To 8EOMERL

Table 3. Egg size in mean value for Sargassum
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W. A. NELSON and R. E. DE WREEDE : Reproductive phenology
of Analipus japonicus (HARV.) WYNNE (Phaeophyta)
in the eastern North Pacific
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Analipus  japonicus  (Harv.)  WyYNNE
(Heterochordariaceae, Ectocarpales) grows
on rocky intertidal shores in the northern
Pacific, from Japan to the Bering Sea and
from Alaska to Pt Conception, California
(ABBoTT and HOLLENBERG 1976; ToKIDA 1954;
Inacakt 1958). Plants of A. japonicus consist of
lobed crusts from which develop erect axes
bearing either unilocular or plurilocular
sporangia.  Cytological studies of field
specimens have established that plants with
unilocular sporangia are diploid, plants with
plurilocular sporangia are haploid, and that
the site of meiosis is within unilocular
sporangia prior to formation of spores (ABE
1936; NeLson and CoLe 1981).

Little is known about the phenology of
growth and reproduction of 4. japonicus in the
eastern Pacific. In Japan NakaHAra (1984)
found that in the field only the prostrate crusts
are present in summer with erect axes develop-
ing in winter. Under culture conditions,
NAKAHARA (1984) found that erect axes were
produced under cool, short-day conditions.
The intention of this study was to ascertain
the seasonality of reproduction and the ratio
of unilocular to plurilocular plants in popula-
tions of 4. japonicus in British Columbia.

Collections of 4. japonicus were made from
17 sites (Appendix) in southern British Co-
lumbia between June 1977 and August 1979.
Regular sampling occurred at 3 sites - Bath
Is, Strait of Georgia, and Aguilar House Pt
and Second Beach, Barkley Sound, Van-
couver Is. From each collection of more than
50 erect axes, 25 axes were selected random-

* Address for reprints.

ly, axis height measured (to nearest mm), and
then sectioned to determine reproductive
status. From the other 14 sites in British Co-
lumbia 42 collections, from all seasons, were
examined. All plants of A. japonicus collected
in British Columbia were either sterile or
plurilocular: no specimens with unilocular
sporangia were found. Figure 1 illustrates
the seasonal variation in the percentage of
plurilocular plants in samples from the 3 prin-
cipal sites. There was considerable variabili-
ty in the size of erect axes throughout the year
with a clear seasonal pattern occurring at
each site (Fig. 2). The peak in mean axis
height in each population coincided with the
maximum levels of fertility. The timing of
these peaks, however, varied between popula-
tions. Erect axes of 4. japonicus were found
year-round in British Columbia although not
at all sites. There was no clear differentiation
into winter or summer plant forms.

These field results stimulated a survey of
herbarium holdings of A. japonicus, the inten-
tion being to identify localities or seasons
from which unilocular material had been
obtained. All holdings of A. japonicus from the
eastern Pacific were obtained from the follow-
ing herbaria (379 specimens) and examined
for sporangia: UBC, UC, GMS, WTU,
MICH, FH, TCD (HoLMGREN et al. 1981).
Sterile and plurilocular sporangiate plants
made up 377 of the 379 specimens examined.
The two unilocular specimens came from
two closely situated localities in Monterey
County California-City Pt, July 1958, GMS
1694 and Pt Lobos, July 1892, UC74617.

Supplementary collections were then made
at sites in Washington (3-July, September
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Fig. 1. Seasonal variation in the percentage of

plurilocular plants in samples from three principal
sites in British Columbia: Aguilar House Pt, Second
Bch, Bath 1.

1978), Oregon (11-June 1978, March 1979)
and California (20-March, September 1979)
(Appendix) and this material examined to
determine reproductive status. These collec-
tions yielded sterile or plurilocular plants
from all sites except for a very small popula-
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Fig. 2. Mean axis height of plants from three
sites in British Columbia. Error bar indicates one
standard deviation of mean.

tion with unilocular sporangia at City Point
California. The unilocular plants were grow-
ing on the faces of large boulders in the mid-
intertidal region. This population was
restricted to patches within a zone about
0.75X0.5m. Plants bearing plurilocular
sporangia were abundant at the same site and
occupied a greater vertical and horizontal
range. Further intensive collections were
made in the vicinity of City Pt (G. GiBEsaN,
University of California, Santa Cruz) but no
further unilocular populations were located in
the area.

In the eastern Pacific the haploid
plurilocular sporangiate phase is clearly the
predominant life history state in 4. japonicus.
Unilocular sporangiate plants are rare and
the ones found by this study were from
a restricted area near the southern distri-
butional limit of this species. The absence
or rarity of unilocular plants indicates
that asexual reproduction plays a major role
in maintaining populations of A. japonicus
which we sampled, and that sexual reproduc-
tion is infrequent or non-existent. CLAYTON
(1982) cautions that it is important to be
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Fig. 3. Results of herbarium survey showing
numbers of sterile, unilocular, and plurilocular
specimens examined arranged by region and month
of collection.



Phenology of Analipus japonicus 55

aware of the limitations of sampling methods
when attempting to assess the life history of
any particular species as gametogenesis is a
transient seasonal phenomenon in some
species.

The evolution of heteromorphic life
histories in the algae has been explained by
some workers as a “bet-hedging” strategy,
with two phases exhibiting different ecological
and physiological responses, presumably con-
ferring more options for survival and evolu-
tionary success (LuBcHENCO and Cusrt 1980;
Srocum 1980). Although in A. japonicus the
two caryological phases are isomorphic,
within each generation the thallus consists of
two functionally different parts - the crust and
the upright axes. A. japonicus may obtain
some of the benefits which accrue to algae
with heteromorphic life histories without alter-
ing its caryological phase. The following
areas warrant further attention - the apparent
differences between eastern and western
Pacific sites, and, the contribution of
unilocular and plurilocular plants to popula-
tion maintenance at sites where both
reproductive states occur.
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APPENDIX - Collection Sites:

British Columbia: Aguilar House Pt-48°50'N
125°08'W; Bath 1.-49°09'N 123°40'W;
Botany Bch-48°32'N 124°27'W; Brady’s
Bch-48°49'N 125°09°W; Breakwater I.-
49°08'N  123°40'W; Diana 1.-48°50'N
125°11'W; Haines I.-48°50'N 125°10'W;
Helby 1.-48°51'N 125°10'W; Pachena Bay-
48°51'N  125°20'W; Ross Islets-48°52'N
125°09'W; Second Bch-48°49'N 125°10'W;
Seppings 1.-48°51'N 125°12'W; Sidney-
48°38'N 123°25'W; Sombrio River-48°30'N
124°17'W ; Sooke-48°21'N 123°44'W ;
Victoria Breakwater-48°24'N  123°24'W;
Wizard Rk-48°51'N  125°09'W.  Wash-
ington: Cattle Pt-48°27'N  122°58'W;
Kalaloch-47°55'N 124°38'W; Mar Vista-
48°28'N 123°01'W.  Oregon: Boiler Bay-
44°50'N  124°05'W; Cape Arago—43°19'N
124°24'W; Devil’s Punchbowl-44°47'N
124°05'W; Fogarty Ck-44°49'N 124°05'W;
Harris Bch-43°10'N  124°20'W; Marine
Gardens-44°48'N 124°05'W; Sunset Bch-
43°18'N 124°23'W; Yaquina Hd-44°40'N
124°04'W. California: Anchor Bay-38°40'N
123°30'W; City (Mission) Pt-36°33'N
121°55'W; Davenport Landing-37°00'N
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122°11'W; Montana de Oro-35°20'N
120°50'W; Moss Bch-37°30'N 122°30'W;
Pebble Bch-37°20'N 122°30'W; Pescadero
Bch-37°25'N 122°28'W; Piedras Blancas-
35°39'N  121°17'W; Pigeon Pt-37°15'N

122°30'W; Pt Arena-38°55'N 123°50'W; Pt
Joe-36°37'N 121°57'W; Pt Pinos-36°37'N
121°57'W;, Stillwater Cove-36°36'N
121°56'W; Trinidad Pt-41°05'N 124°10'W;
Westport-39°38'N 123°46'W.
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Cladophora conchopheria (Chlorophyceae)
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Cladophora conchopheria Saxkarn is classified
among Cladophora species because it resembles
them in external morphology (Sakar 1964).
Under cultural conditions, the species goes
through a typical Cladophora-type life cycle
and its number of chromosomes (2N =20-24)
is similar to other species of Cladophora (WaNG
and Sakar 1986). However, this species
differs from the others in its intercuticular
adventitious rhizoids, acropetal development
of the reproductive segments (Sakar 1964)
and initial germination of spore by producing
germ tubes (WaNG and Sakar 1986). All of
these differences suggest the heterogeneous
nature of Cl. conchopheria in the genus. In this
paper, the ultrastructure of the pyrenoid of
Cl. conchopheria is compared with those of
several species of Cladophora and related algae
to examine the taxonomic position of this
species.

Cl. fascicularis (MERT.) KuETZING, Cl. albida
(Hubs.) Kuerzing, Cl. opaca Sakal, Cl. sakaii
AssortT, Cl. rudolphiana (C. Ac.) HarvEy, CI.
conchopheria  Sara1, Urospora  penicilliformis
(RoTtH) AREscH. and Spongomorpha sp. were
examined. They were from the stock culture in
the Institute of Algological Research, Hok-
kaido University.

All species were cultured in PES medium
(ProvasoLr 1966). Vegetative filaments
were fixed in 1% glutaraldehyde, made up
with PES medium, for 2-3hr at 15°C.
Specimens were post-fixed with 2% OsO, in
seawater for 3 hr at the same temperature, en
bloc stained with 29 wuranyl acetate and
dehydrated in a graded series of acetone.
Finally, they were embedded in Spurr’s
epoxy resin. Sections were stained with
uranyl acetate and lead citrate and observed

with a Hitachi H-300 electron microscope.

Five species of Cladophora, except Cl.
conchopheria, had the bilenticular-type of
pyrenoid (Fig. 1). In this type of pyrenoid,
the matrix was surrounded by a pair of
hemispherical starch plates, and was traversed
by a single thylakoid which continued into
the thylakoid of the chloroplast proper.
These results were consistant with the early
studies about the ultrastructure of pyrenoids
in Cladophoraceae (STRUGGER and PEVELING
1961; Hori and UEepa 1967; CHAN et al.
1978). In some sections of Cl. fascicularis, a
pyrenoid which was traversed by two
thylakoids that anastomosed in the matrix
was seen.

A second type of pyrenoid. is characterized
by the presence of many fragmented starch
plates on the surface of the pyrenoid matrix.
However, differences in the structure of
matrix were recognized in three species. In
Spongomorpha sp. (Fig. 2), the matrix had a
few tubular structures which might be related
to the chloroplast thylakoids, and in Urospora
penicilliformis (Fig. 3), more penetrating
thylakoids appeared intermittently. By
contrast, the pyrenoid of Cl. conchopheria (Fig.
4) is divided into many compartments by
intrapyrenoidal  undulating  thylakoids.
Pyrenoids seen in Urospora penicilliformis and
Spongomorpha sp. have been reported (Hori
and Ueba 1967, 1970; LokHoRsT and TrAsk
1981; BEerGer-PErRrOT and Thomas 1982).
The pyrenoid of Cl. conchopheria is, however,
distinctive. It is different from the bilen-
ticular-type pyrenoid common to other
Cladophora species.

The conservatism in pyrenoid structures is
suggested by early ultrastructural studies of
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Fig. 1.
Urospora penicilliformis.

Pyrenoid of CI. fascicularis.
Fig. 4. Pyrenoid of Cl. conchopheria. Scale: 1 pm.

Fig. 2.

cladophoracean (STRUGGER and PEVELING
1961; Gises 1962; Hori and Ugepa 1967;
CHAN et al. 1978) and ulotrichalean pyrenoids
(STEWART et al. 1973). The present study
adds more examples for the view that the
bilenticular-type pyrenoid is a common
characteristic in the genus Cladophora. In the
delimitation of the genus Cladophora, the pat-
tern of life cycle, the constitution of cell wall,
the structure of pyrenoid in chloroplast, the
mode of cell division as well as morphological
features have been considered to be important
criteria (JONssoN 1962; van pEN HoEex 1963;
Rounp 1971). The difference in pyrenoid
structure was used when Jonsson (1962)

Pyrenoid of Spongomorpha sp. Fig. 3. Pyrenoid of

established a new family, Acrosiphoniaceae,
including Urospora and Spongomorpha. VAN
pEN HoEk (1963) emphasized the structure of
cell wall, pyrenoid and chloroplasts and the
mode of cell division much more as the
criteria for the separation of these three
genera. The present results showed a
remarkable difference between CL. conchopheria
and other  Cladophora  species. The
characteristics of its pyrenoid make the inclu-
sion of this species into genus Cladophora ques-
tionable as do other peculiar features (SAkAI
1964; WanG and Sakar 1986). Thus, the
taxonomic status of Cl. conchopheria should be
reconsidered when more information 1is
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accumulated.

I am indebted to anonymous reviewers for
their constructive criticism.
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¥ Bl 8O
Linda J. GoFF:

“Parasitic” associations occur commonly
between various taxa of florideophycean red
algae. In all cases examined, the parasite is
interconnected to its host by host-prasite
cellular pit-plugs. These interconnections
are established when a parasite cell forms a
nucleated conjuctor cell which fuses directly
with an adjacent host cell. This process
results in the transfer of a prasite nucleus and
other cytoplasmic organelles (ribosomes,
mitochondria, proplastids) into the cytoplasm
of the host. Quantitative microspec-
trofluorometry using DAPI to stain nuclei
reveals that in some associations such as
between the alloparasite (i.e., a parasite that is
not taxonomically closely related to its host)
Choreocolax and its host Polysiphonia, the
parasite nucleus does not undergo DNA
synthesis or karyokinesis within the foreign host
cytoplasm. However, in associations of
parasites and hosts that are considered closely
related systematically (the adelphoparasites),
the parasite nucleus undergoes DNA
synthesis and division within the host’s
cytoplasm. In these cases, the somatic
development of the parasite is reduced to the
spore, and in some cases, a few more cells
which penetrate the host and fuse with host
cells, thereby transferring a nucleus and other
cytoplasmic components. The resulting
heterokaryotic host cell produces filaments of
cells (primarily occupied by parasite nuclei)
which coalesce to produce a pseudoparen-
chymatous mass of cells which upon differen-
tiation, expresses a morphology very similar
to that of its host, although highly reduced
in size. Although characteristically non-
pigmented, occasionally the tissue mass may
become slightly pigmented.

The processes by which a parasite nucleus
invades, is replicated and is dispersed
intracellularly through the cells of its host are

The Origins and Evolution of Red Algal Parasites

remarkably similar to the processes by which
a zygote (diploidized) 2N nucleus which is the
product of fertilization invades, replicates and
is dispersed during red algal post-fertilization
development. These similarities suggest that
the parasitic red algae may have evolved
directly from “rogue” life history stages of
their hosts. To determine if this hypothesis is
correct, molecular biological comparisons
(restriction fragment length polymorphisms-
RFLPs) of host and parasite nuclear,
mitochondrial and plastid genomes have been
initiated. Comparisons of the restriction frag-
ment length patterns of the nuclear genomes
of parasites and hosts reveal considerable
differences. However, preliminary com-
parisons of the plastid DNA from the parasite
Plocamiocolax and its host Plocamium show no
differences in their restriction fragment pat-
terns. Since we know that the plastid DNA is
highly conserved at the species level in red
algae, the similarities of parasite and host
plastid DNA may indicate that the parsite has
evolved directly from the host. However, it
may also indicate that the proplastids that
occur in parasite cells may be host proplastids
that are maintained, though not usually
photosynthetic, within the cells of the
parasite. Currently comparisons of the 18s
ribosomal DNA sequences (obtained using
the polymerase chain reaction methods) from
several red algal parasites and their hosts are
underway to more clearly establish the evolu-
tionary relationships of parasites and hosts
and determine the origins of these most
enigmatic organisms. (Funded by MSF
grants BSR 8415760, BSR 8709239 and INT
8606405).

(Department of Biology and the Institute of
Marine Sciences, University of California,
Santa Cruz)
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HE B TI248.5~55.0%, FEMLFEHMOES
¥ Ti145.1~56.5%, REHMLKEHOAEGHET
BRERYREE LIEE81346.0~54.5%, KEafly
BEE LS A1344.8~55.6% TH - 1,

(KK - 1#H)

(11) ¥0OE3E*-oAW R*: 757 HE
Cyclotella comta EFIDER LV BHY —BLRHM &
BOHOEFMNS —

19874F 5 R0 E LR M & B DO F DR35S D
FHBEKER AT, C. comta EFHOMRY 1 X,
BMIE, £REE, MREE, FBERELEHVAE
Thiz, £ OERIL, Z/HBK X b/E1L LMk
NEHMCHEKTHEEREY 2N, C comta DER
£/ 4, Hetee, REESEROEFRRAMNICE
EHxT5, A—#KET, BRER D)W )hE<ikh
i, BEE (M) L IB, LBREE Sk
<, ¥% M/D iR U» k&L kB, L, D-M,
D-S, D-M/D OB, ZDIRFTHhEL 5,
ErbREenF T, ZoBFRERLANS, DM, &
M/D Hiz/PEWH~, SEKEVWH~BEHTS, D,



M, S, M/D DEBAZEL, FOREAL /I, BE
BOFEBHECHEIL, WBRITAKE( BB, =
ANEDL S IcEBD L Db, TN B, BER
D247 EMREESCREOCEbLIICOVWTLERE
ha, (*HAT¥EHEMER, **HXA - ISHH)

(12) OMBERT - BHEF - RIEKAF:
Spiruling DEEHZEEC B

BLDLAFRL, ARERFEDHBEY LTRE
BB TBHTHZLAAMBRTVEE, FOAH=X
AT EA Ebho T, BEEBOBIFLY X<
BE— L LT, Spirulina subsalsa & Spirulina platensis
YAV, E5ABERSIOC V- F-BEEBc X 24 G
BBy o\, EBOE@Y R L1,

S. subsalsa \ZEIL 2 A LVIRTF Y A EOBTERHY
TB5H, 8. platensis (JEOEEY & 705 BROEE
RIS, MY a—-2sxBRTHE«OMEZ, R
LhodsbAM LICAERT, S platensis T3
A THBDIZR L, S subsalsa TiEEL, R Ut
B2 LT\ 5, MEOHEE) % — vizdKec
R—Th5H, bABLICARORIDERM, Bh
Tk, Rotoll@hs—v2#RBELTVB, Y a—
ADBTIR, 1w LEEOMRNSHEKCEEER T
BETHZLHVNAT, TOEERTCELLERLD
RENDHEN LT LY 2 — 2L2E0OR UEXH
EEBE B LT THTBLEABNhE, EFEHREC
X o MifakE &S, b, EEEOEERLT 2 SHRO
BRES LZEL O DMAERLBEBEIRDLIT
Wich, EREAEBMRT 50, BEEE L EEOMH
B IUBMER L OB ER L,

BRK - 8% - &%)

(13) O#E RM-E HW= BFEETFACL3EE
BENOBREBYT (1) 752 /F Prerosperma

cristatum

EEEBZ, BROHAIRE,SMMOBRE~OBE)
PHEMAEFREOEMD L\ LKA FER TSI Lic X
> THIRCBHE S h B RBE XM T 5 i L OB &%
BclTuwa, Tk HBEEBIEEEDTL -
TEELE%RY L2300 TH B, FOHELHDSH\
TR LBRETSCHR IR TRV, EEDI
2002~ /BOFBECFAXFER LTI XEAHE
DFEKMREBY L, BEOC—t 25— vOERY
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TleoTwB, TZTRT 5> /% Prerosperma
cristatum DFEEBNZ OV TE LW -BREYENT 5,
Pterosperma 13 4 ADWEX RF AT Tk T 5%
BT, MR LBHE) BTG CEET
% Pyramimonas & DFE & DR ST - T
b, COBEDWEL -+ 22— vOBMIL: 4 KD
WEI—FERTESL, BHBEEEOET,HE
WmICET CTEEIh D, i1 AOBEX Lid Liffb
DIFXLRIDEB YR, Tibb, HXEOREH
BORMPao3 kL2 1 BEDCMHEOTHhIL
U, MROEERED SHEXRE~OBTRIZS 1 K
MHB DOEBEIRT,

Pterosperma DFEBYLZ D X 51T Pyramimonas D
ELORBBHCA LB\ HW 5 Fik ¥R ok
(breast—stroke) LREDLDOTHYH, L LABYDOKE
FoxrhcB ULTW 5, HEX - £%)

(14) #\WAF: 743 FOOMBEERE

I THNRB 0, FRER TRV, TA K
B Spirogyra DFE - THE/ILIERETH D, 74 I Fm
AREDOEREEE LT, IWHEEEX TV,

¥, BT LI FEiiE, w25 mgad B
DKBEKFTOEHEE, BVBEBRC L%, € —
-t BRI B AB» A1 § DKEKRP
Mz, »<iIZALTHELS, THEIAFEUES 2R
FTRBNTHD, 743 Ve AhsH, BBLELT
i, ol O —Hn—HERLAELTS I\,
BERISERT, BHAXLYHT, XFELLTAR
BAT ¥ 1o X E BUR OB AT 2 L, 24B5RIBIHA T
HhuE, BE 500 Lux~700 Lux &7c5 X 5 icFElES
mET 5.

COEBERITA~IOBZLCHLIERNL, B
EENS 5 2OV THE X2 5, (PB4 BH)

(15) OEEAXM : BEOWE LY ¥ T ORHETH

& = DIRFICE L CIBEC REHRE~DHES|, &
RE, BARPER, BRE~OEEILENFAXLHT
VAN, EEIBROVMELBRATHOBGYANT
HZtro BELAY Y= I2®E 20~70mm, R ABMO
BFoooXxzX (X x1E) 21.8mmX1.5mm
~4.6mmX4.3mm TH - 7c, FHEBROELXHSE L
TRELLER, RREE (Rvany, <745
PHCEREBE (7F74Y, TY=o%%) 3kEA
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QEE PR RBOEB TR EIAFILTAVDLE
S TERA L, BOEREBE (77 2) ZEARVCE
(BITIRE®) »EHYl-> TEA L, MERESR (<
A, 78V 7E) OBEIODOKEILI > THAD
ARFER LI, FBALORRESY T (2
7 2%) CHLTREENRLhEh o7, ¥ =
OEBIELTIOBORECE UL TERRTILE
BIRETH S, (BILRAR)

(16) OMBERC* - EDEFR** - EDEZ*: 71
Y4 LEBEGERE LIc Microcystis BEZEDSY
FAEFORITLTOADNYE

Microcystis J&D 3 f8, M. aeruginosa, M. viridis, M.
wesenbergii \(ZBET B ENRSVH, —BIZTHhS
DELVRALTORTEIIRE L L LA IR T3,
¥ o, BOBBCRHBIRIC OV THITHADENEL,
PEFHNBERFNOLER2ERIATEL, LHLA
BEBOHMIEH»HLART, HFHBES 14
¥R ROF BB ERCEETHL LELD
hTwb, TOL5BERESEL, FPHRTET
i, 74V ¥M A xBEERE LS TFORFOER
DEGUEX BT DD, BESHBOBBELHIRE
L7218k D Microcystis IBEE¥ % ¥¥h, IDH, 6PGD,
PGL, PGM O 4 BERIZOWT T A V4 ABEFOH
EFREYRE L,

ZDRER, Mo (45) & Mw. (38) D 2@ T
RLBRBTHB DI L Ma (145) i3EDTEH
B TR—DBEFHEARTORLTN2E L2
ERBALM ot TDZ &L Ma. A hetero-
geneous TR THHREMA BV Z LE2RELT
W%, ¥ Muw. i3, IDH, PGI, PGM © 3 BRI
W, o 2 B RS \WERINILEGEFCE
FELTW i, ZDZ EE, Mw DOHERLLTOK
UHEERTEHETHEEDIC, Mw. 7 Ma o Mo Lit
RIcARFMMBCHS Z LETH LT B, Zhb
DERNGHELN Y 51T, T4 V¥4 2% REED
& LIc T BRI Microcystis BEBRDO HESE
HERH TS L THEYBINEOD L2 THB LE
xbhz, (CEIBFEWE, “*EEHEWER)

(17) HHRE* - O¥AEFE  BRHIOBOAL
BEo—HR

SEHRET HEE I, 1987FE 128 CIAEBRILER D

TR AT T ABAROBERE, LABI Rt b D
THbo

AEEAlREoRE T, MRIFE~LEAY, &
RITEE 5~8 pm, ERETH » TRVITHR 2]
NARTHEDL, BEETHDL, €L/ A Fiditl, B
B, WA AERTHERIC T v, BHETR
EoY2F (WA QAN

BFEROERL, MRO—M A, 18 2~3 gm,
BEX2~4pm DOEMBAHRL, BMiks O, M
METRTOIRS D THDH, RFLERBMEED
NEET 5, HERCBARORETOMREN LD %
FHo T\ 51, ZONBTBERTFERO—HFR
LEZLRD, Ik, KOBERTFERL, RAUKLE
HOESE L TThhB3HERE, BEORHBE
HEofifadb abhs,

Z Ok HAERTHBIL, O FEETIZALR T,
FEXsera, 7 sBDFRELTHNEST LIS
REbDLEEZBIRS,

(MEEX - B - Y, “EBREE)

(18) oM TF#ia* - #FOBE* - hHREB* - HAE
ZB)* KSR Cladonia(N+T7[B) MhOIBEE
M HEFRO M RPMRE (D

BAEE CRHKS Cladomia DIEBHEE LT,
Trebouxia erici, T. excentrica, T. glomerata, T. irregularis, T.
magna, T. pyriformis O 6 FHHE I T\ 5,

4B, BAE Cladonia 11D\ THAEFE Y /B
- EEER L, MERAIRET R 35 T 7 o Too T DRER, Trebouxia
erici, T. excentrica, T. glomerata, T. pyriformis @ 4 FHFE
dbhhic, chbD5B, T erici B3IV T. pyriformis
D 2%k, \IThd Cladonia gracilis & C. ramulosa DT
EnboEIhi, LaL, A—0tiRE,NLL 18
DIEBELABLRIED 2T,

fsds, SEHE NI Trebouxia erici, T. pyriformis (%
BAFETH 5,

(EEX - B -, “ABRI¥XE)

(19) & #: #HXiEM& L variEyoEmcx
T37L 01 —HR

WEREH DD\ L= T BT, AT Y TRAT
BHAERN DD Z LDV TEREHELHLAbR T
% (BURKHOLDER et al. 1945; McCLEARY etal. 1960), L
L, ZhLEWERSOBEBCRT5HEiconT



%, Worrers (1960), KINRAIDE & AHMAD]IAN (1970) D
BEXZDTE R, SE NS OEH OB H
BREOLERIATHHRC OV TORFE YRR,

1) HMEKEHO7 -+ b vHBHIcOVTix, 1858
9 EABBCH T AHERHRELBD LN, ~FH &
AT LI HBBRRTHD, EHES-R L3RBT
i, 18EPRECREOHRES D, A=y rT e
BRKTH -7,

2) TrurAY-HBEPAL L TELLhBHEK
BEDIeh Tk, Y A= VBOBEFRKTHH, V7
ATY)VEE, 7w—ATebetrIT—LENIRCE
E, veRY I8 RFIF, IBTIEFOHEH
mETH B,

3) BEOT7 e+ MY TRISEF 6 BICE
BREDY, Cr TrNFEATHY, £h—2+T
B=F/ Iy CRAOHELTED LI,

4) tvEO7 b Y TIRSIEF0EIR
BMBH D, Brachythecium sp. HRKATH - 12,

5) ¥/ U )T HhHIHrDAR) =L --TrRBT
+ v SIS, T OBFRBMLBKEES RS
bhs, (BRX - #F)

(200 OEHE 1°*-REHBF** - AEBGEL** - FiE
HAL***: IAYRELH T REFREHT By
BLaBOLE

IAVEERLIT I Ve AOMBEOMIITIEL
@ EBH L, EFERLUE~DHEELYRAI, 7
FAECAEFRCH T o HEOEL L 51, 37%4%
FROREL, rBxBHLLEEE, (2 vFen
150 Gy (15000rad), 7 5 § FEFAh65Gy TH b,
alf X BH LIBAE, $H Y EN 263Gy, 77
FEF AN 115Gy THHote, ZOHEML ,a D 7R
TR B EMFENERL (RBE) (3, WEKI5.7 T
B, NiHV*2275 3 FEFRACHERT, 2.3
fEbMADHHBTH L TEAETHIHL YA -
foo Elor BOEFHE,LORDLENEL, 77 ¢
FEFAL2~3, AV +E(14~8ThH-1DT,
EEXWI 7 2 8b, BBz 2~3, HEI4~8D
WTHAS EHEE LI, KRIT$H» Y+ THREEES
®10BBIZ, 2~ 10BOMRB OB TIEAI 2 v = —
OHEXRD L, r BTl 22 =—HOEZ 2D
i3, ThEhBRALS>IHEXLTV20EHL, aff
B LcHE R, ki L 5 Lai2 < B UED,
XIFEFC RSB ELY LT\ e, Zhikr &5
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DNA ODOHEJEYHETIORKNL, « 27 UEAHTT
MR T L5, REOR VW IBIDEE
2bhb,

CELUEEKR, REHKFKX, **HARTFH)

(21) OChristine A. ORosco - XFIFk : SHE -
HORBEFT/ VE S5 BORRICOWT

BHRTOROABIZE, SEEOAT/ VR : v
Vv 7 % (Gracilaria chorda), #* A4 =/ ) (G. gigas), +
=7 Y (G. verrucosa), 77 2% 7 Y (G. textorit) & 3 /A =/
Y (G. incurvata) BB LT\ 50, ZhbDEEDOK
BB T5AEY 2EMcbh W Tl > D THRET
%,

Zh b 5 EEORG, BREORELCFEH L H 503,
BEchtc > TERTE 2,

BATEY ALY SERRHEL, RTHA AT/
V, o3 EITEFTXIE L B B eh o1, 5
BEOBRTFIHOOEFEGINATALG12RE,TT
HHR (2~3m) L, A UCEERE»SOFES L HE
Baht, ZhboEMkiL, 1~4 8O BE
ZLL 4ATHCRAERCE L, EHBEEIL2
AnoHBEL, 4 ATAHC LB AbAT, 5
REA% L ERDERBPLMURDERLALNS LD
wich, BEEOBRAL BT -7, YAV FEIX,
BAEL FERIRTE DM EL ot 6~T A
DERERCIL, thbOBEOITLETHEL >
7oo 8~1001213, ZhboERIIMELI-ERE
CHRREPHLTICERDBESRDOLABER TE I, =
DD ERCIEEBENALONFEENSD -1,
SEEOLHTAH =/ VORBIAEERLLTL,
VATV ENA YV RERLPTVESOKERX
DHEINEL, vAvFeEAGA T )V IREEE
NRECEWI TR EhOBOBENBE LTI - 1,

(BHX - BEEH LV £ —)

(22) KBEX: 74VE_TOERF) 41
Eucheuma alvarezii D B AT D ERRER

74 Y EvOFEF—LEBRET, ${EELTbA
T\+% Eucheuma alvarezii ® 2 @& : Brown strain &
Green strain % BFRICRF LR D, BALTLIA TS
BAKETERERY T > O THRET %,

HENL 7T ATRR, BREMLTEDS LIHBKT
HoRETHEE 3 AR TBE L, B b
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KIEIZ 25 INIHFTER LIRS o te, £EHK
Sl hbERBALI S L 51 h KRB S
hic, EREBME, FEHTNIVER (1~3cm) T
Hotont, BEE1r AR, SRRV EERTE
D'tk &I otc, KX, BERSMIATEEAD
KBIEBE THR L, KB 27°C »b
20°C(11A8) ¥ TETTAHHE, £REECKE
REEABHLRT, BERETOHBAERE (%) 3,
Brown strain T 5.0-7.2%, Green strain T 4.2-7.2%
T# b, Brown strain DHFNEVERIRHNEVEHBM
Abht, 20°C LUTFieis & AMERRIZ2 BUT
ich, 15.2°C )BT L1128 FAICTER L,
D2 @R, Fh- L ERBEBANT, HEGI
AEpbht, SEOERMEFTHERESREILER
SRTRFER LI, Lichis>TZ D2 @R
o TWBDTIRISh EHERIL TV 5,
(BAX - BEEY LV 5 -)

(23) oRMME—* - FIEIEA™ - () EAKE":
LB ERESFRETREO_FEQ T

L ERERBI—FEEDKY £ 2 v 7OHHET
HHHD, BATIREAD_FEEa v 7HEEIR T
B, HELIRIDFEE 2V TOEBYRALICTS
R EE R L-TEL,

ZHEB= v SIEKE 3~6m KEBL, —FEH= v
TORMERR, 7VARACES « =V ¥ A~XELRED
HHEAM A D oo, 1985FE 9 AFD—FER2 v 7L BE6
RO_FB=av704EFEEND, ZOBOEREY
7~25% (E113%) L HEE Lic, ¥ @8Ry 315
ET, UA~TBHE6 A TOERRNS~14%TH
st BATHEGTIETIRAENEL, 9 A&,
b “OFHL” pBBLRT,

—HERDORY ra v T LBEAD—  —FEHavT
PHOEHL, DREBTEBCLA2EROEELT» 1
DRACEH LEBH TIBA_FRA =2 v 72 BEL L
bDIDORFENRLESRT, ¥7-2 ADOEH LEET
R ZFEa v TRBENALRE, BBV
BFVCThOBELBE Lich -1, SHLEBA-FE
Hav7%KBE15L45mCETFTLELDOTIE, K
B45m DLONELFELI, ThHOERIHHE
BO_FEE 2 v 73, TOBERHIREFRIRLET KE
Z0REAHCHEIh DY, BENK_EL£0EE
EROLDOTHDEEL S,

(EIZAPRAKR - *EILMEEKR)

(24) #REXEP : BT - REBRICETIHAT
A ? DEREICOWT

FHSABEEY - 2 TEHOT I ABCBT S
SELOAHMBET, BNBARE,LRFXEDH
REALZECHAHTAHLEINTVS, FEIHAE - 18
BHFTREHELSLLRALLTHAIA TV 30
D, TOEBIETARRIBE LI TV e,

ARz, BEERBRBRCKTLZYN T 2 OFE
BEXYBEO»T 5 BT, 19824 4 A1 519834 1
AECIOENC I hAF . —~BKITL D, ¥ F 2
DEENF, BEEE, BER, BAEE, ZEEX,
ERH, EEBER S L ORFEEL SOV TR,
—7, BRHwBT 5FEE, 19814E9 A2 H19854F |
A ¥ CRESE L TERE LT,

ARREICL b, 2FDL 5 LHEMAIAB LN, B
oBGEEL, FEHCZIEF—ET Im? B
12K TH -1, BERIE 6~8 ARLUBED 1 i
RAICEL, #80co%k R Lz, BEHEEE, EEHERK
FIUBFREZ, ERORKRCH VTR 6 Atk
K&t h, ThZFh#) 660g(EE), # 10m¥m?,
8.6kg(4EHE) /m? (M 1.5kg HE/m?) Thot, ¥R
BT AE20~400T, ER 1D HOERIZ6 AL
BAEL, ¥ 15g(£E) Thh, AR
5 A~8 ROEFI S TRIEWENES R,

(R#fEX - #BE)

(25) ORmINFTE - FAMMER : 7T 4 - hZ AP
KoL R &KMEDRR

BELIZINETIE, 754« 7o 2 EORES
AR, HENORVGCERBECI YVAFIIhTH5E
EERBOMCLTEY, §ENL, 754 - L AEB
BRI FIELRBEOT THEL, EERUEBK
DB FELALAT L X5 LR,

SEREEEEREN LR LI, 752 - H U4
HHEET LK S, KiB20°C, XHEX 0-
100 E/m¥s O TI0BMICE (L X4, 1065Ffk18, 14
RIS OXRAMPO T CHB L, ERYBERE - FE L1
ERIEABRYAE T LR L ORDI, 754
Ca kb, 5uE/mYs P ETCRIERABROBERERY
AL, BB ARICIBRBOEN LMY XT3
ZENTE, ERIS-208BBCIIPOEELTE DR
7o 2 pE/m¥s DIHEE T TIRROPERNBVH DD,
EHcHED L, MBI BDLRI, 1 LV



0.5 ¢E/m¥s DXHET Tix, £EIP 320 THD,
BERES0H ¥ ETHMEDOH LA AShT, —RLT
HEEDTERED ¥ AR HT, PR LEDHLRIcH
12, 0.2pE/m¥s LATOFETTIRREALEER
¥, ERIS40FHBET L, TLEKER,1LIL, X
BMECHTDHT S A - Ho ADEERERDEITIRD
bhich -1,

1 pE/mYs UTOXBERIRABENTLELIBE
ENhABETHD, KBEIRLT 54 - » 2 ABBGOE
BROBBERFTIEELBERDO—DLELbAT,

(ZEX - £HER)

(26) OFHMAS* - MHAEE™ : NL APHEDOAKE
CRETATEROREDAEDYE

B/E - H 222, BESOEEIRC IS THhKky
FRLTHH, HF, KEBERRELSURERSO
IS, FOEESENERIR T3, EELI,
H O ARMRIT, BREBMCFTHEREEND, »
U AMED AT RIFTATEROEROAREOHE
CoVWTHaR2BoTHET 5,

KEEICIL B LA A 5~120° OREY & BbiA
AXBESA=y 728 1t 7o, 7%, ZHEED
HAEE OO KED 10m OWMEBEC, Y&
R BEAD H o 2 BETORMEETH 5 19864
NAAKEA - ZBE L, #REHOS5, 26,8, 107
AxIv 1Rk, EEYLOFAERKICAM LI-HE
DEERLU» L A DEEEYHAET L.

B, ERYOAE 0~60° TRER-7F 7+
o770 Y >EEY T FE/ET 5 4 andlor
h oA (HEDOXFIHSRE D) L Lok
LT, ZEYOAEWS: XU 1200 TREFROE, B
#7354 andlor # o A B L LI, 7 F 4 andlor #
U2 OEEEGEL, BRYOBE60° LAET, AE
NREL LB EEMT AEALBD LN, T 7 2
and/or # ¥ 2 DEEWALL, BEYOEARB,EL,
Bz, AR 120° TR EBOBARICEFL TV 1,

(BB - KRBT - £, ** (&) #wEH)

(27) oW - XBIEX: THEBICALLKSE
7 11 A DERER RS

7 AGBEBCHHT 50, BRRRECIISH
Licv & EhTuiz, UL, 1976%FIRE EEiA B
BRECF 79 h ARD T h 2 DEFS, LEBPR
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BB 5 ABBORBCER Ih TUXR, RW&
B CBEREYHER LT3, 77 2 DR RES
THHIRE, BT H A2 THEL ALRB D,
BAELTVB7H 2DV TOEEL, BEAbhic
Vo FHRTIE, KBAHHSCERE BN 5 ABS
BEMICEHE LTV D7 h AL\ TEDERBNEEY
AT,
TEBIZHEE TS 7 H 2 DT, KB 17°C §i
#Hicic 5 12AF AN BE LR DA, KEM 16°C Rtk
LB 1 AhEicie s LS5 HRTE1, TDHE, &
BORWHD TN 10cm THo1, 1 ATHRER
K30ecmCELKCDO D -1, TOHK%, KBOET
(REKE 14.1°C) ¢ L b 2FHmELL, 3AT
£, BV 16°C Hitkicle 58, BEEXUR LIAD 1,
KEBA 19°C RikD 5 A LA ERAEGIZ
110cm KEL, ZELBHLEBL T, TOH
BERER ALK, KB 22°C LEEkb 6 ATAKC
TRTEER LI, FLZOBETIE, KEOEWCE
> THEDPEAMNRKD, Im BTIHHBEIAEHE
LEREVCEMICEIHAORML, 3m BTiL, MR L
BB MEDOR LB, -7, Fi 6m BT
EEL, FREAIREbh T,
(BAK - BEEYL 5 -)

(28) HEBRAES SHRETI¥ERRCETETH
EVDEERYZEICONT

7 hE 7 O ILEEOERRELXBRVCTRAD
RIELRRBECRH LI B, BHREOEEHBRKEIIL
LARIA b X O HIERH LR TV 52, F, KEH
EOWBEEIL, FhETEBFTORLAH - cKF
HBORORBTABROMMARDLATEY, =2
v7EORERBELBEAETAERLEL - TV 5,

ThEZIRY A7 SEOREFEN—FEERBLE LT
HMHhTHD, TEESRRTOUACHF,LARLR,
BED 7 ACIEAL, 8 A EOBREIHEAT
B, LinL, PEOAEZBIESLIDDLA TS,
40, BEITIHEERREOTRAENLEABOEXR
DEGYEBDLZENTERL, ZhbXOERIBH, &
AL, HWAIRERER L UOBEE S BE,
CHERRACQOERTE T OERTMEL, HVAR
RERITLALRL, YROBEREYEOERE, OF
BOATEHL S LR CUERF LOEBE~NEELL
TV A Y, MBS 3BT B EMNTEL,
Dz liE, FREFNROBGOEFTHOERRKEC X
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STRKDHBICE > b D L HERZH, Fig, 4B
BEBcEBTTA7»E 2 ICIBELT2ELEEKD
BlELHDZ ENHA L, (EAKK - &5

(29) OHAIER - KFEX: +EBELCSITS2
94 TDIAYTF (Sargassum piluliferum) DFRE
ERERIEOVWT

<A BV SIEFELEDS T SET, LEBOR
BBCIEL LT 2, BHRH 7 RBCE-Th,
BohbHELAVHEAKRBORRESE 12km ¥ TH
EARALNREA, BOLERRBO~ 2 £ 75T,
e L A BB BRI SV TGREVLW AR SRTD T, 2
Flichi b, HEHROEBHIAEY T B
FRWLEOD S DL OHRBOE L, HHHRED
WA OEAFRBETIIML, BoTREV, BEHT
RERCLENADR, BFRFRBOLOEERLML
B\, ERNEEL2 21 7OEBE LHFEOHBEM
A EArBARLR, HEABIIDE VEILRD
AT, 4 ATHCRBOHD b DX FEHERKE 160 cm,
BRI TIEH 60cm TH - oo BBEWEIL 5 A L@H
b1 AMTHY, 6 ARAB LAV ROhI, Bl
OB O THREROBEN AL DY, BhR
WMTIIHERVEETH - e BFHHEVTIERR
TIHRER» S DORFENES L Rohich’, BhRET
ESED B DREMAD S D 5T, 22D E2 1 T DR
FHECBELTY, BEBRUBKRCEL UL, BHE
HMOBRBHEIRY, LEDEBTHOLDLFALE
BEARETR L, (BAX-BEAHL 2 -)

(30) OFEIHMF* - BWE 1@ IMBF PR
%7 4 3 Fragilaria pinnata Eur. OTRELR

19874 11 A LMBE R FEHEN D ith 13 7-20918 4 % BF
BRIV, YAIRED VY LIE 4.5~2pm, 74
BRIBO LV v i 4~6pgm, 10 pm BOBEBOL v &
X 9~14KTH B, ZDFHAIEIL, Fragilaria pinnata O
FERDOFBME L ZIFU D TH B,

SERE LcEERD ¥ 1 RONFE, AF, AR
W, EMCIRFTHENTES, ThFhOHE
BEx, 15.4, 10.0, 74.6% T, M LHEW E THEL
B L2 B, FMOMEGEL Fragilaria pinnata D
BEMLCHELE L Oh, EROBEERIIHTNL
var. lancettuls EE 2 b b, # - T, var. lancettula I%
EAMD Synonym T XETH 5,

A BMEHOBMSHE, RSO EH L
B, BT 5%, MR sESReRE T2,
H DV AR TG SERRCRET 25 h
B ENTES, ThZhOBEIL45.2, 26.4,
3.0% THh 5B, HmMOBRE, BREEHROKTIA
HEERHENE L, BRROERK L >EEL var.
lancettula  (Scrum.) Hustept f. capitata (KRIEGER)
Hustepr & SR TV 54, Z@ taxon bEFED
Synonym X3 X&ETh 5,

CHRFEFAGER, KX, *HEEHX)

(31) 1BE &* - /)\HEF* . OBLES - kIR
BT **** : Navicula recens LANGE-BERTALOT DFSHE

R

REHEON (FILUWH) T1988410 7 1218 1-388E
EHRCHAC I, SERRICEEERLY 1R
DK HREENTEx LT 58, FESALLI
BHT5, #ErcBH T, ¥TTHAHD3IFHKI
THZENTE, TR ERDEEIL 724, 26.6, 1.0%
Thb, 71 BROLRTIEICEETHIDE, &
HLliwbnrebidsz &MnTE, HERETRER
86.3, 13.7% TH 5%,

RO A TR T BB RIE BT staff side:distaff side 3:
3(30.3%), 2:3 (17.1%), 2:2 (11.6%), 4:3 (7.5%), 3:4
(6.2%), 4:4 (4.5%) DELERDI S, BLEOKE
LIP3 D13.1%, PO HD86.9% THBH, F
LMD staff side & distaff side DA X JXFEPT 5
PD (9.0%), PLEMLBLD (44.4%), staff side %
BB KEVH D (20.6%), distaff side H385 5 Az
KEVDD (26.0%)CXBTE S, FLIROFIL 2
5 7R (84%), #EW (1.7%), FohoF (8.3%)
CRHTE S,

FABREDO LV VU 20.5~405m T, ®— Fi
28~31.5 um, 7 A RIED V¥ 213 6~8pm T, €-—
Fid 7 pm, 10 pm B OBEBRE O v v 21210~14K
- FiXI2KTH B, BERLEBRT 5 SBuLHR
#;T 10 pm BIIZ34~37TH 5,
CREZEKX - *HBEHX - *HRIRA

IREAGERZER - M) AHR)

(32) OBSAZER - /MK 3L : Navicula menisculus
SCHUMANN @ SEM (C & B #8

Navicula lineolatae WZJBT HEEFED %  (IRESHTE D



W HOH, FIILPREIETEABE S D LS
T T D, N menisculus SI5EETHOBETH %,
2 — 8y, STRRKIER & S5RKIBICIE 93 5 48,
K TIERE upsaliensis (GRuN.) GrRUN. DHRNEH X
hTB, RFIZIL, N. menisculus var. menisculus % 1=
(X var. upsaliensis LRISETED, W DhDEL 7D
L DDHZDh > TV B0, AEDOHEHL DL %L,
TRHIZDOWTE —r , DKL B Ui HiE
’Eﬁ ” ﬁ‘.o

74 V7V FDV—~—¥H5 N. menisculus & RE
TELBEENBOLRIDT, FOBMEEY T
ZAhH, BERT6~TENLIS 1 IO HS =
&, raphe ORHWBFEIFLHDO L Z A THBH IR TH
BLTB2 L, RBLERT sRNFIIEREH
oo TRRCTIRIED Z &, £5 3ODEHEAELR
Toco TNET7FVADT7 3 — VM ABIUOTRNERES
T (REFR/NEEFEIETE/NR) s o8 160
B LIz, ERD3IODHE#HDIH 2D
THBL TR, FEYERT 2RUSRFPLTTK
ELERCBERD L) ATRIL» T, Thidks
HIZEBOETIRR L BIROTEH & var. upsaliensis &
FETEASDTHb, (EHFEKX - &%)

(33) OMARFEI - /K 5L : Caloneis silicula/C.
limosa complex (LD W T DHE

Caloneis |& & Pinnularia BOREEIL, BIEIIEBET
NETHH, BREIH TS D, XFHAHEFETITHL
NEREDIINV-TBTHLO5CRA%, LL,
BV~ (TEM & SEM) THETH L, ChBHHE
EORICHARLK®T O CRAHEAL R0 by
(FBTI63FE 9 Bl B AERF L THER).

Caloneis JBII\Z ERD X 5 e KE MBS X0 2
TR, BrofficowTh, BiE K- k&
T FREB) KOVTOERNKEL, FTEOELL
BE\2 %, BT C. silicula (Enr.) CLeve & C. limosa
(Kitz.) PaTR. (=C. schumanniana (Grun.) CLEVE) D 2 £
OV, ZOFEEIFBEETHD, Tiebdb, fE
{22\~ T Hustept (1930) (% 5 %, VanLaNDINGHAM
(1968) 13Kz 24E MY, F/-#%FEW O\ TH Hustenr
(1930) (¥ 2 B, VanLanpincuam (1968) i3 6 %
YAPFT o5 7 LT\ 55, KRaMMER & LANGE-Ber-
TaLOT (1986) (X EBHIH L THINTHELTE L
DHTHY, b TFDRRIHF BT, f. peisonis (GrRuN.)
KramMER D | @GfE#FEH T BT E R,

81

HELX, ThoZEEBOBRIEG TR, C
silicula & C. limosa DEDOBIRICHEFR LAEXERT-
TEIRER, ETOMRYBLOTHET 5,

(RFRFKX - £9)

(34) fB’E #* JHSBF - OSEIF - R
RETF - KFRET : B O REEE (1)

1987, 88D 2 F it » CTHEN DR ERYFW
MOERL b OO KEGEE T, FNT17E%
REL, % - F B - KOF4EDOREX T~ 7
I TRELE L SRR OV THRE TS, Bdh
BLLTRVEL LTV, £EKIVOESE
(11987, 884 & & Nitzschia frustulum T, BZE(11987%
Nitzschia frustulum, 19885F Nitzschia palea, $XZE(%19874F
Nitzschia frustulum, 19884 Navicula gregaria T, BZE LK
F219874F L1988 TRIc > T\ B, BKE (KF,
FBF, FIL Lo TEKE) LW, St.3PHIES
VT h & b LT Cymbella ventricosa 1\ GBI 7 %,

vy /v OSKRMEFEEI 19874 35 X UN19884E12 St
SPHEE /LSt 4 XEBTHIVEEZRL, L&
TEE AR VELALIHTL, St 14 ¥ ABIHT
iX1988F % &  IfEN B/ NS e B ERHPH B,
CHuth K, **HBEHK,

T KHRE, *raRIamR)

(35) &S & IMEEF* - SENF - OR
EEFH - KFEEI  SE)OfERFEEQ)

REERUVKEFB Y~ THRECO VL THRET 3,
BADMIDOILEEDFHE 4.12myFROEHE
100cm? X H/PIVERRLTV5D1E, D68HA
19874 (13115, 198841327 T, {KBERBO/NE
UCHLEEEE L b B E TR S\ @ [2H 5,
FIKROAE 1 mm? EofMiagui, BEOEIIITE
2,000~5,000 D38 HA %\, 2,000 T4 e\ EXR
TRTHLEIL 1987413 2 HU R T H B H319884F 11284 SR
WL TuV3, 2,000~5,000DFRY 7 E % 3 5
(X19874EF 5 M, 19884EBE15M &, 5,000LL £ fE
R HL ST 19874E EE6OM 5, 19884E FEE253 & T,
19885 E (X 19874EFE & W BIFE (MRRE) /W fE
ZRLT\ 5,

F7 e BT ER L VR TR - TENKEL
BIERMH DD, 1987EE LSt 11 DEEKEBY
-2z LT, Thi W TR TENVNILLZHE
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M - o A988EE 1L Z DEEARRFFL 7> Ty
bo T, SL4DXEABTHENREICAEZLBMH
FIHEEE L bRDLh B, BRANITRIXKEFEY
THERRILT NI, BEFCENKESKD
ZEMNBLH, SENLZ DL S IeEMIZEE TV,
(FRuthk, *BEMHK,

HET KBRS, REIIAHR)

(36) BE E* - MHEEFTT - OFARERA™ -
BRI SE)LFOMEELEM L OMRF

KK

NEROBB LEW L OBFREMD A, SEIIFIK
WEFBEME, BE, )X, #7A, AVFFA, &
B, R WE F5AF, 7, €=—1LDIERHD
KA 198845 1 A28 KRB L, 1 BAXHS5HAB ¥
TR EEY EEMCEE L TRIKOGEE L O KR 1T
tot, AEBIL2A4AH, 2A11A0, 2 A18AH, 2
H25H, 3A3ADSEITHS,

HEBROREHE YT\, BEE (LBRE, Mk
), ZFTOCLEC L AHEBREO RN, BLHE,
vy ) YOSBERIER, v e N ECL ST
ED XS BT AR TS,

188 X9 388 % Tix, Nitzschia palea % 55 1 5
BT 5L00%<, 43BBIL Nitzschia frustulum, Nitz-
schia palea %#FE1BEELTHL0HMEL, 5BAIL
Nitzschia frustulum & Nitzschia palea ZoAK3> 1) Synedra uina
NEIBLEL D, HEREOBRLMHIEYES =
LN E LT BEAMRD B,

Rk, “HEHKX, @)L HR)

(37) &8 B - /I\HBF - OREBA* - KR
B§I*** : 7 4 > 5> K Lake Hoytiainen & Pieli-
sjoki CAIII) @4 4 4%

1988 7 A 7 4 v 7 v FOIt#k 63° 123\ > Joensuu
B4+ > Hoytiainen ¥ TH7- 3 ¥t & Pielisjoki )| T
P2 ABOREBRYBRET %,

B & b8/ Sample 56 (T & HEMETES2.98 T Achnan-
thes minutissima v. cryptocephala, Fragilaria capucina v. acuta,
Achnanthes minutissima % FE & 3 % B7% T, Sample 60 (%
AR IE%03.34 T Eunotia veneris v. incisa, Tabellaria floc-
culosa % FE LT HHET, Sample 72 ZH5HMEIER
3.38°T Tabellaria flocculosa, Fragilaria capucina v. acuta % F
ETEHETH D,

MN& b7 Sample 78 (3 %HEMIES 3.60 T Ano-

moeoneis exilis f. 1

lata, A is exilis wE LT
HB% T, Sample 80 (LSRR 4.15 T Achnanthes
minutissima & Gomphonema parvulum % £ & 3T HHETH
%,

FRERORK TR L1 taxa OB EEHROH\
B L taxa OEHEETELKRD L S51L7cb, Sample
56:37, Achnanthes 7, Synedra 5, Sample 60:30, Achnanthes 5,
Cymbella 4, Sample 72:67, Achnanthes 9, Navicula 9, Sam-
ple 78:59, Achnanthes 9, Eunotia 8, Sample 80:61, Navicula
11, Achnanthes 9,

CEEZHKR, PHERK, HRINAHR)

(38) oOEtEBAA* - H L BY-BAE KY™-<XT
CTLFY L H R T 5 I NIEROEAE
OWPE—1. N O—HXHREE

19884E 5 An b7 A0 3 » AR, XEBEHEIFEHH
% HARRCLDE—FERAREER LI, 77 A
HINix, Jefk 71023 D3 v —HIK A 5 EE I AL# 58°
¥ CORKISHIBICEROBMBLRD B, ZhbDOERB
DEFHIOVWTOE L E > HRIFBETIebh T
Wit BAiX, 775 AHEBOBEEHEOERYHES
METHELBIL, BEABMBOEREERMEE OB X -
TRMEBEREHORE BT T 5o, By
KO DOYBHYRBORELER L1,

4%, 19884 6 A22-23H & 7 A22-24 BT 1T 7s
S1e7 FANBRIHD S v — K MBRORS - BE
HeowWTHET 5,

CEMPEK - &, *HEX - £,
RAEEREK - A, T 5 RAH k- D)

(39) OMEBE4 IR* - HHEZ* - BLREHR S 5
REROXEHRRICE T I T A > DERBFNTR

ATA V3, BEERS IR EALDREEDK
ERBEPFC—RRISBEhEFH V740
ThHbd, LOLIDBEEROEBHBRENTFLHASHL
IhToeiel, BEXKBERE (744 Tk, &
DEBHBRIBIZL > TLT 1 vORSEEVWESH TS =
EhEbR TV 5,

DX S, BESFHCHIE LLEBE ECEED
BEBEROZCL > TREIN T 5D00ENEHS
e, EHEREGHEOL - BRBY RY, R FE
2L/ LR—EEGHO AR ERAR Y HE L,
Triabb, BB (KE2m)k X OB (KE



37Tm) CTRELILIEOERBRYA, 7mr7,
NELTA Y OEREESIRENCRDI, WTh
DETH, V74 VIEREOBEMGK TIIRE S hich
ST LT, BATEDS DITIIMthEF IR T
VBT EBBIE NI 5T,

ZORERNL, WATA vOESBRIBREREC
IoTHEIRTVWBZE, DATFA VHEKEEOH
BYER THHAREMIILEL 2 EAVRE AT,
(*LILBLK - £, **H#gK - @G,

FREK - i)

(0 oM WEL - HEEZT R
RV EROLHRE L HARER

FRBRALE VTR T, 7F2HD5HF 17
FUIVeEBRLAITRTCOBEC v hFFH v F iy
FERAVNEEER, FaUFVI PRIy HARAS
YRERAINTV B, ThbDBRIERCERT S
REXYRETIHEARERTHD 2 LHBEH L
LicoteM, 7 F2FILT L DT XTHERE
DT, BFBHOBHCET T 1 L 28
BEFOEMORBEOW LIcEBTTH1 75255
WY RT v I OEBMbh TV B, ZDX 572
FEEC L >TohFFHvFviohid VD
LOEBEARECHDIWEL L THRbLATELD, &
WO DBEVBEN TOLEBRLEREREEZTHS
LV FiciemR, 7 ¥ e ENERNRROSERT
HAETEEEYRE LT\ 5, KERCHE#H»CEROR
BEOW AT T 7 ¥ 2 EoWEL, BROYE
HIFLAESHI LS WENBEOW ETRELL
LDLELBZELTES,

FEGE 3 APRBRER SMEEUHDOKEE 40 m i O
ET, 1772 B5EDEA I L THRBRBH
BALTWAZLNBETEL, BCLOHTHE
ZOWTiE, MBRDERRK o T35 LIAEMED
125 TEWZ ENTEDLRI,

(*HEX - B, LUK - #F,
RRERK - BB

(41) |WAZD - OFIFEL . HEDP (GEIERHIEA)
DAKIEA TS I0ORABERKILICRETY
BonT

HEDP (I-t Fr&o=F ) Fual, =Yk ARy
) (1 invitro TD CaCO; WX E LLBEL, &&
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ARAEFL LTHALAT VS, BEEDLIL, A4 =
r DRKILDOR b BEALE—HERLAT, 20
BogEc o> TRE Lic, WEARIZRIZTHE :
O, BERU C-14 # A THREAREBE L L Z 5,
HEDP ® 0.6, 6.0, 60 ppm DEET Tit, ¥EH~D
FEIRDLIIh -1, 2) ARILCRIETHE
C-14 ® CaCO,; EHY~DOE D AZI L AKLEE Y
BELI-EZ A, 0.6, 6.0, 60ppm BETT, Th*
H 9.2, 34.8, 58.3% DEEMNR LI, (3) AR
58K pH Bt (ApH) & KXARE [AO(p)] D
o 77 ATl ApH/AO, fEiE 8.1 1073 iwR L
T, A+ a2e Tk 38%X1072 &/h&L, 6ppm
HEDP HET TOA4 A4 > 2 i3 4.8x1073 &7 b, %t
BIZHNTHEIKREL o1,

Zhb DRSS, HEDP (0.6~60 ppm) (3 XA R
CHEYRIFET, AKIEOARZEET S Z L2856
Ml otc, Fic ApH/AO, Dffi:, A+ > arvDF
KALH, A CE LI OH-+HCO;+Ca?
—> H,0+CaCO;| DRIEEKELT VB L%
CRBLTV3, XEBBEERLBORIKL HEES
B ERBLALATVBA, AKIEDLZHRETS
RIS h Tk HY, HEDP (2 RIKILOHEH L 4+
BRERYHEHT L CEECETAIWELE R %,

(RREKX - £9)

(42) FBAFE : Gonium B (FE - AAESFITY
B) omigsEEOREEE

Gonium  JEVLKFMAH— B IECT Lo PR D BF
B Lo LXBEHELTEY, §DLAHMNKL
AAer=7 VRS BEIh T35, BEI T 8@
DEEND DD, TORGOMENEE O BMAEEH
#BEINTVBDIL G pectorale MULLER 1 DL TH
b, EHEIL Gonium BEBOBMAESEY LEBET
LV B TEARRIRETF Lic, AVl 7 £+ 2
KZD Culture Collection X hEbhic 4 ¥k& AAE
D2k, 68k (55) ThHotk, TORR, BEL
1o Gonium MEAENCIZF—DMINEE O HMEE
DO ENHEBA LI, Gonium DOEGELEINTH
BHERYECEEh Tk ), EEO=E#E (tripar-
tite ‘boundary) (%{8 4 Dfifax rOFTEL, —7,
oA+ v <9 ) EDE, Pandorina, Volvulina,
Platydorina, Pleodorina, Volvox Ti3, Btk thxEHD
EREENELEVCIREND D, T, ZO=EH
iy =7y Rk TR RFRoHiE &
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EbhT\ 3, &>T, Gonium BOMNEEOHK
HBaArter=7 ) HohTRHERTHD, LrrL

TAMVT 4 A FBD Astrephomene JBIZ I\ TLBEF
DfF« DA EHEO=BHEC L > TBELTED,
Gonium BIZELLT 5, (BFEZHRE)

(43) OFD {E*-L. GarY**: 753 KEF+RE
svonay 6B (BRER D6EICKITS2
AEFEHEMIROBIMIBE

N5 RH), Spongiochloris
botryoides,

Dunaliella lateralis(7 7 3
spongiosa,  Protosiphon
Pseudotetracystis terrestris(7 = v 2 5 7 5 B) O,
HICHERE (FA) # TEM X h BB L1, KET
(% 6 BONEMIERME X IIEESE, BEEEXR
ERETHY, ERGVBICLECLAARDN, £HEE
TIRT b5y FERORE, BETFHlkBECFELL
DERIDHB, TEM BECIBHBERLLTE VY
1 FRIETNTF 5 24 ViAMDY, FA IREFHE
b YEBOHEEEN (BB) ¥, ROFRCERMN
AZbhtc : HifaRmEEE, BB 24D BB O
AR, distal fiber O & — A DHE, proximal
sheath iI2 & % BB ALO#H, 71 V77 A+ LUk
BERRCIDER I bav FY) 7 LOREE, accessory
basal body (ABB) DH&EE, Z h L DERIEST,
6BIx 223 bh D, 1) D lateralis, C. hypno-
sporum, T. aeria |3 ABB % F %, MIRREBES I IHIRREERRHE
#EAH-T, BB ORTHEN ZLALELER
2) P. terrestris, S. spongiosa, Pr. botryoides \Z\XABBH A b
h?, BBORTHENKESERL, MRIRTS
%, Bk, **A 1 AMIIK)

Tetracystis  aeria,

(44) Ok BERA - H Lt W - FRENXUEE : Mall-
monas guttata (> X 7EM) OERECHSNDHE
Ruads

DEHEH D HBERFRAORAF M HERE -
OHE - EE LY 2 SEEO—EI2, RS8N
DFSEEN & Mallomonas guttata L [RIEI B, = DT
19844 Wupek X hEBIhicb T, BEE 8
H (scale) & #§) (bristle) DEAEI BT B DK T,
LIz OV TOHMRIERTH S, £ T, HE
BrAVCTHROBELX T, UToRELB,

MR, B’ X 15-25 um, 087.5-12 pm, 2%
Flx i@k cBbhs, BEEQRBEELQHEED 2

AT, MAEEROMRER,ASETIEAE LS, REER
< AFIx~%FTHPHEE, SFEEARERLL
SULHBETHD, B%RDDZ Lic, BEEOER
CEROHBYH A LRI, ZDERMEII 7-10F,
L BI0KL LA S B EDEE T, ThThOER
10-20 pm, BEEIH 0.18pm TH 5B, BREBILEH
ED0LMNLE LS, BORPCRBNEREDBEIL
SEBEIRDLRIVS, LEABRTEZELD
%, ChETIDL S RBROBEMBH L 25%
Boais b T Mo TLHBIALMLLL, &b
HTHRCEETHIH LV 25, BEET A (200=
~/B) L IABBEOERL, EREFCIEENE
BhEEIE L, MRROFEKCMOER TAE U5 KR &
o> TEBICEI DR THB Z EXRLTV 5, Ttk
EWEMRECR > TETRARBCES T &8
H5o HEX - &%)

(45) OF L W BAEF -E BEHI - TR
ALBE Phacaster pascheri DER

HEOBWDOEER Phacaster pascheri % TR T
HIFKrOFELLELI VB L, e»VEH
79 Y h 7PN T 5 & B35 T ScHERFFEL IT X
D191 I hic, BEEXREC>OEhicRE
TTAHKC I WMFEL, BMlahbicdar=—%F
BT 5, T LTZhBHAES LT 150 pm 236 L S
AT 5, cn& &, MRIEXREOH TEE
IORBTHEEL, BEEUTHZ Lic X hilEkT
b, MR LeHR TR L 8-10 pm, 18 6-7 gm,
EMOBEATI S 2 KOEELXE U, BFEELMAMA
DFEY 5 PROBRCHAIN TE H, KETIHER
T&\, BHIBC L WV EREDHERENLXRETS
WhRY ST, EEOERIM < 1 2-3 BORMBERAD
5, BRI -10HOHAFTHh R, £656L LTE
REEL, SEEOERET U CBAMNLDA
%, BEEL DAPIC X A HMHEBEOBER, #— 15
A FMFEELIVT &, ¥R DNA OFEKKN)Y
vIRTREL, BB THB Z EARALIITIL T,
CHhOEDBHIEREVEBRTHIHZ L LELIES
BEOITHIIIZ LA LRI VERTH D, &K
EBrERONBELEONBERXEHB L #RBE LT 5,

(HEKX - £9)



(46) OBHHF— - B=: 7Y4 749 (Cauler
pa okamurai) DEL /4 K(CHFET S DNA

YU/ 4N, SL0BRBEOERGICHEEL, £
BLAE LIRS AR BE TH D, £D
BRIRME, V7 e — AL EF L 5 —H L
LbhbhTuwah, ThliftomBEcovTizhE b
Lo Tidlev, Hhbhit, DNA HEMBHEEE
DAPI R L 2 MEBEHBREEIC L > THEEOE
BHBOWR, SR oWTELAELT VB, F0O
T, BRBBEO—ETHH7HA 72D L )
1 FIZ DNA DFETHZ Ex RV LT,

744 7 7 2 EFE L DAPI CTHROCHRBEIND
1EOXEkFREXHD, ThrERKOT v 7V
BTHIhicEVv /4 VERC—HT%, ok
7 DNA KDL DTHBHZ LuHERT DD,
DAPI e L7c€'L / 4 F#% DNase WB L1z & T A,
DAPI i L H8¥EA %k L, BDfcsd, €rv/Aq
F&EEEIILN~TA 7 T & (C. brackypus) X BB L1 &
25, ERGBRL, ERBEBCHOISTEy F7—
IRENBLTHEELE, (HEX - &%)

47) OAHAMBR* - BMEE* - RAFZ**:
Euglena OEGZAENBBERICEIZEL /4 KOF
& RuBP WLAX L 5—HOBEMICONT

Euglena MRAXREFT CHEET 5 L ERBLBRIEL,
S ASHEEYROCEREEDERBTHH T rn 75 A
FFRied, Z0L S icMilaicERE BT 5 L72
RECEELEFGBOBEAL RN S, APRITE
REBUBLAROTIAC AL B E LV / 1 FEEOHK
& RuBP # K ¥+ v 5 —EoHARNBESE Y REETF
BEMBERC L » TEBIF L, Euglena gracilis var.
bacillaris % FEPT CIREBIEFE L, Resting it (RH#R
RIR, EXRFELEEcV) B LERMC728M < &
RSN EIET S (Scurrr 1964), Z D7 e 75
AFFATCIE TR 7 2 AR IR, TO%, X
BHTsL (0RMMR), BxoEY LiceL
A ViR (0.2~0.5 pm) 2% 1~2 SR E h B (18
BERSIMA), FOPIEIC, F— FAF T a4 FHARA
L2BDF 2 SHEHNTREIh B, RuBP # £+
7 —HOK, NENTFOMBAREEEFARCEAEE
TEHEFETHANS L, WTFhd 18EERET#H,I L
VA VBELCRELA L -7 iRIBEALRT
Vo 36BERIEM G E L /A FOHA Xt 0.5 pm Rt
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2t b, RuBP 7L X+ 5 —¥oKkBHRFiTeL /
1 FDHZRIELTARAL e —<ZHBHELTL BT L2
')f(lo

CRREKX - #EW, »HERKX - E - 1LF)

(48) OIRKF* - tHAMA* - RMREE* - RAE
Z** : RIFAEEE Chlamydomonas O Cell Cycle (C3
33 b3 RUTOHEH I ARSREI LD
> kYU TOWRE

RESE, MFAEE (FHI12050 - B HI1265 7))
Chlamydomonas reinhardtii ® Cell Cycle DfE]D 3 b =2 v
FU 7 oMEYHEERERE (DASPMI #if) L,
Cell Cycle DB BT 2 AR VEEIZE KX b =
VEYTHAEREIREZ ERHRE Lic, 4@, Cell
Cycle DHIMIZZE (B wkFB i b= Y7
FHex £ thiets (DASPMI #) it hBE LI, *
DFER, BOK VIR IhIEXI b2y VY7
i3 cytokinesis BICHHRMREEE T, T\ MK %
REBERCERLL, ThbOHBEIRDO
cytokinesis IZ & » TR I hic 2 S HRMIGIC I\ T
LRABCHEEI A, WEEITI#E»52@E D
cytokinesis(fRMfR 4 @) 2= v, T OB, KZBH
fahicBRoh5 v N Y 7OBER, »EEKTHE
it 5~10(FH 7.5M@) TH -1, TOH%, RS
e (23BRIATHR) Shd F CToMic, »ER I b=
YV 7TREEMEeR L W EE - o8 - BRCEL
L, gAY 0 b2 v VY TEIZI~68 (F
¥3.5M@) wRBATHEZ LN 1, TDXSTI L
a2y FY) 7 ONBHEOEC OV TIEEBE - =
VE2—R S5 74 9 7 ANBEBERBELRLE
—HT B ER T 5T,

CHEREX - 4%, “FEK - E)
(49) ORMPE* - HwAKAE* - IFERF*  RER

—* RFEEI—4S L F D CellCycle (CHITBE

KIbta>s kY 7TOMEK : £46426E% DASPMI-

HAFEHSRER

ki, EFEBHVI-ETERSRERCLI V=27
vV, 73 i KEF AD Cell Cyde DI DT
—BEZ I b2V Y THAHEORMAIC X - THRD
EX:bav VY 7HEREIA, RFCERERORE
FRRIENVBEROCET T 2RHEYRVIELI,
SENE b2V FY 7 OAEGEELER dimethyl-
aminostyryl-methylpyridiniumiodine (DASPMI)-& 7



86

FREEM EBEMBEBEIC X Y Euglena gracilis Z %D Cell
Cycle DETIZHES ¢ b2 v F I 7OHNRHEOEL
BB LIERCOVWTHRET 5, XBHEK M
¥ ORI E T2 L, ¢ bav Ky 7ToNSEHER
AR, AR, BRRPELET, 9RETTHRCE
—BREECER ¢ b = v F Y 7 (a mitochondrion with ex-
panded matrix) PMHFRICHEIhD (HBREAE
60~40%), £DH%, BEX: b v FYTHhHLBUH
BoMERVEBET D, AFAER Euglena gracilis
Z D Cell Cycle FTHRDOEK I b2 v F ) 7H—8
IR Ihs Z Lk, BFE#MEREOLLLT,
4 G Fl DASPMI-#EEAMSIE 22 T b AR HER
Shic, CHEFAEX - &Y, “*FRA - E)

(50) ODirce Yano : RIEAF : A4 /) OFHE
FHR—ERREBORM, S

BB v =79 (Acetabularia calyculus) DR,
R IoMastict dinv, RREFET2E—0
BRIXFBEHSEOHEELE L, RESITHROCE
3% (ANiH1984), ZDBET, WEK - 2D

HMe L REBOBEL ORERXIEL b, WERK - »
FOBEBEBRVERRO EORACEEIh 222 H
HTHZENTELD, REAFMLEBLR TV,
AREIL, hyEBEY, AN EETHC L
HAMELTTTHHATVS,

YV = A OESE0EG Y AR EREL, £
MOFER AL =—LELTRBREYRIR, &
FHRIERAERAC R Sh AREHYE- 7, £
DFEZX 10mm CETHUMCEYBET S L EBH
1% 2~3mm BHRTIH1ERAIIEKT B DA TH
BxEDTLES, LAL 10mm #&RELTER
bR Lic@aesiEdT 5 L BB 3BBOH
EBRERE B RVCERCH PR T 5, 10mm
DERSTIRESIBDTAL - XY, #HHK
BB L0 Thic L bis ) KEOER (mRNA) 2K
HIhTwbsabhd, Zhi TORGBHBERELE
5 DAPI # VTl Z hbhich, ETEMEC LS
BEYRATLoOob%, i, RfBBhicitds
BHEOSME - RED, ZhE CTOXREEREHEE,I S,
BEFEMBE LV AL RBIR T 5,

(BRA - %% - £%)



............................................

A &34

ssvvnwsnussans N S NN NSNSV SNSRI RSN RIS A NSNS

87

DAL 12

PR RRZ OB E 5

bt b et et 2t 2.0 =2,

FRITFE2H BEENSBRLBEES

HAFM2B T,

MENDIOADKBA IV THBE SN - SHHOEBENEA L, ED LB E L 127

SEIDBA¥

MRBELD T, ThEORIERARIMZ T, RRESIT-> T IERMEHF ISV THMS VL ET,

FUHOBNEES

MAEI0H 0 106 M ATHRE S N A, ODRERZED
S1GEHE T, EHOELEAELL T, OAHOE
fE - FHIRUEHREDEDLD 2ERT 3 FHOIRE, @3
BEFROHE L BRHENRANRE., OEFMEZENERE
EREAFEOIKR, O3 FDEEIF3 L HI12, Zhb
DESHELMEZ T, 2 HADOREFIZE > THIR& N
BARFEMBRBISAEDLLETHIIOA > TELAEL,
Ao, BAGUIEY LB TRE - RSB0 FLH DN
xDRWREE LTI REABREL T3,

COEREINL T OOENEARIE., LR kMR
BN L, RELPSEHRENATVE6D>OEEBEEAS ()
HBEE) TR/ OB E, »o, BRIAEFRS
TIVENH S TRBIIMETILDTH 3,

BHNEBZNEHRRUEBZIROEENTH S,

O FHEUVEFRRBZICMET 2N ENS
ERAENE il (B2H8E2H)
((E55) EFRRRET & KA TEAE H 1T 3 MR
P A E 2T ERESE (UL - BUARE
iy - $5009%) DRk E FHICHY 28841 % 6
ROHEEDIED % Z OREIFIZ >0 TRt T 5,
QEHHE M & AT ANEAS
ERE KB & (BTH2R)
(LF) EHHfio 22 R . HARBFEOREFLT
T AL - HERFEOMUKIZ L4 ORIl %
PEL TV 3, ke L REHEHHZ(F D 3L A0
& EAMIKRET 5,
eLafbELER LEHNERALA

BHER CH LR (BT8R
((EF5) EaPtF e EG T EOREN KM T 2L &

bio, ISR sk ERE L, 2ho A
Bl - HERUHARLOED Y IOV THRAMI
iy 3,
O - RITEIEIIER 2

EHE KM B (B682H)

(Ef5) B¥ - BNOL >EREECRERE%EO £
fRHE IS DV T, EFEOERRE - ERMIRI & 1
FAOO, Xk - BiF - HER - BHEOFEHLY T

IR Wi+ 3,
Q&M - T AL ¥ -HEENEAS
ZAEK . LZESE (BE5H828)

(fEF%) & - =+ VX — DB L FIAOBMEE R
3, THIZE) ARRVUABMMEEDIFE L%
WESREBIIET AL W) BEY» S L EIE A RTT
60

O AREE & IR BT 2 FRER S
ERE  HWIEHK (F44828)

(fEF5) EF, BFLSEHNOMAELE I, AME
AR RIETHESMIROBRETLY > TH
0, BAMLT AUTREME RO T WS, DX %
KiRewE 2. AMES L HIRBIEO MBS &R
i+ s,

QEEH ML 2 BRERS
ZHEK kE E (BF5828)

(fFf5) =L 7 bra=27R, AH=7 RAEDKRMNOER
CERAHECRIETHE, HEOHERIL - EH
{LEABEOHEMEII>VWTRET 3, £/ B
KEHEML AT 2=y - 777 9—=¢D
Bz oW T L K LR E ARIEERDLIE» 5
RiT+ %,

IhHDEFNERRE, BEMKRBREE TIZE4 2~
SEDEEEFMET 3L L 12, FRARIL-TE, ¥ ¥
RITLPeY ) v 7EFEREL T, ZhEhOEHIZHB-
RN L FRRECSBROFRAMEE IOV THLILEF
BEED TS, SEHOFRORRIARVIHFEN S L

ZATHN, Sk, FBRARHIRESHKE, BALTY
{TETH S,
2, MWEDTHOOHEMNEAROIENI, REOLED

FEHIZEN, KED 4 HERI IV T, AMOBERR
B2 () 2BNRBTATFETHS, 20 TAHD
B, LouTid, Z2ORMGHRSHFEIERTHZDT,
HohLOHTORBEIT- HBII, BHUEARSRES
B2 LIZLALDTHY, RE. RISERAEL THE
ENEMETF-oTWELIATH S,




ELE R R

BERDPDEBENDEETVEE, M3 /-0

sg' R B8 58HE A5¥ 6408
e 2 A REREE T (128008 (T400)

1 KREERCBIT2HHENOTE—FAEB* 2 KARMEEHNERE —BHEZ * 3
BHEOEFEBE—KLE* 4 BEHW 77> 7 o OEEEE—FEEBXx 5 #MiBicslT s
77> 7> DEELBE—RNETL*x 6 BHARRICHIT 2 EHOERMB— FHE A *
7 W7 I 7 DEEMBE—SURIE % 8 M OSA L BEERN—HIERKx 9 W
NEEEEOERE—/IL %10 FKBOEBOEE— KB IERL*1] EEHOEE—KIL
BEx12 WKPOEHMNOEE—ELGFEXx13 EHE KASHYWOWLERA—KBEEH 14 &
D) Y= —WARFES %15 OIS L ED & £ 0 E AR E — KR HE— * 16
MG LR * 17 SHBEOME L ST —HAKS  AERICHED
ERNLBITFEICE > THELEREL A

S—K~THIBDETE - $F ST - USRS

W8\ Ae 9 B5% « Z100>—bF « =Xy —=7R
RIKRIATBEE 0 o v
J T 3K -W4B M50/

Photomicrographs of the Fresh-water Algae 58 -F6H-H7H LTHR
REQEMEBI—HD =
A5 - 304
—ZFDINAATD/O0I—ENAAYAIT IR — E{Hi5800M

LINRESTEmRIES ik

[y — [rem— \\I
S ittEY =z A% 7K5 lﬁa'ﬁ
el BE BYOBBAMC DOV TCEENARL BEHEcSLE - UESIER Bziflstu&)tgbnié

EEBBORRBEI DI, ES800M BN, HKIKBRDIAFREOXICEHRT D
BRIZEDTIIEERBNMTH D, 360003

WHZEPSHIV O Y B s

—BROBRR/ —~—
Ll BE WUBSELSOL G EHDINER, ﬁﬁiﬁbig BREOOBEEEESRICEIT,
EICWUDERIZH D TWTER, Eff1300m REFSRCIDTRICERHRT D,  EfHT10000

WsEOAVFT Y HE B F

—BROBEHR —~— BHRYE BMESOER NS RERNS
Bl BE LOBMESORESASSECs MRGAZERLEGHRL ZHE—DE. EfH15000/9
L EZEEBRIZIRT DX DIZER<EM13008

A H ¥ &% F

HE - XFEEKR3-34-3,/Tel 03-945-6781 FAX 03-945-6782




e ety =2 PRy
Dg 'J ‘Jﬁ :J_ |\ (TS595 PYK KILN)

EMI NO.82014 EMI NO.82016 EMI NO.86626
pm Fm Pm‘ e o o o o
| pmpmpm 000

,pmpmpmpm| ............

HM pm pm pm i ............

A Ar

Yy

EMI NO.86627 EMI NO.86902 EMI NO.86916
] ABCpm pmnmnm .

| ABCD pm pm nm nm| <

Al ELE EE ) EY A B ¢ D EF aH

! pm pm pm pm pm

nm nm nm nm nm

‘I ]l Il I A B CDE ABCD
B pm pm opm pm pm

‘I [ | Jnmnmnmnmnmnmnm

HLR) L7 — MDA RR s DKL, FROMER~DH R 2 iR Ko,

. , . e
ERNERE O EY N EMOYUyYRKRYIX
- 2 DR =2 i n
PRI R I
daieede :czc‘c‘c‘c
+ $ededeteGetetetetete
AIOIOITICIIC IS
fefelahteteelele
fedeetetetetetetets
4 ¢ ¢ ¢ 44 ¢ ¢ ¢
CTOCWW (3=} + 4 B OTN=D
OBEtE £yt @SBETHE 4y b J U
@3CE>+w b @SSEE 4 b
F1A4 ¥2.200 118 : ¥ 1,800 101 : ¥ 15,000
=

% EMEME!&tyy— ;;%;i%ﬁgﬁfﬁgﬁ;;;eTEL.0474(75)5733



E%EE’J (u- affl L/ #ﬁ%@%//

{ﬁ{%éﬁﬁim

mH K AH EX NA XE OE BSH I# D248
(MRAERER  (BRKEREE  (LLARRER XA HE i

EM5,.500M x3s0m)

RO BIERL BRI T YD TR
CEBTI YO E, ) RED LT A — FEBRX

2D HEBBOBIR LIFREY» 0 i [ HERAETER b 1 .iE%o
R, P, WS TORAM. L iR EHGE ULROMA V.
DEALL, FRIERIROBIK £ T, H I f?’fg?‘f@ﬁ—‘mv S

, R GBI VI

JRCE LD G FRLf W AP O P E M. DA ROB VI AR
W g - el - BHIEEOBRCEH N L 9K L B

TEFlAT Y

IS ERLIZEF R

T i i

J—70-F—9R—2 TJOvE—BRT—THERINER

1%

==T;

IRV =4t

mERaR PfE 5

REBF4 602 REBH LRXTISEEMIIRAIL
tel.075-441-3155 fax.075-441-3159

FREEFR 113 RRBYRXFB—TEH21-5
tel.’R=03—815—7465




¥ 2 H B Y

FROMEYY S HEOFCEAKLETOT, ¥2FBHE THPLAZT I, (Mig1Xex &)

1. TZE) Ky o+ n— (i, 2B%%21,750M, ELB%%5 3,000M, 30% 45 (B30AFRE
A, 1—30%%2|H) OHELEA 5,000, FLE 77,0000, X5:1—28, 4%1, 35, 5%1—2%5, 69
EEE,

2. [E#] %3 1—10%, i, &8 1,500/, FESE 2,000/, 11—20%, £ 52,000, FF=A 3,000
M, gIsr30/@ERES M&E] #£31, 1—30%, 28 3,000, FELA 4,000/,

3. |LUAEPA4AEMES BESEMNE. 1977, A5, xxviii+418E. (UAKEOEY BE - Ef—%-
BEYRUANOBEYE L VFHINARG0E (33026, fX24) %IBH, M 7,000,

4. AXEH¥t 3 F+—528F Contributions to the systematics of the benthic marine algae of the North Pacific.
I.A. Abbott « BASEMILE. 1972. B5 R, xiv+280E, 6. BBFI46%F 8 AR TR hicdb K FEE
WECBT AR XRBY¥E 1 F—DRHET, WHROPEHRE (H) %I, i 4,000/,

5. EHAEEDO DL THEBEOHMERPHME. 1977. B5IK, 658, BR49E 9 Aicilig TiTicbh
f-BABEYESEE (2 v 7l 2#ES | ORB. 1R ELFTROESR, flitg 1,000,

Publications of the Society

Inquiries concerning copies of the following publications should be sent to the Japanese Society of Phycology, c/o
Department of Biology, Tokyo Gakugei University, Nukuikitamachi, Koganei-shi, Tokyo, 184 Japan.

1. Back numbers of the Japanese Journal of Phycology (Vols. 1-28, Bulletin of Japanese Society of
Phycology). Price, 2,000 Yen per issue for member, or 3, 500 Yen per issue for nonmember; price of Vol. 30, No. 4
(30th Anniversary Issue), with cumulative index (Vols. 1-30), 6,000 Yen for member, or 7,500 Yen for nonmember
(incl. postage, surface mail). Lack: Vol. 1, Nos. 1-2; Vol. 4, Nos. 1, 3; Vol. 5, Nos. 1-2; Vol. 6-Vol. 9, Nos. 1-3.

2. Index of the Bulletin of Japanese Society of Phycology. Vol. 1 (1953)-Vol. 10 (1962), Price 2,000 Yen for
member, or 2,500 Yen for nonmember; Vol. 11 (1963)-Vol. 20 (1972), Price 3,000 Yen for member, or 4,000 Yen for
nonmember. Vol. 1 (1953)-Vol. 30 (1982), Price 4,000 Yen for member, or 5,000 Yen for nonmember (incl. postage,
surface mail).

3. A Memorial Issue Honouring the late Professor Yukio Yamada (Supplement to Volume 25, the Bulletin of
Japanese Society of Phycology). 1977. xxviii + 418 pages. This issue includes 50 articles (26 in English, 24 in
Japanese with English summary) on phycology, with photographs and list of publications of the late Professor Yukio
Yamapa. 8,500 Yen (incl. postage, surface mail).

4. Contribution to the Systematics of the Benthic Marine Algae of the North Pacific. Edited by I. A. AssoTT
and M. Kuroci, 1972. xiv + 280 pages, 6 plates. Twenty papers followed by discussions are included, which were
presented in the U.S.-Japan Seminar on the North Pacific Benthic Marine Algae, held in Sapporo, Japan, August
13-16, 1971. 5,000 Yen (incl. postage, surface mail). ’

5. Recent Studies on the Cultivation of Laminaria in Hokkaido (in Japanese). 1977. 65 pages. Four papers
followed by discussion are included, which were presented in a symposium on Laminaria, sponsored by the Society, held
in Sapporo, September 1977. 1,200 Yen (incl. postage, surface mail).

19894 3 A 5 H EIR REFKRT 7 K # B
1989 3 A10 8 RfT T108 HHEMHEEAR 4-5-7
. RRKEXRFREEREEN
©1989 Japanese Society of Phycology Tdl, 03_47:1251 —Fmﬁ 315
ittt T
- S BN K AT R KRS
b, L F602 RO L TR A
PR 'R Tel. 075-441-3155
Lo a _
R TR B X & B ¥ £
Printed by Nakanishi Printing Co., Ltd. T184 HHE/ @A RHALE 4-1-1
REEEAYEDEREN
Tel. 0423-25-2111

AHEDOHRBO L XM EHER KBRS [HEXRLMREE] L5,
Publication of The Japanese Journal of Phycology has been supported in part by a Grant-in-Aid for
Publication of Scientific Research Result from the Ministry of Education, Science and Culture, Japan.



8B37% 15 19894 3 H10H

B Rx

P. M. Sivalingam: #HEE Valonia fastigiata & Valoniopsis pachynema D H:AVZ:Hg

PP RO €39 1
P. M. Sivalingam: #\JKIiCBEE 9 3 Valonia fastigiata & Valoniopsis pachynema DHH

FUBL YR HREIZE B+ vevevsveesseseesesesssessesssosestessissssets s sssssn st s sessan s bbb bess @) 4
B OMWL-BE Byl b5/ A OEKEBABIDNARIEICE T 2 HBHFTE o eererereessens €59)
SBIRHTAR : MILEMAEDA 5 GBEED DT L BHERIDFELE - weeereereemerecesens G 17
Mario Cormaci » Giovanni Furnari: #[#/ ¥xBD7 2 Y H+xBOHRIC

B R ﬁ.}h‘ ......................................................................................................... (ﬁjo 23
John P. Kociolek - Ronald K. Mahoney: I:# Rouxia californica M. PERAGALLO

DEBTCEEDEIZE K U BBEHIALIE +oeeeeerereesteremrtartintinirtenisesresrecsstessnesnesesssaessseanes @Y 31
Michael J. Wynne: #[#& 3/ /~/ )R D Pseudolaingia larsenii (Skorrss.) LEVR.

) 2R PSSOt GEX) 39
AZTER - BARDB : KICEAT B 74 €27 OSNH, BRES XU RESBREED

| T LT P P O O PP PP PP PP PSPPI 46

L X 2

/=t
W.A. Nelson « R.E. De Wreede: HEILAEHREICBT 3 BE <Y EDEBOFE

BTl s ovserasacsrassesesssassosnsssarsnensessrasasessisnssass ot sssntsanaass ot s0s st astotsaranssossstsaresasossn GEX) 53
¥ iR igE A4 I a = (Cladophora conchopheria) DV ) 4 FITOWTDEERE

= P P T LT P P LU PO TP T IEP R PITPTTROTRS (ﬁX) 57

L AR 4

BN fffeeeeeeeeet et e et st e s st e s st s er e se s se e euane st e 60
B 2 ST P P P P PP P PP T P S PTp s 22, 52
o = eeeeeereutentnnrtt et tetaeenr et h s ae e bt e b ae e et e et e b b e e b b A eas s s ae s resaes et ne e assaet bnnaraseeon 63
L - T P ORI 64
AABEYABIAAS (T T L o FEHIER) corrrrrrmtiiiiie it eesreaeseseness 65

m
bt
¥k
i
i
P





