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Silva, P. C. 1991. Nomenclatural remarks on Agarum (Laminariaceae, Phaeophyceae). Jpn. J. Phycol. 30:

217-221.

The generic name Agarum (Laminariaceae), based on Fucus agarum S.G. Gmelin, is traditionally ac-
credited to Bory de Saint-Vincent 1826, who changed the epithet of the type species to cribrosum in order to
avoid a tautonym. In fact, the name was first used by Dumortier in 1822, in exactly the same sense, with
the epithet of the type species changed to clathratum. The correct name of this species is thus Agarum
clathratum Dumortier, even though the generic name has been conserved with Bory as author. While it is
not necessary to emend the entry for Agarum in the list of conserved names (Appendix IIIA of the Interna-
tional Code of Botanical Nomenclature), emendation would have the desirable result of eliminating an
awkward situation in which the date of the generic name is later than the date of the name of the type

species.

Key Index Words: Agarum—Costaria— Laninariaceae—nomenclature.

The word agarum was first used in valid
nomenclature of algae by S.G. Gmelin
(1768, p. 210, pl. XXXII), who described Fu-
cus agarum from “Oceanus Indiae orientalis et
mare Kamtschaticam.”  This species,
together with F. clathrus S. G. Gmelin (1768,
p- 211, pl. XXXIII: “Oceanus indicus et
Mare Kamtschatkam alluens” and F. bractea-
tus S. G. Gmelin (1768, p. 212: “Mare indi-
cum”), constituted the seventh order of Fuci
in Gmelin’s classification. Gmelin named
this order Agara, the plural of the substantive
Agarum, which had been used as a generic
name for edible seaweeds by Rumphius
(1750, pp. 181, 185-187). Rumphius, in
turn, derived the name from agar-agar, a
Malayan word applied to certain
Rhodophyceae (usually species of Eucheuma)
that produce an edible gelatin or to the gelatin
itself. (The polysaccharide from Eucheuma,
however, fits the chemical definition of car-
rageenan rather than agar.) Curiously, the
characters given in the diagnosis of the order
Agara do not include the presence of an edible
gelatin. The only discernible unifying fea-
ture is the perforate blade.

Fucus agarum and F. clathrus, as judged from

Gmelin’s illustrations, are clearly the algae
currently known as Agarum cribrosum Bory and
Thalassiophylium  clathrus  (S. G. Gmelin)
Postels and Ruprecht, respectively. Gmelin
did not illustrate Fucus bracteatus, but he cited
a description and figures published by Seba
(1761, p. 192, pl. CIII, nos. 1-3), which are
clearly representative of the alga currently
known as Gigartina bracteata (S. G. Gmelin)
Setchell and Gardner. The citation of the In-
dian Ocean as a provenance of all three spe-
cies is puzzling since Agarum cribrosum is re-
stricted to the North Pacific and North Atlan-
tic, Thalassiophyllum clathrus to the North
Pacific, and Gigartina bracteata to the Atlantic
shores of South Africa. An explanation
presents itself in the case of Fucus bracteatus by
Gmelin’s citation of Agarum secundum, sive brac-
teatum [“brachiatum”)... Alga bracteolata
[“bracheolata”] of Rumphius (1750, p. 186)
from Amboina, Indonesia, along with the
Seba reference, but no clues are offered by the
protologues of F. agarum and F. clathrus, which
include no literature citations. The Agarum
secundum sive bracteatum of Rumphius has
been identified as Sarcodia montagneana (J.
Hooker and Harvey) J. Agardh by Zaneveld
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(1959, p. 280).

Agarum Bory de Saint-Vincent (1826, pp.
192, 193) entails the deliberate reuse of a
name that had previously been applied to
another alga by another author. Bory
described Agarum in the ninth volume of the
Dictionnaire Classique d’Histoire Naturelle as a
new genus of the new family Laminariées,
but he had already given, in the first volume
(Bory, 1822, p. 145), a brief account of 4ga-
rum Link (1809, p. 7), which he referred to
the genus Delesseria Lamouroux. Agarum
Bory was intended to segregate those species
of Laminaria that have one or more longitudi-
nally percurrent ribs. The name-bringing
species, and logical type, is Fucus agarum S. G.
Gmelin, constituting an unnamed section of
the genus, which was characterized as having
a midrib and a cribrose blade. Bory gave a
fallacious derivation of the generic name, stat-
ing that it had been borrowed by phycologists
from some northern language, in which it
designates edible marine algae. To avoid
creating a tautonym, Bory proposed a new
epithet, cribrosum. To Fucus costatus Turner
(1816, p. 72, pl. 226), which has five ribs and
constituted a second unnamed section, Bory
applied the name Agarum quinquecostatum, the
epithet being changed unnecessarily. Three
additional species, constituting a third un-
named section, shared the feature of having
“pinnules” (sporophylls) on the stipe below
a blade with a midrib: Agarum esculentum,
based on Fucus esculentus Linnaeus (1767, p.
135), and two new species from Newfound-
land, A. delisei and A. pylaii. Gaillon (1828,
pp. 357-358) accepted Bory’s Agarum, but
illegitimately changed 4. eribrosum Bory to A.
cribrum Gaillon.

In a worldwide synopsis of marine algae
that prefaces his Algae Britannicae, Greville
(1830, p. xxxix) recognized the three sections
of Bory’s Agarum as distinct genera. Agarum
was restricted to species with a midrib and a
cribrose blade and was assigned Fucus clathrus
S. G. Gmelin (as Agarum clathrus) in addition
to A. cribrosum. The new genus Costaria was
established to receive Fucus costatus Turner,
the epithet again being changed unnecessari-

ly, to turneri. The three species of Agarum
with “pinnules” constituted the new genus
Alaria.

Postels and Ruprecht (1840, p. 11) adopted
Greville’s classification, but further segregat-
ed Fucus clathrus into its own genus, Thalas-
siophyllum. Moreover, Thalassiophyllum, Aga-
rum, and Costaria were removed from the
Laminarieae to their own group, Agaroideae,
for which Agara S. G. Gmelin was cited as a
synonym. (Although Postels and Ruprecht
did not designate the rank of Agaroideae, its
position is coordinate with groups currently
interpreted as families).  Postels and
Ruprecht distinguished three species and two
additional forms of Agarum on the basis of the
width and thickness of the midrib and the pat-
tern of the holes in the blade. Confusingly,
A. cribrosum Bory was renamed A. gmelinii
(“gmelini”), a name attributed by Postels and
Ruprecht to a manuscript by the elder Mer-
tens. The alga illustrated by Turner (1809,
p. 10, pl. 75) as Fucus agarum was described as
a new species, A. turneri. A third species, 4.
pertusum, based on Fucus pertusus Mertens fil.
(1829, p. 53) from Kamchatka, comprised f.
brassicaeforme and f. platyneurum in addition
to the typical form.

Endlicher (1843, p. 27-28) adopted the clas-
sification proposed by Postels and Ruprecht,
but reunited Thalasstophyllum and Agarum with
the Laminarieae. He incorrectly attributed
Agarum to Greville, obviously following the
circumscription method rather than the type
method in designating this name. The
authorship was further changed to Postels and
Ruprecht by J. Agardh (1848, p. 140) and to
(Bory) Postels and Ruprecht by Setchell
(1912, p. 154).

The various species of Agarum that were
recognized by Postels and Ruprecht were
merged into one by Setchell (1912, p. 154)
and Setchell and Gardner (1925, p. 615), who
restored for it what was thought to be the earli-
est legitimate name, 4. cribrosum. Setchell
(1912, p. 154), however, incorrectly cited its
authorship as “(Mert.) Bory”, confusing Fucus
cribrosus Mertens fil. (1829, p. 52), which was
a new species based on Turner’s concept of F.



Nomenclatural remarks on Agarum 219

agarum and thus an earlier nomenclatural syn-
onym of Agarum turneri Postels and Ruprecht,
with Agarum eribrosum Bory. Although this er-
ror was corrected by Setchell and Gardner
(1925, p. 615), it has persisted to the present
(Taylor, 1937, p. 197; 1957, p. 185; South
and Hooper 1980, p. 42; South and Tittley,
1986, p. 30).

The need to conserve Agarum Bory against
the earlier homonym Agarum Link was recog-
nized by Tandy, who published a formal
proposal (in Sprague 1935, p. 82), which was
approved by the Eighth International Botani-
cal Congress at Paris in 1954. Although the
typification and taxonomic placement of re-
jected earlier homonyms is purely academic,
an explanation of the changes in the entry for
Agarum in successive editions of the ICBN
will be useful to those who have been puz-
zled. In the Paris edition (1936), the type was
correctly cited as A. rubens (L.) Link (Fucus
rubens L.), while its taxonomic placement
was not given. In the Montreal edition
(1961), it was assigned to the Phyllophoraceae
and indicated as a nomenclatural synony
of Phyllophora.  Shortly afterward, Dixc{}
(1964), having tracked down the unequivocal
type specimen of Fucus rubens Linnaeus (1753
p. 1162), found that it was representative of
Phycodrys in the Delesseriaceae rather than
Phyllophora, as previously supposed by many
authors. In the Leningrad edition (1978),
therefore, the type of Agarum Link was
changed to 4. rubens sensu Link (syn. tax. Phyl:
lophora erispa (Hudson) Dixon) since it is clear
from Link’s description and figures that he
had Phyllophora rather than Phycodrys in
hand. Because two views prevailed with
regard to the typification of generic names,
one of which assigned overriding importancg
to the material in the hands of the describer,
the other to species cited in the protologue,
proposals were made to the Nomenclature
Section of the Thirteenth International Botan-
ical Congress at Sydney in 1981 to clarify the
situation. The resulting decision favored
typification by cited species rather than by
material in hand, so that in the Sydney edi-
tion of the ICBN (1983) the type of Agarum

Link was once again listed as 4. rubens (L.)
Link, but this time it was assigned to the
Delesseriaceae.

One would hope that the entry for Agarum
Bory vs. Agarum Link was finally stabilized,
but that is not the case. Dumortier, a Bel-
gian botanist whose work on the classification
of algae is generally unknown to phycologists,
foreshadowed Bory by four years in segregat-
ing the species of Laminaria with ribbed blades
into a separate genus, which he also called,
not surprisingly, Agarum (Dumortier, 1822, p.
102). Although Dumortier’s account lacks
precise literature citations, it is clear that he
based his Agarum on Laminaria [sect.]| Costatac
C. Agardh (1817, p. XIII; 1820, p. 109),
which included the same three species.
Laminaria agarum (S. G. Gmelin) C. Agardh
became Agarum clathratum Dumortier, L. costa-
ta C. Agardh (Fucus costatus Turner 1816, non
Stackhouse 1801) became A. costatum (C.
Agardh) Dumortier, and L. esculenta (L.) C.
Agardh became A. esculentum (L.) Dumortier.
Thus, Agarum Dumortier 1822 has the same
circumscription as Agarum Bory 1826. While
the disclosure of Agarum Dumortier does not
affect the conservation of Agarum Bory, which
is conserved against all earlier homonyms and
nomenclatural synonyms, whether or not
they are listed as nomina rejicienda (Art. 14.4 of
the ICBN), it necessitates a change in the cor-
rect name of the type species. Agarum cribro-
sum Bory is an unintentionally superfluous
name for A. clathratum Dumortier. Although
A. clathratum antedates Agarum Bory, it is to be
cited without change of authorship or date in
accordance with Art. 68.3 of the ICBN. Itis
possible, however, to bring the specific name
into agreement with the generic name with
regard to date and authorship. To accom-
plish this goal it is necessary to emend the en-
try for Agarum in the list of conserved generic
names. A formal proposal to make such an
emendation will be published in the journal
Taxon.

The nomenclatural synonyms of the vari-
ous species discussed above that occur in
northern Japan and nearby waters are sum-
marized as follows:
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Agarum clathratum Dumortier
Fucus agarum S. G. Gmelin 1768
Laminaria agarum (S.G. Gmelin) C.
Agardh 1817
Agarum clathratum Dumortier 1822
Agarum cribrosum Bory 1826
Agarum cribrum Gaillon 1828
Agarum gmelinii Postels and Ruprecht
1840
(In addition, both Fucus cribrosus Mertens
fil. 1829 and Agarum turneri Postels and
Ruprecht 1840 are based on Fucus agarum
sensu Turner 1809 and thus are nomen-
clatural synonyms of one another. They
are currently considered taxonomic syno-
nyms of Agarum clathratum.)
Thalassiophyllum  clathrus (S. G. Gmelin)
Postels and Ruprecht
Fucus clathrus S. G. Gmelin 1768
Laminaria clathrus (S. G. Gmelin)' C.
Agardh 1824
Agarum clathrus (S. G. Gmelin) Greville
1830
Thalassiophyllum clathrus (S. G. Gmelin)
Postels and Ruprecht 1840
Costaria costata (C. Agardh) Saunders
Fucus costatus Turner 1816 (not F. costatus
Stackhouse 1801)
Laminaria costata C.. Agardh 1817 (treated
as a new name in accordance with Art.
72, Note 1, Ex. 2 of the ICBN)
Agarum costatum (C. Agardh) Dumortier
1822
Agarum quinquecostatum Bory 1826
Costaria turneri Greville 1830
Costaria costata (C. Agardh) Saunders
1895
An unequivocally distinct species of Agarum
with a flattened fringed stipe, 4. fimbriatum,
was described by Harvey (1862, p. 166) on
the basis of collections dredged from Esqui-
malt Harbour, Vancouver Island, British
Columbia, Canada by David Lyall and C.
Wood. This species has a range with a
remarkable disjunction, occurring from
southeastern Alaska southward through
Puget Sound and from the southern Channel
Islands of California through Isla Todos San-
tos, Baja California, Mexico, but apparently

it is absent from the vast intervening stretch
of coast.

Agarum oharaense, a species with characteris-
tics intermediate between A. clathratum and 4.
fimbriatum was described from Chiba Prefec-
ture, Japan, by Y. Yamada (1958, 1961).
Yet another species, A. yakishiriense, was
proposed by Y. Yamada (1962), but not valid-
ly published, on the basis of material from
Yakishiri Island, Hokkaido. In a study of
local variation in A. clathratum (as A. cribrosum)
in Hokkaido and adjacent regions, I. Yamada
(1974) recognized four forms, one of which
was f. yakishiriense (A. yakishiriense Y. Yama-
da). Nakahara and I. Yamada (1974) con-
ducted crossing experiments among these
forms and found a high rate of interfertility.
In deciding which of the four forms was
nomenclaturally typical of the species, I.
Yamada (1974) was able to make compari-
sons with two authentic specimens of Fucus
agarum S.G. Gmelin housed at Leningrad
(LE).
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Garbary, D.J. and Magne, F. 1991. Diffuse cell elongation in two bangiophyte red algae: Rhodockarte
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Calcofluor stained plants of Rhodockaete parvula Thuret and conchocelis of Porphyra yezoensis Ueda showed
tip growth in apical cells and diffuse growth in intercalary cells. Over the 4-8 day experimental period
3-7 new cells were added at each branch apex with subapical cells expanding about 40% and 70% in

length, respectively, with no increase in cell diameter.

Diffuse elongation is considered the primitive

method of intercalary cell wall deposition in apically growing red algae, whereas band deposition, pre-
viously observed in Batrachospermales and Ceramiales, is considered the derived condition.

Key Index Words: Bangiophycidae—calcofluor—cell walls—cell elongation—cell wall deposition—Por-

phyra—Rhodochaete—Rhodophyta.

Waaland et al. (1972), Waaland and
Waaland (1975) and Aghajanian and Hom-
mersand (1980) demonstrated that red algae
have tip growth in apical cells and band depo-
sition in intercalary cells. Hymes and Cole
(1983), however, were able to find only tip
growth in the freshwater red alga Audouinella
hermannit  (Roth) Duby. More recently,
diffuse cell wall deposition was demonstrated
for the first time in red algae in three species
of Florideophycidae in the genera Audouinella
(Acrochaetiales), Spermothamnion and Tiffaniel-
la (Ceramiales) (Garbary and Belliveau
1990). The occurrence of diffuse growth in
the potentially primitive order of florideo-
phyte red algae (i.e. Acrochaetiales) (Gabriel-
son and Garbary 1987, Garbary and Gabriel-
son 1987) suggests that this is the plesiomor-
phic or primitive character state for the subc-
lass Florideophycidae.

Rhodochaete and conchocelis of Porphyra (or
Bangia) are particularly appropriate organ-
isms for studying the evolution of cell wall
deposition characters in Rhodophyta, and es-
tablishing the primitive character state for
florideophyte red algae. With their filamen-

tous construction, apical cell division and
presence of plugged pit connections, basic
thallus morphology in these genera is homolo-
gous to that in florideophyte red algae (Garba-
ry and Gabrielson 1990). Thus mechanisms
of cell wall deposition are likely to provide
homologous features for comparison. If
diffuse elongation is present (in the absence of
band deposition) in Rhodochaetales, Bangi-
ales, and Acrochaetiales, it can be concluded
that diffuse growth is the primitive mechanism
of intercalary cell wall deposition in apically
growing red algae.

Materials and Methods

Rhodochaete parvula was isolated from the
Mediterranean Sea and cultured in enriched
seawater media as described by Pueschel
and Magne (1987). Conchocelis of Porphyra
yezoensis (U-51) from Japan was grown in a
modified von Stosch medium (Guiry and Cun-
ningham 1984). Plants were stained with
0.01% or 0.001% calcofluor white (Fluores-
cent Brightener 28 from Sigma) for 30 min, as
described by Garbary and Belliveau (1990),
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Fig. 1. Patterns of cell elongation along
primary axes of Rhodochaete parvula and conchocelis
of Porphyra yezoensis. Values indicate means+s.d.
(n=12).

and grown for four (Porphyra) or eight days
(Rhodochaete) in calcofluor-free medium. It
should be noted that longer exposures or
higher concentrations of calcofluor may cause
reductions in growth or growth abnormalities
in red algae (Belliveau e al. 1990).

Fluorescence microscopy and microspec-
trofluorometry were carried out on a Zeiss
Photomicroscope III using Zeiss accessories
as described in Garbary and Belliveau
(1990). Measures of cell wall (calcofluor)
fluorescence from 35-10 different cells were
made from the middle portions of cells of Por-
phyra at cell positions 1, 3, 5, 7, 8 using a
3 ym diameter aperture. Similar measure-
ments on Rhodochaete were not carried out be-
cause of high background fluorescence.

Morphometric analysis of cell length was
carried out by measuring the lengths of cells
1-25, 30 and 35 in Rhodochaete (cell 1 is the api-
cal cell), and cells 1-10 in conchocelis of Por-
phyra. In each case twelve filaments were
measured.
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Fig. 2. Change in relative fluorescence along

a filament of Porphyra. Note: Cell 1 would have been
the subapical cell at time of staining; when material
was fixed this was cell 5-8. Values indicate
meansts.d. (n=5-10).

Results

Calcofluor at 0.01% and 0.0019%6 was
apparently non-toxic for Porphyra and
Rhodochaete, and apical cell division proceeded
at 0.5-1 cell divisions per day after staining.
Cell length measurements along unstained
primary  axes of  Rhodochaete  and
Porphyra show that some cell elongation is
occurring in intercalary cells (Fig. 1). The
average total elongation (as a % of subapical
cell length) is about 40% in Rhodochaete and
709 in Porphyra. In Rhodochaete there is a
gradual elongation to about cell 16 after
which cell length remains stable. In Porphyra
cell length increases are basically limited to
cells 2-4 although occasional much larger (or
smaller) cells are found in older portions of
filaments (note much larger s.d. at position
10).

Growth experiments using calcofluor show
that no band elongation is occurring.
Microspectrofluorometry of calcofluor stained
cells of Porphyra showed a possible increase in
fluorescence away from what were previously
apical cells after the 4 day growth period (Fig.
2). The slightly lower fluorescence values
closer to the old apex (cells one to five) may
have resulted from greater wall deposition in
these cells (after staining) than cells that were
more fully elongated.

Discussion

Early work by Waaland and Waaland
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(1975) and Aghajanian and Hommersand
(1980) suggested that band elongation was the
primary method of intercalary cell wall deposi-
tion in Rhodophyta, although a later study by
Hymes and Cole (1983) did not show the
presence of band growth in Audouinella herman-
nit. Several other Audouinella species have
been shown to have diffuse cell wall deposi-
tion: 4. dasyae (Garbary and Belliveau 1990),
A. botryocarpa and A. pacifica (Garbary and
Guiry, unpublished). That species of
Rhodochaete, Porphyra and Audouinella all have
diffuse growth in intercalary cells suggests
that this is the primitive condition for florideo-
phyte red algae. Although we have not ex-
amined other angiophytes in either Comp-
sopogonales (e.g. Erythropeltidaceae) or Por-
phyridiales, the small cell sizes and the pat-
terns of thallus construction in these algae are
not suitable for band elongation.

We have demonstrated that intercalary
cells of both Rkodochaete and Porphyra have
cell elongation. The amount of cell elonga-
tion, however, is among the smallest recorded
for apically growing red algae. The absence
of band deposition in elongating intercalary
cells suggests that cell elongation is by diffuse
growth.

The occurrence of diffuse cell wall deposi-
tion in three paraphyletic orders near the base
of the red algal phylogenetic tree (Gabrielson
et al. 1985, Gabrielson and Garbary 1987)
leads to the conclusion that this is the primi-
tive character state for florideophytes, with
band elongation being the more advanced con-
dition. Several evolutionary scenarios (Fig.
3) can be suggested from our results. In the
first scheme (Fig. 3A) unicellular or multicel-
lular morphology is considered primitive,
such organisms having only diffuse cell wall
deposition. With the evolution of apical
cells, tip growth became possible, along with
the filamentous morphologies of Rhodochaete,
conchocelis of Porphyra and florideophytes.
Some florideophyte red algae then evolved
band deposition. The question remains
whether band deposition arose once, or more
than once, in separate florideophyte lineages.

A second scheme (Fig. 3B) places an organ-

Porp Rhodo Bang Acro  otherred algae

band growth

tip growth

3A diffuse cell wall deposition

Rhodo Porp Bang Acro  otherredalgae

band growth

loss of tip growth

diffuse cell wall deposition

3B tip growth

Fig. 3. Phylogenetic schemes based on the
evolution of different cell wall deposition patterns.
3A-Diffuse wall deposition primitive; 3B-Tip elonga-
tion or tip and diffuse elongation primitive. See
text for discussion. Abbreviations: Porp—Por-
phyridiales; Rhodo—Rhodochaetales; Bang—
Bangiales; Acro—Acrochaetiales.

ism similar to Rhodochaete in an ancestral posi-
tion. This organism may have had only tip
growth or a combination of tip growth and
diffuse elongation. Some of the descendants
of this organism lost the ability to form apical
cells, and cell wall deposition became exclu-
sively diffuse. As florideophytes evolved, one
or more evolutionary lines then developed
band elongation. The absence of band elon-
gation in some Ceramiaceae is considered an
evolutionary loss in a highly derived group of
Ceramiaceae (Garbary and Belliveau 1990,
Hommersand 1990). This scheme is based
on the notion that Rhodochaete, as the ar-
chetypal red alga, is the most primitive extant
member of the division. Yet another evolu-
tionary scheme was presented by Magne
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(1989) in which two evolutionary lines (sub-
classes) of red algae “Eurhodophycidae” and
Metarhodophycidae” evolved independently
from the “Archaeorhodophycidae”. This
scheme would require that tip growth was
independently derived in Porphyra and
Rhodochacte. These three evolutionary
hypotheses become testable with the applica-
tion of DNA and/or RNA sequencing.

Although bangiophytes are apparently con-
sistent in terms of cell wall deposition pat-
terns, having either diffuse or diffuse and tip
growth, preliminary studies show that vari-
ation in this feature among florideophytes
(Garbary and Belliveau 1990) has considera-
ble potential as a phylogenetic feature at ordi-
nal, family and tribal levels. Further studies
of cell wall deposition patterns in red algae
are clearly in order.
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Dinoflagellates collected from aquaculture ponds in southern

Five species of photosynthetic dinoflagellates, Prorocentrum minimum, Gyrodinium instriatum, Pyrophacus
horologium, Gonyaulax verior, and Alexandrium tamarense, collected from aquaculture ponds in southern Taiwan
where a PSP incident due to ingestion of cultured purple clams occurred and caused the death of two men,
are described with some taxonomical considerations. A. tamarense, which previously has been reported to be
the first toxic strain isolated from tropical Pacific waters, differs from those reported from temperate waters
in having the ability to grow at very low salinity and high temperature, and small size (11-34 gm).

Key Index Words: Alexandrium tamarense—dinoflagellate—Gonyaulax verior—Gyrodinium in-
striatum—phytoplankton—Prorocentrum minimum—Pyrophacus horologium— Taiwan.

Dinoflagellates are widely recognized to
produce “blooms” or “red tides”, and some of
them are found associated with the pro-
duction of toxins, resulting in fish kills and mor-
tality of other marine organisms (Baden 1983,
Carmichael 1986) Those toxins also can be
accumulated by filter-feeding shellfish to
cause paralytic shellfish poisoning (PSP) to
the mankind (Prakash 1963, Prakash and Tay-
lor 1966, Wood 1968). As reported from vari-
ous parts of the world (Taylor 1984), a PSP
incident due to ingestion of cultured purple
clams collected from Tungkang, Pingtung
Hsien, Taiwan (Fig. 1) occurred on Jan. 1,
1986 and caused the death of two men
(Hwang et al 1987).

The incident brought about our interest to
study if there were any toxic dinoflagellates
growing in the ponds of that area. Between
1986 and 1987, we made extensive investi-
gations on the occurrences of dinoflagellates in
aquaculture ponds at Tungkang area, and iso-
lated five species of photosynthetic dinoflagel-
lates. This paper presents the morphological
and ecological characteristics of these algae

* Present address: Tungkang Marine Laboratory,
Taiwan Fisheries Institute, 92804, Tungkang, Pingtung,
Taiwan, Rep. of China.

with taxonomical considerations.

Unialgal cultures of these dinoflagellates
are kept both in the Institute of
Oceanography, National Taiwan University,
Taipei and in Tungkang Marine Laboratory,
Tungkang.

Materials and Methods

Dinoflagellates were collected from shrimp
ponds and/or crab ponds in Tungkang area,
but special attention was paid to those ponds
surrounding the one from where toxicated
clams were harvested (that pond was closed
after the PSP event) (Fig. 1). The algae were
isolated with micropipette method (Hoshaw
and Rosowski 1973). Their clonal cultures
were grown in “K” medium (Keller and Guil-
lard 1985) with salinity 15 ppt, and were main-
tained at 25+1°C, under a 12 : 12 LD cycle
at 80 #E/m?/s provided by cool-white fluores-
cent lamps. The growth rates (K) of 4.
tamarense grown in 3-45 ppt salinity and at 16-
35°C were measured to find the optimum con-
ditions.

Both living and Lugol’s solution fixed cells
were observed with the optical LM system
filled with phase contrast and Nomarski inter-
ference contrast optics. Thecal plates were
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u

Fig. 1. Map of sampling place. [EZH Purple
clam pond, B crab pond, shrimp pond.
TML: Tungkang Marine Laboratory.

dissociated with a slight pressure on the cover
glass. For scanning electron microscopy
(SEM), cells were either fixed in 1% OsOj, or
fixed in 0.5% GTA and 0.2% OsO, simul-
taneously, or double fixed in 2.5% GTA and
1% OsO,, or fixed in Lugol’s solution with
the culture medium as buffer solution. The
fixed cells were transferred to a capsule with
a Nuclepore filters (8 ym), and then washed
and dehydrated in a graded acetone series.
After critical point dry, the material was
shadowed with gold and viewed with a scan-
ning electron microscope (Hitachi model S-
520).

Results and Discussion

Prorocentrum minimum (Pavillard) Schiller
(Figs. 2-9)

Toriumi 1980, p. 107, Figs. 4, 10. Dodge
1982, p. 35, pl. I {, g.

Cells are about 14 to 20 #m long and 14 to
18 #m wide (mostly 15 to 16 ym) and ovate,
triangular and sometimes heart-shaped in
valve view (Figs. 2, 3). Young cells are fiat-
tened, while older cells are rounded. Cells de-
velop, with age, a widely developed intercala-
ry bands (Figs. 4, 5). The posterior end of
the cell is usually round and the anterior one
truncates with a very slight depression. The
surface of the valve is covered evenly with
many small, pointed spines (Figs. 2, 3, 4, 5).
However, on the intercalary bands, the spines
occur in rows lying perpendicular to the an-
terior-posterior axis (Figs. 4, 5) except in the
apical area where the cell surface appears
smooth (Figs. 5, 6). Trichocyst pores are
mainly located around margin of the valves
(Figs. 2, 3, 4). There are two unequally
sized pores located at the cell’s anterior end
(Figs. 3, 5, 6, 7). The larger one has a
oblong shape confined by a collar-like ridge.
The smaller one has a circular shape. A
forked structure (as) arises between the two
pores (Figs. 5, 6) and is seen as a single spine
(as) at the anterior end of the cell from the
valve view (Fig. 2). The “apical tooth” (at) is
a curved (from the valve view, Fig. 6) or a
straight (from the side view, Fig. 2) bilaminar
structure, which arises from a part of the edge
of the smaller pore (Fig. 6). Generally, two
kinds of flagella arise from the apical area of
the cell (Fig. 8), one is thread-like and long
(1f), the other is hemi-helical and undulate
(tf). The latter rounds transversely and in an
anti-clockwise direction to the anterior-
posterior axis of the cell. Although it is not
shown in Fig. 8 that there two flagella emerge
from the larger or the smaller pore, only one

Figs. 2-9. Prorocentrum minimum.

Fig. 2. Valve view. Showing surface spines, apical spine (as), apical

tooth (at) and trichocyst pores (tp) on the border (SEM). Fig. 3. Valve view. Showing the large (1) and small (s)
anterior pores. Fig. 4. Side view. Showing the straight and striate intercalary bands, and surface spines
distributed evenly in the valve surface (SEM). Fig. 5. Apical view. Fig. 6. Enlargement of Fig. 5. Showing the
shape and structure of large (1) and small (s) anterior pores, forked spine (as) and apical tooth (at) (SEM). Fig. 7.
Valve view. Showing one longitudinal flagellum extending from the flagellar pore. Fig. 8. Apical view. Show-
ing longitudinal (1f) and transverse flagella (tf) (SEM). Fig. 9. Apical view. Showing two transverse flagella (tf)
emerging from a flagellar pore (SEM).

(Figs. 2-34, All scales=5 gm except where indicated)

Figs. 10-13. Gyrodinium instriatum. Fig. 10. Ventral view. Showing the contour of the cell and a large
nucleus (N) in the anterior center of epicone, and many chromatophores. Fig. 11. Ventral view. Showing the
girdle, sulcus and one longitudinal flagellum (SEM). Fig. 12. Dorsal view. Showing the transverse flagellum
(tf) and the excavated antapex sulcus (SEM). Fig. 13. Ventral view. Showing the apical groove (ag) (SEM).
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Table 1. Occurrence of dinoflagellates and pond water parameters during 1986-1987.
Maximum Water .
. Month of P Salinity D.O. Transparency
t t t H
Species occurrence 3:211'121/37) em{):éa) ure (ppt) P (ppm) (cm)
Prorocentrum minimum Nov.=June 47,000 21.6-30.0 10-3¢  7.50-7.92 7.2-16.7 29-50
Gyrodinium instriatum Oct.=June 1,700 17.9-30.9 10-25  7.50-8.70 3.8-16.7 20-70
Pyrophacus horologium Oct.-Dec. 60 21.6-30.9 10-19  7.51-8.70 3.8-16.7 30-70
Mar.~July
Gonyaulax verior Nov.-July 320,000 17.9-30.9 10-25 7.51-8.70 4.1-16.7 20-68
Alexandrium tamarense Nov.-Apr. 1,600 17.9-30.0 10-19  7.51-8.70 4.1-16.7 25-68

longitudinal flagellum (Fig. 7) or two trans-
verse flagella (Fig. 9) emerge from a pore,
which is the larger or the smaller cannot be
confirmed in figures.

This alga appeared from November to June
of next year (Table 1) in the area. Blooms with
cell densities of more than 10,000 cells/m!/
were found in ponds with salinity 12 ppt and
32ppt in January and April respectively.
This species has been reported in Japan, the
west coast of U.S.A., Gulf of Mexico, Caspi-
an Sea, Mediterranean sea and Sargasso Sea
and it often forms blooms.

Our specimens resemble P. minimum
described by Honsell and Talarico (1985),
Toriumi (1980) and Loeblich ef a/ (1979) and
P. mariacebouriae (Faust 1974), which is the syno-
nym of P. minimum (Toriumi 1980), in struc-
ture of cell surface and anterior pores, cell
shape and size. Loeblich et al. (1979) and
Croome and Tyler (1987) showed two lon-
gitudinal flagella of P. minimum, P. rhathymum,
P. triestinum, P. playfairi and P. foveolata emerg-
ing from a flagellar pores. While Honsell
and Talarico (1985) reported both transverse
and longitudinal flagella emerging from the
same pore. We found only one longitudinal
flagellum emerging from a pore (Fig. 7), or
two transverse flagella emerging from a pore
(Fig. 9). Therefore, the pore from which
both flagella emerge is the flagellar pore and
the other one is auxiliary pore as indicated by
Loeblich et al. (1979). The cells with two lon-
gitudinal or transverse flagella may be the
results of sexual fusion or asexual division as
that reported in P. micans (Soyer et al. 1982).

Gyrodinium instriatum Freudenthal and Lee

(Figs. 10-14)

Freudenthal and Lee 1963, p. 183, Figs. 8-
17; Fukuyo 1980, p. 206, pl. 1 Figs. 1-14;
Takayama 1985, p. 130, pl. I Fig. 9.

Cells are ovoid 34-56 ym (commonly 40-
47 pm) in length and 22-40 ym (mostly 30-
37 pm) in width. Epicone is tapering gently
toward truncate apex and sometimes slightly
dorsoventrally compressed (Figs. 10, 11).
Hypocones is also tapering gradually to a
moderately sulcus-grooved antapex. Girdle
is narrow, deep, and its right end bends sharp-
ly and descends about 1/3 the body length
posteriorly (Fig. 11). Sulcus projects an-
teriorly into epicone, joints the apical groove
(Fig. 11), and extends posteriorly into a
moderately excavated antapex, continuing
across it to dorsal sulcal side (Fig. 12). The
apical groove extends to the left side of the
apex, crossing the dorsal surface to turn down-
ward and then upward to the right side of its
proximal end (Figs. 13, 14). The longitidual
flagellum extends about a body length or less
from the antapical end, while the transverse
one is located in the girdle and terminated
slightly short of the girdle length. The
nucleus is large, spheroidal and centrally
located in anterior epicone (Fig. 10). Chro-
matophores are many, ochre, elongate,
radiating toward the center of the cell (Fig.
10).

This species is the most common and the
most abundant dinoflagellates occurred in
ponds of this area. It appeared from October
to June of the next year, with the cell densities
of always more than 100 cells/m{. But it may
reached as high as 1000 cells/m! or more some-
times (Table 1). This alga was also found
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blooming in Inland Sea of Japan (Fukuyo
1980) and New York waters of U.S.A.
(Freudenthal and Lee 1963).

Our specimens of this alga fit very well with
the features of G. instriatum described by
Freudenthal and Lee (1963), Fukuyo (1980)
and Takayama (1985) in the shape and struc-
ture of apical groove, girdle displacement of
1/3 body length and the extension of sulcus to
epicone and hypocone. The differences
among G. instriatum, G. ovoidium, G. fissum, G.
striatissimum, G. uncatenum and G. lebourae have
been discussed by Freudenthal and Lee
(1963). They indicated that G. instriatum
differs from G. fissum by the absence of pellicu-
lar striations in the former, and is dissimilar
to G. fissum and G. striatissimum in absence of
similar cytoplasmic inclusion. This species is
also different from G. lebourae due to smaller
size of the latter (15 #m). Although G. instria-
tum resembles G. uncatenum very closely in the
ventral aspect and deeply excavated antapex
(Coats et al. 1984, Figs. 8, 10), they differ
from each other in that the former is less
dorsoventrally compressed, while the latter
flattens laterally.

Pyrophacus horologium Stein (Figs. 15-22)

Steidinger and Davis 1967, Figs. 1-5; Wall
and Dale 1971, p. 234, Figs. 31-37, Dodge
1982, p. 144, Figs. 17A, B.

Cells are 36-74 p¢m in transdiameter. The-
ca are oblate, discoidal, and almost circular in
anterior and posterior views (Fig. 15), but bi-
convex in dorsoventral and lateral views (Fig.
16). Both epitheca and hypotheca are con-
vex, usually the latter is slightly flattened.
Girdle is equatorial and with lists (Figs. 16,
17). Thecal plates are smooth and with
many trichocyst pores (Fig. 17). Plate formu-
la is po (apical pore plate), 5-6', 0-1a, 7-10",
9c, 8-10", 0-1p, 3-5", commonly is 5, 0, 9%,
9c, 9%, 1p, 3™ (Figs. 18-21). Two spores
produced asexually in theca are observed in
Fig. 22.

This cosmopolitan dinoflagellates occurred
frequently but less abundantly than the other
species of dinoflagellates in cell number in this
area (Table 1).

This species can be recognized easily by its
clam-like shape and many easily recognized
plates. Our specimens of this alga fit clearly
with the characteristics of P. horologium as
described by Steidinger and Davis (1967),
Wall and Dale (1971). The plate tabulation
which may vary in some ranges in species of
the genus Pyrophacus, as reported by Wall and
Dale (1971), is also observed in our specimens
(Fig. 19 with 5, 9”, while Fig. 20 with 6, 10"
plates in epitheca).

Gonyaulax verior Sournia (Figs. 23-25)

Dodge 1982, p. 217, Fig. 256; 1985, p. 81;
Matsuoka et al. 1988, Figs. 8-14.

Cells are 30-42 ym (commonly 28-32 ym)
in length, 20-34 #m (mostly 20-22 y#m) in
width. They are elongated, cordiform, and
dorsoventrally flattened (Fig. 23). Epitheca
is longer than hypotheca, and trianguloid
with convex sides tapering into an apical
horn. Hypotheca is trapezoid with two con-
spicuous spines, of which left one is longer
than the right one (Figs. 24, 25). Girdle is
situated below midpoint of the cell, and offset
by one girdle’s width. Thecal plate is reticu-
late. Plate formula is po, 3, 2a, 6", 6", 1p,
1" and with the first apical plate narrow,
smooth and unornamented. Cell is weakly
pigmented, with light brown color.

The characteristic shape of the conical
epitheca and two large antapical spines makes
this species quite easy to be recognized. Our
specimens fit quite well with the features of G.
verior described by Dodge (1985) and Matsuo-
ka ef al. (1988). It occurred almost all year
round with the exception during August to
October (Table 1). The cell density was
usually less than 1,000 cells/m/, but some-
times it was found blooming in some shrimp
ponds with cell number as high as
300,000 cells/m! (Table 1). This alga has
been reported from British Isles, North Sea,
Belgian coast, Mediterranean Sea and
Japanese coastal waters.

Alexandrium tamarense (Lebour) Balech
(Figs. 26-34)
Balech 1985, p. 37 Fig. 20; Fukuyo 1985,
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p. 531 Figs. 2A-G.

Cells are single (Fig. 26), but form a two-
celled chain shortly after cell division (Fig.
27), globular in shape and slightly longer than
broad. They are 14-34 ym long, 13-31 pm
wide and with length/width ratio of 1.00-1.22
(mostly 1.12), width/transdiameter ratio of
1.00-1.13. The epitheca is conical and the
hypotheca has a very marked excavation in
the sulcal region, both are nearly equal in alti-
tude (Fig. 28). Apex is rounded with a slight
hump at the apical pore plate (po) (Fig. 29);
antapex is also rounded and slightly
depressed at where the sulcus reaches (Figs.
28, 30). Both shoulders of the epitheca are
convex. The hypotheca is asymmetric with
the height of right half slightly shorter than
the left half (Fig. 28). The girdle is equatori-
al, descending, without overhang, deeply
excavated without lists, and its right end
displaced posteriorly about its width (Figs.
26, 28, 30). Sulcus is weakly impressed,
widened posteriorly, and slightly indented
anteriorly (Fig. 30). The plate formula is: po,
4, 6" 8s,5", 2" (Figs. 30, 31, 32). The api-
cal pore plate (po) (Fig. 29) is triangular and
has a fishhook-shaped cleft (Fig. 33). The 1st
apical plate (1°) is slightly broad and rhom-
boidal. A conspicuous ventral pore is
present at middle of suture between apical
plates 1" and 4’ (Figs. 28, 29, 31). The sulcal
plates are composed of eight platelets. They
include one anterior (s.a.), transitional (t.),
left (s.l.), sulcal left anterior (s.l.a.), right
(s.r.), posterior (s.p.) and two medians (Figs.
30, 32). Thecal plates are thin and smooth,
with trichocyst pores, and covered with a deli-
cate outer thecal membrane. Trichocyst
pores are single or in pair, and distributed

evenly (Fig. 33). A large U-shaped nucleus is
located beneath the cingulum. Temporary
cyst is round, while hypnocyst is cylindrical
and with rounded ends (Fig. 34). This strain
is toxic (Su et al. 1989) and nonbiolumi-
nescent.

This species was found from an inlet
near the mouth of Tungkang river (Fig. 1)
and from ponds whose waters were in-
troduced from that inlet. This alga appeared
during winter and spring with water tempera-
tures around 10.9-30.0°C and the salinity
about 10-19 ppt (Table 1). Cell densities
were about 10-100 cells/m!, but on Nov. 5,
1986 we found it was blooming in a crab pond
with the cell densities of about 1600 cells/m!.
It was also blooming in a shrimp pond in Tai-
nan Shien with the cell density as high as
10,000 cells/m! in June 1989 and cause death
of shrimp (Su, unpublished data).

A. tamarense is a cosmopolitan alga occurred
mainly in temperate coastal and estuary
waters along the north part of the Atlantic
and the Pacific Oceans (Taylor 1984) during
summer time (Prakash 1963, Toriumi and
Takano 1979). It also appeared in the tropi-
cal waters of Brazil and Venezuela along the
west coast of the Atlantic Ocean (Balech
1971, Reyes-Vasquez ¢t al. 1979). Recently,
a nontoxic strain of this species was reported
from Thailand coastal water (Fukuyo e al.
1989). This is the first record of toxic 4.
tamarense occurred in the tropical Pacific
waters.

The intricate systematic problem of
“Tamarensis” or “Catenella” group has been
discussed (Loeblich and Loeblich 1975, 1979,
Taylor 1975, 1979, 1984, Steidinger 1983,
Fukuyo 1985). Gonyaulax tamarensis, G.

Fig. 14. Gyrodinium instriatum.
Figs. 15-22. Pyrophacus horologium. Fig.

Apical view. Showing the apical groove (ag) (SEM).
15. Antapical view.

Showing cytoplasm with numerous

chloroplasts, and the thecae. Fig. 16. Dorsoventral view. Showing oblate shape. Fig. 17. Apical view. Show-
ing apical pore plate (po) with its two slits and numerous trichocyst pores (tp) on the surface of the valve (SEM).
Fig. 18. Antapical view. Showing the plate pattern and plain surface of the valve (SEM). Fig. 19. Phase contrast
micrograph of the epitheca showing plates po, 5, 9”. Fig. 20. The po, 6', 10" epitheca plates which different from
those showing in Fig. 19. Fig. 21. Phase contrast micrograph of hypotheca. Showing plates9”, 1p, 3™ and sulcus
platelets. Fig. 22. Antapical view. Showing two daughter cells inside the parental theca.

Figs. 23-25. Gonyaluax verior.

Fig. 23. Ventral view. Showing the contour of the cell.

Fig. 24. Ventral

view. Showing the girdle, reticulate plate and two conspicuous spines (SEM). Fig. 25. Dorsal view. Showing

the contour of the cell (SEM).
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Figs. 26~34. Alexandrium tamarense.
28. Ventral view.
view. Showing the valve surface, po plate and ventral pore (vp) (SEM).
plate pattern. Fig. 31. Apical view. Showing the plates po, 4, 6" and ventral pore (vp).
Showing the plates 5, 2", sulcal platelets. Fig. 33. Apical pore plate po. Showing trichocyst pores in single or in
pair. Fig. 34. Hypnocyst.

tamarensis var. excavata, G. {tamarensis var.
tamarensis, G. excavala, Protogonyaulax tamarensis
and Alexandrium tamarense are used to mention
the same species. The morphological charac-
teristics which have been used for identifica-

Fig. 26. The contour of the cell (SEM). Fig. 27. A two-cell chain. Tig.
Showing the displaced girdle, two flagella and a ventral pore (vp) (SEM).

Fig. 29. Apical
Fig. 30. Ventral view. Showing the
Fig. 32. Antapical view.

tion of species are plate tabulation, cell shape,
cell numbers of chain (Lebour 1925, Whedon
and Kofoid 1936, Braarud 1945); lack or
presence of ventral pore, toxicity and
bioluminescence (Loeblich and Loeblich
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1975); shape of cyst and sulcal platelets, con-
tact of 1" and Po plates (Taylor 1979, Fukuyo
1979, Balech 1985); the shape of apical pore
plate, apical plate 1’ and sulcal posterior
plate, and position of a posterior and an an-
terior attachment pore (Fukuyo 1985). But
recently, the polymorphism of isozymes,
DNA content and toxin spectrum have been
used to help the identification of this group
(Cembella and Taylor 1985). From the ap-
pearance of intermediate forms, and change
of cell shape and cell numbers of chain in cul-
ture, Taylor (1984) suggested it may be more
reasonable to put the “Tamarensis” group
into intraspecific level. However, Balech
(1985) thought some characteristics such as
shape of apical pore, 1st apical plate 1’, sulcal
anterior and posterior plate are conservative
and can be used to distinguish different spe-
cies.

Our specimens closely resemble Alexandri-
um excavatum (named as G. tamarensis var. ex-
cavata by Braarud) from Norway waters
(Braarud 1945, Balech and Tangen 1985), G.
tamarensis from Tamar estuary in England
(173 strain in Loeblich and Loeblich 1975,
Balech 1977) and Protogonyaulax tamarensis
from Japanese coastal waters (Fukuyo 1985)
in cell shape and plate tabulation. It also
conforms to G. tamarensis var. tamarensis of
Schmidt ez al. (1978) in possession of a ventral
pore and being toxic and nonbiolumi-
nescent. However, our alga differs from those
reported from temperate waters in having
ability to grow at very low salinity (3 ppt) and
high temperatures (up to 33°C) in culture
(Fig. 35A & B), and with smaller size (14-
34 pm) (7 ppt and 25°C in Prakash 1967; 28-
50 ygm in Loeblich and Loeblich 1975).
Although Alexandrium tropicale (Balech 1985) is
a small sized and tropical species, and very
similar to Tungkang strain of Alexandrium
tamarense in cell shape, they still differ from
each other in the position of nucleus (Balech
1971 Figs. 119, 120) and contact pattern of
plate 1" and po (Balech 1985 Fig. 7b). The
contact pattern of plate 1" and po was con-
sidered as a criterion for species (Loeblich
and Loeblich 1979, Balech 1985), or for genus

08

K (divisions/day)

0.0 L 1 . 2
0 10 20 30 40 SO

Salinity (ppt)

K(divisions/day)

i 20 25 30 35 40
Temperature (°C)

Fig. 35. The growth rates (K) of Alexandrium
tamarense in various salinity (A) and temperature
(B) under a 12:12LD cycle at 80 #E/m?/s light
intensity.

(Taylor 1979). Because the contact is varia-
ble as that found in 4. excavatum and A. mini-
mum (Balech and Tangen 1985, Hallegraeff
et al. 1988). We agree Balech’s opinion that
genus Alexandrium should include those
species which have and have not the contact.
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Sakanishi, Y., Yokchama, Y. and Aruga, Y. 1991. Photosynthetic capacity of various parts of the blade of
Laminaria longissima Miyabe (Phaeophyta). Jpn. J. Phycol. 39: 239-243.

The rates of photosynthesis and dark respiration of discs cut from the basal, subbasal, middle, subdistal
and distal parts of Laminaria longissima blades were measured once a month for a year. The photosynthetic
rate at 10°C and 400 #E m~?s~! was generally highest near the midlength of the blade and lower in the

basal and the distal parts.

However, during the fertile period the photosynthetic rate was lowest in the

sorus-bearing part of the blade and the respiratory rate was highest in the basal and sorus-bearing parts.
The photosynthetic rates of discs cut from all parts of the blade showed almost identical seasonal trends, be-

ing generally highest during the colder season.

Key Index Words:
photosynthesis—respiration—seasonal variation.

The brown alga Laminaria longissima
Miyabe is distributed along the eastern
Pacific coast of Hokkaido from Kushiro to
Nemuro and usually grows subtidally be-
tween the low water mark and 5m depth.
This species is utilized as human food and its
annual yield is the highest of all the edible spe-
cies of Laminaria in Japan (Kawashima 1972,
Torii and Tazawa 1987). Although intensive
ecological studies concerning growth,
reproduction, recruitment and mortality have
been made on L. longissima (Sasaki 1969,
1973, Kawashima 1972), photosynthesis,
which is the basis of growth, has scarcely been
studied in this species.

In a previous paper (Sakanishi et al. 1990),
we documented the photosynthesis-light
relationships and seasonal changes of pho-
tosynthetic capacity in L. longissima by using

* Partly supported by the Biomass Conversion Pro-
gram of the Agriculture, Forestry and Fisheries Research
Council Secretary, the Ministry of Agriculture, Forestry
and Fisheries, Japan.

Contribution No. 520 from the Shimoda Marine
Research Center, University of Tsukuba.

blade—blade discs—intra-thallus variability—Laminaria longissima— Phacophyta—

blade discs cut from near the midlength of
each plant as material. However, it is not
clear whether the midlength region accurately
represents the whole plant, and it is important
to know whether there are differences in pho-
tosynthetic characteristics along the whole
blade. The present study compares the pho-
tosynthetic capacity and the seasonal varia-
tion in photosynthetic capacity of various
parts of the blade of L. longissima.

Material and Methods

Photosynthesis and respiration of Laminaria
longissima were measured monthly from Sep-
tember 1987 to August 1988 using plants
growing in the upper subtidal zone at Ka-
tsurakoi, Kushiro, Hokkaido. Sampling,
preparation of blade discs and measurements
of photosynthesis and respiration were per-
formed as previously described (Sakanishi et
al. 1990). Sample plants ranged from 1.88 to
7.12 m in blade length (Fig. 1). A single disc
of 3.1 cm? was respectively cut out of the
peripheral portion in the basal, the subbasal,
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Fig. 1. Laminaria longissima. Seasonal change
in the blade lengths of sample plants.

the middle, the subdistal and the distal parts
of a blade (Fig. 2). Discs were cut out of
three sample plants every month. From Sep-
tember 1987 to February 1988, approximate-
ly 30% of the discs obtained bore zoosporangi-
al sori. Photosynthesis or respiration was
measured with all discs held under constant
conditions of 10°C and either 400 kEm~25~!
or darkness, respectively.

Results

Figure 3 shows for each month the net pho-
tosynthetic and respiratory rates measured for
blade discs of Laminaria longissima. From Sep-
tember to February, when zoosporangial sori
were present within the blades, the photosyn-
thetic rate was generally lower in the basal
and the sorus-bearing parts of the blades than
in other parts, and showed no marked lon-
gitudinal pattern. From March to August,
when the blades lacked zoosporangial sori,

the photosynthetic rate increased from the -

basal part of the blade to reach 2 maximum at
midlength and then declined toward the distal
end. The longitudinal pattern of photosyn-
thetic capacity was independent of blade
length (cf. Fig. 1). The respiratory rate was
relatively high in the basal part throughout
the year except for September and Novem-
ber, and also in the sorus-bearing part during
the fertile period.

The seasonal changes in the net photosyn-
thetic and respiratory rates of discs from vari-
ous parts of the blades are presented in Fig.
4. The photosynthetic rate of each part

L SN

B SB M SD D

Fig. 2. Laminaria longissima. Sampling sites
within a blade for measurements of photosynthesis
and respiration. Discs were cut out of the basal (B),
the subbasal (SB), the middle (M), the subdistal
(SD) and the distal (D) parts.

showed an almost identical seasonal trend,
being generally higher in the colder season.
The photosynthetic rates were low in July-
September, began to increase in October and
reached their maxima (52-65 ¢/ O, cm~2h™1)
in January or February. The photosynthetic
rates declined in spring and reached a lower
level in summer, the minima (3-30 ¢/ O,
cm~2h~!) being obtained in July-September.
During the period from June to August the
photosynthetic rates of the basal and the distal
parts of the blades were clearly lower than
those of other parts.

The respiratory rates of various parts of the
blade ranged from 2 to 13 #/O;cm™2h~1
The respiratory rate of the basal part was at
its highest from mid-winter to early spring.
The respiratory rates of the subbasal, middle
and subdistal parts were at their lowest from
spring to early summer. The rate of the dis-
tal part of the blade showed no marked
change throughout the year.

Discussion

The distribution pattern of photosynthetic
capacity along the fronds has been reported
for several species in the Laminariales:
Laminaria digitata (King and Schramm 1976),
Laminaria solidungula (Dunton and Jodwalis
1988), Macrocystis pyrifera (Sargent and Lan-
trip 1952, Clendenning 1964, Wheeler 1980),
Undaria pinnatifida f. distans (Matsuyama
1983) and Ecklonia cava (Sakanishi et al.
1989). In those species, the photosynthetic
rate increased with the age of the blade tissue
until it reached a maximum and then
decreased with further aging. Although the
distribution of photosynthetic capacity along
the blades of Laminaria longissima varied with
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Fig. 4. Laminaria longissima. Seasonal changes of the net photosynthetic rates at 10°C and 400 pE m~2s~!
and respiratory rates at 10°C and in darkness of discs from various parts of the blade, as indicated in the key by the

abbreviations used in Fig. 2. Means for 2-3 replicates.

season (Fig. 3), the pattern was almost the
same as that in other Laminariales except dur-
ing the fertile period. The lower photosyn-
thetic capacity of the sorus-bearing portion
in L. longissima agrees with that reported by
Aruga et al. (1990) in Ecklonia cava.

The seasonal changes in the photosynthetic
rates of various parts along the blade of L. lon-
gissima (Fig. 4) suggest that the photosynthe-
tic capacity of the whole blade is highest dur-
ing the colder season. The seasonal trend in
the photosynthetic capacity of the midlength
region in blades of L. longissima reported by
Sakanishi et al. (1990) represents that of the
whole blade moderately well, since the pho-
tosynthetic capacity of various parts of the
blade shows almost identical seasonal trends
(Fig. 4).

Although the seasonal trends in the respira-
tory rates of the basal and the distal parts of
the blade were different from those in other
parts, the seasonal trend in the middle part
can be assumed to represent that of the whole
blade since the basal and distal parts with dis-
tinctive characteristics probably represent a
small portion of the total blade area.

All the blade tissue of L. longissima used in
January was at least as old as the blade tissue
used at other times of the year, yet in January

relatively high or even the highest photosyn-
thetic rates throughout the year were ob-
served (Fig. 4). These results suggest that
the photosynthetic capacity of L. longissima is
affected by seasonal changes in physiological
state rather than by the aging of its blade tis-
sue.
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Gao, K. 1991. Comparative photosynthetic capacities of different parts of Sargassum horneri. (Phaeophyta)

Jpn. J. Phycol. 39: 245-252.

Net photosynthetic and dark respiratory rates measured with a differential gas-volumeter increased but
chlorophyll content decreased with increasing leaf area ratio in leaves of Sargassum horneri. It was estimated
that chlorophyll a increased 1.7-4.1%, while net photosynthetic and dark respiratory activities decreased
1.4-5.8% and 4.6-8.9%, respectively, as a leaf grew one day older. Vesicles were shown to possess high
photosynthetic capacity in addition to supplying floatation. Photosynthetic activity was highest in leaves,
intermediate in vesicles and lowest in the holdfast and primary laterals. It is shown that different parts of a
8. horneri plant have different photosynthetic properties.

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

Studies of photosynthetic characteristics of
Sargassum plants are fundamental to under-
standing their ecological properties. Diurnal
photosynthetic performance was reported in
S. thunbergii (Gao and Umezaki 1989a, b) and
S. horneri (Gao 1990b) to show higher oxygen
evolution rates in morning than in afternoon
on fine days. Photosynthetic activity was
reported to be higher in apical portion than in
basal portion of S. horneri, S. hemiphyllum and
S. confusum on a basis of chlorophyll a (Yokoha-
ma 1977). In studies on S. horneri, S. serratifoli-
um, S. autumnale, S. thunbergii and S. patens,
Gao and Umezaki (1988) reported that
‘leaves’ of the lower parts showed higher chlo-
rophyll content but lower photosynthetic rate
on a chlorophyll a basis, compared with the
upper parts. Photosynthetic capacity of S.
thunbergii was found to be obviously affected
by nitrate and phosphate concentrations in
secawater (Gao and Nakahara 1990). Diurnal
photosynthetic rates were demonstrated to in-
crease with PO,3~ enrichment in pelagic Sar-
gassum species, S. natans and S. Afluitans

* Partly presented at 3rd International Phycological
Congress, 14-20 August 1988, Melbourne, Australia.

(Lapointe 1986). Gao (submitted) showed
that photosynthetic rate increased with in-
creasing water current speed in adult S. thun-
bergii plants. It was also reported that S. mu-
ticun assimilated bicarbonate ion in pho-
tosynthesis (Thomas and Tregunna 1968).

Gao and Umezaki (1989c) reported that
various parts of a S. thunbergii plant were
differentiated with different photosynthetic
properties, being comparable to the findings
in Laminaria (Weidner and Kuppers 1973,
Kuppers and Kremer 1978), Fucus (Kippers
and Kremer 1978), Macrocystis (Wheeler
1980) and Padina (Yokohama 1977) plants.
The present study gives different photosyn-
thetic characteristics among various parts in
S. horneri, which has been used as a food or a
vegetable at some local places in Japan (Ike-
hara 1987). The seasonal variation of pho-
tosynthetic capacity of S. horneri was already
reported (Gao 1990a) to show a similar patern
to that of growth as previously reported
(Umezaki 1984).

Materials and Methods

A Sargassum horneri plant (Fig. 1) consists of
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a holdfast, a primary lateral from which
leaves and lateral branches are formed. The
lateral branches produce both ‘leaves’ and
vesicles and, during the mature season, recep-
tacles. The species is distributed, from 1 m
upto 20 m deep, along the coast of both the
Sea of Japan and the Pacific Ocean through-
out the Archipelago of Japan.

The experiments were carried out during
the period from August to November 1986
and 1987 at the Fisheries Research Station of
Kyoto University situated at the head of
Maizuru Bay, one of the branch bays of Waka-
sa Bay facing the Sea of Japan. Samples of S.
horneri were collected at Nagahama, Maizuru
Bay, where the plant forms flourishing com-
munity at 1-3 m depth during the period from
November to April next year and matures in
May; juveniles appear in July.

Photosynthesis and dark respiration were
measured at 20°C in the laboratory in the
same way as previously reported (Gao and
Umezaki 1989¢, Gao 1990a) with a differential
gas-volumeter, ‘Productmeter’, devised by
Yokohama and Ichimura (1969) and im-
proved by Yokohama et al. (1986). Light was
supplied with an incandescent lamp (Nation-
al, 110 V 150 W), and photosynthetically ac-
tive radiation (PAR, 400-700 nm) of the sup-
plied light was measured with an underwater
quantum sensor (LICOR, LI-192S) linked
with a recorder (Toa Electronics Ltd., FBR-
253A). Water temperature in the water bath
was controlled by using a Taiyo Coolnit (CL-
30).

Chlorophylls were determined by freezing
samples at —20°C, grinding in a mortar with
quartz sand, extracting with 90% acetone, and
filtering through absorbent cotton with 909
acetone. The absorbances of the acetone ex-
tract were measured at 750, 664, 647 and
630 nm with a spectrophotometer (Hitachi
Ltd., Model 100-2). The concentrations of
chlorophylls 2 and ¢ were calculated by the for-
mulae of Jeffrey and Humphrey (1975).

Fresh weight of samples was measured after
blotting water drops from the thallus with tis-
sue paper. Dry weight was determined after
drying the samples at 85°C for 20-24 hours.

Leaf area was determined by making a shade
on a film, weighing the shaded part, and mul-
tiplying by the ratio of area to weight of the
film. Leaf area ratio (LAR), the ratio of leaf
area to leaf dry weight, was determined.

Leaf formation rate per day was deter-
mined by measuring the number of leaves at
the beginning and at the end of a period
(8 days, Aug. 17-25 1987), during which the
plants (about 4 cm long) were maintained in
the sea at their natural depth (1 m).

Daily relative change rates (CP) of chlo-
rophyll, photosynthesis and respiration in a
leaf were determined by the following formu-
la:

_ InCb—InCa

P = Lb—LayLf

% 100,

where Cb and Ca represent chlorophyll con-
tent, net photosynthetic or respiratory rates of
basal (or older) and apical (or younger)
leaves, respectively; Lb and La, leaf order
number counted from the apex for the basal
and the apical leaves, respectively; Lf, leaf for-
mation rate (the number of leaves formed per
day).

The correlations of photosynthesis, dark
respiration and chlorophyll content to LAR
were analyzed by computer with a regression
analysis program.

Results

Light-saturated net photosynthesis and
dark respiration of the leaves produced from
primary lateral increased parabolically, but
chlorophyll a content decreased hyperbolical-
ly with increasing LAR, which increased
from basal portion to apical portion of a Sargas-
sum horneri plant (Fig. 1).

Figure 2 shows photosynthesis-light curves
of apical and basal leaves on a chlorophyll a
basis (A), on a leaf area basis (B) and on a dry
weight basis (C). Dark respiration rate and
net photosynthetic rate at above 100 #E m~?
s~! was higher in the apical than in the basal
leaves on any of the bases. Light compensa-
tion point was higher in the apical leaves com-
pared to the basal leaves, with the former
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Fig. 1. Relationships of net photosynthesis
(Pn), dark respiration (Rd) and chlorophyll (Chl.) a
content to leaf area ratio (LAR) in a Sargassum horneri
plant (h, holdfast; p, primary lateral; 1, leaf; b,
lateral branch; v, vesicle). Pn, Rd and Chl. a are ex-
pressed as functions of LAR (X) respectively as
follows: Pn=1.45+0.94X? (r?=0.96), Rd=
0.26+0.12 X2 (r2=0.80) and Chl. 2=1.02+7.46/X
(r?=0.84). Chlorophyll a content was the mean for
4-6 samples.

being 30 and 27 #¥E m~2s~! and the latter 15
and 13 #Em~25~! on a dry weight basis and
on a leaf area basis, respectively. On a chlo-
rophyll a basis (A), light compensation point
of the apical leaves was similar to that of the
basal ones. Net photosynthesis was saturat-
ed at about 300 tEm~2s~! in the basal
leaves, but was not saturated until 600 pE~2
s~! in the apical leaves. Net photosynthetic
rates at 600 ytEm™~2s~! of the apical leaves
were 3.5, 1.5 and 2.9 times, and dark respira-
tion rates of the apical leaves were 2.0, 2.5
and 3.3 times as high as those of the basal
leaves on a chlorophyll a basis, on a leaf area
basis and on a dry weight basis, respectively.

Chlorphyll contents were compared among
the leaves of different positions (Table 1).
Data for the basal leaves obtained in 1986
(1987) were about 0.72 (0.76) times higher in
chlorophyll a content and 1.13 (1.12) times
higher in chlorophyll ¢ content on a fresh
weight basis, and were 1.12 (1.40) times
higher in chlorophyll a content and 1.62
(1.91) times higher in chlorophyll ¢ content on
a leaf area basis, compared with those for the
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Fig. 2. Photosynthesis-light curves of the
apical (O) and the basal (®) leaves of Sargassum
horneri on a chlorophyll a basis (A), on a leaf area
basis (B) and on a dry weight basis (C). The
mean*S.E. for 5 plants (about 10cm long)
measured at 20°C in October 1987,

apical leaves. Chlorophyll ¢ to a ratio was
also higher in the basal than in the apical
leaves. Chlorophylls a and ¢ contents and
chlorophyll ¢ to a ratio of middle leaves were
lower than those of basal leaves but higher
than those of apical ones (Table 1, 1987).
LAR of apical leaves was about 34% and
70% higher compared to middle leaves and
basal leaves, respectively (Table 1).

Figure 3 compares a photosynthesis-light
curve of vesicles with those of the basal and ap-
ical leaves in November. Net photosynthesis
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Table 1. Comparisons of chlorophyll (Chl.) contents and leaf area ratio (LAR) among the apical, middle

and basal leaves of Sargassum horneri.
Date: October 7, 1986

Lea.f. Chl. a Chl. ¢ Chl. a Chl. ¢ Chl. c/a LAR Samples

position (mg f.w.g™") (mg dm~%) ' (dm*d.w.g™)  (n)

Apical 0.812+0.014 0.112+0.001 1.472+0.104 0.203+0.012 0.138+0.002 2.446+0.437 6

Basal 1.396+0.096 0.238+0.017  3.12540.205 0.532%0.033 0.170+0.004 1.785%0.414 6
(1.719)* (2.125) (2.123) (2.621) (1.232) (0.730)

Date: October 10, 1987
Leaf Ch]. a Chl [4 Ch]. a Chl < LAR Samples
position Chl.o2  (4mzd.w.g™')  (n)
(mg f.w.g™") (mg dm~?)

Apical 0.724+0.061 0.095£0.008 1.209+0.109 0.157+0.015 0.132%0.002 3.532+0.964 6

Middle 1.088+£0.062 0.1610.009 1.953+0.162 0.288+0.024 0.148+0.001 2.630+0.234 4
(1.503) (1.695) (1.6159) (1.834) (1.121) (0.745)

Basal 1.275%+0.056 0.201=+0.006 2.899+0.378 0.457+0.052 0.158+0.002 2.075%0.272 4
(1.761) (2.116) (2.398) (2.911) (1.197) (0.587)

* Figures in parentheses are values relative to those of apical leaves.

of vesicles was saturated at about 400 #4E m~—?2
s~!. Light-saturated net photosynthetic rate
and dark respiration rate of vesicles were
much lower compared to those of apical leaves
but higher compared to those of basal ones.
Figure 4 compares a photosynthesis-light
curve of primary laterals with that of leaves of

25+
Temp, 20°C /«/"6
20 Apical leaves
T 5
=
Lasp
4 Vaesicles
- |
3 ﬁ__________._—ﬁ
0f I
E e
. Basal leaves
£ 5 [
0
4
-5 T N I Il n 1 1
4] 200 400 600
PAR
(pEm 257
Fig. 3. Photosynthesis-light curve of vesicles

compared to those of apical and basal leaves in
Sargassum horneri, The mean*S.E. for 5 plants
(about 25 cm long) measured in November 1987.

juvenile plants. Dark respiratory and net
photosynthetic rates were much higher in
leaves than in primary laterals. Photosynthe-
sis of primary laterals was saturated at about
250 tEm~2s~!. Light-saturated net pho-
tosynthetic rate and dark respiratory rate of
leaves were respectively about 4 and 2 times
as high as those of primary laterals.

Figure 5 illustrates relationships of pho-

Temp. 20°C
8 Leaves

- Prisary latorals

ml Oz g(d.w.)'h~!
&

(1] 200 400 600
PAR
{pEm25-1)

Fig. 4. Photosynthesis-light curve of primary
laterals compared to that of leaves of juvenile plants
of Sargassum horneri. The mean+S.E. for 12 plants
(about 2.5 cm long) measured in August 1987.
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Fig. 5. Relationships of gross photosynthesis
(Pg), net photosynthesis (Pn), dark respiration (Rd),
chlorophyll a content (Chl. a), chlorophyll ¢ to a ratio
(c:a) and dry weight to fresh weight ratio
(d.w./f.w.) to the hight of primary laterals of
Sargassum horneri. Primary laterals of 4 plants were
used. Measured at 20°C in November 1987.

tosynthesis, dark respiration, chlorophyll con-
tent and dry weight/fresh weight ratio to the
height of primary laterals. Dark respiration
showed a little higher values in holdfast com-
pared to the basal part of primary laterals,
and increased to show higher values in the
apical part. It was clear that the holdfast also
showed photosynthetic activity. Net photo-
synthesis increased from the holdfast to
reach a maximum and then decreased owing
to much higher dark respiration in the apical

portion. Gross photosynthesis increased
from the holdfast to the apex of primary later-
al. Chlorophyll a content increased from the
base to the apex of primary laterals, and chlo-
rophyll ¢ to a ratio was higher in the basal
than in the apical portions of primary later-
als. Ratio of dry weight to fresh weight in-
creased from the holdfast to reach a maxi-
mum in the basal portion and then decreased
until the apex of primary laterals.

As indicated in Table 2, a new leaf was
formed every two days; i.e. neighbouring
leaves were different in age by two days. The
4th to the 6th leaves and the 15th to the 17th
leaves numbered from the apex were respec-
tively considered as the apical and the basal
leaves in October in the present study. Con-
sequently, the difference in age between api-
cal leaves and basal leaves was about
20 days. As chlorophyll contents increased
(Table 1), but net photosynthesis and dark
respiration decreased in leaves from the apical
portion to the basal portion (Fig. 1), the daily
relative chlorophyll increase rate, and the dai-
ly net photosynthesis and respiration decrease
rates in a leaf were estimated in different posi-
tions of primary laterals (Table 3). Irrespec-
tive of bases, as a leaf grew one day older,
chlorophylls 2 and ¢ increased respectively
1.7-4.1% and 2.7-5.1%, and net photosynthet-
ic capacity and dark respiratory activity
decreased respectively 1.4-5.8% and 4.6-
8.9%.

Table 2. Daily leaf formation rate (R, number day~') of Sargassum horneri in the sea.
Sample No. 1 2 3 4 5 6 7 8 9 10  Average*S.E.
R 0.5 0.5 0.4 0.5 0.4 0.4 0.3 0.8 0.5 0.3 0.51.1
Table 3. Estimated daily relative chlorophyll increase rate (RCIR), net photosyn-

thesis decrease rate (RPDR) and dark respiration decrease rate (RRDR) in a leaf of

Sargassum hornert.

Leaf area basis

Dry weight basis

Chlorophyll a basis

RCIR (% day™!) Chl. a Chl. ¢
4.1 5.1
RPDR (% day™") 1.4

RRDR (% day~!) 4.6

Chl. a

Chl. ¢

1.7 2.7

4.1 5.8
7.2 8.9
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Discussion

It is clear that light-saturated net photosyn-
thetic rates and dark respiratory rates of
leaves decreased on any of a dry weight, a leaf
area and a chlorophyll bases, while chlo-
rophyll content increased, from the apex to
the base of a Sargassum horneri plant; i.e. the
highest chlorophyll contents were confined in
older leaves, but the highest photosynthetic
activity was confined in younger leaves.
However, light-saturated net photosynthetic
rates of the apical leaves of S. horneri were low-
er (on a dry weight basis) or similar (on a chlo-
rophyll basis) in June compared with those of
the basal leaves as previously reported (Gao
and Umezaki 1988). The difference may be
related to the periods the photosynthetic meas-
urements were carried out. In June, when §.
horneri matured and then decayed away, net
photosynthesis was much reduced while dark
respiration was much increased in the apical
leaves as demonstrated by Gao (1990a) in his
seasonal studies of photosynthetic capacity of
the species. Kiippers and Kremer (1978), in
their studies on Laminaria digitata, L. hyper-
borea, 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 con-
tained less pigments. S. korneri elongates api-
cally, and its apical portion is younger than its
basal portion. The results of the present
study that chlorophyll contents were higher in
older leaves than in younger leaves agree with
those reported by the above authors.

There are several reports (Ramus et al.
1976a, b, 1977; Wheeler 1980; Wassman and
Ramus 1973; Perez-Bermudez ef al. 1981) to
show that photosynthetic pigments in sea-
weeds incresed with water depth or the degree
of shading. Basal leaves of Sargassum plants,
near the bottom of the sea, get more or less
reduced light because of light absorption by
water column and shading by the upper parts
of themselves. S. horneri, S. thunbergii, S. ser-
ratifolium, S. patens and S. autumnale were
reported to show higher chlorophyll contents

in basal leaves than in apical leaves (Gao and
Umezaki 1988). Gao and Umezaki (1989c)
also reported that chlorophyll contents of
leaves and vesicles were higher in the basal
portion than in the apical portion. Similar
results were obtained in S. hormeri in the
present study. Increased chlorophyll con-
tents in the basal leaves of Sargassum plants
can be considered partially to be caused by an
adaptation to the reduced light conditions.
However, as demonstrated in the present
study, chlorophyll contents increased as LAR
decreased with aging of a leaf; and chlo-
rophyll a content was estimated to increase
1.7-4.1% as aleaf grew one day older. In Oc-
tober S. horneri plants were about 10 cm long,
and the differences of light reduction around
leaves of different positions could be negligi-
ble. Therefore, it is reasonable to consider
that light condition contributed little to the
differences in photosynthetic pigment content
among leaves of S. horneri during the experi-
ment period.

Photosynthetic rates on a dry weight or on
a leaf area bases decreased but contents of chlo-
rophylls increased in the leaves as LAR
decreased from the apex to the base of a S. /or-
neri plant. Because LAR decreased with in-
creasing d.w./f.w. ratio (Fig. 6), photosynthe-
sis which increased with increasing LAR
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Fig. 6. Relationship between leaf area ratio
(LAR) and dry weight to fresh weight ratio
(d.w./f.w.) of leaves of Sargassum horneri. Measured
in October 1987.
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should decrease with increasing d.w./f.w. ra-
tio in S. horneri. Photosynthesis of S. thunber-
gii was already reported to decrease with in-
creasing d.w./f.w. ratio (Gao and Umezaki
1989c). The d.w./f.w. ratio (or LAR), which
usually increases (or decreases) with aging,
can be considered as a parameter engender-
ing an aging effect on photosynthetic capacity
in S. horneri. When the d.w./f.w. ratio in-
creases or when LAR decreases, water con-
tent decreases, thereby the photolysis of water
in photosynthesis can be slowed down, or the
activities of some enzymes which directly or
indirectly affect photosynthetic rate can be in-
hibited. For example, Kiippers and Kremer
(1978) demonstrated that the lower photosyn-
thetic capacities in the older parts of Fucus
spiralis, F. serratus and F. vesiculosus resulted
from reduced activity of RuBP (ribulose-1,5-
biphosphate) carboxylase.

S. thunbergii was shown to possess high pho-
tosynthetic capacity in vesicles, which con-
tributed significantly to about 6% of the pho-
tosynthetic production of an adult plant from
May to June (Gao and Umezaki 1989c).
Vesicles of S. horneri were demonstrated to
have high photosynthetic capacity in the
present study. It was shown that vesicles oc-
cupied more and more percent in fresh weight
as a plant grew larger, and it was estimated
that photosynthetic production by vesicles in
November and March accounted for 4% and
59% , respectively, while that by leaves about
9095 and 34% of the hourly net photosynthet-
ic production of a S. horneri plant under
saturating solar radiation (Gao 1989). It is
clear that vesicles of both S. thunbergii and S.
horneri contribute considerably to their pho-
tosynthetic production in addition to sup-
plying floatation. Photosynthetic production
of a Sargassum plant seems to be done almost
by leaves when it is young, and is contributed
more and more by vesicles as it grows larger
until maturation period.

Although the holdfast of S. horneri showed
photosynthetic activity, its net photosynthetic
rate (at 600 kEm~25~!) was almost zero,
which means that it contribute little to the
growth. Itisa problem to be studied whether

there is any transporation of photosynthates
from leaves to holdfast in S. horneri. Photosyn-
thetic capacities were lowest in holdfast and
primary lateral, intermediate in vesicles and
highest in leaves in S. horneri. It can be con-
cluded that S. horner? is also differentiated with
differed photosynthetic properties in various
parts as in S. thunbergii (Gao and Umezaki
1989c).
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Chrysophytes in the southern part of Hyogo Prefecture, Japan (II). Mallomonas. Jpn.

Seasonal occurrence of forty-three taxa of Mallomonas found in three ponds and a reservoir, Doro-ike
Pond, Hoshino-ike Pond, Sengari Reservoir and Yasuba-ike Pond, situated in the southern part of Hyogo

Prefecture, Japan is described. LM and EM descriptions are given for eleven taxa.

Incorporating

previously published data, it is suggested that twenty-nine taxa are widely distributed in Japan, whereas
four other taxa, M. striata, M. portac-ferreac, M. flora and M. splendens occur in restricted regions.

Key Index Words:  Chrysophytes—electron microscopy— Hyogo Prefecture—Mallomonas—pond—reservoir.

Several studies have been made on Mallomo-
nas (Mallomonadaceae, Synurophyceae) in
Japanese freshwater ponds and lakes, and
forty-three taxa have been recorded: Taka-
hashi (1959, 1977, 1978) reported thirty-five
species, two varieties and three forms from
about one hundred ponds and lakes, and Ito
(1988) reported three species new to Japan
from Lake Biwa, Shiga Prefecture. Mallomonas
taxa so far recorded in Japan form thirty-one
percent of one hundred and thirty-seven taxa
which have previously been reported in the
world (Asmund and Kristiansen 1986, Croome
and Tyler 1986, Diirrschmidt 1986, Nicholls
1987a, 1987b, 1988a, 1989, Siver 1988, Wu-
jek and Bland 1988, Cronberg 1989, Vigna
and Kristiansen 1989). It suggests that many
species have been overlooked in many floristic
works so far undertaken, probably because
the electron microscope was not used, and
organisms are easily broken by fixation. Ina
previous paper, the present author reported
chrysophyte flora including forty-three taxa of
the genus Mallomonas, eight of which were
reported as new to Japan from three ponds
and a reservoir situated in the southern part
of Hyogo Prefecture (Ito 1990). In this
paper, seasonal occurrence of these taxa is
given and eleven taxa which have not previ-

ously been described in Japan are described
by transmission and scanning electron
microscopy.

Materials and Methods

A detailed description of Doro-ike Pond,
Hoshino-ike Pond, Sengari Reservoir and
Yasuba-ike Pond, and procedures of sample
collection, preparation and examination were
given in a previous-paper (Ito 1990).

Results and Discussion

Forty-three taxa of the genus Mallomonas
found in Doro-ike Pond, Hoshino-ike Pond,
Sengari Reservoir and Yasuba-ike Pond are
listed below, as well as their previous records
in Japan. Seasonal occurrence is shown in
Table 1.

Sectio Mallomonopsis (Matvienko) Asmund et
Kristiansen 1986
Series Matvienkoanae Asmund et Kristiansen
1986
Mallomonas matvienkoae (Matvienko) As-
mund et Kristiansen 1986 in Opera Botani-
ca 85: 1-128.

Basionym: Mallomonopsis elliptica Mat-
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Table 1.

and Yasuba-ike Pond in the southern part of Hyogo Prefecture, Japan.

Seasonal

occurrence

Ito, H.

(Sp=March-May;

Su=June-August;
Wi=December-February) of Mallomonas taxa collected from Doro-ike Pond, Hoshino-ike Pond, Sengari Reservoir

Au=September-November;

Taxa

Doro-ike P.

Hoshino-ike P.

Sengari Res.

Yasuba-ike P.

Su

Au

Wi

Sp

Su

Au

Wi

Sp

Su

Au

Wi

Sp

Su

Au

Wi

*M. akrokomos
*M. tonsurata
*M. crassisquama
*M. mangofera
f. mangofera
*M. punctifera
*M. papillosa
var. ellipsoidea
*M. harrisiae
M. striata
*M. parvula
*M. pumilio
M. splendens
*M. elongata
*M. heterospina
*M. matvienkoae
M. sp. No. 2
*M. lelymene
*M. multisetigera
*M. eoa
*M. recticostata
AM. pillura
f. valdiviana
*M. areolata
*M. annulata
M. sp. No. 1
*M. mangofera
f. foveata
*M. ouradion
*M. cristata
LM, ocellata
*M. caudata
*M. alpina
*M. conspersa
*M. grata
AM. rasilis
AM. calceolus
M. flora
LM, bangladeshica
LM, retifera
*M. paxillata
M. portac-ferreae
. insignis
*M. alata
AM. mangofera
var. sulcata
*M. peronoides
*M. gutlata
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vienko 1941 in Trudy. Inst. Bot. Kharkov

4: 41-47.

Distribution: Hokkaido, Yamagata Pref.,
Fukushima Pref., Hyogo Pref., Shimane
Pref., Ehime Pref. (Takahashi 1978).

Series Ouradiotae Asmund et Kristiansen

1986

Mallomonas parvula Diirrschmidt 1982 in

Can. J. Bot. 60: 651-656.

Distribution: Yamagata Pref. (Takahashi
1978), Shiga Pref. (Ito 1988).

Mallomonas ouradion Harris et Bradley 1958

in J. gen. Microbiol. 18: 71-83.

Basionym: Mallomonopsis ouradion (Harris et

Bradley) Harris 1966 in J. gen. Microbiol.

42: 175-184.

Distribution: Hokkaido (Takahashi 1978)

Series Peronoides Asmund et Kristiansen

1986

Mallomonas peronoides (Harris) Momeu et

Péterfi 1979 in Contr. Bot. Cluji-Napoca

1979: 13-20.

Basionym: Mallomonopsis peroneides Harris

1966 in J. gen. Microbiol. 42: 175-184.

Distribution: Yamagata Pref. (Takahashi
1978).

Mallomonas bangladeshica (Takahashi et

Hayakawa) Wujek et Timpano 1984 in

Trans. Kansas Acad. Sci. 87: 73-82.

Basionym: Mallomonopsis peroneides Harris

var. bangladeshica Takahashi et Hayakawa

1979 in Phykos 18: 129-147.

Cells oblong ellipsoidal, covered with
smooth bristles and three kinds of scales: 1) ap-
ical scales with a thorn-like projection at distal
end, 2) oval body scales, 3) obovate rear
scales. Body scales with many papillae and a
subcircular ornament which has 9-13 lobes
along its edge and 1-3 pores on its surface at
distal part (Figs. 1 & 2).

Sectio Multisetigerae Asmund et Kristiansen
1986

Mallomonas multisetigera Diirrschmidt 1982

in Arch. Hydrobiol. Suppl. 63/Algol. Stud.

31: 121-163.

Distribution: Yamagata Pref. (Takahashi
1978).

Sectio Papillosae Asmund et Kristiansen 1986

Mallomonas calceolus Bradley 1964 in J. gen.

Microbiol. 37: 321-333.

Cells ovoid, covered with smooth bristles
and scales. Scales oval or suboval with wide-
ly spaced, scattered papillae on the shield
(Fig. 3).

Mallomonas  conspersa  Dirrschmidt in

Kristiansen and Andersen 1986, Cryso-

phytes, aspects and problems.

Distribution: Yamagata Pref. (Takahashi
1959).

Mallomonas paxillata (Bradley) Péterfi et

Momeu 1976 in Nova Hedwigia 27: 353-

392.

Basionym: Mallomonopsis paxillata Bradley

1966 in J. Protozool. 13: 143-154.

Distribution: Yamagata Pref., Tokushima
Pref. (Takahashi 1978).

Mallomonas papillosa Harris et Bradley 1957

in J. Roy. Microscop. Soc. Ser. 3, 76: 37-

46, var. ellipsoidea Harris 1967 in J. gen.

Microbiol. 46: 185-191.

Distribution: Hokkaido, Yamagata Pref.,
Fukushima Pref., Hyogo Pref., Tokushima
Pref., Ehime Pref. (Takahashi 1978).

Mallomonas rasilis Durrschmidt 1983 in

Nord. J. Bot. 3: 423-430.

Cells ellipsoidal, covered with serrated bris-
tles and two kinds of scales, small apical scales
and body scales. Scales suboval with many
papillae on the shield and proximal border
having internal radial struts (Figs. 4 & 5).

Mallomonas guttata Wujek 1984 in Brenesia

22: 309-313.

Distribution: Yamagata Pref. (Takahashi
1978).

Sectio Planae Momeu et Péterfi 1979

Series Fastigatae Momeu et Péterfi 1979

Mallomonas caudata Ivanov 1899 in Bull.

Acad. Imp. Sci. St.-Petersbourg 11: 247-

262, emend. Krieger 1930 in Bot. Arch.

29: 258-329.

Synonym: Mallomonas fastigata Zacharias

1903 in Forschubgsber. Biol. Stat. Plon 10:

223-289.

Distribution: Hokkaido (Hada 1959),
Yamagata Pref., Fukushima Pref. (Taka-
hashi 1978), Shiga Pref. (Ito 1988), Hyogo
Pref. (Takahashi 1978), Shimane Pref.
(Akiyama 1964, Takahashi 1978), Tokushi-
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ma Pref. (Takahashi 1978).

Sectio Insignes Asmund et Kristiansen 1986
Moallomonas insignis Penard 1919 in Bull.
Soc. Bot. Genéve 2e. sér. 11: 122-128.
Cells obovoid to elongate-ellipsoidal, 30-

96 X 14-25 pm, bluntly pointed anteriorly

and tapering to a tail of varying length, with

three kinds of scales: 1) apical scales with a

stout hollow spine terminating in a bi- or

trifurcate tip, 2) oval body scales without
spines, 3) tail scales with a slender hollow
spine terminating in a bifurcate tip. The
shield of three kinds of scales is marked with
internal honecomb pattern of ribs and with

papillae on the outer layer (Figs. 6-9).

Sectio Punctiferae Asmund et Kristiansen 1986
Series Punctiferae Momeu et Péterfi 1979
Mallomonas punctifera Korshikov 1941 in
Trudy Inst. Bot. Kharkov 4: 50-76.
Synonym: Mallomonas reginae Teiling 1946
in Bot. Notiser 1946: 61-88.

Distribution: Yamagata Pref., Fukushima
Pref. (Takahashi 1978), Shiga Pref. (Ito
1988), Shimane Pref., Tokushima Pref.
(Takahashi 1978).

Sectio Heterospinae Momeu et Péterfi 1979
Series Heterospinae Asmund et Kristiansen
1986
Mallomonas heterospina Lund 1942 in New
Phytol. 41: 274-292.

Distribution: Yamagata Pref. (Takahashi
1978), Shiga Pref. (Ito 1988), Ehime Pref.
(Takahashi 1978).

Mallomonas harrisiae 'Takahashi

Phycologia 14: 41-44,

Distribution: Yamagata Pref.,
Pref., Ehime Pref. (Takahashi 1978).

Sectio Akrokomae Asmund et Kristiansen 1986
Mallomonas akrokomos Ruttner in Pascher
!?13, Die Sidfwasserflora Deutschlands,
Osterreichs und der Schweiz 2, p. 7-95.
Distribution: Yamagata Pref., Fukushima

Pref., Gifu Pref. (Takahashi 1978), Shiga

Pref. (Ito 1988), Okayama Pref., Tokushima

Pref. (Takahashi 1978).

Sectio Striatae Asmund et Kristiansen 1986
Series Striatae Momeu et Péterfi 1979
Malilomonas striata Asmund 1959 in Dansk
Bot. Ark. 18: 1-50.

1975 in

Hyogo

Distribution: Shiga Pref. (Ito 1988).
Mallomonas retifera Diirrschmidt 1982 in
Can. J. Bot. 60: 651-656.

Cells ovoid or ellipsoidal, covered with slen-
der bristles and two kinds of scales, small api-
cal scales with a wing-like structure and larger
body scales. Scales suboval with papillae on
the dome and the anterior flanges and reticula-
tion on the shield (Figs. 10 & 11).

Mallomonas flora Harris et Bradley 1960 in

J. gen. Microbiol. 22: 750-777.

Distribution: Gifu Pref. (Takahashi 1978).

Series Actinolomae Asmund et Kristiansen

1986

Mallomonas cristata Diirrschmidt 1981 in

Phycologia 20: 298-302.

Distribution: Yamagata Pref. (Takahashi
1959).

Sectio Mallomonas

Series Alpinae Asmund et Kristiansen 1986

Mallomonas alpina Pascher et Ruttner in

Pascher 1913, Die  Siifwasserflora

Deutschlands, Osterreichs und der Schweiz

2, p. 7-93, emend. Asmund et Kristiansen

1986 in Opera Botanica 85: 1-128.

Synonym: Mallomonas monograptus Harris et

Bradley 1960 in J. gen. Microbiol. 22: 750-

7717.

Distribution: Hokkaido, Fukushima Pref.
(Takahashi 1978), Shiga Pref. (Ito 1988), Osa-
ka Pref., Shimane Pref., Tokushima Pref.,
Ehime Pref. (Takahashi 1978).

Mallomonas areolata Nygaard 1949 in Kgl.

Dan. Vid. Selsk. Biol. Skr. 7: 1-293.

Distribution: Yamagata Pref., Osaka
Pref., Shimane Pref.,, Tokushima Pref.,
Ehime Pref. (Takahashi 1978).

Mallomonas elongata Reverdin 1919 in Arch.

Sci. phys. nat. 1: 5-95.

Distribution: Yamagata Pref. (Takahashi
1978), Shiga Pref. (Ito 1988), Osaka Pref.,
Okayama Pref., Shimane Pref., Ehime Pref.
(Takahashi 1978).

Series Tonsuratae Asmund et Kristiansen

1986

Mallomonas tonsurata Teiling 1912 in Svensk

Bot. Tidskr. 4: 266-281, emend. Krieger

1930 in Bot. Arch. 29: 258-329.

Distribution: Hokkaido, Yamagata Pref.,
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Fukushima Pref., Gifu Pref. (Takahashi
1978), Shiga Pref. (Ito 1988), Osaka Pref.,
Hyogo Pref., Okayama Pref., Shimane Pref.,
Tokushima Pref., Kumamoto Pref., Kagoshi-
ma Pref. (Takahashi 1978).

Series Portaferreanae Asmund et Kristiansen

1986

Mallomonas portae-ferreae Péterfi et Asmund

1972 in Stud. Univ. Babes-Bolyai Ser.

Biol. 1: 11-18.

Distribution: Shiga Pref. (Ito 1988).

Series Mallomonas

Malilomonas crassisquama (Asmund) Fott

1962 in Preslia 34: 69-84.

Basionym: Mallomonas acaroides Perty 1851

emend. Ivanov 1899 var. crassisquama As-

mund 1959 in Dansk Bot. Ark. 18: 1-50.

Distribution: Hokkaido, Yamagata Pref.,
Fukushima Pref. (Takahashi 1978), Shiga
Pref. (Ito 1988), Hyogo Pref., Shimane Pref.,
Tokushima Pref., Ehime Pref. (Takahashi
1978).

Sectio Pseudocoronatae Asmund et Kristiansen
1986

Series Lelymenae Asmund et Kristiansen

1986

Mallomonas lelymene Harris et Bradley 1960

in J. gen. Microbiol. 22: 750-777.

Distribution: Fukushima Pref.,
Pref., Hyogo Pref. (Takahashi 1978).
Sectio Annulatae Asmund et Kristiansen 1986

Mallomonas pillura Harris 1967 in J. gen.

Microbiol. 46: 185-191, f. valdiviana

Dirrschmidt 1982 in Arch. Hydrobiol.

Suppl. 63/Algol. Stud. 31: 121-163.

Cells spherical, *£10 ym, covered with
curved and delicate bristles and three kinds of
scales: 1) apical scales with dome, 2) body
scales with dome, 3) body scales without
dome. The shield of three kinds of scales is
marked with a reticulum of irregularly shaped
meshes each enclosing a single pore or a
group of few pores on the base plate (Figs. 12
& 13).

Mallomonas annulata (Bradley) Harris 1967

in J. gen. Microbiol. 46: 185-191.

Basionym: Mallomonas papillosa Harris et

Bradley 1957 var. annulata Bradley 1966 in

J. Protozool. 13: 143-154.

Osaka

Distribution: Yamagata Pref. (Takahashi
1978), Shiga Pref. (Ito 1988), Ehime Pref.
(Takahashi 1978).

Sectio Torguatae Momeu et Péterfi 1979
Series Pumilae Momeu et Péterfi 1979
Mallomonas pumilio Harris et Bradley 1957
in J. Roy. Microscop. Soc. Ser. 3, 76: 37-
46, emend. Asmund, Cronberg et
Diirrschmidt 1982 in Nord. J. Bot. 2: 383-
395.

Distribution: Yamagata Pref., Shiga Pref.,
Ehime Pref. (Takahashi 1978).

Mallomonas alata Asmund, Cronberg et

Diirrschmidt 1982 in Nord. J. Bot. 2: 383-

395.

Distribution: Yamagata Pref. (Takahashi
1978).

Series Eoae Asmund et Kristiansen 1986

Mallomonas eoa Takahashi 1963 in Bull.

Yamagata Univ., Agr. Sci. 4: 169-187.

Distribution: Yamagata Pref., Osaka Pref.
(Takahashi 1978).

Mallomonas ocellata Darrschmidt et Croome

1985 in Nord. J. Bot. 5: 285-298.

Cells ovoid or ellipsoidal covered with
smooth bristles and three kinds of scales: 1)
collar scales with dome, 2) rhombic body
scales, 3) small rear scales. The shield of
three kinds of scales is marked with more or
less rounded pits. At the bottom of each pit
the base plate is visible, centrally with a some-
what thickened area (Fig. 14).

Series Mangoferae Asmund et Kristiansen

1986

Mallomonas mangofera Harris et Bradley

1960 in J. gen. Microbiol. 22: 750-777, f.

mangofera

Distribution: Yamagata Pref., Hyogo
Pref., Shimane Pref., Tokushima Pref. (Taka-
hashi 1978).

Mallomonas mangofera f. foveata Dirrschmidt

1983 in Pl. Syst. Evol. 143: 175-196.

Distribution: Yamagata Pref. (Takahashi
1978).

Mallomonas mangofera var. sulcata

Diirrschmidt 1983 in Pl. Syst. Evol. 143:

175-196.

M. mangofera var. sulcata differs from M.
mangofera var. mangofera in having grooves
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running along the submarginal rib on the
shield of scales (Fig. 15).

Mallomonas grata Takahashi 1963 in Bull.

Yamagata Univ., Agri. Sci. 4: 169-187.

Distribution: Yamagata Pref. (Takahashi
1978).

Series Doignonianae Asmund et Kristiansen

1986

Mallomonas recticostata Takahashi 1972 in

Bot. Mag. Tokyo 85: 293-302.

Distribution: Yamagata Pref., Shimane
Pref. (Takahashi 1978).

Appendix

Mallomonas splendens (G.S. West) Playfair

1921 in Proc. Linn. Soc. N. S. Wales 46:

99-146, emend. Croome, Dirrschmidt et

Tyler 1984 in Nova Hedwigia 41: 463-470.

Synonym: Lagerheimia splendens G. S. West

1909 in J. Linn. Soc. Bot. 39: 1-88.

Cells cylindrical, 25-28 X 8.5-11 ym, with
four smooth spines at both ends and three
kinds of scales: 1) oblong apical scales with
dome, 2) rhomboidal body scales, 3) broadly
ovate posterior scales with dome. Three
kinds of scales with an outer minute papillose
layer and an internal reticulum (Figs. 16 &
17).

Distribution:
1964).
Unidentified species

Mallomonas sp. No. 1

This species resembles M. acaroides Perty
emend. Ivanov, but differs from it in having a
wing-like structure of the anterior flange of
scales (Fig. 18).

Mallomonas sp. No. 2

This species resembles M. mangofera f. graci-
lis Diirrschmidt, but differs from it in having
circular or elongate pores on the shield of
scales (Fig. 19).

Shimane Pref. (Akiyama

Taking previously published data on the oc-
currence of Mallomonas taxa into account,
twenty taxa recorded here are regarded as
widely distributed in Japan (Takahashi 1978,
Ito 1988). Studies have covered most
districts of Japan, from Lake Ikeda in Kago-
shima Prefecture to Lake Abashiri in Hokk-
aido. These taxa are indicated by asterisks in

Table 1. Of these, M. tonsurata, M. akrokomos
and M. crassisquama have been found in more
than twenty ponds and lakes mainly in the
Tohoku, Kinki, Chugoku and Shikoku dis-
tricts. Water temperature and pH range dur-
ing the occurrence of these three taxa have
been reported: 0-31°C and 5.47-9.0 for M.
tonsurata, 0.3-24°C and 3.8-8.5 for M. akroko-
mos and 0.3-27°C and 5.2-9.0 for M. cras-
sisquama (Gutowski 1989, Hartmann and
Steinberg 1989). M. tonsurata and M. cras-
sisquama are classified as eurythermal and in-
different to pH (Takahashi 1978, Roijackers
1986). M. akrokomos is classified as euryther-
mal and acidophilious, although it also occurs
in many alkaline lakes (Takahashi 1978, Har-
tmann and Steinberg 1989). It should be
noted that these three taxa were collected in
all sites as well as in almost all the sampling
time (Table 1). The present author therefore
agrees that these taxa are eurythermal, and
this may be a major reason of their wide distri-
bution.

M. peronoides, M. multisetigera, M. conspersa,
M. guttata, M. cristata, M. alata, M. mangofera,
f. foveata and M. grata have previously been
found in one to three localities in Yamagata
Prefecture and M. ouradion in one locality in
Hokkaido (Takahashi 1978). These nine
taxa (marked also by asterisks in Table 1)
may be widely distributed in Japan because
they also occur in Hyogo Prefecture (this
study) and they have been collected from
various types of ponds and lakes in other
countries (Asmund and Kristiansen 1986,
Dirrschmidt 1986, Hallférs and Hallfors
1988, Nicholls 1988b, Cronberg 1989).

Some species seem to show relatively
narrow distribution and they occur in restrict-
ed regions: M. striata and M. portae-ferreae are
distributed only in the Kinki districts, M. flora
in the Chubu and Kinki districts, and M.
splendens is distributed in the Kinki and
Chugoku districts (Akiyama 1964, Takahashi
1978, Ito 1988, this paper).

Eight Mallomonas taxa recorded for the first
time in Japan (Ito 1990) were found in one or
two sites, and only scales were collected for
six taxa except M. insignis and M. pillura f. val-
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Figs. 1 & 2. M. bangladeshica; Fig. 1. a body scale (Transmission electron microscopy: TEM), Fig. 2. a body
scale (Scanning electron microscopy: SEM). Fig. 3. M. calceolus, a scale (SEM). TFigs. 4 & 5. M. rasilis; Fig. 4. a
body scale (TEM), Fig. 5. body scales (SEM). Figs. 6-9. M. insignis; Fig. 6. an apical scale (TEM), Fig. 7. a body
scale (TEM), Fig. 8. body scales (SEM), Fig. 9. a tail scale (TEM). Figs. 10 & 11. M. retifera; Fig. 10. a body scale
(TEM), Fig. 11. a body scale (SEM). Scale bar=1 ptm.

diviana (Table 1). The following six taxa M. bangladeshica: North America, South
have previously been reported from more  America, Asia, Africa (Asmund and Kristian-
than two continents as described below, and  sen 1986, Cronberg 1989).

so they can be regarded as cosmopolitic M. calceolus: Europe, North America,
species. South America, Australia (Asmund and



Figs. 12 & 13.
scale (TEM).

Kristiansen 1986, Hallférs and Hallfors 1988,
Cronberg 1989, Hartmann and Steinberg
1989).

M. rasilis: Europe, North America, South
America, Asia, Australia, Africa (Asmund
and Kristiansen 1986, Cronberg 1989, Har-

@ Z
M. pillura f. valdiviana; Fig. 12. a whole mount cell (TEM), Fig. 13. a domeless body scale

(TEM). Fig. 14. M. ocellata, a body scale (TEM), Fig. 15. M, mangofera var. sulcata, a body scale (TEM). Figs.
16 & 17. M. splendens; Fig. 16. a body scale (TEM), Fig. 17. body scales (SEM). Fig. 18. Mallomonas sp. No. 1, a

Fig. 19. Mallomonas sp. No. 2, a scale (TEM). Scale bar=1 p#m.

tmann and Steinberg 1989).

M. insignis: Europe, North America, Asia,
Australia (Asmund and Kristiansen 1986,
Croome and Tyler 1988, Kristiansen 1989).

M. retifera: Europe, South America (As-
mund and Kristiansen 1986, Hartmann and
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Steinberg 1989).

M. pillura f. valdiviana: Europe, North
America, South America (Asmund and
Kristiansen 1986, Hartmann and Steinberg
1989).

M. calceolus and M. insignis are eurythermal
because they have been collected from subarc-
tic, temperate and tropical regions. They
could be widely distributed in Japan and
further investigations treating many more
ponds and lakes may confirm their common
occurrence. M. bangladeshica has mostly been
reported from the tropics with an exception of
its occurrence in Kansas, U.S.A. (Wujek and
Timpano 1984), suggesting that the species
prefers warm water. In this study a few
scales were collected only in August in Sen-
gari Reservoir. M. bangladeshica may be
found only in summer in Japanese ponds and
lakes. The present author suggests that M.
ocellata and M. mangofera var. sulcata are rare
species. M. ocellata was described from a
shallow pond in Malaysia (Diirrschmidt and
Croome 1985) and M. mangofera var. sulcata
was described from a meadow pond in Chile
(Diirrschmidt 1983). They had not been col-
lected ever since they were first described un-
til the present author found them in Doro-ike
Pond and Yasuba-ike Pond, respectively.
The fact that only a single scale of M. man-
gofera var. sulcata and a few scales of M. ocella-
ta were collected during the period of study
may reflects their rare occurrence.
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Huang, S.-F. 1991. Additions to the marine algal flora of Taiwan. Jpn. J. Phycol. 39: 263-269.

The occurrences of one species of Chlorophyceae and eight species of Rhodophyceae are newly
reported in Taiwan: Ventricaria ventricosa, Kallymenia perforata, Sebdenia agardhii, Botryocladia skottsbergii, Cryp-

tarachne okamurai, Crouania minutissima, Griffithsia subcylindrica,

glomerulata.
distribution are provided.

Wrangelia tayloriana and Tolypiocladia

Annotations on their morphology, other features of taxonomic interest, habitat and world

Key Index Words:  Chlorophyceae—distribution—marine algae—new records— Rhodophyceae— Taiwan.

The algal flora of the main island of Tai-
wan has been well investigated (Yamada
1925a, b, 1938, Shen and Fan 1950, Chiang
1960, 1962, 1972, 1973a,b, Chou and
Chiang 1981, Chiang and Chen 1982, Yang
and Chiang 1982, Chiang and Wang 1987,
Lewis and Norris 1987), but those of offshore
islands are still insufficiently known. This
paper deals with a collection of marine algae
from Hsiao-Liuchiu island (120°21'55"E,
22°19'48"N), a small island located southwest
of Taiwan (Fig. 1). Hsiao-Liuchiu island in
an uplifted coral reef which is covered with re-
cent soil, forming a plateau not higher than
70m (Yang et al. 1975). Immersed in the
clear warm water from the branching
Kuroshio Current, Hsiao-Liuchiu has an
annual average water temperature above
26°C, with yearly fluctuation within 60°C
(Chu 1971, Yang et al. 1975). The salinity
ranges between 32% to 34.5%.

The algal flora of Hsiao-Liuchiu has been
studied by Yamada (1950). He listed 49 spe-
cies of marine algae (24 green and 25 brown
algae). Since then no one has attempted to
make a general study of the marine algae in
this district. From March 1988 to September
1989, under the financial support of the
National Science Council and the Taiwan
Museum, the author made an extensive collec-
tion from the littoral zone to a depth of about

16 m around the island. It was found that a
number of algal specimens were distinctly
different from the previously recognized spe-
ciesin Taiwan. Data on the composition, dis-
tribution and seasonal succession of seaweeds
of Hsiao-Liuchiu will be published in the
future. In this paper, nine species of marine
aglae are studied, including one species of
Chlorophyceae and eight species of
Rhodophyceae. These species have not been

previously reported for Taiwan. Ventricaria,
120°00" 121°00" 12°00"
T T T
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Fig. 1. Map of Taiwan, showing the location

of Hsiao-Liuchiu island.
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Kallymenia, Sebdenta, Botryocladia, Crouania,
Wrangelia and Tolypiocladia are also new
genera for Taiwan. All the specimens men-
tioned here are deposited in the herbarium of
the Taiwan Museum.

List of species
Chlorophyta

Valoniaceae

Ventricaria ventricosa (J. Ag.) Olsen et
West, Phycologia 27: 104, 1988.

-Valonia ventricosa J. Ag., Algern. Syst. part 8:
96, 1887.

Collection: H-943 (May 21, 1988), H-1343
(March 10, 1989). The plants are found
growing on coral fragments or the reef flat at
the sublittoral zone.

Geographical distribution: This is a widely
distributed species in tropical seas.

Rhodophyta

Kallymeniaceae
Kallymenia perforata J. Ag., Species Genera
et Ordines Algarum 3: 219, 1876.
Collection: H-1024 (Jan. 19, 1989). The
specimens were all tetrasporophyte. They
were found growing on rocks only in deep
water (about 10-15 m).
Geographical distribution: Japan, Ceylon,
West Indies, New Hollon (Irian Jaya), Tas-

mania.

Sebdeniaceae

Sebdenia agardhii (De Toni) Codomier in

Tseng et al., p. 66, 1980.

-Halymenia agardhii De Toni, Syll. alg. part 4:
1542, 1905.

These tetrasporic specimens show the taller
thallus (up to 45 cm) and roundness of the
axilus as in Sebdenia polydactyla (Boergesen)
Balakrishnan (Balakrishnan 1961) on one
hand, and the blunt-ending ultimate
branches as in Sebdenia agardhii (De Toni)
Codomier on the other. Both species have
several features common to each other and
seem to be scarcely distinguishable (Tseng et

al. 1980). The relationship between these
two species needs further anatomical study.

Collection: H-684 (March 19, 1988), H-
1514 (July 9, 1989). It was occasionally
found growing on the rocks of sublittoral zone
at the depths of 4-16 m. Tetrasporic plants
have been gathered in March.

Geographical distribution: Japan, Hong
Kong, Bermuda, North Carolina, Florida,
West Indies (Guadeloupe, Tobago).

Rhodymeniaceae

Botryocladia skottsbergii (Boerg.) Levring,
Meeresalgen der Juan Fernandez-Inseln,
p. 645, 1941.

~Chrysymenia skottsbergit Boerg., Mar. Alg.
Easter Isl. p. 307, 1924,

-Chrysymenia kuckuckii W.v.B., Monogr. Sibo-
ga Exped. p. 446, 1928.

-Botryocladia kuckuckii (W.v.B.) Yamada et
Tanaka, Sci. Pap. Inst. Algal. Res. Hok-
kaido Univ. 2: 77, 1938.

Collection: H-998 (Jan. 17, 1989). This
plant appears to be rate and of erratic occur-
rence on the coast of Hsiano-Liuchiu, having
only been found on two occasions, but then in
abundance, growing on shaded sides of rocks
or under surfaces of coral clumps in the calm
area of the sublittoral zone 3-5m deep.
Plants with cystocarps were found in Janu-
ary.

Geographical  distribution:  Indonesia,
Solomon Islands, Japan (Ryukyu Islands),
China (Xisha Islands), Marshall Islands,
Easter Island and Mauritius.

Cryptarachne okamurai (Yamada & Segawa)
Zhang & Xia, Stud. Mar. Sinica 20: 133,
1983.
-Chrysymenia okamurai Yamada & Segawa,
Rec. Oceanogr. Works Japan 1: 110, 1953.
-Chrysymenia  kaernbachkii Okamura (non
Grunow), Nippon Kaiso-si, p. 669, 1936.
Collection: H-1345 (March 10, 1989). It
was found growing as a creeping mat on rocks
or coral fragments at depths of 3-6 m.
Geographical distribution: Japan (Ryukyu
Islands), China (Xisha Islands).
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Fig. 2. Outline of Ventricaria ventricosa. Fig. 3. Surface view of Kallymenia perforata, showing tetrasporangia
in the epidermal layer of thallus. Fig. 4. Transverse section of the thallus of Kallymenia petforata. Fig. 5.
Transverse section of ultimate branch of Sebdenia agardhii, showing ramified filaments with glands (g). Fig. 6.
Transverse section of the vesicle of Botryocladia skottsbergii, showing gland cells (g) grouping on the innermost layer
of vesicle. Fig. 7. Transverse section of a sterile frond of Cryptarachne okamurai, showing gland cells (g) and rhizoid-
like filament (r) from the innermost large cells.
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Fig. 8. Part of axis of Crouania minutissima, showing tetrasporangium on the basal segment of a determinate
branch. Fig. 9. Cross section of Crouania minutissima, showing three determinate branch systems in whorl on axial
cell. Fig. 10. Part of branches of Griffithsia subcylindrica. Fig. 11. Part of whorl-determinate branch of Wrangelia
tayloriana. Fig. 12. Wrangelia tayloriana; a compact cluster of spermatangial head with involucral filaments and
stalk cells (s). Fig. 13. Basal part of Wrangelia tayloriana. Fig. 14. A small upper part of Tolypiocladia glomerulata;
note the rhizoid initials (r).
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Ceramiaceae

Crouania minutissima Yamada, Sci. Pap.
Inst. Algol. Res. Hokkaido Univ. 3: 40,
1944.

The specimens appear to demonstrate that
the primary branchlets do not occur in groups
of four as described by Yamada (1944), while
in the material reported by other authors
above, the branch systems were in whorls of
three.

Collection: H-858 (May 20, 1988), H-1609
(Sept. 11, 1989). These were epiphytic and
found on the reef rock rim. Tetrasporic
plants have been gathered in May.

Geographical distribution: Japan (Ryukyu
Islands), Philippines, Marshall Islands.

Griffithsia subcylindrica Okam., Records
Oceanogr. Works Japan, 2: 99, 1930.
Collection: H-1346 (March 10, 1989'), H-
1498 (July 3, 1989). They were found grow-
ing epiphytically on Mesophyllum mesomorphy-
um or on shady side of rocks in the sublittoral
zone at 2-3 m depths.
Geographical distribution:
Japan, China (Hainan Island).

Mauritius,

Wrangeliaceae

Wrangelia tayloriana Tseng, Lingn. Sci.

Jour. 20: 264, 1942.

-Wrangelia argus Okamura (non Mont), Icones
of Japanese algae, vol. 7, p. 46, 1935.
-Wrangelia japonica Noda, Sci. Rep. Niigata
Univ. ser. D, p. 17, 1964.

These specimens agree fairly well with the
descriptions of Tseng (1984), having the
dense cortication of the main axis, the taller
thallus, and 2-3 cells in each involucral fila-
ment. The curvature of the involucral fila-
ment around the sporangium is generally
loosely applied, sometimes strongly curved;
they approach W. argus (Mont.) Mont (Boer-
gesen 1916, Dawson 1954, Taylor 1960).

Collection: H-254 (Jan. 20, 1988), H-1289

(March 9, 1989), H-1400 (May 19, 1989).
They were found growing on rocks covered
with sand, in exposed places in the lower littor-
al zone. Plants occur commonly through
the year in Hsiao-Liuchiu. Plants bearing
spermatangia were found in March, whilst
cystocarps were found in May. Tetrasporic
plants were commonly found from January to

July.
Geographical distribution: Malay Ar-
chipelago, Stevens Island, Philippines,

Japan, China (Xisha Islands, Among).

Rhodomelaceae
Tolypiocladia glomerulata (C. Ag.) Schmitz
in Zhang & Xia, Stud. Mar. Sinica 15: 38,
1979.
-Hutchinsia glomerulata C. Ag., Systema Aga-
rum, p. 158, 1824.
-Roschera  glomerulata (C. Ag.) W.v.B.,
Monogr. Siboga Exped. 59: 359, 1923,
Collection: H-549 (March 17, 1988), H-
1507 (July 5, 1989). It was found growing
on the sandy bottom of tidal pools in the littor-
al zone.
Geographical distribution:  Indo-West
Pacific region, such as Philippines, Indone-
sia, Solomon Islands, etc.
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Fig. 15. Habit of Kallymenia perforata.
Flabellate-like branching of Sebdenia agardhii.
cystocarp (Cys).

Fig. 16. Sebdenia agardhii; a slightly reduced plant.
Fig. 18. Habit of Botryocladia skottsbergii; note the vesicles with
Fig. 19. Habit of carposporic plant of Cryptarachne okamurai.

Fig. 17.

Fig. 20. Habit of Wrangelia

tayloriana. Fig. 21. Vertical view of a cystocarp of Wrangelia tayloriana. Fig. 22. Tetrasporangia with involucral

filaments on stalk cells.
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BBARBOMERMCAIE S 5 Hsiao Liuchiu & THRE LA BROPHOHLCKO I (R 186, LES
) »ABOBE7 v it Ticdbb, A-3v =7 Ventricaria ventricosa, 7 7147 3 Kallymenia perforata,
R 5 2 W Sebdenia agardhii, 7 ¥ # 7 »~F 7 = & Botryocladia skottsbergii, Cryptarachne okamurai, & £ 3 /% F Croua-
nia minutissima, ¥ X 4 b h ¥ ¥ 7Y Grifithsia subcylindrica, 5 v %V 7 Wrangelia tayloriana, 4 + 2 X 7/ %
Tolypiocladia glomerulata T 5, =hbHOWERITOWT, LOMM, HEOKE, £FHM, HRcHT 2070k
E o TH B % % f2, (Department of Botany, Taiwan Museum, No. 2, Siangyang Road, Taipei, Taiwan
10014, Republic of China)
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Yamamoto, Y., Kanno, N. and Hayashi, H. 1991. The distribution of alga-lysing microbes of sediments
in Lake Kizaki and Lake Suwa. Jpn. J. Phycol. 39: 271-276.

Seasonal and vertical distributions of alga-lysing microbes and pigment contents (chlorophyll a and
phaeophytin ) in the sediments of Lake Kizaki and Lake Suwa were determined. The number of alga-
lysing microbes in the upper sediment (0-2 cm) was 103-10* cells-g~! dry wt in Lake Kizaki and 10*-10¢
cells-g~! dry wt in Lake Suwa. The pigment contents were high in the upper layer and decreased rapidly
with depth. In the upper sediments of both lakes higher proportions (40-70%) of the total carbon were
estimated to have originated from phytoplankton. A close relationship between the microbial number and
the carbon content originated from pigments was obtained in Lake Suwa.
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WMBOER, HKpoOBEBEHIILRE UERT 5T
Hb, Fl, OMPMESRLTHEREL LTKF
R TAREYRIELTVWBEIATLDD, BE
RboEA EFRIBILPRBB O REH Cia BN TE
EIShicHERGO K Y7527 v THD, B
KERTONR BB T5 v 2 b v D 5-RYNIR
&N B, Matsunaga 1982, 3RA - JiEE1984) L HHH~
M5 BB, HRRBHOR LA EX Y7
Gy T, LOLERBILOEALBREZ DX
5 I HERRA S\ L BT B(F41956), =D L5
KHERBYOS  RECHBEBEDC L H RS
hah, BiKkEERPCES CHFET H>BREBEYD
bED—DTH B, = OHEWIHKFTIL#Y T
vt VOB ERVWEbLbOYRE T3
(Yamamoto 1981, |1]4<1988), Z&#{E ik, BERL
DU DRIs - T REH & BB OERIC T 28
BUEBEHONHLRAR, Eb, WHTF7v 7+ v
BREOERARYE L SRERERE L OBb YD
VTR R R,

> PR HECEMBRFART (300-01 KBRS
AT EHETE £1360-2)

RRF5 %

R X MO EE % Table 1 IR T, BE
LcERRRE, mHoEELTa2 7YY I I—%
FAVT19884E 4 A B 10 AT A 1 BOEI4 Tk
R ULt, SRIAFHIEBIERL b 2cm BRTH#
LT Oa#M%T -7,

ERPOBFEERE DI, AL RKEBYER
DB, 7—V v TvvE— (500ACD, <AH V)
A\ 001M bV ABHHK (pH7.2) P TH—HEK
(16000 rpm, 3 min) IR FHFRNE, WREMEBECE - T
FEILE (1LZ1978), BRQESIRLIT RIS & AR

Table 1. Characteristics of Lake Kizaki
(Horie 1962) and Lake Suwa (Okino 1988).
L. Kizaki L. Suwa
Altitude (m) 764 759
Surface area (km?) 1.4 13.3
Volume (m?%) 2.51 % 107 6.5 x 107
Depth (m) Maximum 29.5 6.8
Mean 17.9 4.7
Residence time (days) 186 38.8
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Fig. 1.

Seasonal changes of the vertical distributions of chlorophyll 2 (0, pheophytin a (®) and aerobic

(©O) and anaerobic (®) alga-lysing microbes in the sediment of Lake Kizaki in 1988.
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Fig. 2.
in the sediment of Lake Kizaki in 1988.
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Seasonal changes of the vertical distributions of total carbon (A) and nitrogen (4) and C/N ratio (O)
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(0) in the sediment of Lake Suwa in September 1988.
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Fig. 4(a). Seasonal changes of alga-lysing
microbes in the surface sediment (0-2 cm) at the
center of Lake Suwa in 1984 (Z) and 1988 (N). *:
not determined.
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Table 2. Chlorophyll a content and carbon/
Chl. a ratio of Microcystis spp. and Bacillario-
phyceae.

Chl. a

9 dry weight C/Chl. a
Microcystis spp. (Lake Suwa) 0.5 89.4
Asterionella formosa 0.68*
Fragilaria crotonensis 0.74* J 0.76  52.63
Melosira granulata 0.87* / (mean)

* After Reynolds (1984).

HEESORSERIC L > TE LSBT B2, &H
CEBLST2HED/ re 7 e BIULRER
(Table 2) A HERIZ BT DY 75 v 7 + vEED
REROHEE X RIT, feds/PUB (1969) 12 FZHH
ERFPOLRERD 5 b TRIBBRED L HHAEI
2R TEORBINERIEETHS LBEL
TWADT, BRRROMExERROPEBEY L - T
fRALA, FL@mHLLIEHT 7 v 7 + v ofidRix
EC X W ETT A, KIGWH CREEE Asterionella,
Fragiralia, Melosira 7, FREHW T Microcystis 13, 5
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Fig. 6. Seasonal changes of the ratio of pig-
ment-C to total organic carbon in the surface sedi-
ment (0-2 cm) of Lake Kizaki. ¥*: not determined.

Core depth (cm)

Fig. 7. Vertical changes of the ratio of pig-
ment-C to total organic carbon in the sediment of
Lake Suwa in September 1988.
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Sarconema filiforme (Sonder) Kylin belongs to
the family Solieriaceae in the order Gigar-
tinales. It is a tropical carrageenophyte
found extensively on the coast of Red Sea
(Ethiopia and Somalia), Indian Ocean, coasts
of Africa (Kenya, Tanzania, Mozambique
and Zanzibar), Arabian Sea (Karachi, Bombay
and Cape Comerin) and also on the coasts of
Australia (Bgrgesen 1937, 1938, Papenfuss
and Edelstein 1977). From the order Gigar-
tinales, spore germination has been studied in
a number of species like Chondrus crispus (Dar-
bishire 1902, Kylin 1917, Rosenvinge 1931,
Chemin 1937, Burns and Mathieson 1972,
Tveter and Mathieson 1976), Gracilaria
Jolitfera (McLachlan and Edelstein 1977), G.
verrucosa (Jones 1956, Oza and Krishnamur-
thy 1967), Gigartina stellata (Chen et al. 1974),
Hypnea musciformis (Mshigeni and Lorri
1977).

In this paper we describe the spore germina-
tion pattern and early growth of Sarconema
Siliforme from Indian waters.

Tetrasporophytic plants of Sarconema
filiforme was collected at Porbander on the
western coast of India on December 12,
1982. The tetrasporangia were found in the
swollen areas of the branchlets (Fig. 1). The
pattern of division of the tetrasporangia was
zonate (Fig. 2).

The plants collected were carried to the
laboratory in seawater and kept overnight at
20°C. The fertile branches were excised and
washed several times with sterilized sea-
water. The fertile pieces were spread over
glass slides in Pertri dishes (10 cm diam.) con-
taining 50 m! of sterilized seawater. The cul-

ture dishes were then placed in a constant tem-
perature of 20+2°C with a light intensity of
1500 lux provided by fluorescent tubes and a
photoregime of 14:10 hours. Spore libera-
tion occurred overnight and the spores settled
onto glass slides. Following tetraspore libera-
tion, the fertile pieces were removed and the
glass slides were washed with a jet of sterilized
seawater and placed into Petri dishes contain-
ing 50 m! of PES medium (Provasoli 1968).
The medium was renewed at 2 day intervals
for a week and thereafter at 7 day intervals.
After attaining a length of 5 mm, the sporel-
ings were detached from the slides and kept in
crystallizing dishes (8 cm X 12 cm) containing
100 m/ medium and unialgal cultures were
maintained.

Tetraspore liberation was observed after 8-
10 hr of incubation. The liberated spores
were firmly attached to the glass slides by a
sticky secretion. They are spherical and light-
yellow in colour with a diameter of 16.5-
22.5 pm (Fig. 3). They started germination
without a resting period and the first division
resulted in the formation of two cells of equal
size (Fig. 4). On the second day a subse-
quent division occurred at right angles to the
first, produced a four-celled sporeling (Fig. 5)
and it turned reddish due to the development
of more pigmentation. Further divisions
produced a 16-32 celled sporeling with a di-
ameter of 26.5-30.0 #m (Fig. 6). Some of its
peripheral cells produced rhizoid like struc-
tures for firm attachment (Fig. 8). Addition-
al divisions occurred in the peripheral cells
and an expanded disc-like structure was
formed with a diameter of 125-150 #um. The
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160 pm

50 po
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Figs. 1-11.

Sarconema filiforme.
Liberated tetraspore. 4. One-day old sporeling. 5. Two-day old sporeling. 6. Four-day old sporeling. 7. Two
coalesced sporelings. 8. Sporeling with rhizoidal outgrowth. 9. Disc-like sporeling. 10. Fourteen-day old sporel-
ing. 11. Forty-two-day old sporeling. bd, basal disc; es, erect shoot; fb, fertile branch; ts, tetrasporangium.
Scale is common for all Figures 3-8.

central cells of the disc were oval or spherical
in shape, while the peripheral cells were cylin-
drical with acute apices. From the central
cells, a conical apex of the cylindrical shoot
was produced. Within two weeks, an erect
cylindrical shoot was produced with a group
of apical cells (Fig. 10). The basal disc ex-
panded as a circular holdfast for the develop-
ing shoot. The young upright shoot was
terete and unbranched. Within 6 weeks of in-
cubation the sporelings reached a length of
45+ 5 mm (Fig. 11).

After 4 days of incubation the sporelings ex-
hibited coalescence, resulting in the fusion of
two or more sporelings and they were bound-
ed by a common layer (Fig. 7).

1. A tetrasporic plant.

—
200 pm 10 mm

2. A part of the section of fertile branchlet. 3.

The general pattern of spore germination
of Sarconema filiforme was similar to that of the
other members of the order Gigartinales. As
in Gracilaria verrucosa (Oza and Krishnamur-
thy 1967), the tetraspore of S. filiforme, after
repeated divisions, resulted a multicellular
mass which produced rhizoids from the
peripheral cells for firm attachment. A mul-
ticellular disc with radiating cells was ob-
served which also gives a firm support for the
developing shoot. Similar structure has also
been observed in Gracilaria sp. (Bird et al.
1977) and Chondrus crispus (Tveter and Mathei-
son 1976). In S. filiforme the disc was more
conspicuous, radiating from a common centre
with a large number of smaller cells. It seems
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that coalescence of the sporelings is a common
feature found during the germination of
both carpospores and tetraspores in red algae
(Jones 1956). The fusion of the developing
sporelings of the intertidal algae may help in
attaching them to the substratum in spite of
mechanical disturbances.
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During the study of cytology on the materi-
als of Laurencia intricata Lamouroux (Cer-
amiales, Rhodophyta) which is commonly
grown in summer season on the flat shore of
Moheji (near Hakodate, Hokkaido) and its vi-
cinity, I recently noticed the presence of as-
sociated 4 minute chromosomes in the chro-
mosome complements at meiotic metaphase I
in the tetrasporangia.  Therefore, the
tetrasporic plants collected from Moheji in
September 1989 were examined again to ob-
tain the data for the chromosome comple-
ments, after fixed in aceto alcohol (1 : 3) and
stained with aceto-iron-haematoxylin-chloral
hydrate solution (Wittman 1965).

Similarly to the other Laurencia species
(Yabu 1978, 1985), the present species has
diffuse stage before diakinesis at meiosis
I. Until late diakinesis, such associated
4 minute chromosomes could not be discern-
ible. The count of chromosomes and oc-
currence of such associated 4 minute chromo-
somes are shown in Table 1 and Figs. 1-8.

Table 1.

The data in the table indicates that the chro-
mosome number of the present species is
n=30, and two karyotypes, namely (I) n=30
regular chromosomes only and (II) n=29
regular chromosomes with 1 group of
4 minute chromosomes, exist in the
tetrasporangia, and the tetrasporic plants
comprise three varieties having tetrasporan-
gia with karyotype (I) only, with karyotypes
both (I) and (II), and with karyotype (II)
only. From the above results, one of the regu-
lar chromosomes seems to have relation to the
associated 4 minute chromosomes.

Up to the present time, the chromosome
numbers in the genus Laurencia have been
given for the following 10 species; L. arbiscula
(n=29, Cordeiro-Marino et al. 1983), L.
catarinensis (n=28, Cordeiro-Marino and
Fujii 1985), L. hybrida(n=ca.20 2n=ca. 40,
Westbrook 1935), L. nipponica (n=28, Yabu
1978), L. obtusa var. majuscula (n=20 2n=40,
Yabu and Kawamura 1959), L. okamurai
(n=32, Yabu 1985), L. papillosa (n=20,

Chromosome count and occurrence of associated 4 minute chromosomes at meiotic metaphase I in

the tetrasporangia of Laurencia intricata collected at Moheji in September 1989.

Number of tetrasporangia having 29

o porangia  having 30 reguar chromotomes  "egularchromosomes (ogether wih

1 8

2 9

3 10 10

4 8 8

5 8 4 4
6 9 5 4
7 10 10
8 10 10
9 10 10
10 10 10
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6

Figs. 1-8.

Late diakinesis at meiosis I in the tetrasporangia of Laurencia intricata Lamouroux.

% 1,280.

1-3. Sporangia having 30 regular chromosomes. 4-8. Sporangia having 29 regular chromosomes together with

associated 4 minute chromosomes (arrow),

In Figs. 6-8, one of the 4 minute chromosomes is out of focus. In

Fig. 4, cells of trichobalst are seen mixed in a part of the squashed sporangia. 1-4’. Drawings of Figs. 1-4, respec-

tively.

2n=40, Yabu and Kawamura 1959; n=26,
Cordeiro-Marino ef al. 1974), L. pinnata
(n=232, Yabu 1985), L. pinnatifida (n=ca. 20,
Kylin 1929; n=15-16, Grubb 1925; n=ca.
20 2n=ca. 40, Westbrook 1928, 1935; n=29
2n=>58, Austin 1956; n=29, Magne 1964)
and L. undulata (n=30, Yabu 1985).

The chromosome number of n=30 count-
ed in the present species is so far the same
with that in Laurencia undulata among the
above species.

Such a group of the associated minute chro-
mosomes observed in the present species has
never been reported in any of the above
species.
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&E v T ERBRGBRRBA L v AEWHEL, 1L
AL LTER I BVO TRHAELFRICHRRE KT T
4, v THERCHEET S BT 54 & LTARE
EHCLEBAFELETSH S (Litder 1972, Johansen
1981, IF {1984, Steneck 1986), WML HHE T b«
eBAL» DRV v T2 RERFOALYL TET
WA X 5T, TOHBECHEBECAVTRIVCEbeRE
BBz Eng{ftnt,

EHiY VIOV THERYTE S & TA8RK
EEIE L B0, BORENEER L TH S,
AREEDY v T eORERAXBRE (BN
1936) % 1° Masaki (1968) XKV R BERZ 5 L DD,
RERFELARCHETARBEMI L IAD SR
b, 24 TEEREOHENTHCTA T I s
DEHT, Hio v <ro5BIMERS -, LiL,
KB RHL L T TV TH, ¥HTRA D,
e, Thit VERBERRELRTEIBEL S,
Lo AN, Yy TeoRs, ThETBiIZh
BYSREY, EROBEAHNVEKT, HRBTL-T
LRXFTNELELTH oo, HIRTLMG S
EMBD T,

DL TRAEOPT, BEA—AFFYTDLa
Trobe X% D Woelkerling #i# A0 & 7e » T, &H
YL DRUSNVOEBRHILRAEL, HiogRofk
WD 5 4 TEEOFEMIcBERICES { KB B
AnifTbitc, % OFBE The Coralline Red Algae—
An Analysis of the Genera and Subfamilies of
Nongeniculate Corallinaceae— & B3 % 5 1E (Woelkerl-
ing 1988) IR Sh, —IEOKE) b A D>
BB, FXRERORSY (AXEDLDOTIIVI 7
4 Y AR Leptophytum) S ENT%i3h, Bic X
- T lA PO & L BEffic o T Lai~L
hTuWiWiBabH50T, SHETEIE L Officov
TARXB T LK LEND DY, BHOPOBEHRY

By OBRFEEIBRACSVCTHEECESRIO
ThHbH, IIEEHY v T eDBBYRTHECIER
tbOnEL, RAGN I OEHOMELHRDIE, &
BRI BEE (TE1969) B AKEBEI Lo
BRI DB, TZT, BFEH D Woelkerling FiFic
HAMEM LIcRER Y ARBE TR I TG 5
IOSRBENLICEZARSBELTE 1,

- ORFERIOES T E E X =D RTFEOREY
BrXSboT, RBLCRTEIBLRAEEY
~ADORBRTETH 5, LETRABREOBRED
DICHERKAB A RO el 2 Thlicd hilic
Hishot, BE CIIARER X BrrEARNE
FHEBSCEM) X » TREThER LoD T
HasBliocdbDThHb, 7o, Woelkerling
BrEmy v T HoRTNEY, ChE TR
AUubOhTELABOR (Thebb, £, RERY
#=E) L LTTril, MARROREHE LTERT
B ERRBL, WSO ORBEHRBALTH
FELLIALEFAVTVB, &2 TRRERORR
CLBLR/IBREORBE ML 54, ERoP TG
BREHARY Ahbh, ZE¥DFAIhTWTIE
Wb heF{lg-TWB0T, RIFEEFTL -
TBRBLT\ &, RERORT, F72/ 51
=< B Titanoderma (= 7 Y = % & Dematolithon) {¥.%C D
# Campbell and Woelkerling (1930) {C & » TA ¥ = m
% & Lithophyllum O [R¥PR4 (synonym) & ENRIcDT
T3 4b D% Woelkerling #3F 1 SR fo 72
Witk B hIZBEL, ThUTOESLTFLLTHS,

Woelkerling #3%H1325% L 7= BEEOHEA

1. WD B 5 FEONTREEIE D\ T

O—#8#tE (monomerous)
B—EREERT, &R Lo+ 5 Miak ol

BEh, &AL, BRSSP LLPTRE-
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Fig. 1.
monomerous plants; D, dimerous plants composed of primigenous (prf) and postigenous (pof) filaments. Cores of
A, B and C are said to be unidirectional, plumose and coaxial, respectively. ¢, core; p, peripheral region.

T Bis (core) X TURL L1ct, S Bl LCRAZ
WIREER T 5, PSS IARAOETIIRE & -
TP (plumose), H—FF [ (unidirectional) R U 3
##h (coaxial) DERANKFI X h 5 (Fig. 1A-C).
@M% (dimerous)

B4 & S EACETT 5 BNt —HiE oMk
# (FTiebbIESMRARUEARMR) MO
b, S & ROSIROK Gk ev (Fig. 1D),

B EA DB TI—AMMEE ARV
H—HORBRERTH, 1 v e 2F Lithophyllum B
VR H v ¥ 7 RIB Spongites TiXF—FEORTHAD
BUBELYHELALEDIZLNDB, FLEER (pro-
tuberance) ¥4 UA T, AfE—AfMETH-T
LABETH-Th, REOHMTH—AMEL
I£oT\ 3B,

2. —HABMESEGOMRICOWT
OF4ERIMER%A (primigenous filament)
ZHABERETYHR T A AaRO 5 B, WEkOD
3 BEOBETIBEOR b BN AT+ 5 — Mg
(# 2= 2 7 3 5B Metamastophora DHER A Tixth
BAMICEES), EEEKORE (Fr v 7R
Tenarea) DY EITIL PR O —FIKIR 2 BT ARAR C,
RFFORFHOEBELD LELLAD, WTho
BES—2O0OFEEYB L CHEEL, RkoHHRD 2
VIR ORRICE ST 5. Bic X > Tk, 9%
MR A2 BB T 5 2885 5 \ I — o R HE <
TLaTVBI ENRDB, O X5 MK HRMAMR
(palisade cell) &8iEh, H—REVHEERILLETS
FRRBEAUBE Y D DX BT (ER2-4%) %2
=T\ % (Fig. 2),
@R (postigenous filament)
SRR T 5 MR 5 b, PR
HROEMN b RIS L L EACAE U SRR
BT, BeoH3xHTHAaoLECEETS, &0
5, MAEMERROEMCORE LB, 21 2=A b

Comparative diagram of monomerous and dimerous plants of nongeniculate Corallinaceae. A-C,

7 + FROERGBTIMAC L E LS, @hHEED
MTEbEORELE,

3. FEERMM (columnar cell)
BREROPCIEEA LTI wh, BEOX
BB+ 88 AR LTz o fdTbh

b B e e

cii

0
[4)
0

) e d e J )

.
He
L

pai>

Fig. 2. Composite diagram of cells and
filaments as seen in longitudinal sections/fractures of
dimerous plants. No one species or genus contains
all of these structures. ¢, columnar cell; cf, cell
fusion; e, epithallial cell (single, with flared rim,
and multilayered, respectively from the left);
h, haustorium; i, vegetative initial; pa, palisade
cell (elongated primigenous cell); pr, (usual)
primigenous cell. Arrows show primary pit-con-
nections, and lines between contiguous filaments,
secondary pit-connections.
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. ARERERRE—-KFERHEAKRILLE T 5 Mk
IO LBBEDH LB EL B 2-48) £
TW5HDTHS (Fig. 2) AERMETARA DM
UBHHECHECDTH Y, PEMEIRACRORS
HRER L IEREL M EN RS,

W3 eFE/ ZHRFECE S CENY > TEOER
BUBLRILOBRE (ChiCBEeofitse
EVRHBNTVAREOVCTUIREDOHEA KT
)

la. WHRTF/ZolaFEMBRITEILORIR (Fig.
3A-C) ¥
2a. BEEMRARECILEMIREEL LTHE KK
EEMI (Fig. 2) &k ->THETE
(Lithophylloideae 1 <~ = = = H§})
3a. BEXRFLETHMINREA, HONE
B e A8% T, Tofhriciitiiaik
(Fig. 2) 2> R % 2 F| 0@ AR IETE
i 3 RCRRI PP PROPPPIOPRPPD Tenarea 73+ V7 H
3b. BB~ TUBE & B0%, ABHHE T
MR (dorsiventral) # 3 - T\ B
A, E 3SR (radial) IS LTk b,
shani iR SRS 2 Flo w4 fMik
ANEET B Lk
4a. B4R (haustoria, Fig. 2) B L, MK
D5 B B oMoMan b4 LT
FARZBATS ; Bffiz (BFEELXRL
i) A 1 v T ez Bofiic [#F
] LTWBEEDLh TV 529K
BEEIEAZETCL Imm LTTHS
.................. Ezo X743 xBn
4b. BRIXFEELLV BT ERCIE (K
BT ElEvEkE) s2056%
*HT5 ; HWEIEIISERAY; 5o
5 RMBEEIRAET 2mm* LAkt
.................. Lilhophyllum 43 EF{x
2b. BEEMRAM TSR EE LTRSS
(cell fusion, Fig. 2) i & » THEfET 52, i
HWEEr RS LSRR
Sa. FESRTFE/ 5 RFEITEME (apical
plug, Fig. 3B) ¥ H L, “hbH2iE s FEFoT

* EECE 5mm L7 TV B, RO F
) FA=EBAEERIZECE D 2mm EETEEZ N
1o

5b.

6

faFREHAITCEMBRAYES  £HB
HKoBRI—BoMiaE» b5 ; M
DR K { (Choreonematoideae 1
A FERE) e Chorconema 1 > 1 EBR*
MoRTFER/—oRTFECERRELRL ;
ERBHOBRI B iz thl o
B2 B S ; BHEMBTRE T MR
MRt A& X » THE TS (Mastophoro-
ideae 1 =~ / -~

a. RREARWHALHRT, RBMER

(epithallial cell) X< ; BiBxHT5
..................... Lesueuria VX—'!'-'797E

6b. RFAFIEHAFTER T LQIERERT,

Bt dB2) ERAREETS ;
TR A KL
7a. k&bl » THREK» SR 58
EhpEnaikoR B T50E1)
8a. MATAEMBIMERPTHEADLS
BB EYBRTEREAL2-
3(=s5)BoMR»rbS ; BEE
LR RETAHBRBEHRY, ¥
RERIZ X - CTERCERT 223
P
9a. WMRTF/Z/HRRTFAEMBE S
HER iz /ME (columella) % 7 L (Fig.
3C), BRIAGRoMIKLD
R ENh? ; RTEBIEMEBED
AR TETLS
-------- Mastophora 1 = 7 -~ > Bk
9b. MARRT/ ZHRTFEMERES
RPONEELRE, BRIIIRTFE
LA e+ 5 B R D BB
Ths; BTEIEHMBBOKS
il SIE-THELS
............ Lithoporella v eaf yﬁ
8b. Bk L EL e 1A T
HEROMBRB TR ELS  BS
hi-fHRc Y > C—AcEEE
HL, PR eE LS
---Metamastophora » 2 T A+ 7 » /R
7b. e HbREER 6B 5 WA A O
BaRL D, MEVGARNGA, FER
STCRETHZ MDD (FEL)
10a. Fhirs) & GHETMPTCRET
THMKkoEE (Sl
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00 % Bl wl M@ﬂm

Fig. 3. Tetrasporangial/bisporangial conceptacles (representatively drawn as tetrasporangial here) of
nongeniculate Corallinaceae. A-C, conceptacles with uniporate roofs; D-E, conceptacles with multiporate
roofs. Note that tetrasporangia possessing apical plugs (ap) in B, existance of central columella (co) in C, and

groups of clacified filaments (caf) in E.

Not-fAORBI SR BE S, Fig.
1C) (T3
+«Neogoniolithon 1 ¥ /7 3 & V¥JR%
10b. FEfALXMELR O IEERERE % R <
1la. FEORBEHILSDSKRANL
Rx% (2)
12a. RHEFOPLERL ¢ Mg
% ; PAERMRRC B4R
(trichocyte) 2AFEFET 5B &1 M
RAROKRAIBE TS
""""""" Fosliella 1 £ % HHBx
12b. RFEMOPLOLERIZ MM
B35 ; MERMRR B4R
NEETHHE, EHkdor
ARREAERNELSD
""""""" Preophyllum & 71 4 Bk
11b. FEEORBAIRABIFILISD
S10MHaR b L< it hld EEL
7t % 5 MR O BTN T RS
BABLBRIERE»BR L\
(E2)
~~~~~~~ Spongites A V¥ 7 A[B¥x
1b. BORT/ZHRTFEMBEORRLSIL (Fig.
3D-E) TH% (Melobesioideae # £ Hif})
13a. FEEBRRCHE ; Bl LY £
RO ERELRELT28M1LRHM, O
BB HES, BEL LSBELLR
»HELS
............ Mastophoropsis <A b 7 4 v 7V AR
13b. FAGEARICOBRC L e binn ;s ek
WREETHEMN, HELLY K vRolird
LBz &M, BEARTEBHLILLEMN
ST VREFD LSBBELIHERE - L3
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LBz enbd
14a. MRS MMM (Fig. 1D) ; MEBTTE Tt

NERBIRARDOB—AMDH > T hn bk
AASRIANRTER AL > TiLL EAS X
SICBZ B e Melobesia 4 € [H%k

14b. FRMEHEAE L — G  EEE o L

MR OE—FRNLERIhTVB L5
Bz, fIALDS bOH580»1bRHS
VLB b B s PR E A TR L, B
D DS ARAERE A~ A > THAE b
LCRB&S AR T 5
15a. KKORFBMARO A OMREIF LT
7 L7 D (fared rim, Fig. 2) # $ 2
16a. BT AR TFEMERIHLD
CRETS ; RALCRTHEL 1 45
BEDLOUBMEEL, xBtEOHD
AR U icMIBRART X » TEAV Y]
bhn o bidiey MRBEFFET
% BoRFPEEBILRAS R TV
3N
""""""""""""" Lithothamnion 1 ' & R%
16b. WAMATF,/ ZoRRTFAEBEBREBET
5 AMBECIRTEOM—#D
AKAL L 7-#iBas% (Fig. 3E) 235 5 ;
REBELBRLTEETSY, =K
FHREHKILLFETS
............... Spomlithon AHwe ) p VE*
15b. RimOR[MADO AR OMMBEERIL 72
BEHFET, ZrvTROBYL DO LR
e\,
17a. WEHEE L, EEOMIRE DM
O BELTHEEOHMBBCRATS &
FIXEEARELTVSIHIRAV
M aLfbDEE v~ =€ b [F4E]
T5LEbh T ; BB TSD
S5BKETL | mm LA Kvaleya 77
7y VYR
17b. BBz ie\ - T2 5 ERTIT (K
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BrTeaserBivhy) fRYY
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FEX DS HART S Smm Ll s
18a. A zMMAROKERE (Bhrhic
B LicHRoR) YEETHS

~Mesophyllum = &7 F 1 = E[FKk

18b. X METH OB (plumose) B
(Fig. 1B) % L < i3 B —75 ) (unidirec-
tional) #3& (Fig. 1A) BEAETH S

19a.

20a

20b.

19b.

MR Ko 0 R85 Ml
(vegetative initial, Fig. 2) AT
5 (ThbbRB|/OMUMPIYHBE
LThBRMMREIS ; 20k
ERSUMBLAET Chd HEEE
HELHREFALRETH LN,
ThbXbhbRESE-TV3B);
A FH %% i B 2K (conceptacle primor-
dia) (3R B DO T O K524
RAroEBELS
. PG OB MR E T
BRoBECII Lo BET M
FREEDIIZA D/ HBS
LT\ 5 BE LSRG GERTE ©
EERTFHESBECIBEIRK
BHDHENTEDN, BhfE
Bk o XFRBESBE TR
HHTEMNEHCE LY ; Ml
Rir e fhERE TRBMAY
LEFSE L TRb->TV5 (I
3)
.................. Synarthrophyton
YT ALYBTZ 4 VR
chi i s O BRI R T
BOBSIIs 2 5BET 5
REOARSHEELTVS ;
B A RagtEE, i oEE
BFEESROEEHRBB O
ThoBEcl - TLEDBE
EMTED BEAEDHTIR
ARSI BEET2 &
e thl boRBARYEL
TRb->T\ 5 (Fig.2, E3)
---Clathromorphum ¥ % 1 = & R*x
MR O MR KT RES A
BMOTHTRZA (Ticbh, &
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RoPMROSREET, Zhich
kT AMBENERSBMIRI YL
BLltd ; Z0bERIAER
Boh”hbE LTHRENARZ -7
iR X b bE)  AMBREK
AR OXBMRIALTEBCEL

........................ Phymam[i”um
74 b)) b VEX

(BHEOEH)
¥ 1 AFvFFABRTIOENMRA YR T 5
RAROKE XPHEAKELERNELH,
12 & - TR G A B L BT RA TV 5
BELIHBOT, REROJBTHBTTHEMED
BE2 T, SHBEILHENNLETHS,
A RKETEIVRBEARVFTRAE, THAVEEA
HYFTABRORNLEGE X Ly BET
Bb, B EORIIECEL b 0 CHEE
eI RITIE,
ckELAvEREYVTALNRT 4 b VBIIMLT
LHEFAROBBCEAITE S LiXB i
DT, SHELIZHRFNLECHS,
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| &

La Trobe X% D Woelkerling ##% i3 &b O ¥E
RCHDWCTHERERYHFL, LOROWRBRY S
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B B BKOFENEEAL Y TSONRESRICL IBRRECREITHE

Kunshan Gao:

Effects of seawater current speed on the photosynthetic oxygen

evolution of Sargassum thunbergii (Phaeophyta)

The photosynthetic oxygen evolution of Sargassum thunbergii adult plants was measured with changing
seawater current speeds (0.5-1.2 cm s™') using a flow-through system. It was found that the rate of oxygen
evolution increased with increasing seawater current speed. No significant difference between S. thunbergii
adult and juvenile plants was found in light-saturated photosynthetic oxygen evolution rates at a constant

seawater current speed (0.7 cm s™!).

Key Index Words: diffusion boundary layer— Phaeophyata— photosynthesis—Sargassum thunbergii—

waler current.

Kunshan Gao, Kansai Environmental Engineering Center, Nakazaki-nishi 2-3-39, Kita-ku, Osaka, 530

Japan

HEHE C—REEE L LTHRERBRHYRCLT
WABEBEL, BROFERZESERTWE, £DX5
HHNA RO —REFEOKB L B AR ED X
SHBEBYRETHIED THNREVCMETH S
(Wheeler, 1980).

BWAROFE L, WA BROERMI ¥AA8CE
DOFRME L OEBRIERK L > THRAERCAL > TET
L, BREATES, ChMEERELRINS,
—7, JXAROHETITH S REPFRBEEOR AN L
MRORER, BRI HRERMERE CO, DRAEY
£ 5 HEREE T FLEE X hESIZPEVLDOT, B
BEIZIE S < w2 TIRERREHE < 75 h AR
BLled L ekBERBEFEET A it D
(Fig. 1), BBROHE & HBERBE &L OBIRIKDO X
S5heARTEINRD,

HABRAROE S

ERERRoES - Schmit B

Schmit IZEH TH 505, IKBESERB O 2L
EEARoREJTHAL, HhrEL hidinsiry
FOESERBAM L 2O CHBIERBH /s, L
Tehio T, BKOFHIZRBEPHEBEOT Hid K LB
KR4 - BRCBEYRETLEBLhB, BKE X
3T, KA CO, BiXEH D80 Ll LA
BRBC DD LHEEZIR TV B (Madsen 1984),
AEBRILI19874E 2 A BEMBCHELLY I 5/
D4 (£X30-50cm) OEEYEBE VT,
KROFhAHARIC & HHRRBELEECRETEY
AR, AE3em, EX 70cm DML 1 7 Ddhic

FvIAkBEEL, HARKEHBEBRKOBERE
(D.OYBREOEN CEARBEEE P) ¥ RAR L DR
B (Gao 1989),

P=(A—B)XFx 60X 1/W

CCR, AEtBREREAMHEKETRABKD
D.O. BETH D, FIFE (min~Y), WiRH 74
DRI (85°C, 24Kl]) TH 3, BKIEEE
PHRAEFLERABRKEDEBEERCRALLLO
#EAL, TOKBIEE—HEL10°C THo1c, K
BRI & ABERAL, 960 tEm~2s~! DIHET (B
MBER, 110V, 150W) THE L, Y574

OUTPUT
DIFFUSION

BOUNDARY
LAYER

INPUT
DIFFUSION

HCOs~ EXUDATES
NUTRIENTS
Fig. 1. Ilustration of input and output dif-

fusion boundary layers near the surface of
seaweeds. The width between the oblique lines
indicates the thickness of input or output diffusion
boundary layer.
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Fig. 2. Relationships of light-saturated photo-
synthetic oxygen evolution of Sargassum thubergii
adult plants and D.O. saturation of outflowing
seawater to the current speed in the pipe with
different amounts (dry weight, D.W.) of samples (A:
4, B: 6, C: 8 plants). Measured on February 6,
1987.

OXARE, ZOXMETCHEML, HEMEEIRS
high -7 (Gao 1989),
Fig. 2/ T X 5iC, HE0.5~1.0cms™! O ¢

Table 1. Photosynthetic oxygen evolution
[ml O, g (d.w.)"'h™!] at varied seawater current
speeds and D.O. saturations in S. thunbergii adult
plants.

D.O. saturation, %

Current s?eed

(cms™) 911  94zx1 98+1
0.47 5.45 5.40 5.55
0.71 6.25 6.35 6.26
0.94 7.40 6.43 6.48
1.18 7.60 6.10 6.73

Table 2. ANOVA of oxygen evolution as a

function of seawater current speed (CS) and D.O.
saturation.

Source df SS MS F
D.O. 2 0.773 0.387 2.38
cs 3 3.518  1.173  7.23*
Error 6 0.975 0.163

Total 11 5.266

* Significant at 0.05 level.

VEFOE ORI A - CHE K OB R EFIE LE SN
CETF LA, 3 b3 7+ 0XMMERREEEL
HEERANCHIN Ui, WOED 2 S b CERRE
HEE30~400538n L, ¥, BRRBEFHERY v
7 DRSPS (Fig. 2A,B) KX 10ecms™ LA E
DOFETRT 5 X 5 efl@Hs A bhtc, BREATE
BORBKOTEOTILIZ LB Y i + T/ +DBERR
HHIE OB D\ THHEFHT (ANOVA) ZfT ol L
Z % (Table 1, 2), MRRBEHEE T 5K
DELOFE LB BIRD LRI fend, WKOH
BEOEBIBFETH -1 (P<0.05),

Y7 A0GhELERE (EB) oWTR UK
(19874 2 A) @ UXEX BV, A UHEFRE (i
H0.7cms™) THE LA XANEERREEE » g
Lic& & 5 (Table 3), FfH CiamnERDOHH

Table 3. Comparisons of light-saturated
photosynthetic oxygen evolution rates [m/ O, g
(d.w.)"'h~'] between juvenile and adult plants of
Sargassum thubergis.

Juvenile plants Adults plants (main branch)

5.5%+0.5 5.87+0.70
(n=3, Feb. 4)* (n=6, Feb. 6)°

Dry weight of samples (a, 6; b, 18 individual plants)
used in the pipe: a, 0.797 g; b, as indicated in Fig. 2.
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SHEEX hEh 57083, ttest DERCIIETH TS
Hiigh o ke (P>0.05), AT COMBENBREE =
WTHHB Lo (JEM0.5ems™1), $hik & itk
DEZRDLRT, #04miO,g(dw) 'h-! Tho
e

Wheeler (1980) i X hiE, v+ 17 v bHr a7
Macrocystis pyrifera DEABUC X HHRBEFE X, &
PAZS 25 A D #ii7k o BISRE BE DI £ - T3 L,
¥, REOEMCAMT BRIV FET I Lt -
TERBOBEIIRELELL, ThTL»THER
HEELEMRT D LEAHEMHI N TV 5 (Wheeler
1980), REORMICETI»1BHES R E L5 D1,
WBKOFREF Cle{ EROVBLERIh B LE
z b b, A (Gao and Umezaki 1989) Tix v ¢ + 5
7 A0tk (108) XAVCTHE LA, REREF
UHERR i o o #F 5 BiE 48 (1000
tEm=2s71,16°C) OB L Bd S hith-t, 7 8
b5 2 A O ELIE T O L FoN, ki
BHOEY IR BTV iV Tv 5, o
& 5 e BitE & SR DTHRERIGR VT X > THKOHER
CENEL, FhHY I T2 ADKERC & HEEE
REBEECRILDBA VAI b 52t 0EELLA
B,

| 4

FREDFRIHEFUKEXEO B HHEBHITFHA
TV AXDOF — 2 1k +H/TO—HTH b, H
|MAREXERBEFEFHILFEBC - TRKEOH
o B s AR sz, T2
HLstlxH LETF B,

X 53

Gao, K. 1989. Studies on Photosynthesis of Sargassum
Plants. Doctoral Thesis, Kyoto University.

Gao, K. and Umezaki, I. 1989. Studies on diurnal
photosynthetic performance of Sargassum thunbergii 1.
Changes in photosynthesis under natural sunlight.
Jpn. J. Phycol. 37: 89-98.

Madsen, T. V. 1984. Resistance to CO, fixation in the
submerged aquatic macrophyte Callitriche stagnalis
Scop. J. Exp. Bot. 35: 338-347.

Wheeler, W.N. 1980. Effect of boundary layer
transport on the fixation of carbon by the giant kelp
Macrocystis pyrifera. Mar. Biol. 56: 103-110.

(530 KBRmdbX e 2 T H3-39
Bl ARt v 5 —)
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RIARER . v ) EORS
202F, JbEEAEREBATE. 1991, 1854,

FBOFER, LBEAERERERLENLL <Y
TR EURR VA 7 YBROFEHOPR LT\, B
B (19644F) T, <~V EORFEENHEPESLMZL
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ROF—ANETHS.

ABix, HL<HoWRLBOS YL IR TER
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ZEEL BR-oHBNBETHEELLERBLLTY
H{FHETE 5.
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Workshop on Taxonomy of Economic Seaweeds (%
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> THEIhTVWA. KPEFELHROE LTHRBED
fliv A COSEYERMCRE XS, oNEFCl
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HEE LTWw5. EEOHEELVBRE D, ThZhE
EEBRERHLF > THENTHHO0T, DU HKIRE
HHedBeE Thic S BEMNTE S, BRI
RENThOSERORER L BRCRvH-T, #
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