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Seirospora orientalis (Callithamnieae, Ceramiales), a new red
algal species from the southern Great Barrier Reef

Gerald T. KraFT

School of Botany, University of Melbourne, Parkville, Victoria 3052, Australia

Krart, G.T. 1988. Seirospora orientalis (Callithamineae, Ceramiales), a new red algal species from
the southern Great Barrier Reef. Jpn. J. Phycol. 36: 1-11.

A diminutive (5-25 mm high), uncorticated species of Seirospora has been collected from 9-27 m
depths on a variety of algal and invertebrate hosts at the southern end of the Great Barrier Reef. Lack
of catenate paraspores (seirospores) and seeming differences in branch pattern, procarp structure, and
configuraticn of early gonimoblasts distinguish the Australian material from the only other species of
Seirospora with comparable anatomy, S. occidentalis Boergesen. As a result, the Great Barrier Reef
plants are described as S. orientalis sp. nov. Japanese records of S. occidentalis are the only other re-
ports of the genus outside the Western Hemisphere, and it is suggested that they also may represent

S. orientalis.

Key Index Words: Callithamnieae—Ceramiales—Great Barrier Reef—paraspore— Seirospora—seirospore.

Members of the family Ceramiaceae from
warm-water habitats in eastern Australia
are not well catalogued, but they appear
on the basis of our present knowledge to
consist of a fair number of genera [at least
27 (pers. obs.)] which are often represented
by few (in some cases only one) species.
Rhipidothamnion (Huisman 1985), Gymnophycus
(HuisMan & Krart 1983), Balliella (Huis-
MAN & KrarT 1984), Crouania (SAENGER &
Worraston 1982) and Baldockia (MiLLAR
1986) are examples of such genera that have
been studied recently.

The Ceramiaceae from mostly intertidal
and shallow subtidal habitats on the south-
ern Great Barier Reef have been surveyed
by Criee (1983), who lists 13 genera and
27 species from the region. Among the
few deep-water representatives identified by
CRiBB is Seirospora occidentalis, a species orig-
inally described from the Caribbean Sea.
Collections made by the present author in
the same general Australian locality (Fig.
la, b) have included numerous specimens
of Setrospora fitting CriBB’s description but
varying somewhat from published accounts

of S. occidentalis and from the limited Carib-
bean material available for examination.
The differences, taken together, seem to be
of specific importance, with the result that
the Great Barrier Reef entity is described
here as new.

Seirospora is presently a genus of six North-
ern Hemisphere species, of which five occur
in the Mediterranean Sea or at scattered
localities along the rim of the Atlantic
Ocean from Brazil (JoLy 1967) to northern
Europe. The sixth, S. occidentalis BOERGE-
sEN (1909) is recorded from Japan (IToNo
1971, 1977) as well as its Caribbean type
region. With the exception of S. occidentalis,
plants are fairly robust and to some degree
rhizoidally corticated (Dmxon 1971), and
all species are characterized by a unique
carposporophyte in which gonimolobes form
branched uniseriate chains of cells that ma-
ture synchronously into rounded carpospo-
rangia (KyrLin 1956). Dixon (1971) points
out that this feature alone separates Seirospora
from the large genus Callithamnion, as mem-
bers of both have the same basic vegetative
structure, procarp, and apparent immediate
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postfertilization development.

Description

Seirospora orientalis KRAFT, sp. nov.

Plantae erectae ad 25 mm longae, ecort-
icatae, irregulatim alternatim ramosae; filis
carpogonialibus prae cellulam axialem fer-
tilem horizontaliter tentibus, carpogoniis
cellulis hypogynis lateraliter adjunctis, his
e cellulis subhypogynibus oblique divisis,
et his omnibus compactis angularibusque,
trichogynis excentricis; tetrasporangiis te-
traedralibus, initiis universe binis raro
ternis adaxialiter portatis, sed quoque serie
solum solitario eorum maturescente; sine
seirosporis.

Plants erect, 5-25 mm in length, uncor-
ticated; branching irregularly alternate,
radial. Carpogonial branch directed hori-
zontally across fertile axial cell; carpogon-
ium angular, dovetailed against hypogynous
and subhypogynous cells, with excentrically
placed trichogyne. Tetrasporangial ini-
tials generally borne two (rarely three) per
bearing cell, only one of each set maturing.

Seirospores lacking.

Named for its Eastern Hemisphere collec-
tion localities and to emphasize its superfi-
cially close resemblance to Seirospora occiden-
talis from the Caribbean.

Holotype: MELU, A35194 (Fig. 2), col-
lected with isotypes (MELU, A35196-8)
on 19 November 1983 by G. Krarr and
R. RICKER.

Type locality: One Tree Island, Capricorn
Group, Great Barrier Reef, Queensland
(Fig. 1a, b).

Habitat and material examined: Plants of
the holotype collection were epiphytic on
Coelarthrum boergesenii WEBER-VAN BoOsSE at
a depth of 27 m along the steeply sloping
front of the southwestern edge of the fring-
ing reef. The following additional speci-
mens have been examined:

1) One Tree Island, Qld. 20-27 m
depths along the southwestern reef face,
epizoic on tunicates and epiphytic on
Liagora sp., Gibsmithia larkumii KRAFT,
Coelarthrum  boergesenii 'WEBER-VAN BOSSE,
and Titanophora weberac BOERGESEN (MiL-
LAR, O’BrieN, Hirr, CHiDGEY, WITHELL,

1a g 14508 15008 1b
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Fig. 1. Collection localities of Seirospora orientalis, sp. nov.

la: Overview of northeastern Australia, showing the location of the Capricorn Group (circle) at the

southern end of the Great Barrier Reef.

1b: Detail of the Capricorn Group showing the type locality (1) and Keyhole (2) on the One Tree
Island reef; Blue Pools (3) on the Heron Island reef; and the mid-northeastern Wistari Reef (4).
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Ricker & Krart, 19.xi.1983. MELU
A35199-35204, 35367. Cystocarpic, sper-
matangial, tetrasporic). 20-27 m depths
at “The Keyhole”, epizoic on calcareous
bryozoans and corals and epiphytic on
Galaxaura arborea KjELLMAN (KRAFT, ScoTT
& LarkuM, 21.xi.1979. MELU, A35368.
Cystocarpic, spermantangial, tetrasporic);
on Coelarthrum boergesenii WEBER-VAN BossE
(O’BriEN & Sioras, 17.xi.1982. MELU
A35365. Cystocarpic, tetrasporic) ; on Dis-
tromium didymothrix ALLENDER & KRAFT
(GaBriELSON & HAUSER, 17.x1.1982. ME-
LU, A35369. Tetrasporic).

2) Blue Pools, Heron Island, QId. 16—
17 m depths on the bryozoan Pleurotoichus
clathratus (HARMER) (NOBLE & MILLAR, 17.
xi. 1983. MELU, A35366. Tetrasporic).

3) Wistari Reef, Qld. 9-10m deep
midway along the northeastern reef face
on Laurencia brongniartii J. AGARDH and
Chondrococcus  hornemannii (LYNGBYE) ScH-
mirz (Krarr & O’BrIEN, August 1978.
MELU, A35372. Cystocarpic, tetrasporic);
1820m deep on Chondria dangeardii
Dawson (Krarr & Hauser, 19.xi.1979.
MELU, A35205-35208. Cystocarpic, sper-
matangial and tetrasporic).

Observations

Plants of S. orientalis are often pyramidal
in outline (Fig. 2) and generally occur in
sparse aggregates, most commonly as epi-
phytes of larger red algae but also directly
on hard substrata such as hermatypic corals
and encrusting or fruticulose bryozoans.
Anchorage is generally by relatively slender
(12-30(-40)um diam.) rhizoids issuing di-
rectly from the squarish lower cells of the
main axis (Fig. 3). The tips of lower de-
terminate laterals also contribute to securing
the thalli, as these often become digitate
and form secondary holdfasts. Some plants
are attached exclusively by such lower la-
terals, in which cases the bases usually lack
the cuboidal lower cells of complete main
axes. Squarish basal cells are 150-180 X
120-210 um, cells of the main axes becom-

ing rectilinear above (80-140 x 350-600 um)

and distally tapering to 40-70 ym diam.

Branching is radial and alternate from

-all but the hypogenous cells, which usually

initiate an additional one or two branchlets
during the course of gonimoblast develop-
ment (Figs 16, 17), and occasionally the
axial cell immediately distal to the fertile
axial cell, which may bear a single subsid-
iary filament. Lateral branchlets are sim-
ple or subdichotomously branched (Figs 4,
8, 9, 11), the distal cells tapering to 20-30
um in diam. and the apices being fairly
uniformly 10-15um in diam., often ter-
minating in hairs (Figs 11, 18) 3 um in
diam. by up to 90 ym in length. Apical
cells divide mostly transversely (Fig. 11)
but at times also by slightly oblique walls.
Vegetative cells throughout the thalli are
uninucleate.

Procarps differentiate within 5 cells of
the apices of fertile indeterminate axes, but
carpogonial branches with apparently func-
tional trichogynes are rare. More than two
viable or aborted procarps tend to develop
on a given indeterminate axis, but more
than two cystocarps per such axes (Fig. 6)
have not been observed.

Structure of the procarps appears to be
very precise and uniform. The supporting,
basal, subhypogynous and hypogynous cells
of the 4-celled carpogonial branch are di-
rected at right angles to the long axis of the
fertile axial cell, with the carpogonium sit-
uated on the hypogynous cell at right angles
to the direction of the basal three cells of
the carpogonial branch (Figs 11-13). The
subhypogynous cell is pyramidal in outline
and forms an oblique angle to the hypogyn-
ous cell into which one angular proximal
side of the carpogonium precisely dovetails
(Figs 11-13). With the apparent fertiliza-
tion of the carpogonium and the disintegra-
tion of the trichogyne, a second pericentral
cell forms on the fertile axial cell opposite
the supporting cell of the carpogonial branch
(Fig. 13). Immediate postfertilization e-
vents have not been seen, but at an early
stage both pericentral cells have cut off
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campanulate auxiliary cells (Figs 14, 15)
and the carpogonium and hypogynous cells
have largely fused following the cutting off
of two connecting cells from the carpogo-
The connecting cell link-

nium (Fig. 14).

Figs 11-14. Seirospora orientalis, sp. nov.(MELU,
A35368).

11, 12. Complete procarps with apparently
functional trichogynes.

13. Formation of second fertile pericentral
cell (fpc) following apparent fertilization of carpo-
gonium.

14. Division of supporting cell (sc) and fertile
pericentral cell (fpc) to form auxiliary cells (ac).
Auxiliary cells have fused to connecting cells
(arrows), and remnants of the carpogonium and
hypogynous cells have also fused.

ing the carpogonium and the first auxiliary
cell (the one borne on the supporting cell)
apparently fuses to the auxiliary cell more
completely than the connecting cell linking
the carpogonium to the second auxiliary
cell (Figs 14, 15). In each pair of con-

Figs 15-17. Seirospora orientalis, sp. nov.(MELU,
A35368).

15. Association of auxiliary cells (ac) with
connecting cells (arrows) and fusion of all but the
basal cell of the carpogonial branch.

16. Division of auxiliary cell into distal goni-
moblast initial (gi) and basal foot cell (fc).

17. Early development of branched gonimo-
lobes from gonimoblast initials (gi). Foot cells (fc)
contain prominent double nuclei and all but basal
cell of carpogonial branch have fused.

Figs 2-9: Seirospora orientalis, sp. nov. (Figs 2-7, 9: MELU, A35368; Fig. 8: MELU A35370).

2. Herbarium-mounted holotype specimen. Scale=>5 mm.

3. Anchoring rhizoids and cuboidal cells at base of main axis. Scale=200um.

4. Distal portion of main axis, the carposporophyte bearing two mature and one immature (arrow)

gonimolobes. Scale=100 xm.

5. Early stage in development of branched gonimoblasts. Scale=100 ym.

6. Axis with two carposporophytes. Scale=100 zm.

7. Appearance of mature carposporophyte. Scale=200 ym.

8. Distal tetrasporangial axes, some cells bearing two (arrow) or three (arrowhead) tetrasporangial

primordia. Scale=200 um.

9. Habit of spermatangial axes. Scale=100 ym.

Fig. 10.  Seirospora occidentalis BOERGESEN. US JN 6348 (Norris & BucHer 1982, p. 205). Habit of

thallus with seirosporangia (arrow). Scale=100 ym.
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necting cell fusions, one appears to take
place at the lower border of an auxiliary
cell whereas the other occurs more distally,
although it does not appear to be invariable
which type of fusion is associated with
which auxiliary cell.

As events procede, all but the basal cell
of the carpogonial branch fuse (Figs 15-17),
and all cells of the branch fade and eventual-
ly disappear. Both auxiliary cells divide
unevenly, the lower (or foot) cell consisting
primarily of two slender lobes each contain-
ing little more than a nucleus (Figs 16, 17),
the upper cell initiating the gonimoblasts.
Gonimoblasts consist of irregular to subdi-
chotomous filaments (Figs 5, 17), the sub-
divisions of which constitute distinct lobes
of the carposporophyte that result in cysto-
carps composed of catenate carposporangia
(Figs 4,6, 7). Carposporangia in any given
lobe develop synchronously, but lobes of
carposporangia at several different rates of
maturity may be present (Figs 4, 6). Car-
posporangia are spherical to ovoid and reach
30-40 x 35-45 yum. Mature cystocarps are
laxly subtended by 1-2 subsidiary vegeta-
tive filaments arising after fertilization on
the hypogenous cell (Figs 6, 16, 17).

Spermatangia are present in great num-
bers on 2—-4-celled fertile axes borne in one
or two rows on the adaxial sides of deter-
minate laterals (Figs 9, 18). Although veg-
etative laterals are generally slightly forci-
pate (Figs 4, 8), those bearing spermatang-
ial axes are often slightly to strongly revo-
lute (Fig. 9). The fertile axes are generally
directed towards the apex of the bearing
branch and often overlap the proximal end
of the contiguous bearing cell (Fig. 18).
Spermatangia reach ca. 4 um diam. and
develop directly on fertile axial cells.

Tetrasporangia are always sessile and
are often accompanied by a second (rarely
a third) primordium (Fig. 8) which may
be either distal or proximal to the tetra-
sporangium (Fig. 19). It is not known
whether the additional primordia develop
into tetrasporangia once the first tetraspores
are shed, but more than one tetrasporan-

Figs 18-19. Seirospora orientalis, sp. nov.

18. Spermatangial axes being initiated and
developing on adaxial lateral branch cells (MELU,
A35368).

19. Mature tetrasporangium and undeveloped
primordium (MELU, A35370).

Fig. 20. Seirospora occidentalis BoErGESEN (US
JN 6341).

20. Mature carpogonial branch with appar-
ently functional trichogyne (tr).

Figs 21-24. Seirospora occidentalis BOERGESEN
(MICH Wynne 8344)

21, 22. Mature procarps, the carpogonia (cg)
abutting the subhypogynous cells.

Fig. 23. Postfertilization stage following cut-
ting off of second auxiliary cell (fpc) and an
associated connecting cell.

Fig. 24. Later postfertilization stage showing
auxiliary cell (ac) and gonimoblast initial (gi); cells
of carpogonial branch remain unfused.

gium per bearing cell has not been observed.
Tetrasporangia divide tetrahedrally (Fig.
19), reach 65-70 um diam., and are borne
adaxially on the distal ends of lateral
branch cells (Fig. 8).

Discussion

The only species of Seirospora to which
the Great Barrier Reef material might be
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compared is §. occidentalis, originally des-
cribed from the Virgin Islands (BOoERGESEN
1909, 1917) and subsequently recorded
from several Caribbean localities and south-
ern Japan (Table 1). Caribbean and Aus-
tralian specimens are all uncorticated and
of similar height, occur on a variety of algal
hosts, and have comparable cell dimensions.
Comparison of the Australian collections
with published accounts of S. occidentalis
(Table 1) reveals, however, that there are
apparently some differences between the
two entities. Seirospora orientalis occurs on
both algal and invertebrate hosts, in con-
trast to S. occidentalis from the Caribbean
Sea, which is mostly recorded on species of
Gracilaria (TavyLor 1960), Sargassum and
Dictyota (Norris & BucHER 1982). Branch-
ing is alternate in both species, but is re-
ported to be also occasionally opposite
(BoerGEseN 1917, Fig. 209) or trichotomous
(BoErcEeseN 1909, Fig. 9A) in S. occidentalis,
conditions not yet observed in Australian
and Japanese material. Both Australian
and Japanese collections completely lack
‘“‘seirospores’, in contrast to at least some
plants of Caribbean S. occidentalis (Fig. 10),
and lower axial cells of the Barrier Reef
plants can reach somewhat greater lengths
(Table 1). Tetrasporangia in Caribbean
S. occidentalis are reported to be pedicellate
as well as sessile (Howe 1920), occasionally
cruciately divided (BoeErGesen 1909), and
are apparently unaccompanied by adjacent
primordia formed on the bearing cell
(BoerGEesen 1917, Fig. 210B, C), all condi-
tions at variance with Australian and, ap-
parently, Japanese (ITono 1977, p. 205,
Fig. 41G) Seirospora. Perhaps as significant
are differences in the configurations of cells
of the procarps and early gonimoblasts in
the two species. As details of procarp and
gonimoblast anatomy have not been pub-
lished for Caribbean S. occidentalis, material
from Belize [housed in US, cited by Norris
& Bucuer (1982, p. 205)] and Guadeloupe
[leg. D. BALLENTYNE, WYNNE no. 8344,
MICH, epiphytic on Dictyota sp.] preserved
on microscope slides has been examined.

The single female gametophyte from Belize
(JN 6341) lacks seirospores but does have
occasional opposite or unequally trichoto-
mous branching. Although not numerous,
its procarps are composed of far less angular
and less regularly disposed cells (Fig. 20)
than are those of S. orientalis, in which the
carpogonium, hypogynous cell and sub-
hypogynous cell [termed cells 4-2 in
Dixon & Price (1981)] display a regular
spatial pattern (Figs 11-13). Procarps in
the one Guadeloupe specimen available are
more uniform in cell disposition (Figs 21,
22), more angular, and closer to S. orientalis
in shape than are procarps in the Belize
specimen, but details of early gonimoblast
development still display some differences
from comparable stages in S. orientalis.
Carpogonial, hypogynous and subhypogy-
nous cells of the carpogonial branch ap-
parently do not fuse at the time of auxiliary
cell formation (Figs 23, 24) in the Guade-
loupe specimen (cf. also BoERGESEN 1917,
Fig. 211B), nor are foot cells so slender and
deeply scalloped (Figs 24, 25) as they are
in §. orientalis (Figs. 16, 17). Cells of the
first gonimolobe initial in the former (Fig.
25) also flare out asymmetrically at the top,
unlike similar cells in the latter (Fig. 17).
Neither of the axial cells adjacent to the
fertile axial cell in Wynne 8344 bears sub-
sidiary laterals, unlike S. orientalis in which
at least the hypogenous cell almost always
does. On the other hand, the Guadeloupe
specimen is regularly alternately branched
and lacks ‘“‘seirospores”, as is typical of S.
orientalis. It is difficult to assess the im-
portance of the differences between Aus-
tralian and Caribbean material without
having a greater number of both Eastern
and Western Hemisphere plants to exam-
ine. This study is based on fourteen female
gametophytes collected at two localities
(One Tree Island, Wistari Reef) during
three months (August, October, November)
in four different years (1975, 1978, 1979,
1983). Early gonimoblasts in all these
specimens have a consistent morphology,
but fully-formed carpogonial branches bear-



Table 1. Features of Seirospora occidentalis BOERGESEN, as described in various publications, compared with those of the Australian material of
Seirospora treated in this paper. (*—Algal hosts of S. orientalis KRAFT, sp. nov.: Chondria dangeardii, Ch s hor ii, Coelarthrum
boergesenii, Distromium didymothrix, Galaxaura arborea, Gibsmithia larkumii, Laurencia brongniartii, Liagora sp., Titanophora weberae)

s. s. s. S. S. 8. s.
occidentalis |occidentalis [ occidentalis | occidentalis | "®ccidentalis" | "occidentalis" orientalis
Boergesen Boergesen Howe Taylor Itono Itono Kraft
1909 1917 1920 1960 1971 1977
Capricorn
s . . Fla.;Bahamas; Group,
ggé:ig:;og S;t'l‘ggr:as, Sgtng';;s(' Virgin I. Viréin I.; ! Amami I. Amami I. Great
€ Guadeloupe Barrier
Reef
on on Algae*;
on Bryozoans (encrusting;
Substrata G blgg ettii G.blodgettii G:agtﬁ:iia Liagora Pleurotoichus) ;
G.biodgettil Sarg.vulgare alqgae coral (Acropora);
g Tunicates
collection
depths 27 m 27 m 27 m 18 m 9-27 m
1-2 cm most 5-8 mm
hﬁaﬂﬁs 1-2 cm dense 1-2 cm 0.7 cm extreme
9 bushes length 2.5 cm
short short short slender rhizoids
Basal thick- thick- rhizoids rhizoids, 12-30(-35) mm,
anchorage walled walled from basal 75 um digitate
rhizoids rhizoids cell diam. kips
200 um long 200 um long -
22?};’ v. thick v. thick 200 um x 135 um 85 um “go:eilco:eiig um,
LxW walls (ca. walls (ca. ca. 200 um diam. diam. 180 x 120-210 um
40 um thick 40 um thick
illustration . alternate,
Branch shows E amgf‘ied altgzgate ’ spiral ﬁ;ﬁzﬁzge in alternate,
pattern alternate & : from spiral
opposite all sides opposite dist. ends 1/4 spiral
s 85 um 85 um 45-60 um 80-130 x
maln axis | aiam. x diam. x 85 um diam diam. 350-600 um main axes,
L x W ’ 4-5 4-5 : 2.5-3.5 40-70 um diam.
times long times long times long distally

'.L'O ‘-‘"W“}I



ultimate

subdichot.

subdichot.

subdichot.

in final subdichotmous
branches above above 1-2 stages
8-10 8-10 6 um diam., 10-12 um diams,
. iame. o diams, o 8-10 x 6 um diam., apical cell apical cell transverse
ultimate a agsi can lags! can 2-11 um hairs slightly to slightly oblique
cells en L n e: in present oblique divs, divisions,
hair air hairs present hairs present
. 2 groups lobes of
' §ggws aii 2 rgmlfied rather ramified synchronously
G'blasts g9 . cells moniliform .
same size th a elongate moniliform maturing
reads g'blasts cells
Carpo- 40-42 um 40-42 um 40-42 um 39-42 um 30-38 x 45 um,
sporangia diam. diam. diam. diam. spherical to oval
uppermost uppermost same pos 4-7 sp'tangial heads per
Sperma- & inward & inward as t's i bearing cell, adaxial,
pores none none
tangia sides sides s s's bearing-cells often
pores
cells cells revolute
uppermost uppermost 4-7 sp'tangial heads per
Sperma- & inward & inward aza:?sggiés none none bearing cell, adaxial,
tangia sides sides & s'spores bearing-cells often
cells cells revolute
uppermost f
mostly - T 'hedral, adaxial, to 70 um diam.,
Tetra- t'hedral, iuigzgrgide sessile or ogigggir & adaxial 65 um diam 2nd & 3rd undev.
sporangia | occasionally | "¢ distal l-celled ends 57 um diam. . sibling primordia
cruciate br. cells pedicels common
same pos.
as t'spores,
Seiro- not 18~20 um 30-40 um ‘'simple/br. not not not
spores present diam. diam. rows 3-5 present present present
cells,18-20
um diam.

Jo9Y JdtLreg 18a1n) 9Y) WOL) ‘AU dS SYDUILL0 DIOFSOL3S
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Fig. 25. Seirospora occidentalis BOERGESEN
(MICH Wynne 8344) Early development of branc-
hed gonimolobes from gonimoblast initials (gi)
Abbreviations used in figures:

ac=auxiliary cell

bc=nbasal cell of carpogonial filament

cg=carpogonium

fax=fertile axial cell

fe=foot cell

fpc=fertile pericentral cell

gi=gonimoblast initial

hy=hypogynous cell

sf=subsidiary filament

shy=subhypogynous cell

sc=supporting cell of carpogonial filament

ing trichogynes are present only in the No-
vember 1979 collections. Material of S. oc-
cidentalis is apparently very rarely collected
in the Caribbean, and only the two female
gametophytes described above have been
available. The Seirospora from these two
widely separated geographical regions is
certainly a close match in terms of many
morphological features, but until more is
known of variability among populations it
is proposed to treat plants from different
hemispheres as representing distinct taxa.
The procarp cell pattern in S. orientalis
corresponds to the ‘““Callithamnion corymbo-
sum” type designated by MIraNDA [1934,

reproduced as Fig. 4A in DixoNn & PRICE
(1981)]. Dixon & Price (1981) observed
differences in *“cell spatial arrangements and
alignment in the carpogonial branch” in
British species of Callithamnion, a genus with
the exact procarp cell composition of Sei-
rospora. DixoN & Price discounted this
feature as a ‘‘principal distinguishing”
character of species, arguing that sizes
and shapes of carpogonia, trichogynes, and
other cells of the procarp all appear too
variable to be of taxonomic value at the
species level.” Such variation in cell ori-
entation is well illustrated for Callithamnion
cordatum by SceHNEIDER (1980, Figs 9-11),
and seems to be a feature of Caribbean
Seirospora occidentalis. Given that so few
procarps in the orientalis|occidentalis suite of
specimens produce trichogynes, it may be
that at least some of the variation reflects
the aftermath of non-viability, the cells of
such procarps perhaps losing their angu-
larity and precise orientation.

Illustrations of Japanese material (ITono
1977, Figs 19E, 62G) are not given at a
scale that permits accurate assessment of
cell outlines and alignments in the procarp,
although Itono describes them to be of
the corymbosum type. In view of the fact
that differences between Australian and
Caribbean plants otherwise seem to apply
equally to IToNoO’s reports of Japanese ma-
terial (Table 1), it appears likely that the
latter represents S. orientalis rather than S.
occidentalis.
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A filamentous, non nitrogen-fixing blue-green alga (cyanobacterium), Spirulina platensis assimi-
lated ammonium mainly viathe glutamine synthetase-glutamate synthase (GS-GOGAT) pathway
as reported in other blue-green algae. Though glutamine synthetase activity of this alga was very
high, glutamine was not accumulated in the cells when 1 mM ammonium was added to the cells.
The activity of glutamate dehydrogenase was not detected significantly. Ammonium was also as-

similated via alanine dehydrogenase.

Key Index Word: Alanine dehydrogenase

green algae—glutamate dehydrog -glut

Ammonium assimilation and amino acid
synthesis are the essential steps in protein
and nucleic acid production in plants. Two
major enzyme systems have been known in
ammonium assimilation: one is glutamate
dehydrogenase and the other is glutamine
synthetase (GS)—glutamate synthase (GO-
GAT) pathway. MirLIN and Lea (1976)
have reported the importance of the GS-
GOGAT pathway in ammonium assimila-
tion in plants instead of the glutamate de-
hydrogenase which had been considered as
a major ammonium assimilating enzyme.
Because of the high Km of glutamate de-
hydrogenase to ammonium, this enzyme
has been thought to contribute mainly to
ammonium production from glutamate
under low ammonium conditions.

Other metabolic pathways to form amino
acids from ammonium have long been as-
sumed to be less important. However, it
has been reported that alanine dehydro-
genase is active in Anabaena cylindrica, a

This research was supported in part by a grant from
the Ministry of Agriculture, Forestry and Fisheries
(GEP 1I-2-2-1-b).

Off prints request to: M. Ohmori

assimilation—Anabaena cylindrica—blue-

synthetase—Spirulina platensis.

nitrogen-fixing blue-green algae (ROwELL
& STEwaRT 1976). This enzyme assimi-
lates NHj directly into pyruvate to form
alanine. There should be varieties in the
way of ammonium assimilation in blue-
green algae.

Spirulina, a halophilic blue-green algae,
is utilized as food in Lake Chad area and
as a healthy aliment in U.S.A. and Japan.
This algae seems to have high adaptability
to extreme environmental conditions such
as very.high alkalinity (CirerrI and TiBoNI
1985), and might utilize particular pathways
of ammonium assimilation and amino acid
synthesis according to its environmental con-
ditions.

We describe here, using Spirulina platensis
cells, the importance of alanine dehydro-
genase in ammonium assimilation in addi-
tion to the well known GS-GOGAT path-
way when high amounts of ammonium was
added.

Materials and Methods

Culture
The cells of Spirulina platensis were ob-
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tained from the Culture Collection of the
Institute of Applied Microbiology, the
University of Tokyo. They were grown
for one week in the culture medium of
Ocawa and Terur (1970) containing per
liter of deionized water, 1.68 g NaHCO,,
0.25g NaNO;, 0.1 g K,SO,, 0.1 g NaCl,
0.05g K,HPO,, 0.02g MgSO, - 7H,0,
0.004 g CaCl,-2H,0, 0.001 g FeSO,- 7H,0,
0.008 g Na,EDTA-2H,0O and 0.1 ml of A;
microelement solution of KraTz and MYERS
(1955). Light was supplied continuously
by fluorescent lamps specially designed for
plant growth (National FL-10PG) at an
intensity of 2,000 lux, and the culture was
continuously bubbled with air at 25°C.
Cells were harvested by centrifugation at
3,000 rpm for 10 min, washed twice with
the fresh culture medium by centrifugation
and resuspended in the same medium.

Amino acid analysis

The cells were incubated for 20 min in
the light (2,000 lux) or dark and then
centrifuged at 3,000 rpm for 10 min. The
amino acids in the sedimented cells were
extracted with 59, trichloroacetic acid and
then the extract was washed with diethyle-
ther four times to remove the trichloroacetic
acid. The water phase was evaporated and
the amino acids in the dried sample were
analyzed using a Hitach automatic amino

acid analyzer.

Enzyme assay

The cells were disrupted by sonication
at 9KHz and 200 W for 10 min at 2°C
and then centrifuged at 30,000 xg for 30
min. The supernatant was subjected to
ammoniumsulfate precipitation and the
protein fraction obtained between 35 and
70% ammoniumsulfate was used for the
enzyme assay after dialyzing overnight.
The activities of glutamine synthetase, glu-
tamate dehydrogenase and alanine dehy-
drogenase were determined acccrding to
the methods of SmapiRo & StADTMAN
(1970), Donerty (1970) and YosuHma &
Freese (1970), respectively.

Results and Discussion

The free amino acid compositions in the
blue-green alga Spirulina platensis incubated
in the dark or light without ammonium
were basically the same (Table 1). Glu-
tamate occupied about 829, and 859%, of
the total amino acids in the light and dark,
respectively. The next major amino acid
was alanine but the content was less than
49, of the total amino acid. When NH,CIl
was added to the cell suspension at a con-
centration of 1 mM, total amino acid con-
centration increased in both light and dark.

Table 1. Effect of ammonium on amino acid composition of Spirulina platensis in the

light and dark.

Light? Dark?

Amino acids  Start!

Control +NH; Control +NH;

(nmoles mg~! dry weight)

Aspartate 0.28 0.22 0.32 0.09 0.21
Glutamate 13.90 16.24 26.57 16.71 20.45
Glycine 0.28 0.27 0.60 0.22 0.42
Alanine 0.88 0.88 2.39 0.77 2.05
Arginine 0.16 0.22 0.11 0.10 0.40
Otbhers 2.06 1.99 3.16 1.75 2.29
Total 17.56 19.82 33.15 19.64 25.82

1 Amino acids were extracted at the start of incubation.
2 Amino acids were extracted after 20 min incubation.
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Table 2. Effect of azaserine on amino acid composition in Spirulina platensis in the light.

Control? + Azaserine?

Amino acids  Start!

—NH} +NH} —NH} +NH}

(nmoles mg~! dry weight)

Aspartate 0.56 1.42 3.70 0.23 0.23
Glutamate 25.83 27.43 28.80 15.13 n.d.
Glutamine n.d. n.d. n.d. n.d. 22.24
Glycine 0.17 0.17 0.55 0.43 0.66
Alanine 0.60 0.73 1.77 0.79 1.69

1 Amino acids were extracted at the start of incubation.
2 Amino acids were extracted after 20 min incubation.

n.d.: not detected.

However, the substantial change in the
concentration was found only in glutamate
and alanine. The alanine level in the cells
incubated with ammonium was double in
comparison with that without ammonium.

It has been reported that the addition of
ammonium to the cells of Anabaena cylindrica,
which contains GS-GOGAT pathway (M-
FLIN & LEa 1977), resulted in the dramatic
increase in cellular glutamine concentration
(Onmorrt and Hatror: 1974, Oumorr: 1981,
1983). 1In Spirulina cells, glutamine was not
detected in the presence of 1 mM ammoni-
um (Table 2). This result seems to show
that the activity of glutamine synthesis in
Spirulina platensis is low and that this alga
has an ammonium assimilating mechanism
different from Anabaena cylindrica. To de-
termine this possibility, the cells were in-
cubated with azaserine which blocks GS-
GOGAT pathway by inhibiting glutamine-
amide transfer. Table 2 shows that gluta-
mine accumulated in high amounts when
both ammonium and 1 mM azaserine were
present in the incubation medium. It was
also noted that the addition of azaserine to
ammonium-incubating cells, resulted in the
disappearance of the glutamate pool. These
results clearly show that glutamine and
glutamate synthesis by their respective en-
zymes are operating in Spirulina cells. Once
formed gultamine would rapidly be trans-
formed to glutamate by the very active
glutamate synthase and thus no glutamine
pool could be formed in the cells. The

Table 3. Activities of the ammonium assimi-
lating enzymes in Spirulina and Anabaena cells.

Activity
Enzyme Spirulina Anabaena
platensis cylindrica
(umoles hr~! mg~! protein)
Glutamine synthetase 10.6 13.4
Glutamate dehydrogenase n.d. 1.2
Alanine dehydrogenase 2.0 2.3

n.d.: not detected.

glutamate pool would be maintained by
the steady operation of GS-GOGAT sys-
tem.

Table 3 shows the enzyme activities in
the cells of Spirulina and Anabaena. Gluta-
mine synthetase was found highly active in
both algal species suggesting GS-GOGAT
pathway is the major ammonium-assimilat-
ing mechanism. Alanine dehydrogenase
activity was also found in both species but
at about one fifth lower than glutamine
synthetase activity. The activity of gluta-
mate dehydrogenase was detected only in
Anabaena cells and the level of the activity
was ten times lower than that cof glutamine
synthetase. The low activity of glutamate
dehydrogenase in Anabaena cells has been
reported by HAysTEAD et al. (1973) and
BarT & Brown (1974).

Alanine is formed from pyruvate and glu-
tamate by the aminotransfer reaction or by
direct ammonium incorporation into pyru-
vate. The former reaction is mediated by
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Alanine (nmoles- mg'dw.)

1 2 3
Start A
Control
+ MSX
Start B
Control
+ AOA

Fig. 1. Effects of methionine sulfoximine
(MSX) (A) and aminooxyacetate (AOA) (B) on
the increase in alanine concentration in Spirulina
platensis. Amino acids were extracted from an
aliquot of the cell suspension at the start of incuba-
tion (=start). Rest of the cells were incubated for
20 min in the presence of 1 mM NH,CI with in-
hibitors or without (=control) in the light.

glutamate-pyruvate aminotransferase and
latter by alanine dehydrogenase. As shown
in Table 2, the addition of ammonium in-
creased cellular concentration of alanine in-
dependent of the presence or absence of
azaserine. Fig. 1A shows that the increase
in the cellular alanine pool by the addition
of ammonijum was not affected by 1 mM
methionine sulfoximine (MSX), an inhibitor
of glutamine synthesis. Fig. 1B shows that
the addition of ammonium increased cellular
alanine concentration in the presence of
1 mM aminooxyacetate (AOA), an inhibitor
of aminotransferase, though the increase was
less intense in comparison with that in the
absence of AOA. These results reveal that
alanine dehydrogenase is operating together
with glutamate-pyruvate aminotransferase.

Though alanine dehydrogenase has not
been appreciated in its role in amino acid
synthesis, the data obtained in this experi-
ment shows the importance of this enzyme
in ammonium assimilation in Spirulina.
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Diatoms were numerically the most dominant protist group among the autotrophic protista.
Dinoflagellates, cryptophytes and prasinophytes were the subdominant groups. Cell numbers of the
autotrophi. protista were generally small during the seasons of falling and low water temperatures
(from October to March), while large numbers were recorded during the seasons of rising and high
water temperatures (from April to September). Among the heterotrophic protista, choanoflagellates
and apochlorotic chrysophytes were numerically dominant. Apochlorotic cryptophytes, ebridians
and apochlorotic dinoflagellates were the subdominant groups. The numerical relationship between
the autotrophic and heterotrophic protista is represented by a regression line described by the equa-
tion: H=1.62 A%5%, where A is the number of the autotrophic cells and H is the number of heter-

otrophic cells.

Key Index Words: autotrophic protista—cell number—heterotrophic protista—OQsaka Bay—seasonal

change.

It is well known that autotrophic protista
of nanoplanktonic dimensions are the major
contributors to cell number, cell volume,
amount of chlorophyll pigments and pri-
mary productivity in the planktonic com-
munity in the sea (Sarjo 1964, PARsoNs
1972, BootH et al. 1982, Furuva and
Marumo 1983). Relatively large members
of the heterotrophic protista include herbi-
vorous species and they may be the major
contributors in the grazing food chain
(SiEBURTH 1979, FENcHEL 1980). By con-
trast, many of the relatively small members
are thought to feed on bacteria and detritus
particles of bacterial size (SreBUrTH 1979,
Davis and SieBurTH 1984). These bac-
teriophagous protista may connect bacteria
to animals of higher trophic levels in a
detritus food chain in the sea: the pathway

This work was supported in part by a Grant-in-Aid
for Scientific Research from the Ministry of Educa-
tion, Science and Culture (59540421).

is dissolved organic matter - bacteria - bacte-
riophagotrophic protista-animals of higher
levels (Hara and TanNoue 1984, TANOUE
and Hara 1986). A qualitative as well as
quantitative estimation of these small or-
ganisms must be taken into consideration
for an accurate assessment of the actual con-
dition of the marine ecosystem. The pre-
sent study has focussed mainly on an eluci-
dation of the cell number, composition and
change of the heterotrophic as well as the
autotrophic protista.

Materials and methods

Samples of surface seawater were collect-
ed at the end of a jetty (about 10 m long)
of Shioya Coast (Osaka Bay) in polyethylene
bottles (Fig. 1). The sampling was con-
ducted at monthly intervals from May 1979
to December 1980. Temperature of the
surface seawater was measured by a mercury
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Fig. 1. The location of the sampling point
(Shioya Coast) in Osaka Bay.

thermometer. The protist samples in the
seawater were fractionated with a plankton
net (NXXX25 with 40 yum mesh aperture).
Protist samples which passed through the
net were examined. The filtered sample
(total volume 1,000 m!/) was divided into
two equal portions. One portion was fixed
with 19, Lugol solution, allowed to settle in
a glass bottle for a week, and concentrated
to a volume of 0.5 to 5mi. The cell
number of each species of protista in con-
centrated sample was counted under light
microscope with a Thoma hemocytometer.
The other portion of the sample was con-
centrated by centrifugation (1,400xg, 10
min.) and examined in two ways: (1) by
direct observation of living material by
light microscopy and (2) by electron micro-
scopic observation of the sample prepared
by whole mount method. Scale-bearing
protista (e.g. those belonging to chryso-
phytes, prymnesiophytes, prasinophytes,
Centrohelida in heliozoans), diatoms and
choanoflagellates were identified and
counted by electron microscopy. The cell
number of each protist (N), group counted
by electron microscopy, was transformed
into the number of cells in a unit volume of
seawater (n) by the following formula:

n = NxDyD,,

where D, is the number of diatom frustules
enumerated by electron microscopy, and D,
is the total number of diatom frustules with

and without protoplast in a unit volume of
seawater examined by light microscopy.
In electron microscopical examination, a
JEM-100B analytical electron microscope
was used.

Results

Autotrophic protista

Autotrophic protista are defined as those
unicellular eucaryotes that have chlorophyll
pigments in their plastids. The concentra-
tion of the autotrophic protista ranged from
5 cells/ml on 16 December , 1980 to 57,000
cells/m! on 13 August, 1980 and the average
concentration was 9,000 cells/m! (Fig. 2b).
No typical spring bloom of the autotrophic
protista was detected in Shioya Coast. Cell
numbers were quite different from one sam-
ple to the other. In order to characterize
the pattern of seasonal change of the auto-
trophic protista, a year was divided into
four seasons, i.e. low (January to March),
rising (April to June), high (July to Sep-
tember) and falling (October to December)
water temperature seasons (cf. Fig. 2a).
The mean water temperatures of these four
seasons were 9.5°C, 17.1°C, 24.2°C and
18.3°C respectively.

Large cell numbers of the autotrophic
protista (larger than 10,000 cells/m!) were
obtained in four samples (July, 1979 and
April, August and September, 1980) col-
lected during the seasons of rising or high
water temperatures (Figs. 2a, b). Small
cell numbers (smaller than 1,000 cells/m!)
were obtained in eight samples (November
and December, 1979, and February, March,
May, July, October and December, 1980).
Six of these eight samples were collected
during the seasons of falling or low water
temperatures, and the other two (May and
July in 1980) were obserbed during the
seasons of rising and high water tempera-
tures.

Diatoms were the most numerous and
the commonest group of the autotrophic
protista in Shioya Coast. They were found
throughout the investigation period. Inten
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Fig. 2. Seasonal changes of the surface
seawater temperature and numerical parameters
of protista in Shioya Coast from May, 1979 to
December, 1980. (a) The surface seawater tem-
perature. (b) Cell numbers of the autotrophic
(solid circle) and the heterotrophic (open circle)
protista. (c) Ratio of the heterotrophic protist cells
to the autotrophic protist cells (%). (d) Taxonomic
composition of the autotrophic protista. (e) Tax-
onomic composition of the heterotrophic protista.
Abbreviations are as follows; CHL, chlorophytes;
PRA, prasinophytes; EUG, euglenophytes; CRY,
cryptophytes; DIN, dinoflagellates; DIA, diatoms;
PRY, prymnesiophytes; RAP, raphidophytes;
CHR, chrysophytes; EBR, ebridians; CHO,
choanoflagellates; AMO, amoebae; HEL, helio-
zoans; CIL, ciliates.

of the eleven samples collected during rising
and high water temperature seasons (in-
cluding the two samples of small cell num-
bers), diatoms occupied more than 759, of
the total cell number (Figs. 2a, d). In
contrast, in five of the nine samples ob-
tained during falling and low water tem-
perature seasons, diatoms occupied only
half or smaller part of the cell number of
the autotrophic protista. In all of these
diatom-poor samples the cell numbers were

smaller than 1,000 cells/m/. A year was
divided into two preiods by the dominancy
of diatoms; (1) rising and high water tem-
perature seasons when diatoms were domi-
nant, and (2) falling and low water tem-
perature seasons when diatoms were poor
(Fig. 2d). Skeletonema was the dominant
genus in diatoms; and dinoflagellates,
cryptophytes and prasinophytes were the
subdominant groups. Dinoflagellates, which
were observed throughout the investigation
period, occupied more than 209, of the
autotrophic protista in May, 1979 and Feb-
ruary and December, 1980 (Fig. 2d);
Gymmnodinium and Glenodinium being the dom-
inant genera. The cryptophytes occupied
more than 209, of the autotrophic protista
in falling and low water temperature sea-
sons (Fig. 2d), Cryptomonas being the domi-
nant genus. Prasinophytes occurred con-
stantly in cell number throughout the inves-
tigation period, which occupied more than
109, of the autotrophic protista from De-
cember, 1979 to February, 1980 (Fig. 2d).
Pyramimonas was the dominant genus in
prasinophytes. Chrysophytes, prymnesio-
phytes, raphidophytes, euglenophytes and
chlorophytes constituted a rather smaller
fraction of the autotrophic protista (Fig.
2d). Kephyrion was the dominant genus in
the chrysophytes and was distributed widely
in every season. Prymnesiophytes, domi-
nated by the genus Chrysochromulina, occur-
red throughout the investigation period
(Fig. 2d). A dense population of Hetero-
sigma of the raphidophytes was found in
June, 1980. Sometimes small cell numbers
of euglenophytes andjor chlorophytes oc-
curred in the protist samples (Fig. 2d).
The dominant genera in these groups were
Eutreptia and Chlamydomonas, respectively.
The autotrophic protista removed by fil-
tration contained a small number of large
diatoms, such as Coscinodiscus, Licmophora,
and large dinoflagellates, such as Ceratium.

Heterotrophic protista

Heterotrophic protista are the eucaryotes
without chlorophyll pigments. They in-
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clude the apochlorotic forms of phytopro-
tista as well as protozoa.

The cell number of the heterotrophic
protista ranged from 1.3 cells/m! (December,
1980) to 610 cells/m! (August, 1980), with
an average of 190 cells/m/. The seasonal
change in the cell number of this group
corresponded to that of the autotrophic
protista (Fig. 2b), and large cell numbers
occurred during high water temperature
season, about 600 cells/m/ in August and
September in 1980. The cell number of
the heterotrophic protista was 119, of the
cell number of the autotrophic protista in
average, and was largest (41%) in July,
1980.

Marine species of the heterotrophic pro-
tista obtained in this study were classified
into ten groups (Fig. 2e), six belonging to
apochlorotic phytoprotista (chlorophytes,
euglenophytes, cryptophytes, dinoflagellates,
ebridians and chrysophytes), and four to
protozoa (choanoflagellates, amoebae, heli-
ozoans and ciliates). Choanoflagellates
and apochlorotic chrysophytes were the
two major groups of the heterotrophic
protista in Shioya Coast (Fig. 2e). In
nine of the twenty samples collected, cho-
anoflagellates occupied more than 509, of
the total cell numbers of the heterotrophic
protista (Fig. 2e). Diaphanoeca and Acan-
thocorbis were the two dominant genera in
choanoflagellates. In six of the twenty
samples collected, apochlorotic chrysophytes
occupied more than 509, of the total cell
number of heterotrophic protista (Fig. 2e),
Calycomonas and Paraphysomonas being the
two dominant genera. During rising and
high water temperature seasons, ebridians
occurred constantly and sometimes abun-
dantly (Fig. 2e). In the heterotrophic
cryptophytes, Chilomonas was found abun-
dantly in November, 1979 and from Feb-
ruary to April, 1980 (Fig. 2e). Sometimes
apochlorotic dinoflagellates occurred abun-
dantly, occupying 24.19, of the total cell
number of the heterotrophic protista in
October, 1979 (Fig. 2e). Apochlorotic
Gymnodinium was the dominant genus in

the heterotrophic dinoflagellates. Ciliates,
heliozoans, amoebae and apochlorotic eu-
glenophytes and chlorophytes were the
minor constituents of the heterotrophic
protista in Shioya Coast. The dominant
genera in ciliates were Helicostomella; in
heliozoans, Heterophyrs and Acanthocystis; in
euglenophytes, Dinema and in chlorophytes,
Polytoma. Amoeboid forms were not iden-
tified.

The heterotrophic protista removed by
filtration were dominated by Noctiluca and
ciliates. Ciliates occurred in May and
August, 1979 and January and April, 1980,
when large number of the heterotrophic
protista was recorded.

Discussion

Generally every member of the auto-
trophic as well as heterotrophic protista,
with some exception in minor members,
occurred in Shioya Coast throughout the
investigation period (Figs 2d, e). There
was an obvious seasonal fluctuation in the
composition of the autotrophic protista,
while there was no obvious pattern of sea-
sonal fluctuation in the composition of the
heterotrophic protista (Fig. 2e). From
rising to falling temperature seasons, it was
diatoms, dinoflagellates and euglenophytes;
while from falling to low temperature sea-
sons, it was cryptophytes that formed higher
percentages of the autotrophic protista (Fig.
2d). In the heterotrophic protista, ebrid-
ians were abundant in rising and high water
temperature seasons, while apochlorotic
cryptophytes were abundant in falling and
low water temperature seasons. However,
the two major groups of the heterotrophic
protista, choanoflagellates and apochlorotic
chrysophytes, showed no obvious seasonal
fluctuation in Shioya Coast (Fig. 2e).

Choanoflagellates were the dominant
heterotrophic protista not only in coastal
waters (CHRETIENNOT 1974, this investiga-
tion) but also in oceanic habitats, such as
the Bay of Alaska (BooTH et al. 1982) and
the Southern Ocean (Buck and GARRISON
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1983, HARA et al. 1986). Choanoflagellate
is one of the most important heterotrophic
protista in the surface sea water. Apo-
chlorotic chrysophytes have been reported
as a common member of protista in the
study of the flora of coastal waters examined
by electron microscope (THRONDSEN 1969,
LEADBEATER 1974, MoEsTRUP 1979, TAKA-
HAsHI 1987). Quantitative seasonal change
of apochlorotic chrysophytes has not been
reported to date. The present study re-
vealed that apochlorotic chrysophytes oc-
curred numerously throughout the inves-
tigation period, being one of the dominant
heterotrophic protista in Shioya Coast.
This suggests that apochlorotic chrysophy-
tes are one of the dominant as well as the
common members of the heterotrophic
protista in the coastal waters of the world.

The numerical relationship between the
cell numbers of the autotrophic and hetero-
trophic protista is illustrated in Figure 3.
Although the population of the hetero-
trophic protista investigated in this study
includes bacteriophagous as well as phyto-
phagous species, their existence basically
depends upon the primary production of the
autotrophic protista. It is obvious that the
seasonal change of the cell numbers of the
heterotrophic protista is related to that of
the autotrophic protista (Fig. 2b). These
two groups showed a linear correlation on
a logarithmic scale (Fig. 3a). The re-
gression line is represented by the equation:
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Fig. 3. Relationship between the cell numbers
of autotrophic (A) and heterotrophic (H) protista.
(a) Linear correlation between the autotrophic
and the heterotrophic protist cell numbers. The
regression line is: H=1.62 A%%% (r=0.819). (b)
The ratio of autotrophic cells to heterotrophic cells
(A/H) plotted against the logarithm of autotrophic
cells per ml.

H = 1.62 A>3, (r=0.819)

where A is the number of the autotrophic
protist cells and H is the cell number of
the heterotrophic protista. The exponent
(0.553), which is smaller than one, indicates
that the larger the cell number of the auto-
trophic protista, the larger is the ratio of
the autotrophic protist cells to the hetero-
trophic protist cells (A/H) (Fig. 3b). It
also indicates that the 10-fold change of
the autotrophic cells causes only 3.6-fold
change of the heterotrophic cells. It sug-
gests that the fluctuation in the cell number
of the heterotrophic protista is smaller than
that of the autotrophic protista. The smal-
ler fluctuation in the cell number of the
heterotrophic protista is in agreement with
the results obtained in the case of protist
population in the surface water of the
Southern Ocean (Hara and Tanour 1985,
HaARrA et al. 1986). Since Osaka Bay and
the Southern Ocean are geographically
isolated and their environmental conditions
are quite different, the components of the
autotrophic and the heterotrophic protista
were not the same in these two localities
(Hara and Tanoue 1985, Hara et al.
1986), but the small variability of hetero-
trophic protista may be a common phe-
nomenon in both localities.

In the present study, the concentration
of protista which passed through the net
(NXXX25) were estimated as 9,000 cells/
m/ in average (5-57,000 cells/m/) for the
autotrophic protista and 190 cells/ml in
average (1-610 cells/m/) for the hetero-
trophic protista. Averaged values of the
cell numbers of nanoprotista (smaller than
20 ym in size) in the coastal waters of the
western North Atlantic were 3,100 cells/m!
(700-6,400 cells/ml) for the autotrophic and
3,000 cells/m! (900-5,000 cells/ml) for the
heterotrophic protista (Davis and Sie-
BurTH 1982). There is an obvious differ-
ence in the cell numbers (both averages and
ranges) between the heterotrophic protista
in Shioya Coast and those in the western
North Atlantic. In addition to the regional
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difference, the difference of heterotrophic
cell number may also be attributable to the
difference in the methods of enumeration
in each estimation. The cell number of
heterotrophic protista was estimated with
a hemocytometer coupled with an electron
microscope in the present study. There is
a possibility that colorless heterotrophic or-
ganisms were overlooked, therefore the cell
number of heterotrophic protista in this
study may be an underestimation. Davis
and SieBURTH (1982) calculated the cell
number of heterotrophic protista by sub-
tracting the number of cells with emission
of chlorophyll pigments from the total
number of protist cells counted by acridine
orange staining epifluorescence microscopy.
Because of the inability to observe the cel-
lular detail with epifluorescence micro-
scopy, the organisms identified as hetero-
trophic protista by their method may in-
clude not only zoospores of foraminifera
(Davis and SiEBURTH 1982) but also auto-
trophic protista with quenched fluorescence
of their chloroplasts. The cell number of
heterotrophic protista measured by their
method may be an overestimation. In ad-
dition to their epifluorescence microscopi-
cal method, morphological observations of
the cells with transmission light and electron
microscopics are essential for accurate es-
timation of the cell number and the com-
position of the protist community.

Many of the heterotrophic protista are
known to be bacterial feeders (Lavar 1971,
LEADBEATER and MorTtoN 1974, SIEBURTH
1979, SieBURTH and Davis 1982, Davis and
SiEBURTH 1984). These heterotrophic pro-
tista may be capable of consuming bacteria
over a wide range of concentrations found
in both coastal and oceanic waters (Davis
and SiEBURTH, 1984). These protista can
be eaten effectively by larger animals, such
as Antarctic krills, in the Southern Ocean
(Hara and Tanoue 1984, Tanoue and
Hara 1986). Hence, heterotrophic pro-
tista such as choanoflagellates, apochlorotic
chrysophytes and dinoflagellates and amoe-
bae may be the major consumers of the

bacterial biomass in marine habitats. They
may connect the bacterial biomass to the
animals of higher trophic levels in the
detritus food chain in marine ecosystems.
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SakanisHr, Y., YOKOHAMA, Y. and AruGa, Y. 1988. Photosynthesis measurements of blade segments
of brown algae Ecklonia cava KjeLLMaN and Eisenia bicyclis SETCHELL. Jpn. J. Phycol. 36: 24-28.

As the measurement of photosynthesis of tissue segments of Ecklonia and Eisenia with oxygen
technique had been disturbed by cutting a thallus, the present study was carried out to develop a
suitable treatment of tissue segments from the thalli of these algae. It was found that photosynthetic
and respiratory rates can be determined without disturbance with blade pieces of these algae after
being kept in running seawater for a period longer than 3 hrs after cutting.

Blade discs of 4.1 cm? were cut off from grown-up bladelets of Ecklonia cava and Eisenia bicyclis. A
disc was placed in a reaction vessel of a differential gas-volumeter with a capacity of about 35 ml
together with 10 ml of filtered seawater, and oxygen evolution or consumption in the vessel was mea-
sured under illumination or in darkness. The rates of oxygen evolution under illumination were at
almost constant high level in the discs kept in advance in the vessels in running seawater for more
than 3 hrs after cutting, while the values were extremely low when the measurements were made just
after cutting. In case of measuring the oxygen consumption in darkness, slightly high rates were
observed just after cutting.

Comparison of photosynthetic and respiratory rates was made on an area basis between a young
whole plant and a disc cut out of it. The rates of net photosynthesis and respiration of a disc were
respectively 1.18 and 1.85 times higher than those of a whole plant on the average. These differences
seem to be reasonable since the whole plant has portions such as stipe, holdfast and margins.

Photosynthesis-light curves were obtained without disturbance using the discs which were cut
out of grown-up bladelets of Ecklonia cava and Eisenia bicyclis and kept overnight in running seawater.

These curves were similar to those determined with young whole plants.

Key Index Words: Blade disc—differential gas-volumeter—Ecklonia cava—Eisenia bicyclis—

photosynthesis—productmeter—respiration.

The brown algae Ecklonia cava and FEisenia
bicyclis are widely distributed along the
Pacific coast of central Japan, and form
submarine forests there. Measuring the
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photosynthetic or respiratory activity in
these species has been, however, difficult
because cutting the thallus of these algae
disturbs the measurements with oxygen
technique (ARrasakl and Toxupa 1967).
We suppose this to be due to the consump-
tion of oxygen in water by some substance(s)
released from the wounded portion of the
thallus piece. In preliminary measure-
ments, however, the photosynthesis and
respiration were successfully measured with
young whole plants of Ec. cava and Ei.
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bicyclis, which were 10 cm in blade length,
even though they had wounded parts pre-
sumably caused by grazing. In this case,
many hours might have passed since the
plant was grazed. Thus, it is considered
that measurements of photosynthesis and
respiration can probably be successfully
done if a piece cut off from a thallus of Ec.
cava or Ei. bicyclis is kept in running sea-
water for several hours after cutting.

The present study was carried out to
develop a suitable treatment of blade pieces
from the thalli of Ec. cava and Ei. bicyclis
before measuring photosynthesis and respi-
ration in order to avoid any unreliability
similar to that observed by ARrasakr and
Toxkupa (1967).

Materials and Methods

Young and adult plants of Ecklonia cava
and Eisenia bicyclis used in this study were
collected from a depth of about 5m and
1 m, respectively, in Nabeta Bay, Shimoda,
Shizuoka Pref., and brought to the Shimoda
Marine Research Center, University of
Tsukuba. The young plants of about 10
cm in blade length were kept in running
seawater in the laboratory before the mea-
surements of photosynthesis or respiration,
while the adult plants were kept in an
outdoor water tank supplied with flowing
seawater before discs of 4.1 cm® were cut
out of their bladelets. The discs were then
kept in running seawater in the laboratory
for different lengths of time before use.

The instrument used for measuring pho-
tosynthesis and respiration was ‘Product-
meter’, a differential gas-volumeter devised
by YokoHama and IcmmMura (1969) and
improved by YokoHAMA ¢t al. (1986), which
had been used for physiological and ecologi-
cal studies of seaweeds (YokoHama 1972,
1973a, 1973b, 1973c, KaGcEyaMA and Yoko-
HAMA 1974, Hata and Yokonama 1976,
Kacevama and YokoHaMma 1977, Mizusa-
wA et al. 1978, KAGEYAMA e al. 1979,
Katavama et al. 1985, Sarton et al. 1986,
MaEecAawA et al. 1987). Several types of

reaction and compensation vessels attach-
able to this instrument were reported by
Yokonama and Maecawa (1988). A
blade disc and 10 m/ of filtered seawater
were placed in a flask type reaction vessel
with a capacity of about 35ml, and a
similar amount of filtered seawater was
placed in a compensation vessel of the
same type. A young whole plant and 50
m! of filtered seawater were placed in a
culture flask type reaction vessel with a
capacity of about 200 m/, and a similar
amount of filtered seawater was placed in
a compenastion vessel of the same type.

A slide projector (Elmo S-300) with an
incandescent lamp (Kondo 100 V 300 W)
was used as the light source for the photo-
synthesis measurements. The sample was
irradiated with light of 15 klux at 20°C
under shaking of 100 rpm and 3 cm in
amplitude. Respiration was measured in
the same manner but in complete darkness.

Results

Fig. 1 (A and B) shows the rates of oxygen
evolution measured under irradiation by
light of 15 klux in vessels containing blade
discs of Ecklonia cava and Eisenia bicyclis
kept for different lengths of time in run-
ning seawater after being cut off from the
bladelets. Most of the observed values
were extremely low just after cutting, but
were at almost constant high level 3 hrs or
more after cutting. The rate of oxygen
consumption in darkness showed, however,
no marked change with time, though it
was slightly high just after cutting as shown
in Fig. 1 (C). This suggests that the ex-
tremely low rate of oxygen evolution under
illumination just after cutting is not attrib-
utable to the consumption of oxygen in
water by any substance released from the
wounded portion of the blade disc. How-
ever, these results may at least indicate
that the photosynthetic and respiratory
rates of Ec. cava and Ei. bicyclis can be
measured without disturbance using blade
discs kept in running seawater for a period



26 SakanisHI, Y., YOKOHAMA, Y. and Aruca, Y.

longer than 3 hrs after cutting.

In order to know whether the values ob-
tained in such a way are at a normal level,
the photosynthetic or respiratory rate of
young whole plants of Ei. bicyclis was com-
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Fig. 1. Rates of oxygen evolution in vessels
which contained 10 ml of filtered seawater and a
disc of 4.1 cm? kept for different periods in running
seawater after being cut off from a bladelet of
Ecklonia cava (A and C) or Eisenia bicyclis (B)
measured at 15 klux (A and B) or in darkness (C).
Temperature was 20°C.

pared with that of a cut disc (Table 1).
The values in case of a disc on an area
basis were generally higher than those of
a whole plant. This difference may be
due to the presence of parts such as stipe,
holdfast and margins in the whole plant
(Fig. 2) which might have relatively low
photosynthetic and respiratory activities.
Fig. 3 shows photosynthesis-light curves
in discs cut out of grown-up bladelets of Ec.
cava and Ei. bicyclis kept overnight in run-
ning seawater before use. As can be seen,
it is clear that they were obtained without

0 Sem

Fig. 2. A profile of a young plant of Eisenia
bicyclis used for comparing the photosynthetic
activities of the whole plant with that of a 4.1 cm?
disc cut off from it. The disc was cut off from the
part indicated by the circle in the blade.

Table 1. Comparisons of the photosynthetic rates (ul Ozrcm~2:-h~1) at 20°C and
15 klux and the respiratory rates at 20°C in darkness between the young whole plant

and a disc cut out of it in Eisenia bicyclis.

Photosynthesis Respiration
Whole Plant Disc Disc/Whole P. Whole Plant Disc Disc/Whole P.
22.7 28.5 1.26 7.0 10.0 1.43
29.3 32.1 1.10 7.3 4.9 0.67
36.7 30.0 0.82 3.0 9.3 3.10
17.3 28.1 1.62 9.4 8.4 0.89
30.6 36.7 1.20 6.8 11.6 1.71
27.5 30.5 1.11 5.7 5.1 0.89
23.0 28.4 1.23 3.5 11.1 3.17
24.5 27.3 1.11 2.9 8.4 2.90

Mean 1.184-0.21

Mean 1.854-1.06
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Fig. 3. Photosynthesis-light curves at 20°C of
the discs cut off from bladelets of Ecklonia cava and
Eisenia bicyclis kept overnight in running seawater
after cutting.

disturbance.

Discussion

The results of the present study indicate
that the blade discs of Ecklonia cava and
Eisenia bicyclis should be kept in running
seawater for more than 3 hrs after cutting
in order to measure their photosynthetic
and respiratory rates without disturbance
(Fig. 1).

The propriety of values thus obtained is
supported by HaTtceER (1977) who report-
ed that in Laminaria longicruris the photosyn-
thetic and respiratory rates on an area basis
of an algal piece were respectively 1.2 and
1.8 times higher than those of a whole
plant. In the present study, the photosyn-
thetic and respiratory rates of discs cut
out of young plants of Ei. bicyclis were re-
spectively 1.18 and 1.85 times higher than
those of whole plants on an average (Table
1).

Photosynthesis-light curves obtained with
the discs cut out of grown-up bladelets of
Ec. cava and Ei. bicyclis (Fig. 3) are similar
to those of young whole plants reported by
Matecawa et al. (1987). This is an addi-

tional support for the propriety of the
values obtained with the blade discs.

The mechanism disturbing the measure-
ments of photosynthesis and respiration of
discs of Ec¢. cava and Fi. bicyclis just after
cutting still remains unknown. Although
we presumed that the disturbance is due to
the consumption of oxygen in water by
some substance(s) released from the wound-
ed portion of the blade disc, the rate of
oxygen consumption in the vessel contain-
ing a disc measured in darkness just after
cutting was not high enough to explain the
extremely low rate of oxygen evolution in
the vessel in the same conditions but under
illumination.
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YoxoHnawma, Y. and MaEGawa, M. 1988. Measurements of photosynthesis and respiration of large
samples by ‘Productmeter’, a differential gas-volumeter. Jpn. J. Phycol. 36: 29-36.

‘Productmeter’ has been regarded as suitable for measuring photosynthesis or respiration in
small pieces of seaweeds or small individual animals since the capacity of reaction and compensation
vessels attachable to its original type is 20-50 ml (YokonaMA and IcHmMura 1969). However, larger
vessels can be attached to an improved type of ‘Productmeter’ (YokoHAMA et al. 1986). In this study
the application of larger vessels of culture-flask type (ca. 200 ml in capacity) and desiccator type (ca.
300 ml) were examined for measuring photosynthesis and/or respiration of individuals of two species of
young kelps, a marine fish and two species of marine benthic animals. The length of time required
for attaining the temperature equilibrium was about 10 minutes when a culture-flask type vessel con-
taining 50 ml of water was transferred from a bath of 5°C to one of 25°C, while it took about 20 min-
utes when a desiccator type vessel containing 50 ml of water was transferred from a bath of 5°C to
one of 25°C. For measuring respiration of marine organisms in a vessel containing adequate amount
of seawater, a CO, absorbent such as KOH solution was not necessary, probably because the seawater
itself acted as an effective CO, absorbent. Photosynthesis and respiration rates of juvenile plants of
Eisenia bicyclis (leaf area 38 cm?) and Ecklonia cava (leaf area 15 cm?) were determined with a culture-
flask type vessel containing 50-75 ml of seawater. Respiration rates of Halioiis diversicolor aquatilis (a
shellfish, 6.5 cm in shell length), Toxopneustes pileolus (a sea urchin, 5.6 cm in diameter) and Scorpaenodes
guamensis (a fish, 8.6 cm in body length) were also determined with a desiccator type vessel contain-
ing 100 ml of seawater.

Key Index Words: Ecklonia cava—Eisenia bicyclis—gasmetry—Haliotis diversicolor aquatilis
—photosynthesis—respiration—Scorpaenodes guamensis—temperature equilibrium—Toxopneustis
pileolus.

Yasutsugu Yokohama, Shimoda Marine Research Center, University of Tsukuba, Shimoda 5-10-1,
Shizuoka, 415 Japan; Miyuki Maegawa, Faculty of Fisheries, Mie University, Edobashi 2-80, Tsu,
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Fig. 1.
A, Erlenmeyer flask type (ca. 30 ml in capacity);
desiccator type (ca. 300 ml in capacity).

Three types of vessels used for measuring photosynthesis and respiration with ‘Productmeter’.
B, culture-flask type (ca. 200 ml in capacity); C,
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Fig. 2. A schematic diagram of the main part of ‘Productmeter’ with large culture-flask type
vessels. RB, rubber Etlocks; SH, small holes; U, U-shaped capillary tube; FM, fixed marks; I,
index drop (kerosene containing 0.01-0.029, sudan black); G, graduated capillary tube; F, colored
fluid (aqueous solution containing 2%, invert soap such as benzethonium chloride and 0.01-0.02%,
cosine) ; FR, fluid reservoir; S, screw clamp; RT, rubber capillary tubes; PT, plastic capillary
tubes; RP, rubber plugs; R, reaction vessel containing juvenile kelp and adequate amount of
filtered seawater; C, compensation vessel containing the same amount of filtered seawater as in the
reaction vessel; P, plastic plate holding the system.
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Fig. 3. Change with time of temperature in a culture-flask type vessel
(200 ml in capacity) after being transferred from a water bath of 5, 15 or

20°C to one of 25°C.
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Fig. 5. A culture-flask type vessel (ca. 200 ml
in capacity) containing a juvenile FEisenia bicyclis
and 75 ml of filtered seawater.
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Table 1. An example of the record of oxygen
evolution by Eisenia bicyclis (a young kelp with leaf
area of 38.2cm?) placed in a culture-flask type
vessel (ca. 200 ml in capacity) containing 75 ml of
filtered seawater under 20 klux at 20°C. Room
temperature (temperature of the graduated capil-
lary tube) was 23°C. A, readings of the colored
fluid meniscus in the graduated capillary tube;
B, difference of each reading from the initial read-
ing. May 21, 1987.

Time A B
0 min 6 0ul
1 45 39
2 84 78
3 126 120
4 165 159
5 207 201
6 248 242
7 288 282
8 330 324
9 369 363

10 406 400
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50, TNOOENIS 0 FOEEILIICE, 05
OB AT TOMICEGAD SFRE L BREOR (B
) »Bohs. BRlOEEREICE D, REZH
icE3 & Fig6 OLBDS 5 708505, B DS
52 ABMOEBICH > THATVWB T LD, BHEFR
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Fig. 6. Time courses of oxygen evolution and
consumption by a juvenile Eisenia bicyclis. Drawn
from the data shown in Tables 1 and 2.
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LBl bDTHB WS AL Table ]l OHFHELAL
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Rith. ChiZADBARET IO LBARINHE L
TWBZEERL TS,

Table 2 OBHHOMEH Hid Fig.6 OTERD I 7 78
Bohahs, BEhS—EORE TRAEZRN LT L
BboMhd, TOHEZ 2574l O-h™ LHEIND
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Table 2.  An example of the record of oxygen
consumption by Eisenia bicyclis (a juvenile kelp with
leaf area of 38.2 cm?) placed in a culture-flask type
vessel (ca. 200 ml in capacity) containing 75 ml of
filtered seawater in the dark at 20°C. Room tem-
perature (temperature of the graduated capillary
tube) was 23°C. A, readings of the colored fluid
meniscus in the graduated capillary tube; B, diffe-
rence of each reading from the initial reading.
May 21, 1987.

Time A B
0 min 95.0 0 ul
1 91.0 —4.0
2 89.6 —6.0
3 85.0 —10.0
4 80.9 —14.1
5 75.0 —20.0
6 73.0 —22.0
7 68.9 —26.1
8 64.7 —30.3
9 61.1 —33.9
10 57.0 —38.0
11 52,9 —42.1
12 49.5 —45.5
13 44.9 —50.1
14 41.5 —53.5
15 48.5 —56.5
16 34.1 —60.9
17 29.9 —65.1
18 27.2 —67.8
19 24.5 —70.5
20 19.0 —76.0

WIBICH 1 B il 237 pl Op-h™! 2155,
BEBYOIFRAE

BRI ZINAT 2/ E LT, Fvr—z4
Borg (Fig. 1C) R NEE 8. 2cm A
300 ml > ZOHEEEMNT, #E 6.5 cm it 27.7
g Ot 27 ¥ Haliotis diversicolor aquatilis (l {4 §i) ¥
MRS XA 4F) (Fig. TA), TEH#% 5.6 cm it
64.4g D7 v/ = Toxopneustis pileolus (fifi i T
V=7 /¥y =F) (Fig.7B), {kE 8.6cm ik
13.9g DAV /142" Scorpaenodes guamensis (F¥HETHY
Mfamd 74 =F) (Fig. 7C) DIFMZEHIE LT A7,

Fig. 8 (3, 28°COENT, KIGHEICIZTIMEGA S
Ptk 100 ml, SHARNC (27 #HEK 100 ml 0 2
ZAN, 0°COKMETNTHE U & XORRETH

[s : e

AR

iocm
s i

Fig. 7. Desiccator type vessels containing
marine animals and 100 ml of filtered seawater.
A, Haloitis diversicolor aquatilis; B, Toxopneustes
pileolus;  C, Scorpaenodes guamensis.

.
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Fig. 8. Time courses of oxygen consumption
by three kinds of marine animals at 20°C. Room
temperature was 23°C. The volume of oxygen is
expressed as that at 23°C-760 mm Hg.

h3 CO, 2NIABAROTHELOBRETSE C & IC
K-> THIENTIREE IS S, ZDIDDFERELT, 7
— VTV TRERTOBE IR, AROPRICHERD
BIEERY, Z0fic CO, BHI& LT 20% KOH
BEREANT VS, 79587 b 2 —2—DBPBICH,
Fig. 1 A [CRULI/MRID=A7 7 R aBIRKBIZ7 — 0
TV ITRESIf - 7cbDTH 305, HEER BB
BNEMEENET 28E L, BBPROBIZERZG
¥, KOH BBREANZHE I EEFE LT
%o

RERBRICH, BEHIEOSHEIZ CO, BllHlz A

NBTHOHBREBNLELEZ SN, BELY
ORFEFEIEDHE I, BhE & ICFISEBITNE
SN BAGKH CO, WINHIDHEI% R4 7-%, KOH
BREEELTITEHD LI NS,

EBICATIZE TIZ KOH BREDHFIE CO, Tl
FBAWTIRT 7 2 OHEB XU b 2 7Y ZD¥EET)
VORERERELI-DTHEH, BohiER (Fig.
6 BLU Fig.8) BRIFHEOGDEZZ %, b LEGE
BAD¥E KR 5FET S CO, 1ot LTI
ELTOBEEEREDIICRI LABWVRBICH 7287
i, #Ko CO, INAERKFEE & HIET I 2IRE
KH-1B3TTHY, 20dicHRlomENERE
DREEEDIUET UL ICEBI L AHENES
N33 9THs. LHL Fig.6 & Fig.8 DF~XTD
AR BNTESESHFRF SN THB T EDS, <
& DRTE R X DRI ISR AR A D HEK DS
CO; BHIE LTHRNCHEEL T D & ¥ K &
N3,

Fig. 9 BERBYW 15cm2 O A Y # Ecklonia cava ®
PEIC DN T0CTH LN AR TH 5,
BRATOBKABEBROMNED, YHHEHNTOBREREN
£ L ERkic KOH Bi% Vg, A8 200 ml D
CABIBBICHEED 120 E 50 ml OF@EHEKOH%E A
NTITE 1o, BEAFOBRNBEE 2RO AH
BPAROBNBEIC B EBERLERELEZDOT A%
HATLEROER FICH 5, ZOBRIEREPICED
THY A EPSFEE L CO, DIFEAETRTH
BBRAOHKICHEI NI C EZBREICTRLT VS,

% g7

AEABREAOZHE0OMESARRELEICET S
KDPITDRLIEB T LICH D EFHEINLY, &K

pl-emiZi!)
w IS
o (=]

—2

[
o
T T

' 1

o
T

OXYGEN EVOLUTION (
AP

5

15 20

LIGHT INTENSITY (klux)

Fig. 9. Photosynthesis-light curve at 20°C of a young Ecklonia cava (leaf are 15 cm?).
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WETHO AR 200—300 ml OABOBE, HIE
DkEANTHONNL, EHRAME DR & 2 4 20°C
H-Th, 1003 TREFEEICETST EHHBAL
7o

AR 200ml, E% 12cm, G% 10cm OEHETA
LUARBICIFENEK 75ml S EHICIA U /- S HE R
38.2cm? DT J £ HETHARSE L CREEE % K
BETEBTEIH, TOHEKDKE SR OEEY
ABIBRBONBNORRICGENSDEEBbN b, LD
REBHRBEAOCNZ LD K SBHEGERRET S
EMTEBIRITTHSH, BEVFHICET LRE%ET
EBIEHEL THRDICRBETE BRI
L7225 D5k

T 7 A Stk IRIREITE 32053, HEEEBIYO EIRH
EIL305 s 7o b, WREIZI0HEREOHIE TR
THHT LM Fig.6 BLU Fig. 8 IR LIERDPS
bhb. LOULLaT7VyBIBAY A4 TSI
FOCHED 3 WIZEBICER U o IR Db
U5 alfeiEbsdh 2813, BRRIcbIz 3 EL S
BB THAD0

WHONSRUTDOHEITIT, BPTHARAEDS
EFEUS LRI R ENBD B, CDEHET LI3EBRAT
KA TICBEIPNTOIBEIC L B ENEDT, i
HADEbIC L > THE L D EEZ DN, 2D
DEHE T TOXRASRAEOLH AT, BREOEDS
RBELEZ 5B, KAROEFICHE > TRIGAER
Ho¥EKD CO. MENHIBEULETT 2 XA
BOBHERFICILZDT, EITHRETTRERBEO
R B S0 d i 510, APfEICB VT, 77
2 EEEERKE & DIRGERICAN, BEHST
TIFMIRE S Lictk, HikEANEZL TERZHR
LcOi3UED X5 BHICK 5,

FERRIEDSH A, ki CO, BINFIE LT
REL, ZOORIGRBICERE & bicHEBDIF B
KEANIZEICIE, RRS CO, WEIZE R 31
BEORWCEBPOLENE 5Tz L LBESEYD B
WIRTFHEDWEELY O RERAERE S 354103, 20
% KOH IBBE®D CO, BNFIBHELLY, #h%E
AN B A RISEIBCRI LT NTIE S0, F-
ARFETHOIEYR, WETRT I ABLTAY 4
D, BEBHYTIHEES ST EE 10cm ED
FTOraATY, 590 =BIOAY HHTOEES
BOHTH - 1ehs, SRBROWRETIRT B LI
&-oT, KOBHEEMEERONREST BT EHBT
X3 THAI. RBOMRICAEDLEIIRE 5L Kig
DIRFRESLELILE D, TROEE SHE KD »
FARBEELTCRAT AT ETRETH S,

51 B x &

M IESF - BREREERE 1976, AFPILIEMHO AR
—IRRERE. B 24 1-7.

IkeHARA, N., Isa, Y.and Yamasato, K. 1981. The

separation of Zooxanthellae from a coral, Euphyl-

lia  glabrescens (Chamisso and Eysenhardt).
Sesoko Mar. Sci. Lab. Tech. Rep. (8): 1-5.

LBt - BLIEERE 1974 HETREBERICTIER
DA R, % 22 119-123.

WILE - BRiREEE 1977, EFTHEREOBR LS
. B 25 168-175.

KaGeEvama, A., Yokonama, Y. and Nisizawa, K.
1979. Diurnal rhythm of apparent photosyn-
thesis of a brown alga, Spatoglossum pacificum.
Bot. Mar. 22: 199-201.

KaTtavama, N., Tokunaca, Y. and YokoHAMA, Y.
1985. Effect of growth temperature on photo-
synthesis-temperature relationships of a tide pool
alga Cladophora rudolphiana (Chlorophyceae). Jap.
J. Phycol. 33: 312-316.

Maecawa, M., YokoHama, Y. and Aruca, Y. 1987.
Critical light conditions for young Ecklonia cava
and Eisenia bicyclis with reference to photosyn-
thesis. Hydrobiol. 151/152: 447-455.

IUET - BRI 1984, BRI ARAEHCL B
;;—ﬁ@lﬂzl&ﬁlﬁ@iﬁﬂi. JekEAR 41:207-
13.

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

FHERES - FIUATER - BREARRE  1986. KEEEEMEEEOD
HAR—IREREICONT. KIEEEBIA L v 4
- (12):9-14.

SakansHI, Y., YokoHaMa, Y. and Aruca, Y. 1988.
Photosynthesis measurement of blade segments
of brown algae Ecklonia cava Kjellman and Eisenia
bicyclis Setchell. Jpn. J. Phycol. 36: 24-28.

YokoHaMA, Y. 1972. Photosynthesis-temperature re-
lationships in several benthic marine algae. Proc.
7th Intl. Seaweed Symp.: 286-291.

Yokonama, Y. 1973. A comparative study on
photosynthesis-temperature relationships and
their seasonal changes in marine benthic algae.
Int. Revue ges. Hydrobiol. 58: 463-472.

BREE 19732, EBREEZRICT ZRBONLEMRK
i, HESH 21 70-75.

MERERRE 1973b. AEEREEERICT S BOKEAR
Rk, SE 21 119-124.

Yokonama, Y. and IcHmMuRra, S. 1969. A new
device of differential gas-volumeter for ecological
studies on small aquatic organismas. Journ.
Oceanogr. Soc. Japan 25: 75-80.

BEERRERE - JTILETRE - MAEEE 1986 WREIY w4
7 F A= 2 — (ZBHEARAE) E20BHEONE
BRBUE~DIGH. B 34 : 37-42

HIHEF - AR - BREY - HREKL - 8%
#1953, v —n T RRIER. BEILE, B,



#34 Jpn. J. Phycol. 36: 37-42, March 10, 1988

XY J U Porphyra yezoensis EHE DTV E_TRELD
HBEEEOWMDAHCRIZITEEOCE

WARK - BBk

FARKERSY (43 BARHERTH=AEE)

Yamamoro, T. and Takao, M. 1988. Effects of temperature on the uptake kinetics of ammonia-N
and nitrate-N by Porphyra yezoensis thalli. Jpn. J. Phycol. 36: 37-42.

The uptake kinetics for ammonia-N and nitrate-N by Porphyra yezoensis thalli were examined
under various temperatures (4-18°C). The carbon and nitrogen contents of the frond were 341.9+
24.8 and 52.5410.4 mg-g dry wt™1, respectively, and the C/N ratio was 6.8041.58. The uptake
parameter, Ks, for ammonia-N varied from 48.3 to 182.7 ugN+/~1, and Vm was from 0.0033 to 0.0082
h-1. The Ks for nitrate-N varied from 10.1 to 53.9 ugN+[~!, and the Vm was from 0.0005 to 0.0013
h-!. These parameters both for ammonia-N and nitrate-N showed the maxima at 14°C. Com-
paring the Vm of ammonia-N with that of nitrate-N under the same temperature, ammonia-N was
taken 6.3-9.4 times faster than nitrate-N by the frond. These parameters expressed in common

logarithms were converted by the quadratic equations to absolute temperatures; for ammonia-N,
Va=Sx 10-29,642(103/'1‘)2+2oe,93(m3/'r)—353,23/(5 +lo—39,556(103/T)2+276,17(103/T)-—479,77) and for nitrate-N,

VN=Sx10"- 32,464(103/ T)% +227,45(103 /) T) - 401.36/(S 410~ 37,0510103/ T)% +257,50C103 / T — #45.69)  These equations

consisting of the major factors such as ammonia-N and nitrate-N concentrations and temperature
which are controlling the growth of Nori frond are considered to be useful in estimating the production
capacity of Nori cultural ground.

Key Index Words: ammonia—nitrate—Porphyra—temperature—uptake.
Tamiji Yamamoto and Masahide Takao, Aichi Prefectural Fisheries Experimental Station, 97 Wakamiya,

Miya-cho, Gamagori, Aichi 443, Japan

J ) BREZICBOTIE, /) B0 S URMEEY
B0 E, EEOHMIRICE - T, HEHS
WEEERZ LHicisy, BEFELIDEOMLEEE
AT, MBEBEECTHETALEMUINE LS i
LoT&T

JVHBRITE /Y DS TS v 7 L v RED
fhoMEHRS &, /) SERNHN (=9 F) 2RAL
{TREYMBERBL, —DOEBRERLLTVBEO
T, WEEHOEETEE L T/ VRSO BIETE
BREBEINBZOTHAH I 2% D, BEEYOREERIC
A BHEENISE, H5 UV RBEAEYBOBERLES
Micdhic£T, £hoZ2ReEkE LTEEL, 20
ficksid s /) ONBEZERT ZDENSHS Do

ZOMBEELTET, /) 20 b0DRBEERIC
T BINEEZFARNRITESIEN, /) OXRBHEOID
ABITBLTIE, BREPOBENEILTIHRTOX
BROEETONTETHBD (B, 1965; R 5,

AT 14 i ER BT B AT (R B 3

1965), ERRBEEE LIEBROPIC BT 555
IR AT C DER D A S HE ICBI T 2 ERIIRIW L T
5o

—7, WERGE SN 28> THEBEHNOEEN
WEBESHICLL S LTEHEAE, BEEDICENT
IZ1950ERD T TETED (BA, 1980), #
HEODHTIRI0ERD SEYT 7 v 7 + v ERRE
UTRBHOI D AL R EICEE T B HIROED o T
%\ 3 (DucpaLE and GOERING, 1967 ; EpPLEY and
TuoMmas, 1969 ; CARPENTER and GuiLLARrD, 1971 ;
McCarTHY, 1981 ; McCARTHY et al., 1982 ; GLIBERT
et al., 1982),

AW TII R Y & /) Porphyra yezoensis % T,
/Y B OBSKIEE MR LIcRETT, TvE=
7B E K UTHBIBE ROV AL HEER AL 4 2 &
BN ZHOTHEL, Thom/ 7 2 2 —ZHMH L
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HHREFE

EERICIZI9864E5 Hic 7 ) — Y & v 7 DRIREE A
FHICBHEL, 10 TENOKYTHEEEEL, £
Ih o nigiast /) BicHE I TEAR
KEZRRSREISHETERS 2/ VEA
AV A

LD/ VEEDS B, ¥R 5—10cm T, BIRM
ICIER T & DA &G, 1.5 cmé (FH 1. 766 cm?) @ &
YFTH bR o RARRBTER L/, ) EHIC
13, V2 E7 47 Licmophora spp. SEEEEDEFN
Rohzicd, thbDER%EABEKEANICZH
77 Z2aicoh, B2 UTEUIEE D Lice Zhic
£-T, HEEEERESCEAERI ORETEI
(Tanaka, 1986),

RICZNODERZBRFOHROTA -7 L —
THE Lz AT#EK 1/20 ASP,, (ProvasoLr ef al.,
1957 ; #z#ZL NaCl, MgSO,-7H,0, MgCl,-6 H,O,
KCl, CaCl,, TRIS (3FACHRIME, fbid 1/208,
pH 8.0) iC24BE IR Uiz T OREDKIR & BERK
IZf75 5N BDAHDEBRE R CICEE Ul

4B WO FkEEE, 300m/ ORMGE=AT7 I 22
ic 30 & R D AT #Ek A 200 ml 92 A, PNH,CI
BXU KBNO; 222010 BETHRML
0% AE UL, BNH,Cl 0% 1% 0, 6.9, 13.8,
20. 7, 34.4, 68.9,103. 3,137.7,172. 1, 206. 6 ugN-["!,
¥72, KISNO, DRI 0, 7.3, 14.7, 22.0, 36.7,
73.5, 110.2, 147.0, 183.7, 220.5 ugN-I"! & Ui,

choic EEROER%E 3 fS3oAN, BEIRIT
8000 /x DBEEREZIIHAL, | KREOWEET -7,
BE, REROBAY X L%2EBBLT, EFEHRLLE
L7 2 O BICEEREfT - 1co 2 E /) DBE,
WEREY T 7 V7 L YOBBETRONEXH1ET v
E=TREFZOERHTORERLIDAA (Conway
et al., 1976 ; McCarTHYy and Gorbpman, 1979 ;
Gorpman and GLiBERT, 1982) »s R ohiskic,
2 B E CIRRM & & bICED ASBEDSTESRAYICHE M
TECEBHBINTNWEDOT (BRDL, 1986), LI L
D &S ISEREE Ulco FERONEIRE 3 FHIR
HBHEXD /Y falicBEES S h 2 BEKR 4—18C
2EBL, COMHET2 COMRICHEE Ui

WDAHERK T, RERX 3K IO0EREDH
55 U 400°C T 2 Rl e Lic s/ 7 R 7 7 48—
AIEICDOHE, 60°CT 6 — 8 IgiiciRtk, ML TH—
{EUTHIEZTT- 1o 2N HO—iZ CHN 72— 4" —

(Yanaco MT-3 ®) ZRNCHEAHORELEHRS
BRERDI. B O—IMITHER (1980) Tht - T
L, N-15 745 44— (BEDK NIA-1 B) T
Bohd BN, & ®N, H#ROEHR<I buvdb,
7 Y ki BN atom% ZRKDT1zo

JVERICRDAE N EBERERLE (UN+5N) 3
n=N(A-2,)/(a-A) & LTEH Lo CTTT, n 3E
B AcmUr 2 ) BRHROEHRE, N3/ V%
FHbEdEffoTWiE#R (CHN a2-4 -7
SNIME), a0 IZHARRD BN atom%(=0. 3663), a
BFEKCERmMEN: BN O atom% (T T TRI%D
LOEMRM), A BERED /) RO 5N atom%
THbo

BREER

l. REBLUEHESER
KESERIT 341. 9+24. 8(249. 3—464. 8)mg- g dry
wt™l, BEEHERIZ 52.5+10.4(27.2-76.1)mg-g
dry wt' ThH 57 (F1) %7, C/N [£126.80
+1.58(4. 25—12.53) T&H - 720
SEOEBRICAW /) EBERARBRTRE I
7.bDTHED, TORECHBE LTV BEYICK
ZEBERNOHBICITAERERIIR SRV TH
5950 ZD—ORNEEBFIIIRO FETREICHE
Ufco $f2, N2 F ) TIZOVWTIE, £ FhOEER
BRICHEBERAN LA, LYHEZ0.8pum DHOD
P8 1.0—19.3% 108 cells/cm? BRAZELT 2 D R
BaNhtco ThoDHERL 0, LER/FER %
0.23(Bowden, 1977), RFE/HERHZ0.4 (ERE
1), R#E/BFEH% 3. 5(WHEELER and KIRCHMAN,
1986) £9°3&, /) EEKICNTE N7 FY) TORE
#(30.01-0.16% L R b5 N3, F/, WHEELER
and Kircuman (1986) 0L X Hic, 7257 ) 7
IC X BTEERBE RO D ABBIERIT/NEL, Tv=E
=TRHLTH /) EABREEOT (0.0026—0. 0133
h™), 757 Y T7ick3d N RINERIZ, AKBRTES

Table 1. Carbon and nitrogen contents of Porphyra
_vezoensis thalli, and the C/N ratio. n=160.

RER EEE Sy
(mg-g dry _ (mg-g dry C/N
wt™1) wt™1)
o 249, 3—464. 8 27.2—76.1 4.25—12. 53
S+

i 341.9+24.8 52.5+10.4 6.80+1.58
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V=Vm:-S/(Ks+8S)
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VO EDABEE (b
Ks : EafER (ugN-1™)
Vm : BRI ALEE (h1)
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KKOWTRAE, 20 Ks ffiE Vm fHizZh Zh
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Fig. 1. Lineweaver-Burk plot (1/V vs. 1/S; V:
uptake velocity, h=!; S: ammonia-N con-
centration, 4gN+l"1) of the uptake of
ammonia-N by Porphyra yezoensis thalli.
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ZLbic, 14CT Ks, Vm OEISBEKRETS - Tohs,
ORI, I5CHETHERBOBRALIEE LD
W& KT - %4, 1958a, 1958 b ; 54, 1965) & —
H9 5,

TV E=TEERELWNBRESEED Vm HEREE
CLicHigdaL, 7/E=THREFEDGH6.3—9.4
fEHRNEETMDIATNB T Ehbh b, HERBER
BRYRAENBHAIIT, HEBETEED B5 1K £

Table 2. The uptake parameters, Ks (half-satura-
tion constant, ugN-/~1) and Vm (maxi-
mum uptake velocity, h=1) for ammonia-
N and nitrate-N in Porphyra yezoensis thalli
under various temperature conditions.

Temp. NH,-N NO;-N
(€ Ks Vm Ks Vm
48. 3 0. 0033 10. 1 0. 0005
6 71.9 0. 0038 20. 8 0. 0006
164.5 0. 0064 ND ND
10 150. 2 0.0077 33.0 0. 0009
12 164.0 0. 0081 ND ND
14 182. 7 0. 0082 53.9 0.0013
16 ND ND ND ND
18 143. 8 0. 0066 43.3 0. 06007
ND : no data.
x10 *h=1
101 b 14°c
S8 10°Cc
: :
o 6 18°C
] —— 8°C
g acc
w 4
b4
<
by
2 2}
[} 100 200 300\t

NO3=N CONC. (S)

Fig. 2. Changes in uptake kinetics of ammonia-N (a) and nitrate-N (b) in Porphyra yezoensis thalli under

various temperature conditions.
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THb. BE - HR (1959) B7 v E=TRERLH
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ERCIRD o THZD, BB 7 7+ vOBR

3.0

Yamamoro, T. and Takao, M.

BT 1421 ygN- 7! 7 VE=TREEDEHE
THBBEZEOWMDIALMBIEF bW b T LAHoNT
"3 (McCarTHy, 1981), 7 VE=TMHER, H5
W2 ZDDOTBOBRFESIET ZMICRET S/
YENHRETIULE, chbnc LRSEFREINRA
B ORVWHEED—DTH A5,

3. 5 22— Ks, Vm OEEOEKELTOE
i)

L TREEBRE TR LN Ks BXY Vm @
HE2H-T, 7Ve=TREIEEBBOWDAHEEE
BEOBEMKE LTRET S, chick-T, o4
YVIDBFEDOIMDAALIEIBE DHBNEREILD, £
MOBHFED S IHRADMBEE /T I LTHE LS
Do

HGROBRRIGROBST 5 KEHO B D A &
i, —Mc Qo DEAlIES dDEBbh3, #-
T, Ks & Vm DZzhZhiconWTT7r=vx7 8y
F 2T 7chs, SREIOERTRERBETOEITbD

a NHa=N
2.0
. Cc NO3=N
“
¥ 20 /—\ .
o
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- @
¥
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E
> =201
o E b
2 < > -z0f /\.
. _g \\
-3.0 -
1 1 1 J -4.0 1 ] R J
3.4 35 3.6 37 3.4 3.5 3.6 3.7
(V) x 10° ) x 10°
Fig. 3. Effects of the temperature on the uptake parameters, Ks (half saturation constant) and Vm

(maximum uptake velocity) for ammonia-N and nitrate-N by Porphyra yezoensis thalli.

(a) Ks for

ammonia-N, Y = —29.556X2+4-276.17X—479.77; (b) Vm for ammonia-N, Y = —29.642X2+
206.93X —363.23; (c) Ks for nitrate-N, Y=—27.051X24257.50X —445.69; (d) Vm for nitrate-N,
Y=—32.464X24227.45X —401.36. Y means log Ks or log Vm, and X is (1/T) x 103 (T is the

absolute temperature).
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Mixami, H. 1988. Studies on Acrosorium flabellatum Yamapa (Delesseriaceae, Rhodophyta). Jpn.

Phycol. 36: 43-47.

Morphological studies were carried out on the mature specimens of Acrosorium flabellatum Y AMADA

and the following characters were confirmed.

1) thallus is attached to the substratum by means of

slender basal system, 2) thallus grows by a marginal zone of meristematic cell in which initials are cut
off segments obliquely, 3) macroscopic veins are present but inconspicuous, 4) procarp consists of a
supporting cell, a 4-celled carpogonial branch and 2 groups of sterile cells, 5) cystocarps are borne
on marginal proliferations, 6) tetrasporangial sori are formed along the marginal portion of thallus
and also on the marginal proliferations, 7) tetrasporangial primordia are cut off both from inner cor-
tical cells and from primary cells, and 8) tetrasporangia are 40-56 um in diameter and tetrahedrally

divided.

Key Index Words: Acrosorium flabellatum—Delesseriaceae—morpholog y—Rhodophyta—taxonomy.
Hideo Mikami, Women’s Junior College, Sapporo University, Nishioka 3-7-3-1, Sapporo, 062 Japan

T#ga/ /7 VKB d By Ly =N/ Acrosori-
um flabellatum Yamapa (T Yamapa (1930) &b
THEEAKNERCHSNRTO BOMENCE SO THE
LTI bhic. L ADBRRRERS &, FED
EEES I RTFAERECERIDIETH
Y, 20 LABEONEEIE L/, REICRD
g E RITXNt-AF 9 R/ ) Acrosorium uncina-
tum (TurNER) KyLiN=Nitophyllum uncinatum & DX
BHBDTHBOBLOEBBRNON TS, FEHIIK
BEREOHMEOM, ZBROEBICENTT CHBEIC
% L TH b hic A EO M RO IBFAFIC O
THRETGE - 1ER, ChETICREBOEETD
S DO OHRERS T LRI DO TRICHRET
5o

#sE B R

NI NIRRT T BB LicES (Fig. 1), HF973
I (Fig. 5) ZLITHAEXRARECNEL, &
WEx D (Figs. 3-4)o DE X1 10~15cm, i
BRT, BR~BRICENSD, 5IZOFBIIMA
o, iz Ui Uidh ERicthhsy, BEEEE B3
(Fig. 1,C). HERMMIRIIREBECTH 503, BEMERN
MR%E HD (Fig. 6)o

ERMER : Fig. 7 I TBEVBEF OSMBETRT. B1H
AETREICBEANTEEAMRIREEET, 31T
SR TEMBONHIC IV ERET 5. FTLOMRI
AL SRDICHINTES B,

TapnT KEOT v H 7 i3 EICiRET
2/ E DG { BIfE LTHET B o Figs. 8-9 {3
ZDFREEEETT. b, FEO 7w a2 4R
Mad 6135 A KT VE 1 EE 2 BoREERT
KHHMIED SRR D S - T B o 3285 LIRT D At ifaIC
R—RcHWBRONT, E-T2BozhZhizE
WD+ THB (Fig. 9, styme, stome),

BER: BEQGOWA LitBIELTET 3 (Fig. 12,
cy)o Fig 11 {FEHVEROREFL (po) KEBTH %0
RAOHARIICIZIBRL f-riEimia t) »EEsh
7zo Fig. 10 BEBEVEROMEEZRT B =% 7
7 A M ROBEF Do LG AR t) OZRZTHH
Rohic,

PSR © U TR A ORI KM £
KARBRASE 2 UTHET S (Fig. 13), Fig. 14 3%
DA, £ LT Fig. 15 Bz oliEicE ) 53k
TE () RUNRSBTFERE (p) &R7. 0L, &
Bomslar#EE (p) ZEERBKT primary i
fROWF oo HENE. MUYIETEIT & 40—56
pm CT=AHRICHEIT S (Fig. 14)0
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Figs. 2-7.  Acrosorium flabellatum Y AMADA.
2. Cross section of blade. 3. Cross section of stipe. 4. The same, magnified. prc, primary cell. 5. Basal
system. 6. Surface view of frond showing microscopic veins stippled. 7. Apex of young branch showing
marginal segmentation.

Z ®

YLORN/NVDEAT R T 4 THETERK
B (holotype SAP 12344) 15 & Ti3#H5%3 HENL S 6
BichdTRICKED YLy 25/ ) B8ETHBF o 1
Bo LLAMABHELCLICZDIFEALEBREGKLT
Hbo —FRK (1908) EHFv zx/x/ ) BAKDHE

i SEEEL, ZoOMHE, METFEICOWTEE
1R (pl. 26, figs. 1-19) 2 EVELWMER LI & C
A0t 0 AAREE (M 1936) OILROHRT, &l
SRDO26RMFAD Figs. 2-3 D HDIFERHF T Z/x/
JOHDTIRELTYLYIAN/ ) DEDTH-7&
L, Lhbrryzss/) ool RTFERED
TRICI - THEB DT  Acrosorium OBORE T

Fig. 1. Acrosorium flabellatum YAMADA. A, sterile plant, Ohara, Chiba Pref., June 4, 1976. B, female,
and C, tetrasporangial plants, Sugashima, Mie Pref., Apr. 28, 1975.
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—H®T, -oTYVL RN/ Y% Acrosorium B
BB LICRBEODEINBELB LTS,
YLORN/ Y ERFY RN/ ) EFZOEOE S
LBRUDNEOREFE EITONTHICELEL L,
Ldbzo L, fEhiciRdtic LIZUIE ThERE] #s
FELTOT, MEMIKBEEERXANT 5 C &i3fEhic
BBETRIED. YLIRN/YEAFIRN/ Y ED
KAl E LTRET ZOBERORTFORELET S
TENTED, Bib, YL o2/ ) TRRENVES S
LHEFEHETRBIC L > THEEPERRE I B E T
%, ThitHULTHF Y 23/ ) TREFEABOR2
BEMY, BEMOBHELICNE LU TEET 2. 7
ahNTeETEANBICEALTE, #F¥FYR~/YT
HEBEGER LICHIELTEST S (=L 1980) ikt
U, YL o z/xN/ ) 0BEIKBZEN5RETH IR
TH/NER EICET2RMES - Td. UYRTFHE
BEETAIMNERDODVWTEARYLVIRN Y/ Y O
&, FR (1936) itk 3 EioigEic s bbb ST,
FOMGE LA 5T, BLLAZ L IGTRLDET
B8P bicHE9 3 (Fig. 13). B Ul TRBFZEDFS

EEMEICOVWTEHETEL, A¥y RN/ ) TREZ
WOEERE» 0L HEINE (ZE 1980) @
KU, Yroz,/ ) CREBIVIIC primary
faEoWG o HiEhb. ULOERNLSAT,
YL RN/ YA Acrosorium BICELT B &iciz£ L
BosiznE iz hd,

ROICHI D BELTFEROME S LicE BEE
WO bR SRR o F B AR
BHBEL LT 5,

5l B X ®&

IR SAES 1908. HA MBS 1. Published by
the author, .

FREARR 1936 AAYEHEE. PHEZEE, 5.

= ELEAME 1980. A¥y RSN/ Y (FLEE, 3/ /
YFD iIcoWnT. # 28: 113-116.

Yamapa, Y. 1930. Notes on some Japanese Algae
1. Jour. Fac. sci., Hokkaido Imp. Univ., I:
27-36.

Figs. 8-15. Acrosorium flabellatum Y AMADA.

8-9. Development of procarp. cbi, initial cell of carpogonial branch; cb, -3, first, second and third cell of
carpogonial branch; cp, carpogonium; sc, supporting cell; stymc, stzmc, mother cells of first and second

groups of sterile cells; tr, trichogyne.
po, ostiole; prc, primary cell; st, sterile cell.

10. Cross section of young cystocarp. fu, fusion cell; g, gonimoblast;
11. Surface view of young cystocarp.

12. Female blade. cy,

cystocarps. 13. Blade with tetrasporangial sori (ts). 14. Surface view of part of tetrasporangial sorus. t,

tetrasporangium.

15. Cross section of young tetrasporangial sorus. p, tetrasporangial primordia.
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Fupita, D. Fosliella zostericola (FosLiE) SEcawa (Rhodophyta, Corallinales) in culture. Jpn. J. Phy-

col. 36: 48-51.

The life cycle of an epiphytic crustose coralline alga, Fosliella zostericola (FosLIE) SEGAwWA col-
lected from Hakodate, has been completed in the modified Grund medium at 15°C, 14:10 LD with
30 W/m?. The cultures were started with carpospores which gave rise to mature tetrasporophytes
in 44-124 days. The liberated spores from the tetrasporophytes reached mature male or female
gametophytes in 20 days. The carpospores were liberated from the carposporophytes in 92 days.
The germination discs of both tetraspores and carpospores possess eight-celled central element which
produce intercalary trichocytes. Consequently this alga was transferred to the genus Pneophyllum.

Key Index Words: Corallinales—epiphyte—Fosliella zostericola—life cycle—Pneophyllum zos-

tericolum—Rhodophyta.

Daisuke Fujita, Faculty of Fisheries, Hokkaido University, Minatomachi Hakodate, Hokkaido, 041

Japan

It CuaMBERLAIN (1987) (3ZEEBED Pneophyllum
BA4BCOWTERICK > THEFEREZEIETNS
8, AFBICEST ZEOEFELICDOOTOREIZIE.
SEEEMNTICEBICRONSE EHY Fosliella zoste-
ricola (Fosl.) SEcAwA T DWW AFT-T2E T 5,
KRR AT 5 & L HISE, MIIREOHED OX
TS Preophyllum BICFHIBTRETH BT EBPELH
LR 1cDTHRET 5. 19834 4 A 6 HicEMETHENE
BOER B TDR A E Phyllospadix iwatensis MAKINOG
DELICEBTLTOBRBMAD T H 42 AT ETLEH
BREFICH bR - oo EEBEBSITTHIXBE V£
FEBOTES Y OBREEE U CRETEFRL,
W ARk EI Licy + — VRICARI. Thb
DT A 702y TR B, WHEAEEK
KBULANSC EABVRLTHE LI, Rlaick
B (77 2RUCH+HR) ICH0ETOEBE L. B
BB¥HORT O BEE2BBL, REFZFELTHE
WHDERRE L, Grund OREEH (ROHD
Na,HPO, %1/4iz) 5> L7 & D, Brown et al. (1973)
Ziilc Ulo 4 Y AT A (B0ml) it LE L TRsAR
Wico BRICIIERSEE (yva -4V F . ~x—
% — MIR 550 B) &R, gEBA (1978) HEicE
B Y OB TRIFEHEREGIEBELT WV 3 R E
15°C, B 30 W/m?2 (A6 4000 lux), 6

FE14 2 10 (BAM) : BEHD) ORBICHE L. MDA
BII—BREC LTy, HROBRHPTHZE L ik
RO REERE Ulco HERANICRIBTFHE D O 1)
HINNUFBFRZ2OBICEFRL, ERORMETY
#ERS T

BRRUEE

FEFROTLOEEN 40pum OKXEIT (Fig
D), 18 2~3 B§RICHE Lico BT ORMICIZEE
MOBH OB L OKIED, KEICRFAEIELL
B0, b 1 - T, &% | ~ 2 BTOHER
HUlco 3~ 4RMA%ICIIE—NHEEERLT 295
PELTHHBEIZD, ROTEMERIHZTN8
M LIS 5100 ZDHRDWDHEA THE B HKICIZ 28/
fa&is -7 (Fig.2)o T2 ETONBBERZEHVIC
B89 3 TR (1974), Cuinara (1974), HEEAR(1978) D
BEFERE—HL, BER (1978) A4 HEES
Ihtce ZOH 4 AEICR—HOMEBHBINCIED 5
HEiciz 2 0#igh SEHLE Ui (Figs. 3,4)0 TOE
AR O DRTNC D » THEHRIC I S5
FUCHNEMITEDL, AL/ THRTEELTA= M &V
) Y THRET D LMoL D b8 TRICHE 5 oo
FOEWH A E FARKICENTHD - fohs, TOYetark
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Figs. 1-12.  Pneophyllum zostericolum (Foslie) Fujita comb. nov.

1. Liberated carpospore. 2. Sporeling showing eight-celled central element. 3. Camera lucida drawing of
germination disc with intercalary trichocytes (black) and their hairs. 4. Scanning electron micrograph of
hair. 5. Young crust. 6. Secondary disc at the crust margin. 7. Mature sporophytes and liberated
tetraspores. 8. Surface view of mature tetrasporangial conceptacles and liberated tetraspores. 9. Vertical
section of tetrasporangial conceptacle. 10. Male (right) and female (left) crusts and liberated carpospore
(arrow). 11. Vertical section of male conceptacle. 12. Vertial section of female conceptacle. Scale: 50
#m in Fig. 1 (for Figs. 1-3), Fig. 6 (for Figs. 5-6) and Fig. 9 (for Figs. 9, 11-12); 10 zm for Fig. 4; 100 zm
in Fig. 8; 1 mm in Fig. 7 (for Figs. 7, 10).
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TRIBERT SBI-Te TVTHOED ZDOH
bt BT IS E S BRICE > THFEL,
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BROWE LichuniaFosR e hic (Figs. 7-9)0 5
F40H BiCiZ35MEED 5 b 7 BADERE L 132 D
BB A, 08 Bic32MERE Ui,
B4 A Bicipsiarossii s h, 2o%dEE
Dl THHEINZDEBE L. AT ORI
IR HE 2 AR U 7o R 3R KI320 B I i3 A REBR B %
R LD Io0s, Thdids 7 7 4 YUIRZERLT
MRB L HEHEAETER B & MR TRAR T B » oo
AETHER R IR T IS AssRRIC S > THEEL (Fig.
10), HEMEARESRETRIRZREHEDONE SO LHR
BoniEh-7c (Fig.11)e ZZTREDOF + V2%
B2 3a~gE#e v 2 IR 10 L T A, MR B
LIt ERI N TED 5920 B BRIBTFORME 23S -
7o (Fig. 12) I N RFREBRTFTH S C &I
BAOWBIC X VR LI,

U EDEEERD» S, TV OEERRTA b7 E
DEFERTHAT EHHIBAL, CuamserLan (1987)
HSFA S 4 B D 1 TlL Pneophyllum myriocarpum (P.
CrouaN & H. Crouan) Y. CHAMBERLAIN &[F UT
Hotco L ULEEIDEEHETIT P. lobescens Y. CHAM-
BERLAIN, P. plurivalidum Y. CHAMBERLAIN, P. zonale
(P. CrouaN & H. CrouaN) Y. CHAMBERLAIN THI%K
LTWB X IKaFMBEE LTRTAICIES X538
BRBD oNIh - 1o TAMEHATHERR D SO
AT ORI HIEERERTRBICTI T EBTEIC
bbb 5T, FHARMICK > TET 2 RlaT 0l
RBIERICRTH o/ COTERAEMRRATERED
BHILEYOE LD HICET T2 HH & B35 2 AlRE
WD 5. 24 EDER—BICIEHIR T ICHBE CHK
AL, SEMRZERE L CEETEES T 30—100
cm DIEHSI0 cm X 10 cm T 30—40 A T R UHh F%
DOEZI TS, EAFIRIORA EDEDMEICHE

FEICHEELTED Gmm fEXx10cm QR HEHEDH
720 FHEIC100{EGARR), chbm R A EDEMEIR
KEBONTENCZ NG S e DICRHED T + ¥ 248
LR ->TVBEEZ OGNS MATE A YN
BT 100 pm BE EH N, BABEERTHEES
By =% h4#412EOBABYORELZT TED
RINicy, hoRBOBIRERL &iC &k - TRIEHR
DEB NI D T 2GR D 5o MHEAETEERRD R
TCLEDRVEAINRAATEDE EICEBTT S L
i, AHREESTOOPTOLIICEEEESRD,
AEWYOEBEOKSE EHT 5 T B EERE
EEZbh5,

E A4 1219004E Foslie iT X - T Lithophyllum zos-
tericolum f. tenuis & UCERIMI N8, Lithophyllum
zostericolum FosLiE ([ 1902, DE Tont 1905, CorToN
1915), Melobesia zostericola FosLie (FosLie 1907, De
Tonr 1924, Masakr & Toxmba 1960), Heteroderma
zostericola FosLie (FosLie 1909, Masakr 1968, [ty
1916, Toxma 1954) & LTHbN T x/chs, BIER
Fosliella zostericola (FosLIE) SEGAwA (DZEZMEZ 5
nTWw3 (FMA 1976), CuameerraN (1983) (33EEH
BED Fosliella BN D Heteroderma J& D Tl 2
HU, 202 @BonEHEE UTHRED FHIR
EELMIEO RO O BNCEEL, 356K
Heteroderma QEZBSHIKEDONFEHRLEO RYFEBT
HBCT AL, Bic Kutzine (1843) jc kb &
INic Preophyllum DBBZMNBE T LERIBLTY
%0 ZhitkB & Fosliella BI3IR BTy HOH
4IETED SN, BEMME M O KR IiCE
BENBDICNUT, RFRD Heteroderma &, HIH
Pneophyllum & TRFERTFHEOHOH 8 MaTLHD
SNELMBNEET B8R EL LTHERMICED
5LE3INTVE. SRIDOEEDEETHODMIED 8
Mg otssc & (Figs. 2, 3), AEMREAMEE
HUBC &(Figs. 3, 4) BB S DICE DT, €
413 CHamBERLAIN (1984) 7 REBL T35 Xk SHiC
Pneophyllum BICFIBIER2DONR Y LEEZ SN B,
733 19854F 4 Hic HEEEHOMRB/IR=H Tz T~
% Phyllospadix japonica MakiNo DIE LICEFLTH
TeEh S ZFRUTHEFDH O EEE G LI LT
5, 8EDHLMIE, RUNENSEEMEORFES
BT 5 & hshikt,

Preophyllum zostericolum (Fosl.) Fujita comb. nov.

Basionym :

Lithophyllum zostericolum FosLie, Det K. Norske
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Vidensk. skr. 1900(3) : 5 1900.
Nomenclatural synonyms :
Melobesia zostericola Fosrie, Det K. Norske
Vidensk. skr. 1907(6) : 25 1907.
Heteroderma zostericola Fosuig, Det K. Norske
Vidensk. skr. 1909(2) : 56 1909.
Fosliella zostericola (FosLie) Segawa, Jap. J.
Phycol. 24(4) : 143 1976.
B
AWiFEr, MR TOMEOEREICERL, R
HIFRHEFROFHEE ROME %80T, CC
IR BB ULEF 5,0

51 B xX #
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INE—3BL - EREE : BREERE Bolbocoleon piliferum PRINGSHEIM
(Chaetophoraceae, Chlorophyta) [CD(VT DEE

Kazuhiro KocaME and Tadao YosHma: Observations on Bolbocoleon

piliferum PriNGSHEIM (Chaetophoraceae, Chlorophyta) newly found in Japan

Morphological and cultural observations were madc on Bolbocoleon piliferum PrINGSHEIM which
was an endophyte in Gloiosiphonia capillaris and Chorda filum, collected at Shikabe, Otoshibe and Oshoro
in Hokkaido. Prostrate cells of the plants were 1021 ym in diameter and 17-55 g in length. Their
chloroplasts were parietal and network-like each containing four to nine pyrenoids. Seta-bearing
cells were bulb-shaped, having a parietal chloroplast with one to three pyrenoids for each. The
seta was a prolongation of the seta-bearing cell and the part of the bulbous cell, up to 2.5 um thick.
In culture, biflagellate and quadriflagellate swarmers released from the sporangia were observed, but
the fusion of gametes was not observed. The swarmer germinated with a germ tube and grew into

uniseriate branched filaments.

Key Index Words: Bolbocoleon piliferum—Chaetophoraceae—Chlorophyta.
Kazuhiro Kogame and Tadao Yoshida, Department of Botany, Faculty of Science, Hokkaido University,

Sapporo, 060 Japan

Bolbocoleon piliferum |318624F PrRINGSHEIM T L V) 50
WS NI NBE S OMIBRIRRET, BIEE LS, i
O« OWFBRICHENET 5. JLRFEHIRITILL D
BRIGNEH, db7 » ) AREHER, Vv E#IFH
BERBERTY Y o d#E 05 3 (KLoczcova
and ByvarLiNa 1985), Bolbocoleon piliferum |3 Acro-
chaete repens PriNGSHEM ELEBREINICEEH - -
53, Sourn (1968) Kr¥ Kermarrec (1970) i€k D
WEDBROHHE L MITE N,

BEBIRR, AEEEEOER, KRROBE
THREL, BARCKZHBHE LRI BERLD
BEETE 5T

BHRIIALEA + 7 /) ROBE Y veICEELTY
oo BAERAETAHIRIRT, BEORELICHLE
L, BiREOMaD SEEOREMNCRET IRIEE
W3 (Fig. 1)o BAOMIRIZ R, AT TP
ZAREE, BRIELET ZOERAT 10~21 gm,
BRI 17~85 pm TH -7 BITEHT MK MO
ML o/hsL, ZOHEEL 9~12pm T, @HETS
SRBICRIAEF FCRIRET 50 BIER 2.5um FTO
AET, RIEORIEMEO—RE UTRRINE
3, ZOSRMLBBRERIRWTONEC LI
80 BEREIITNE S OMEEETH 508, TR
bDdH b L/ A FiRREDMAIC 4 ~ 9,
BIEZ b OMbgic | ~ 3 EEAET 5o BB LcBT

1, MRG0, FIiRE S EERICHY,
Wi I E RS 5 o AREA L /o Rl TH £ 10
~17um, X 48~168 um TH 1o

B, EHEOMEE RO TEAN A & e
2 OBHEELc BRI DV TITIE o 1o BEHARI 7T
b Yy — LT, BT 10C, 16: 8LD, ki
WITiZ PES 2R\, B2 T ~10AZ i UT,
B UclRICE 0T, 24A8E (Fig.2) L4AH
FBOWHEMIEBE L 1ch, BEBFOEARIMATSE
W oto. WEMNIZ 1 ~3 BRICIIFE B & Mid
L, #%93 (Fig. 3)e 20%, REBOLMIPICHE
FEfasIEREn, ZHUdRRICHET S (Fig. 4)o
Fio, FELEEMRORMEOEIH S, RKE
EREDOFEICEWENRER T C L 55 5 (Figs.
3, 4)o BEDHYP~DEERF S UL, BEKERII
PR TRERBICIZD 2TV, BIBRIREREET S
RS HRIcERE NS, ZORBRIRROLD EH
boishotz (Fig5)o Tz, BIEZESILOHEEKD
Bhtc. HERBARIFEEART, BEIFKE,DS 1
rABETR# L. MBRIR#TZELESMELZ
O Setific EEMIR AR T 5 (Fig. 6)o kit LT
TEITIEH &, BERRRICRET 2EHAHBDH 5.
Bolbocoleon JEDHFERIE LT, #HWHEREIBE2LDOC
&, BIBRERGEE OBILHMRONEETHD, £
DML BERRBCONR VT &, BEEFOFRED
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20pum
|

a seta. Figs. 2-6.  Bolbocoleon piliferum in culture.

3. A germling with a peg-like extention (arrowhead).
Seta-bearing cell (arrowhead).
Arrowhead indicates a sporangium.

of a original swarmer (arrowhead). Tig. 5.

plant producing sporangia.

BCIEIEE AT T C &, FEEEARIT T B SRR
e, BEHMEZBRLENT ENHT 5N 5
(Sourn 1968, Kermarrec 1970, Niersen 1979),

Bolbocoleon JHI1Z1Z B. piliferum DBIZ B. jolyi Y Ama-
guisai-Tomita (Yamacuisur-Tomrra 1970) 7375 2
BN TV AAS, B. jolyi |3 B. piliferum IT
H, Ml BE K S0 ETXBIE NS 4EIE
ELUIcMENE Bolbocoleon |RO¥§Z Z18ATHY,

Mok & &, EREDIE, £V /4 FOREER
B. piliferum DFciE (PringsHEmM 1862, Sourn 1969,
Yarisa 1975) &—F9 5,

B .

Fig. 1. Bolbocoleon piliferum from the field, endophytic in Gloiosiphonia capillaris.
Fig. 2. Biflagellate swarmers in a sporangium. Fig.

Arrowhead indicates

Fig. 4. A young plant with a seta and the wall
Fig. 6. Part of a mature

3l B X @

KermarrEc, A. 1970. A propos d’une eventuelle
parents de deux Chlorophycées marines: Acro-
chaete repens et Bolbocoleon piliferum (Chaetopho-
racée, Ulotrichales). Cah. Biol. Mar. 11: 483-
490.

Kroczcova, N.G. and Byvarimna, T.P. 1985. Vo-
dorosli-Makrofity ostrova Sakhalin I. Zelenye

p- 42-63. In S.N. Trudov [ed.]

Bentos 1 usloviya ego sushchestvovaniya na shel’-

fovykh zonakh Sakhalina. Akademiya Nauk

SSSR, Vladivostok.

vodorosli.
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Shoji Kawasuma: Drifting records of alien species of the Laminariales (4).

Laminaria subsimplex M1vaBE et NAGAI

(4) Laminaria subsimplex Mivase ct NAGAI
Fo=yYywLavs

a v 7 Oicid, Whw 3 digitate species (SET-
cHELL and GARDNER 1925) &R TIENHEZL L
TN ﬂmwé%oL®Jo 3//@H$(@
%, WEH G ICEFEITE23~4 37 Laminaria
yezoensis 13H AH72FIEDT, HERMEZD 2 v TG
ZRIINTOEL L OAANCTIE, »ED B LUOHET
EMB I BHINIED. LU, RS Ea YT
JBD 2 4 7RiTH B L digitata %213 UHZ £ D digitate
species  ASIBIR A PR KBED HIPE A, & LTk
RHICE TR LTV 3

EE kﬁ‘ﬁ’“"éh%?ﬁﬁ?@* veHY= 2 a7
L. subsimplex % % 7= digitate species @ 1 fiT, &
I (Mrvase and Nacar 1933) AsT 541 ALl o &~
2 AV 2 fErNT AV ESTERIE U IcBiRIc o v T
FHELILHDTH S, £, 2OV TONHICD
WS IAEKT v v YNEBRFTOE A, Fhls

35 HE TIGHRO & T 5 FROFEERDIT N,

W%ﬂ#%(ilosofl 9 H i bR o &

EARGAS FIARE ESRTR o [[lrGie CRARI £ THY

18km)0)7i'fm-l_ﬂ L EFohTOicb0Z=RL, T
BONAY 7 (T4 37 TOM) TRISOHEHE
BOIMHFBEINICEDTH S0 HIXAITIAIKIZ1984
EICHEL S NS, ERTRMRP TR0 2 v 715
WK T, THBIRIER L LThALN, 20%
1ZAHH 7,84 (Buccinum osagawai) & LTt
T,

FHLOF T OEERENKICD E LTHHUD T

R (Fig. 1) IcLTH%ELTAS &, B3
FULESRDONTO S DSEDITHROCROZL T H 2 H
D, P LIRBIR->TVWEDT, ~RLULTFY
<=I~A a7 L platymeris & bivice UL,
BB B TATAER, RO XS SR AR5
EWTET

'ﬁ 33 —5[MNEL, ZOMNFKRTH 3mm & X

, TSI TRICMI 1850 213EE 3.5 em, K&

(2

4mm $H5HD, RITEOREIZIAHTH S,

/L(i)Ln)b‘

LS CTHEZIR L, RIBRERBMNEMRIFETH -1

b BN, ZDEMMZIELLN DR

GIDFE - 7o 13EE 7Tem, i 6 cm

BRI,
B, W

FTUNCTATNS. ZOYNT ADBITRII DI
WBOFIAD X HITHE SHHT, ERPICT X EETR
34, zoa v 7AROHEE LTSN E U2

PO E R OoN B &7c, TDFK->TWVE

5HEFT DI

Wigd 5 &, Kbhic#inridsz ol 2o < PIRIE

FicahhTnizcE S iciBbinsg, #Ho

& (e

T8 L.lmm, T 1.5mm H 0, ’f,[i"ﬁ T

{, BIMREEEZRET 5. MEEER,

%ETIR/DE

Yig. 1. Laminaria subsimplex M1vABE et NAG: AT,
cast ashore at Aidomari, Rausu (FEFIHTA),

Hokkaido. Early in September, 1980.
by Goro Osacawa. (84 cm in length)

Collected
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WA E 2 3B TREE TICPPHICRY, BT
BIERIONS O THEBARIC | SIICBTET 5. F
BRIITRI N T,

XT, HE8&E kI (Mrvase and Nacar 1932, 1933)
NTBFIE» SE4E L digitate species {3 5 Eilfid
B, 05 BEASMRO T~ 3V TERLF V<
I~NAavs, s<=FavF L dentigera, &) )NF¥
v av7 Ligeniala BXEF V=Y <£av/70
4BERVWINOAHELRE S S, SMESENIET
XAhs#EL &, DEEMMEICOVT U LIZEAED
WHRICINT &7 (Kaw 1979)s U L, MivaBe and
Nagcart (1933), SercueLr and GArbpner (1925) B Xk
U Kyeuiman (1889) OREMONE & RET3 &,
B2 BRESHENEL, BREELTZ{OMVHE
Kicabh, BLEOVERE 0L, #2EI%
NENET, BOMFRDIEL, 2RI EHE
HhH 5. £z, CNLOBEBERECEOTIR4
BE/NITBAETEEALXBILE WD, 20Zh
BFv=¥v=say 7N AR E gl
ETHa0IHL, 3EIVThOERICKEVE
FEREXRH#ETHD, TOBRNVI—EBRT
5. EH BTN SORMEILKRBYERHIHOBEA
L DBERL, HRTEEBTE,

BAMSINCER Ul 2 v 7 ONERIEHE & dE s
OR#ELELRUI4BOZNEBELTABE, CO
ERZBEOHICTF V=YY =22 Y TORBETL,
¥ 7-4£fkE LT Mivase and Nacar (1933) @ E 0
CHERL—HT 5,

AEI AL OELFNCIETED 2 Bho@iEsh
12120 T, BBECTREEEA DL, BEERDS

IOV TOHERG V. COEEFHFHED, Eh
B, EARRBETHREBRRBICHZELIOTHSS
DRBBROBEMIZNDG, FRY 2LV B8D/%7 4
YVEP LT BIIBROVIKHRNT &/ LEBZX 51301
e UL, §ETHIONTWATFEHITH» L DE
BT, ZEA LY, HBEHGFOXLERETR
RINTWEENLELSEE, SEDHIREL LW
ZLETHY, WHEEMCHAEREIKRER E Bbh
3,
BESEAZRRL, BILTTE - EE/IER
Koz kS, CIACH Ui O#EEE
T3, Ffc, EAREERS BF LT - dbigEXR
B ERIRPY 5 S PIRREIRICE  BHLH L LT B,

5l B X W

Kam, J.M. 1979. A view of the Genus Laminaria.
Oceanogr. Mar. Biol. Ann. Rev., 17: 101-161.

KjeLiman, F.R. 1889. Om Beringhafvets Algflora.
Kongl. Sv. Vet.-Akad. Handl., 23(8): 1-58.

Mivagg, K. and Nacar, M. 1932. On Hedophyllum
Bongardianum (Post. et Rupr.) YENDO and five
species of Laminaria from the North Kuriles.
Trans. Sapporo Nat. Hist. Soc., 12: 194-204.

MivaBe, K. and Nacar, M. 1933. Laminariaceae
of the Kurile Islands. Trans. Sapporo Nat. Hist.
Soc., 13: 85-102.

Se1cHeLL, W.A. and GarbpNEr, N.L. 1925. The
Marine Algae of the Pacific coast of N. America,
part III, Melanophyceae. Univ. Calif. Publ.,
Bot. VIII: 387-898.

(041 PBEAGTH A FM74-29-15)
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Christine A. OROSCO - KXFIEk: 74 UFY - ET7BICHEITIEEDOFE

Christine A. Orosco and Masao Ouno: Utilization of seaweeds in Cebu

Island, Central Visayas, the Philippines

74 ) EVHERIL, EOORILTHELELDPTVE
BERDEEMB DD, |EEZ D— A, Christine A.
Orosco 3 7BTEDL, B4 OWBEAL T,
1985 ICIIFBMREOMIE BHEBLLE biC, £E
Fi37 4 ) EVORBRRFEREEETOBASES . ¢
TEBOWBHEAZICOVWTIE, TTREESESHIN
TW5H (Umezakr 1987), CZTikuo—Hpnict 7
BTHRAINTOREBICOVTRR S,

7B THHERR— ===y b+, HBORT
BARKE-TRLFEBONTWVBDIE, ) VY418
(Eucheuma) & 4 7 X 2% (Caulerpa) THb., Y v
FAER, t7BTREL D OALDY v IHY —7
KEELTOIbOZEMLTW b, BT KR
7 + —)E (Bohol Island) ® 47 4+ Vil EH
ELUTABRICEHEI TS 0%, 740 VERiT
ANIMMATE7BIKEATETVS, Y Y H 1 8
i3, R4¥KkELFZBELT, 1ERLSVRET
5+bdB. WHEEE LTIE, E. spinosum & E. co-
tionii (FZICEENThONIH, ERTRIEHEDN
TW3) BRIAZhTHSH, &RICIE E. cottonii 53
FEEDLYBROIDIETONT NS, fEDALE
BHLE4OoNTVAY, ERSAL FESENEE
DREEMBD D EEELXFMBDL. 2hbid 300g &
Bl svicsh, 1~2.2y (15~30M) THs5h
TWb, ¥ Y1 EHRIEEY 7 L ICLTANDNT
W5, RIERE, BRLIBOMRIC2~30A0L 3
L, RELSPREEREOBIDLY DTN IICILS,
WTTELEBOULLEL L3, B L%E Uikt
WEL, Mg s, chicg=4xF, b=b, ¥av
feA, B, WEOEINPICZ/ 1 Z%BINZ 5,

Bici3aady v I s 0@hEHESCLbH 5,
FhRANVINRAREEEDPBRANIE AL H 5.

AT Z2EHEL P LERCEREL TS DR
WMUARICUTEIH, BRERBEEINTVLEH0%
FIALTW3.

FEHINTWBHEIZ, Caulerpa racemosa var. clavifera
(v F Y X2)THbBo C. lentillifera (7L X
2) L92AbH5 (FEHE, KE, /g 1987), C.

racemosa var. clavifera |3, 7B EBTHE I NN
TNED <7 2 VB Kalawisan FOB# T B Fich
Te->TEBLTWS. CTTDA 7 X 2 HFHITIAMN
T, BUIMSIdOEHEML, —BELE > THE
BT %0

HBHL LV THERTEAREIWCIRE LD, B
MIZBRTE 20ha 13EH D, DTHIHELNIKFATHE
ERRENTVS. LEliZ I v2 7 4 v ¥ 2 (Chanos
chanos) DEIEMTH >1-d D%, 1950FEEH ML LA 7
X FEELTIMRKEDL /X5 THB. COEM
I B TEL 30~50cm DEXTHBH, FEHIC
BoTBVEREZTWEAI 7 X232 RAT, /»
MR- TFECVTHERT 20 TH B, 17X 48
OFJEIZ, VY VBRETHRELONIBRILTE
oS, BE/ 2 VRBEGDESTHE., «7TBT
1X, T Caulerpa racemosa var. lamourouxii (& 5 T
Z &), Codium tomentosum (A &-& I v), Gracilaria sp.
(=7 VED 1) % Halymenia sp. (4 YV / FB
O 1E) BV 7 X ICEbITHED, T TH
ICROLNTWNBIEETIZI . Caulerpa racemosa var.
lamouroxii |%, & 738 T “Hang-hang” LRI THED
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Fig. 1. Seaweeds available in Cebu markets:
A) Caulerpa culture pond in Kalawisan, Mactan
Island, Cebu; B) Eucheuma from seaweed farm areas
in Bohol sold in Cebu Public Market; C) Eucheuma
(lower left of photo) and Caulerpa (lower right) salads.
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TS 13 m LIF &RV, KDL Y v EAHS 80 mgm™
Pk, £2FEH 500 mgm? LLEEEH, 5)—KA:
BEEN 300 gCm2y ! LI EEEW, 6) Microcystis hs
KOEZFBRLTWBE, BKIuc3AL ) V&Y
Rhn UBERERIE L MERRERE NI 185, MENHY
513 (TakaMura et al. 1988), Osrcp (1982) D
ETik, WKko2) v OEFEGEEH 100mgm—3 LL

FRFSAMQLEERFFEIUEY v RV ¥ LFERIC
HEINIHDTH 5,

F, BRBEOZ on 7 40 a BOEFGIEEEHS 25 mg
m™3 L, 700740 a BROBAED 75mgm™
YL, BEEDEESMAH 1.5m LIF, £ LT—40D
BHEOR/MED 0. 7m LTEZBREHE LTS,
BEBEHOBE OB EFEMEIC Microcystis THBE 1
DESINDS, Microcystis 13% { DBKRBEH TR
BIECBSETAHTHBEEXL S (Takamura et al.
1988),

Microcystis %S iR HEdE T ~ BT DUV TIZ1I9704E(R
D% { OWFESIE &N, LD x 1 = X LPEHIC
BT 2MRG S Ve C T TR, FIC19804ED 519844
i TR HEREAD TF - 1o BFe%E fiiT Micro-
cystis DH B REMFIFRDBVRIC DN TIHBRTHI o

WGBS MR ICBY L FR RS EEh
T2,

2. BYr@lcHFB Microcystis ODHEBKRRE—
REEROEIL

BrBTRITTICII0EEICT ¥ B D Anabaena R
Microcystis HSHHBLU 7= & WD 3088 03H 5 GRIRIR/KEE
HERYS 1912), 19504Eh 51960 4F 1T W 72 B K 3k IR
OHE (oLzZid SIFS 1957) HoYINids L,
HoBERIZ195TH LI Melosira h> 5 Microcystis 1T
Pb-Tb. LhL, DT L — 20RERSH
FETREP-Tco RIICETHBLICETZ 700
T4 a BE—REEROFEEBHETRT. TORIC
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Table 1 Annual changes in the chlorophyll a concentrations and primary productivity
(BA 519842 K, BIFIXERIZEN 519844 2R)
Year  Chl(y) Chl(s) G.P. NP. Method Period References
-2-1
(mgm=)  (BE™T YT
1956-57 5¢  (170) (1)2‘7’ OIS ly Sakamoto (1966 a, b)
19,2-73 34 63 5% 0,18 ly Tezuxa ef al. (1973)
1974-75 54 Tonooka & Hamapa (1975)
1974-75 31 e O,/CHL ly Tezuka et al. (1975)
1975 30 Tonooka (1976)
1976 37 31 Tonooka & Iizuka (1977)
1976-77 30 (260) OIS Jul-Jun.  Auzaxt (1977)
470 Arzakr (1977
1977 35 23§79 (s0) O4is Jan-Dec. fach OTT)  a1079)
57 Arzaxu et al. (1981)
1978 35 47 3.2 (400) O,/IS  Jan.-Dec. IwakuMa & Arzaki (1979)
1979 74 76 290 (690) OyfSIS Jan-Dec. Iwaxuma & Yasuno (1981)
1980 64 59 TAKAMURA et al. (1988)
1981 55 61 ”
1981-82 22‘1) (440) ¥C/CHL Aug.-Jul. »
1982 81 101 140 (520) ®C/CHL Jan.-Dec. »
1983 67 63 662 » » »
1984 38 44 585 ” ” ”
1985 50 64 483 ” ” ”
1986 35 64 ”» ”»
G.P. : gross production
N.P. : net production
Chl(y) : annual means of Ckl.a
Chl(s) : means of Chl.a during June to September
( ) : estimated values
IS : in situ: method
SIS  : simulated iz situ method
CHL : chlorophyll method

RTE D 1956-5THED— RAFERIZ 1970 LD Z 0
D16 51/TTH - 120 Microcystis 75V o b v
F oy P CHROWBBIKFBTHRE SN Microcystis @
BRHEE A (Pmax)d 7-8g0,chlth~! & 1981-82
FICHIE Ul (%) ORESLUTTHD (IcHmMura
1958, IcHiMura and ARUGA 1958), Z D Z & 134D
BKOREE L ~VvBSRIFETR b > 122 EERL
T3 EEbn b, B LB BT 19604ERIC
HFEBITHONTHIEODT, BREILAET LB

BBELHLTEV. BIICRT LI/ vm w7400 a
BB IU—RAEERIZIIVEDELI S5 HICESET
REBEIZIS L, Microcystis DRBFEHEIZ19705ER
HHED SHNTNB EEZ B0

X 1131978-1985FE DB HEEAD TD Microcys-
tis OHEFR (RRR) OFHEILERT . HIELH)
BHBD, HES SEREIOSWMIMBOEAB LRI
AL BEFERIEARICED, Z0B%EFCHSIA
ITRIFEAEBDONEL 3. BYHITIZ M. aer-
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Fig. 1
Bay (TAKAMURA et al. 1988).

uginosa, M. viridis 33 5T M. wesenbergii D 3 FiHsIR
HELTHRLTWS, BOBETHARICEIRIIOH,
FERE>TRELEDZ, COBOBELEEMBED &
SBBERTHRE 2 PR -> TS (TAkAMURA and
WaTANABE 1988),

. % & B

BB B Microcystis OY—YeA R X
BIMBERL, MBI KZEEBRED Sl bl
TAKAMURA et al. 1985), PaerL & (1985) {4 H 5
REL L 7= M. aeruginosa [T DOV TCIRABEDFERZETH
o oIS UBSERRITGIC K A HEND D, HEEHkD
BN HEEEENOBERHCER T 8 L X 2B
LT3 [ 2T Microcystis DIFRIEAHRHIE (Pmax

: gOzchl a7th™1) &3E—3E R H SRDWIHDES (4 -
(g0zchl. a~th™1)(ME. m™%71)71) DRMEER T
BANABREERUTORICRTEBYAE (WT :
°C) OBEFE LTRT T EMNTE, HCIKRHBEALS
Hoto

T ARASUTON

i

TI-ANILELNONNS ORI UIINN T ~AINDUTIOTNS

HO——-00-+00

‘85

+

E '86

T F H AR N JJ RS GEND
TIME (HENTH)

Seasonal changes in the biomass of Microcystis spp. from 1978 to 1985 at the center of Takahamairi

Pmax=3.2e%-BWT (]1IC<WT) - 0
Pmax=0.77e% - BWT (4 C<WT<IIC) -+ (2)
Pmax=0 (WT<4C) ~ wooee 3)

H—HA RO R TE I N2 ETIIEI,
1ICLLF I 0.097 (g0.gchl. a-th™1)(¢E. m~%71)"!
CEEIREDELLIE» - 1chs, ZRUTIIES EE
{15120 R-T Microcystis |[Z11°CLFDIEKET
RBFECHAREENE B L EEZZL 5050 RoBERTS
(1984) 13 M. aeruginosa HFLETAE 7T 7Y HD
Hartbeespoort Dams T12°Ch» 529°CoHiHT(1)5\ic
B CGEVEEB TV S0 #iBT 2 &5 ICXDBEEM
BRAERBELFTF->TVEV, kiRELSFZET
SCHEBEBET B0 Microcystis DIRBICKIBISER
REBEEREL > THBZ ERFEBBNIEN,

Parsons 5 (1984) (30 DD DIERBR T BROHE
W75 ot YBEORANEREE Pmax) EEIY
WL (p) DA 1T - 7co0 25-30°CT®D Microcystis D
Pmax fifi (21.2-31.1 gOsgchl.a"th~t) & @ f& (0.097
(g0zgchl.a th™)(E.m™%71)71) 2T oD B fH &
HiT 2 LW & bBROBBENEE S OTEICET 5,
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Fig. 2 (a) Seasonal changes in water tem-
perature. The solid lines shows the temperature
of lake water. Solid triangles indicate water
temperature at the time of the photosynthesis
measurement. (b) Seasonal changes in maxi-
mum photosynthetic rate (Pmax) of Microcystis.
Bars indicate 959%, confidence intervals (c) Sea-
sonal changes in initial slopes of photosynthesis-
light curves of Microcystis. Bars indicate S.D.
(TAKAMURA et al. 1985)

2%, KEDOEHOKITD Microcystis DA
Eid, hoBEEHE L TOEHBEBETRERNEER
b0 Fiz, BT B L DI, Microcystis [ZHIFRRITH
ZJf@ (gas vesicles DEER) ZH LKREICHERT 3
HEHH Do ER LT Microcystis |2, Tz AL F—%
FIALSTWHRE, Bt BEE, KBHERE &
W e EMICE > THE LSBNERRICS I 53N T
WA &EITIE B PaErL 5 (1985) [3TAH SIILL
1o Microcystis DXEAEL, #7 AETHET S
LD RN BTAEROMETHE L FBENC &%
RO [ UFD SEER U BB DO BT T~ TR
DR, DX D AEDOETHE LI HMEL 8510

BANDOREH SEEEL Uz Microcystis R, FAHED 7 5
2 2T U Microcystis 13, 70n 7 40 a ITx
TEhoF /A FOEIGNE LIRS, HuF /4
FIZENER F 7o BRI BRI BH D, KT 2
F—2RRLT/7oa 7 MICELTVWAID, K&
ROKNENBLNEEEZEZOND, —JF, AaF/AF

MDA K% diphenylamine THZET 3 &XEBLEL C
TOT, #aF /4 FREPOHBERETIREGE
LT3 (PaErL 51983, PaErL 1984), [AKEICKDEE
2T 2D Anabaena oscillarioides TIZKE 1 D
CO, 2 X FIATE B LW HHEHH S (PaErL and
UstacH 1982) O, Microcystis ITHFD & 5 1SHH
MHBWERRE V. T 5\ - AN EEHEY
75y b YBRHENTD Microcystis OEBNHEICER
LT3 EBbhsb,

4 FESHEAABEEOALEIL

FEDIZVEBR IS HDOBr M Tld Microcystis |3 B
V75K RENC B AEKER 1. 2-1. 8 m REEICE 416
LT3 (Takamura and Yasuno 1984), oD Im#EiRk
DM TIZ, OxiNo (1973) % Reynorps (1973) MEH
SMAGTTIIRBICERL, AME—cis EMEL
T3, FBEETD George HiTIIR» ST HIE
—ICIE B A TERICS {185 (Ganr 1974),
DEHIC, Microcystis 3T TR T, FkE/
BERETTRENEBEZ-ERPTEEBEILT
o KKHIBNTVARICKDEEERTE7 ¥
FRIIHBIANT gas vesicle 2FFDo HAMARETS &
HAREY B NIz (GrRanT and WaLsBY
1977) %/, HickDHV oo O BN AEEI N
(Aruison and Warsey 1981), g lEEHs88m
UKL gas vesicle D3l SO ICHERT
K3 EHE R T, KERERSHEEINM
BAROEESED U gas vesicle 8TX, BT 5
EFPAINT X LU, THIVSIAH=ZXLT
AT XBDIT gas vesicle DI FEMEHTI Anabaena
flos-aguae (OLivEr and WavsBy 1984) 73 &—¥d
FBICB O N B, Microcystis aeruginosa DYE1L, gas
vesicle OMEMEMSRL TEETIZE LT, MR
RO SR CEILTERLOTMEIT>TVE 5L
Vo DF DEBHHICRKIL Y As 1B PN ICER L, kD
BN EMNOES, BHlcchoREB I LELR
DENTL %5 (Kromkamp and Mur 1984, THomas
and WaLsBy 1985), T H WSRO A =X LD
MRS OREEHK @HEALERE THREOHAD
ERERILZ) ZHOVTHEINTED, B
Microcystis ICDWTIREIEPEHSH TN,

BrBICREUKALERE LT, BER A4 0 C
(sodium carbonate) & SN (nitrate) % FEICEA L
EDY A ZDEBCIRFE L BHEOBBITLTOL hEH
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Fig. 3 Diurnal changes in the light intensity, photosynthetic capacity measured by BOD bottles, and
photosynthesis of each size class of phytoplankton measured in 8 m~3 bag from early morning of 10 August
to noon of 11 August, 1982. The 5 bars indicate carbon uptake rates of >94 um, 40-94 um (closed

circle), 20-40 #m, 10-20 zm, 0.6-10 #m (open circle) size class of phytoplankton.

The biomass of the

40-94 ym (closed circle) and the 0.6-10 um (open circle) size classes was larger than the other size classes.

(modified from OsTuKI et al. 1985).

PG (Otsuka et al. 1985) T, Microcystis DIeHr
BREED LA S DT - foo K3 (3198248 /]
10-11 HOREEKRNTO E» SNR, WH7 7~ 7
b (90% LI DS Microcystis) DEEIENAREE, +
A ZXQEm T 5 v 7 b v OB TONAR # IE = R
T, BIECARER IR, 757, HKduct~N, H
FIRED - 120 BRE LTI, HHICHIIBRO 7 2o
74 VERSHA, HFERICLD, BEBNELLNS
BELFR STV, —F, B TORBEORD AL
BESEBELE KL ICEL LY, AR O3-4k
B3 LAE O »Tce T, —ADEEDI
LAY RFEIRICTDNS E X %0 George Hlick
WT & Microcystis D— HOHERERDT8% ML 1<
fFbhizE S5 HEHH B (Ganr and Horne 1975),
DT ERBEHSOBELSRENAHICTREC &
&, Microcystis DSEFIIZERIC HARIZTRICHMT 5
1D THBEEZIDOND SRR B & Microcystis |3
BIES REDB WV EIICOKRRICAHT LT
KELHEREF->TVBEEEZ S, BPLETAOE

THTIE, EEEEREPA LY ) YBRTERICE
HLTHD (Takamura 1987) T 50 - EEBE)
RRBEHBNOED SATOERTH S, OB H
TRE#BPD S, BE 2ms™ UTEHHMT
EHRICEMDS 4-5ms™! LB ADBEZ. THVT
A® Microcystis OIS IIHG IERIC, FH&iT
B8 %0 D D BEHAREDOECHTRERET
B & HAREFTO, FHIBEIC X ZBEERD
B, FEEBHEI NPTV, BYHOI IV - 1K
RS Microcystis DEVHEEMOHERICER 12T
WBEERBo

5. % & &

— RO~ R EFERERETIRBETETER
3013, )V, RIKBETHB. Y VIKOVTRVT
& Microcystis aeruginosa DEEFRHETRD T EHHAS
MIIE>TWVBo U v ORI HHIEARD )~ DRt
LA ) v O, RESESHIBROY v O
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BREDBEHTEYE S & (Oxapa et al. 1982), RES
Y VI3MEPMIC polyphosphate bodies & UL TEREX
N3z & (Jacosson and HaLmanw 1982) TH 5, L
L, TTIRABRI L HIT, Microcystis LT 5 &
> ISEITIE, Microcystis DIFINE & bITHIKARD A v
VY VERSHEIML, TEEE S BRI SEIKAD DR
{IBBEAND 5. ABOCZ LBy BTOHAIH
T3 CRES 1981) P€-T, BOBYHTY v
Microcystis DEREZHBRLTNE EREBZL SN,
BRICOVTRESTHA Hdpo Microcystis |I3EFR
27VvE=THE, HBE REOETHRNT S
(TaxamurA et al. 1987), BAGRHT TORD AHHE
2, BRETOZAID EVYR, KRICKDKRER
Z3L, BAICKAHELRD oS -7 BER
T DELD A S HEEIZ ARG DELD ABBHEE 100 &
T5E, 7TYE=TBEFRT60-90, WHEBBEHKTIS-

A

27, RETNTH »lco MOIAHEE L HBBROBW
S BRI, hyperbolic 1B TRI N, FAEYA
HBE (Vmax:h™) 37V E=7HTO0.15-0.17h"},
WYERRET 0.025-0.046 h~!, RFET 0.040h™1 ~{thd
BH77 /o VEHBUTEBDTEH WE TH-7c
(TAkAMURA et al. 1987), K 4 3B B TD Microcy-
stis DFEFH, FHE, RUOBMIcsDT3, TvE=
TREBHKOMALEE &2 OBBEOBRERYT.
EPHOMBROZESER, FHEBHc RS
B otz MORABHELZ OMBEBROBESRICHS
LTELL, BESEOZ VR EE (Vmax/Ks
value) {JEL , DI LBBLEICEL B 70 2D
MEROZEZSENRS LEBE TORDALEEE
L, BRRL T vE=TRRINT B, MBEEED
RORABBEEICOVWTHRETH - 10

BT HERAD TIX Microcystis DX YD 5 & Y

| a Y=0.00204X b Y=0.00189X
n=23 n=5
| / i ’
I ' L
F / - .
1 1 J
®
ot
s Vmax=0.11
) Ks=8.41
fﬂ n=4
8
-
: /
z P
T
z 1 B J
20 40
2r -
€ f Vmax=0.092
i B Ks=10.13
n=7
L]
Vmax=0.15 R .
Ks=13.23 L
n=19 é
o 1 1 1 1 1 1 1 i I J 1 1 [l 1 1 1 1 1 1 1
o 100 200 100 200
po-atom 1~1 pg-atom 171

Fig. 4 Uptake rate of ammonium per weight of particulate nitrogen in relation to
ammonium concentrarion: (a) measured on 18 July in the light; (b) 18 July in the
dark; (c) 8 August in the light; (d) 8 August in the dark; (e) 30 August in the light;
(f) 30 August in the dark. The curves of nitrogen uptake rate versus the ambient
nutrient concentration fitted Michaelis-Menten kinetics (V=VmaxS (Ks+S) ~1, where Vimax

is the maximum uptake rate and Kg is the half-saturated constant).

1987).

(TARKAMURA et al.
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BBEFIRL L -TLES. —H, TVE=THES
FROKFOBRFRII/NEL, EREBLTHEVE(L
Lo EHAIIC, 1982-19854E0 4 FERDOBEHIDT v
E=T OEEOFSMEIT 1. 86+1.43(S. D. )ug-atom
IV RIS 1984) TH2. BrEOEY T 7 7 b
7@ C/N HPHAREEDOHEM» SHMFT 20X
Y, Microcystis BEELWERAFEDREICH S Li3E
ZIT W BT, BUIHD Microcystis 13T DTN
Ty E=TEZHERSFALTREDTHS S, TV
E®=T® turn-over time {IE LZF0.7-2. 6K 73
D, BYETREMT 7 7+ OB Microcystis
BEONRCLD, TOT7 v E=T7REOBBED TH
WHEETHBINTWELEEX 5.

6. BYTSVIM/ICKBERE

W77 v b OREREEEENT 2545, G)
W77 7 b VICK BB A E KR REICHRN S M
BEEREED S IBEINNERLEEZEL SN 5,
#9777 b iz, Abhicd W& ICKBOR#E
BYEST12D, B VKD IKI LI TRNNEDES
3720, ZODHOEHEEE DX S IKELLTE
12EbEZ 5. BT 7 7+ YOBARIOVTRE
ABIC OV TOWHESZ . BYBTOER DI L
— 7B LT 3% (HanazaTto and Yasuno 1985), &£
BRETAkREBC UL BE-HBLTED S
7= filter feeder EFEIN T 50 KOELEKT B
7 VB 1DRRPBBERRT 570 Daphnia 13
AEOBAFOMBREHE T OES, i, PROK
ABICEY A IR S YHEOICRZLTY, 2L
TOREMICE LSBRLTHREPEFBEEIL
%, DFEFEELD, BEOHHALSHE UL TAEY
THB L0 D FIFEH % (BIAIE Arvorp 1971,
LamperT 1981), Microcystis {T-DU\T & EERHEZ HN
ERENTEOLOPIENEEN T 5o Nizanet dl.
(1986) 2 Microcystis aeruginosa DHEEIHE EHEZIR
LIS 128k%  Daphnia magna [Cftb¥7-, LT,
ED strain & Scenedesmus £ D8 B HE 1ZEODS,
strain IC X DBERBESHIEORILE L, BADHE
ML BROFE & ORICIZAT L SHEBESIVC &R
L7zo —7F5, LamperT (1982) | Microcystis aeruginosa
DR @EFFHERRLIEV) 21I3EORARIKAED
, 377 v b YOBRICK > THICET 2%
HMRIZY, KEID Daphnia FUTREZH:HSHE  /NED
Bosmina % Ceriodaphnia T3 {Eh->7cEMELTH

%o FuLToN and PaerL (1987 b) 12D+ 4 XicBEZ%
134 % DEAFICE 5T, Microcystis aeruginosa |3
GFETEEMCZ UL, dORARCHEET 5 XE MO
BOHEOEAZHEET S LR L. ¥5ic, a<#
— ZOWENE Microcystis DEBREBI D 4 H=Z 4
2HH, SAIED Brachionus calyciflorus |3 Microcystis
DERICEFHEEZRL, PMIOFABEDO WL OhidE
hE DL B Microcystis B BRB T EBTERNITE,
Microcystis aeruginosa \CXAT 58757 b voxd
BREICLDDPBY RITE T LEERLUI. 2OKD
Ic, Microcystis 3175 v 7 v v (RiCKAR) KK
BROEEZRESEVEN S OSEBEORMEL>T
Who EBEOWTD Microcystis LB 7T 7 b v
EDBERIL, b SEHTRNIIN,
EEROHNTT VBT KB KOESFRETI L, B
W77 vt OBBRIREL UABOEAEPRE
BOHEA S L0 HSBELEOPHSE BILIE Guwirz
1977) B/ HBICBNT S Microcystis BIREFAEL T
W58, Diaphanosoma brachyurum, Bosmina fatalis, B.
longirostris 15 & /NDE ABEDHEERHS 3-5 g dry wt.
m™3 & —ERTRE L 785 (Hanazato and Yasuno
1985)s ZDZT LIDNT, Zhid 1RREEXIT B
HEVED 7 VY BSAKORAROKEEE 5 € 5 1
b, FARCEET 5 OXBEHOBRLHEEZES L, »
D, ZOIHERENENSTLE S, 2)AKBOKA
BULRREN ARG EIES 7 Y BEBRT E 5700,
BHFE > TV RHFOHBE I FTPTV, LORFIBD
3o LU, BHERIES Microcystis OBE, KB
5N O DRI EE T & T W5 (Furton and
PaErL 19872a), 2N HD/NEOF AT 20 pm LT
DINKIEY 4 XDE LHEZIEL (Morcan 1980),
Z L TROBy BOHEDEOBRER —DDOFhs
PO ELTHEBT S V7 b vO4 4 XBIBER, *E
g, RERERUEER%ERD 2 (TAKAMURA et al.
1986), Microcystis DSHEZ ka0 5 & 40 um Ll EOFEY)
TV ORI B, ARNIC 20 um DL
ToWEW7T 7 v 7+ YORERBDIELIEEH, 20
Td/7 o074 aBITLUT 10-40 mgm~3 BEELE
T3, BrEOEE6 AL 20pm LUTFOEYT 7
V7 b Y TIREBRD ED 2 HIE 0 DS MicrocystishHs
W2 B EB 4 & Microcystis D/NK\vao =—28
2130, 0pm YUTOEMT 7 7 + vOBLEEL
1850 M5 CHDEWT 7 v 7 b v D4 4 ZFIHAR
HEOELETRT. —RiC, NE18Y 41 Z0HEYT 5
Y7tV OREEREPHERERE IR &LV 1 XD
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Fig. 5 Seasonal changes in the water tem-
perature, the maximum photosynthetic rate and
the initial slope of photosynthesis-light curve of
each size class at two stations (in Takahamiri Bay
in 1982 (TAkAMURA et al. 1986).

WTI v Y EDKRED, COBEEIERBTSH,

2 OYKEL, MHOARBETIHID N TS
(MaLone 1980), LD L, BY B TR 7 Hic Micro-
cystis LT B E 20um LITD /X 1S4 4 XD
M7 7 V7 b Y ONAREREL 40 um DLEOK XIS
YA ZXDEMT 5 V7 b vDERIDINELTIEE, &
5T, TOINKIEH A XOEHT 7 v 7 + YIBER
WNZODICEIFEDIER ICK Z U (TaAkAMURA and
Yasuno 1988), SEICHRN T2 EICH 4 XBE-TH
B S Microgystis THBDT, /INE1EH 4 XDIFF
EBNBOORABEMBED BEENEN D EEL LN
b0 ULOHELS, BrHOE®D 20 pm LITOME
W75 v R BEZG TR Microcystis T
BRI TWBEEER o Fi, 20 um YT OREH T
77t YOEERIZGCRETHOAROL ER
BT X9 (Takamura ef al. 1986), & L, B
HORAEH 20 um LUTONEDEERNTNS &
WETHIE, KREL a0 =—nSPE0Y 1 XHE~
OEYT 7 V7 b YOBITEDLIEDHELEZLE%E
FRAUAN

St (B84 %) REbKFEAWICERT, H
W75 v b @ BC/12C & BN/UN O HIZEER
fitk BC, BN #AHT S EMNEH, BT 7 7 b
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Fig. 6 Changes in the sedimentary flux of
Microcystis spp. at depths of 0.5, 1.5, and 2.0 m
in 1983 (TakamMura and Yasuno 1988).
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Fig. 7 Relationship between water tem-
perature and decay coefficient (Cp=Caekt, Cp:
concentration after t days, Ca: initial concentra-
tion, k(d~1): decay coefficient).  Microcystis,
closed circle; Anabaena flos-aquae, open circle;
Synedra rumpens, open square; and chrysophyceae,
open triangle. (Takamura 1987).
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Fig. 8 Changes in the sedimentary flux of
total algal carbon (QO) and of POC (@) at depths
of 0.5, 1.5 and 3.0 m in 1983. (TAakamUurA and
Yasuno 1988).
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Fig. 9 Changes in the respiration rate per
unit chlorophyll a of each size class of phyto-
planktonin 1983. (Taxamura and Yasuno 1988)
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B, AY, 72 —/N3 8059 % (Yamamoro 1981)
EOHENDH 5. F7-, Konpa (1985) i3 Microcystis
NEETEHRFADOMIAMT, 10-1150D Microcystis
DOEHIC 1-35 um DN 1Y 4 X OBKRBIBIC A
TAMEOBERGEHICITE E|]ELTEY, &5
U7X X FI8HAEMD Microcystis DY RICE BIS
BEZRLTHEC LBHITH B,

75

8. E-2

=<

o

Microcystis HIZITHRBMPBOREBTHIERICHS T
LR TTIAAADPOPAEIC & - THEIh T,
BrHETRIHERORESR 2cm $TO LT AIKEL
D Microcystis a0 =—BEEL TV KD 2
0 = — SPEICHE LD LE T THS DI H,
EVRRHICIE 8 AD&bLD D5 9 ADIEDICH T THE
BROXDOBZORFREMR LEL SBICHT TR
T 5. ZOMBERAICTHFEET B Microcystis OBITE &
REEAD KD 2 hD100-1000f512DiF v (K10),
BEAED Microcystis 3IHERHTHEBRTSEE X
o3, BERHD SEIR L I-BLEERDO—HE
BRHRIZ20°CTORETIRE IC L ZHERBDON
T, HEATEOKX SRR E R Ui BAKER
HE (Pmax : g02chl. a”th™1) %, 10-15 gOsgchl. a™!
h=! LBIRAKHFTRELTHS Microcystis ® Pmax
(18-21 gOsgchl. a7 h~1) X DBV DDRITKED S
FFE L 72 39 =— @ Pmax(5-10 gO,gchl. a th1) T
W3 EERBICED > fco —F, BIERAHDOHFRL
1o Microcystis DBRZBEBEDN—HARiRO¥) #A
WES (@ : (g0zgchl. ath 1 )(E. m~%71)"1) $ HDK
FOBEGFBEFAUD, bLLREWVETH 7. K-
T, HERAOXRBEMBIZDOERT TR AR %
fToTORRWVY, BEZDIEBHETS LTCITH
BRZEPIATE B EMPEOMICIE 7o (TAKAMURA
et al. 1984), WAEIRA O #ifa L BOKFICHEET S
MlEOABEIITEOOHERITITO, BERAH O

10r o /°° A
0 .-
o/'!\o," \o/ 0/0 ‘\ _0-0
(o]

o LN
E
g 8 M / b B
z R v O SN A A R VA
% B 1 \-o \o \o D’\O °
o "~ a 4 a
S 6 ‘ : /‘ ’\l \ g \
. \. Q / ]
o 0-0-0
> / \,\
3 o

4

1980 1981

Fig. 10 Seasonal variation in the standing crop of Microcystis.
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Fig. 11 Carbon flow (gC m~2) of Microcystis
in Takahamairi Bay of Lake Kasumigaura.
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News

ASCB SUMMER RESEARCH CONFERENCE

ALGAL EXPERIMENTAL SYSTEMS IN CELL BIOLOGICAL RESEARCH
Airlie House Conference Center, Airlie, Virginia '
June 25-29, 1988

The American Society for Cell Biology is sponsoring a summer conference entitled "Algal Experimental Systems in
Cell Biological Research” to bring together investigators and students to discuss basic cell biological phenomena being
studied with algal models. A major purpose of the meeting is to promote exchange of information on techniques and
materials to the mutual benefit of researchers now working in diverse areas. The numerous advantages of using ap-
propriate algal models for basic research should become more apparent to the research community from the proceedings
and subsequent publication.

In addition to post-presentation question periods, there will be scheduled discussion times on topics and on organisms
of particular interest. There will be workshops/demonstrations on immuno microscopy, potentials of image analysis,
fluorescence/flow cytometry, and microinjection and electrofusion techniques. The organizers for the conference are
Drs. A.W. Coleman, Brown University, Providence and L.J. Goff, University of California, Santa Cruz.

Tentative speakers and titles are:

The Role of Algal Spindles in Elucidating Mechanisms of Cell Division. Z. Cande, University of California, Berkeley.

Genetic Analysis of Basal Body Mutants. S. Dutcher, University of Colorado, Boulder.

Calclum-Sensitive Contractile Organelles. J. Salisbury, Case Western Reserve School of Medicine, Cleveland.

The Algal Cytoskeleton I: The Interaction of Actin and Myosin in Cytoplasmic Movement. J. LaClaire, University of Texas, Austin.

Maintenance and Dynamic Changes of Cytoplasmic Organization Controlled by Cytoskeletal Assemblies in Acetabularia. D.Menzel,
Lehrstuhl fuer der Universitaet, Heidelberg, FRG.

The Algal Cytoskeleton III: The Assembly, Secretion and Deployment of Scales and Spines. R. Wetherbee, University of Melbourne, Australia

Self-Assembly of the Components of the Cell Wall Layers in Chlamyd S. Adair, Washington University, St. Louis.

Cellular Morphogenesis: The Desmid Model System. O. Kiermayer, Paris-Lodron University, Salzburg

Cellular Morphogenesis in the Filamentous Red Alga Griffithsia. S. Waaland, University of Puget Sound, Tacoma.

Fucus Zygotes: A Model to Study How Cells Acquire a Polar Axis. R. Quatrano, DuPont Company Research Division, Wilmington.

Cell Differentiation in Volvox Carteri: The Use of Mutants in Understanding its Control and its Patterns. R. Starr, University of Texas, Austin
The Chlamydomonas Rhodopsin Pathways. K. Foster, Syracuse University, Syracuse

Chloroplast Migration in the Dinoflagellate, Pyrocystis Fusiformis. B. Sweeney, University of California, Santa Barbara.

Organization of the Photosynthetic Apparatus. K. Miller, Brown University, Providence.

Light Intensity Regulation of Photosystems I & IT and the Antennae in Reds: Correlation of Photosynthetic Activity with Biochemical and
Structural Changes. E. Gantt, University of Maryland, College Park.

Molecular Analysis of Complementary Chromatic Adaptation. P. LeMaux, Camegie Institute of Washington, Washington, D.C.

Sexual Interactions and Mating Sy in Chlamyd Reinhardtii. U.Good. h, Washi University, St. Louis.

Sexual Interactions in Chlamydomonas Eugametos. A. Musgrave, University of Amsterdam, The Netherlands.

The Role of Pheromones in Sexual Reproduction of Brown Algae. D. Muller, Fachbereich Biologie der Universitaet, K FRG.

Cell-Cell Interactions in Alagal Symbioses. L. Goff, University of California, Santa Cruz.

Requests for Program and Application information should be addressed to; ASCB S R h Conf , National Office, 9650 Rock-
ville Pike, Bethesda, MD 20814 (301) 530-7153.
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OFBE 8* - /IHEETFY - R (RAHoR, *MRIRTA - O, *iZ)n
)
TRy 4 % Ceratoneis arcus (Enr. ) Kvtz. D IEFEAIBRE
OB/ 1B* - /BT - ORI FHRLMEK, PRETA - 3CE, *mzll
VN ERY)
YEEETREL#E Diploneis papula DFH:AHFHE
OHiFMEEE - FRIEHE GRELK - £9)

:15—17: 30 (& 3R)

#®

%= (17:30-18: 30)
B2 B2 =(

18 : 45-20 : 30) =EAZKEARY
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$52HE8 (3A31R)

- B (FAOH)

9:00 (32) v &y RUKICRET 57 7 €7 OHEFERRIER
ORMEHRE - EHHER Ouk - & - KE)

9:15 (33) & F & D HERMA
FrFnR GEMEEKE)

9:30 (34) By THO—FEKY YV EDONFEEFRICONT
O * - Zmge—** bk - B, ¥EN kS

9:45 (35) BEE S L O EREER LS TRTRE D v 7HICET 52 M RN RS
JRNLT 2

10 : 00 (36) TA=ZAYVEIDEREORLUNICONT
SEEME GRUKK - 8

10:15 (37) f#, #ov4 RO 10T
BREE (B - = - i)

10: 30 (38) HEREY /EiEYO—FE
Omg #5¢ - Al 3B dook - KEE - 9

10 : 45 (39) HEE Y BED ORI TR E
Oms #5 - BB 3 dbk - KEE - fhi

11:00 (40) RE2 H Y Y 52 OREBREFMHIC X ZBHERICONT
ORZELMEY - EAZAM (CBUKK - i, PHEX - B - B

11:15 (41 A+ /) ORERBILICB T 5 Y + L AR (FHD
WEER dk - 2 - R

11:30 (42) o =7 ORE EEETERES MR RO BR
AIHRAT (K - 3 - 9

11:45—13: 00 (B{AH)

# B (PO

13:00 (43) 1AV FEOHURHOBH
OFBERYE - e/ -\ GEK - #3 - £8)

13:15 (44) FEEEROMHIC K2 THESREOKE
AiEELE - OFHILER CEX - £7%)

13:30 (45) IEN B BSOS RERIC R TESEREDOE O ICDOWT
OB - FHE - BT 13 (EIAER)

13: 45 (46) BARSE Y+ ) 278337 € o — v ORISPIEREICRIZ DS
OB - ILAR— - BHEER GFRLUEX - &)

14: 00 (47) 193 LRI L OO iR IC 513 B AR
OFHIFT* - MEFRE** (MLBIRMEE, LXK - B - ##)

14:15 (48) JEHEERENTH A AR IC B 1D 2 B EEREOEY
OkA & - BT - e % (WEX - 3 - £

14:30 (49) PIBsIEFIC B v 3 EEERIEE R EOBR

v OWAHAHET - BEEL - 1B K (WEX - # - 424

14 : 45 (50) RXEREHABOWH T 5 v/ b v XK TTOREBMT 7 v 7 b Y ORTHEZDEYEROED)

AFEBR (tiEEAED)



15:00 (51) Synura petersenii DEEFEICDONT
OWAERT - Biffikis AKX - BRI
15:15 (52) BYEE# Gymnodinium nagasakiense DHEFEE— 1 Planozygote {ICDWT (FH)
AR - OFMZEMA CEX - £8)
15:30 (53)  MUfMMapEF / ) = (Porphyridium) BEED B LOAE
O B - /N & - TR GUBEK - £#)
15: 45 (54) FIHICHHA Y 2 BIMIEHIE | o358 & Rtk
O/ & - mie JE -/ B (REK - &)
BEERS: 3ANE 140015130 EOERFRAELRS ) HAME
SFHmES: 3H990 15:30—17:30 "
T—UYav? GERBESR): 3ANA (16:30 XBRIES), 4A1H—4A2H
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BXARERXBFLAXRSBERES

(1) ON#E F-#liTsE - SRMME : £FKR
DRI DITEBEONE M E

SEREREEBNEOEFRMEDBRIE L UKE
20~30 m DOEFTH HEFIW LI ABEFEICOVT, X
AREEB LUBESFLOEH S, TNODEEY
TREEBIAL XS5 LHA T

KGHITEOEEREKE 20 m FEOHEEHRKIC
L EBREHDOT T, HAER—IHRERD 2L
5, BIEDbDIIAGNH, EFED ORRE
FHDHARICHRL L FIHINT O &/, 7um
TJa4watiqac) YREBFEEERL, 70D
T4 a KRTET74232Y MY VOEEHRERD
THBE, BREDLDTIR 1 ~4THBDITHL,
BEHREDLDTIZ 4 ~9 EHWEBE SN

Tibb, ERELARKIT, REREHRMCTRT
3743z Y YOEBHBERED S OICHN
B, REBRDBABXT LD bREXTTHEILFT
iibhhitce Tt L, EIEMLEIE, 7423y b
) Y OIBEHIEFED b DICH~YEL , HAREHE
BABXETTIDENC ENBD LN, TDEHIKIK
HRATEE - EAREERLH#IZ, T hZhOEBKEDO KGR
ICELBELTWABZ EWfEMD Shtco

(ZEK - £8)

(2) RBEE: FHIA Y TORERSEICONT

F 43 v 7RI EOREANER X D FEFIBIC
AL, BBED 2 v TEECBVTHEESMNES.
HHTWB, ABFFIT, HBE, FEEOTE VT
BREHFEAREOBEFZEHOLIKTECEEHMNEL
T -7

Y BT REAH SD ERgHE T, (ERIRAEICEE T
2FHAVTERFEEL, BEIDINIFK-F-TH
BRWCEREKY 3cm? OF 4+ 2 7 EREBRIED R
BlE Lo

ABYKTHEI- Uiz 100ml OBESAICT 4 27
ZAN, BrOXEE, BEOHLTI vy F2~x—1}
L, MI%OBERFEE Y+ V7 7 —HETERL, 20
B, BoEeh ek, BkE Ui

AEOHE TR, BEKRICE T 3 AR LR

T, HARHEI 300~400 £E/m?/S TIZITMFIC
ZL, HEMEEREEIZ 1. 16~3.90 p/O,/mg/hr,
PR EE L 0. 15~0. 50 plO2/mg/hr O ffi % 7k U,
1000 #E/m?/S ¥ CTORMPEATIIBEHHEHEZZI R > 1S
Dot

10°C, 400 #E/m?/S I B1} 2 HARHE L, A—IE
AN TIPSR L D BT H T THROBOEZ R
THABE M 510 (€l#,37))

(3) O#uRREH* - HE B . FREEY: £6)
KRB TOL I P A =R —(CLB YV TORER
HLCFRHORE

v TR EEETE A ORBAES & UCEERME
ZEDTOEHN, TOBEOERN S, EEARREIC
BIAPRRNRE LTRFOIC WEETH - LB
bhd, EFEE LTHEED/NBEER Z5E & Lok
BRFEHEOMRICHCONTE T o g s bt — 42—
i, REKET2HROER, KBORIGEBOEE
BRBERY, BEEHBZVIRERE 10cm Al H ¥
A ZOHEE, BB, vV=Z0KEED B3 VIZFEED
WESBBEN 510 Z2TTH VT ORHED BT Z
D—EROTHARS LR TORKOHEL R
Hlco

RISARBLIUONBARE LCHEW 9em HXH
6cm ORELC VRIOH 7 ZBERIELT. WARIC
100 mi O¥g7kEAN, RIGBRICY VT OBEE R
HEREZHIAN, HEKECBL, KETEIS
BHLUTIRE S ZHB L, H0NRICBAOTKED S
W BOREEBRE Uich, JRETIRBNTHE
BRRBH B IR A0 L E— B iRz h B T
EBHD 570 Montipora, Galaxea D THER—
iR HE SN b, EEICERSEHAIZ &R A
BIUOKBRADIED E0 S BEHELBA SN

(MRABEK - R 2 —, K - 4,
FOERERK - WEEL Y 2 —)
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(4) OmINETE - EAMME : ZEREELENE
BICET5H S ABEOEFRAR

SEEEBEEREED H Y A BERNIC, 2 70k
AaAF¥F—FAEBEL, 1982-1987 DK 6 4 Hich
12 3 EGHBBORAE - #iih >, BEOEHERL
[1: 2% N Uy r

XA VT - FROBEROEEMR, BE, LH%
BERUBHFRZORAUMELR LD S, BHOBMIL3
FEEL DN k1, BHOn 3 HE M2
¥y o TEHRTH o700 HY 2 BEOEFERR, £
OREPHREOED» S, 3SHICHYTERLLCEMNT
&1, MBEEERT 2 KBMEED, T LT - iiRic
LD Fr o THEREIN, Fv o T TEREDI-64
Aid, SEOMARBE L, T ZHIZLEHEL
oo 7, BFERBRBEEOMMEFAISES
(Fr v 7o ¥+ v FREK6 7 HTREIIEKX
WELILY, PEOMARIIEE S, 20%, BER
AWCHYT 5. LL, TOROREROHMT
2L BHEW). Fv v 7EREK1-LIETHER
BEfL, BERDOELMICRD, KEIEESI L
3 (REHD. Y xBEOEHNL, /RN THIM
I HBHFNIC S T ¥ 2 LCHEICB T %0 5T,
I X I NEFBBROEFENESN 1 7 RICHTHL,
ZDHIR S E LTIR—EORBE R bEG, BEH
BELUTHIEINTVE D EEZ DN,

(ZEX - £8)

(5) OBMZER* . BiFFEH** : EEEKE* -
HW. 3yt JUGEmeOFMEscs
ESTHYHVITERE turf OFERICHTH—ER

BRI T SIS Ly v T @ h —
Ry MRICESBAEUTHHE turf 2ERLTH 5.
BEDOENC DX S ITHHO b 2% 2R T 2 HH
B 2SN TSRS, itk 3ERERE:
Hohd2ENT, EEESOBILATE B BRI
T, 19854E 7 Aoy 1 EERMiIchb, B 1 ETHk
IR L BEE TR - 120 208, 3EOOBPFHER
U, zhzh 5cm EJ5He 2 fEi O #k - BiRSE
PR UTHEK V=) Y TEEL, HEEERIEICH
Ufco ZDFER, HVHGICHE T 5 Wi MHR FIIcEES
BERBENIYENTH B, 20EHII turf 2
L, BREREY tNT, ThHIIRBESEEETR
L, ABBEOMLIERICAT TH 1o THDLB,

IEHIRHIC T 33 SRS 2B BoD turf (2 & S F L,
BRI TH 2 DHAIMHEL, BRE VLI A
B - THE L, BEOHINISEEDZEHBE D - 1.
Mg SEBICHENICROK S SER Y OHOD turl 3
ROFEET, BEBEERASELIAEES WS
HHIHED S, 2RBDENZ . TNHDEAD
5, LITIREE UTEEEGRI OGBS Y, turf
PEECRRTIODEEL S, bk - -
e, *EK - KEE - flY, ¥ 5 — oK i)

(6) ORUmE=* . FHhFn** : JbiEE fg 55 HILLR
DKRBBEBEDOAHICDONT

LM EE R BRI H D, BiRNERO K
RO ARICAIB T 50 BHERBIIEMET, B
SHET ) EIfEE 2T BN & SR @i U
N EBMEROEEEIICR T 5. BILIPEFOICTEIE
D SILD BT ToMEHE < v T OLEEMT
Hb. UL, EFEAGHOFRESES, KR<avT
DEENFP LTS,

R4 3G omBECRRER L, BBERicE A
AT0D. SN, BEEBREOHER,LORFEELL
TOBREETHE~a VT, IVAvav7TE, b
IS TRICE BT 2 RKBBREOY 7" 2, F 44
Y, AV X, TF*D6EOHHEIDOVTEHET S0

<2y 7B, SEFMommELT I i3 &
4, MIMICRE T NIBIMOKE 2~4m % { HE

Lo IVAYVaYTiR=avy7 L3810, lE0
IKEDEWFITE N - Tco T 2 IR THICE <,
JKEE 2~10m HBRL, EEELGEERLE -1,
T+ A SIHHTOAMBRL, EBFKERZ 10m LET
Hoteo FHAVERY 2B, ERESITHEL
fohs, FAAYVBKEOERVAT (2~4m) FL,
ZY AT 4m~10m TH I A DDIZOFICE - 10

CHENEBR/KE, - BHY, *MEEAEKR)

(7) BEAXN: LHEHEFOBEIRERTZD
BHEICHBITEZTVA L TOTDRECDINVT

WD SEFFEBICH T TOILEERI PR 1318
UeBE g, ®xvxavs, v 7ohx, =
ST IERENHE LT ETHD. KRRORRIT
TIZEF S5 (1930) T b o i ¥E H FlE e s
DG THRBIETRBICS ~fcc e o hTH
D, ZRUME, EELCEOSBEIREV BT



BTR VA vIToeiEl T REMY v T2 HME
EXELE-TBD, $4467%+ 9 =NEBBEICE
BLTW3, HERCNETHART &z 1V
TOEBENHELE, S, BEETRRICEY 248D
BECDOVTUTOXIKEBR L. TbL, v/
4 v 3ok EHAOEESA & REHEERE
REITHKT 720, MOHEHOKT OFA MR
EOBHEEBLEE S, BOOBKEE TRIRED
FIBEEFIH L CHhOBEHRORTBEE T 50%MIET
%o COER, tho¥EE TH51&] ShTEBEE
8O, F2L74Fv=EORA, BE, BRER
BILL T3, ChoDOHEATMIC K > THRBIIHE
BREF RO —RERIEREN SN, /4y T
o B MEOAKIL, RBOES, PEOEE, HIEE
EFBROFBRICE S BHMET T 5O THELR
5. BBEMY I eRIIMADL OROGII~EE
2R UT SR NH 50
bk - AKEE - )

(8) #BBHE: ABRA—ILICEL-TAELIZOVE
BORBEE v FADBKRBRASIHE, ZThoCE
tz2EXHERICDNT

HEKBEBNINGKAR SRAEH A O D BRIt T 2 K
ER@H&EH-TW3B. ODRSOEHFIAERILS
123, FIBPEME L o P NOHPKIREIRD i 2 a7
K-t X BHEE (BABEPERBIEARERRE)
EROTUE U, 13k, dKRTIE iy, B
BICHE U K — v O NI 7o b o Figka
%, ThEASOHEE b o T kORI RE
T 5 EMARREHAO. B0t FEE, o+
DRV E, OOMPOERAEK, ODDOER, FEEE
BEDEBPE Y FROBEERE, T TOEMIKE)
BAROBILICOWTHRE Lice lickunTid, #
Flt v WSRO KRBERE I TS0, £y
MCERINIHNERIZEHEL LD, FEROKREELHY
BIRBOTIE, Wb oOMIRICK 2HAMREILYD, B
B ETICHN A B tic & B ¥iKREI 2 EE 54
ADRENT EMBRH IR, Bty FRTROD
HRHDUBE LoD, WELLEY, ODMEMNER
RO INIHHT, SMRBBSET 5 LHBHS
WIS ~Tz0 Fo, &y PORBAHEICELTIE, B
FHmR R >N TV AT & EMABRDIE T 454
WNT EREDBE I 120 TNSEBISOE %) Fl A
v P NO¥KREZALEIEB1-DOFBMY LS
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5LEZbNB, CRBRKED
(9) OChristine A. OROSCO - XFIEX: 5 M
HORNBICHSNEA T/ VEICDWT

FAEE AR REICAIE T 5 1 O BB A Ak < B
FT12km HBFENAILTH 5. ZOEBMZIC Graci-
laria chorda, G. gigas, G.incurvata, G. textorii & G.
verrucosa D 5 WABLNE, COBTHRHILL 77
L, BB LLVWEEIR, G.chorda THb. G. verru-
cosa |3 IERD % I U o LLELB ORI Lvay
HLTWE 570

H£BRZS5 & G. verrucosa [IHIRE THH 581.0
m (D.L) BEDENET A, G.chorda & G. gigas {3
WNTENET A, G.incurvata & G. textorii |3,
20m (D.L) $TOBRNEZARKERLTHD, B
L& - T LT O REEBRICEOMA S,

HOWBOA I/ ) OFMNHEEH2 EILADS
BHZIZL®, 3~5ANRKEELCED, FicH
HR3ADPT ONIEL L otce LB LSEOHRET, B
Do iEh, BETIR, BifihSBBichir T
RO T, BRI OHLOREESZ SHTHED
MED bize THNIRBHEHOA T/ ) FoLER%E
BABICHRDZHRTH - 1

(BEAIK - f§EEY € v 2 -)

(10) OXBIEX - BIEE : SMATOANICER
THRROTH/ VDERE

AT TA /) REES D SEEY T TR ERTS
CETHIDNT WD, ERRTOMGIPFHII
DOFAOETE, BEZBRIDEMINTNWE, ZVT
A/ )ik, 2EHUTHY, BREARAERNRICA OO
308, KR IEMUZDIR, 12~1HL 4~5
AoEWHIETHE. 2PTAH/ VOEBRIZKE
0~2.0m (D.L) 13X TH5H, L{EELTW3E
2, KTREBEOECARYITRBRNECAILH LN
B0 AVTA /) OFEDOBVEREIZ, KITRE
FOWNTHE, B TRERRICEN-TNS,
EBRAMRHENEL, FHRELSsHEANSE LN
7o

AT A /) OEFINT BRI DT, FEl
THRTASE 1 HOFHOBOIC KD, TRIZES
1.0 55D & EFRIZ27. 0 A & TEB L1co Fick -
HOEELIZ, OBHic 5T 1 HOENESK
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ELEBH LT LI DFchice RV T A/
) OFEIR, BOBITHRY ONEY, Bicgih
TWas7un7 4 VEBE2HBE, BEMEOELVE
I, HEWEWEEBLTH S,
ZDESICRYTA / ViZ, B UTEEAR
525, REFEHEEHCIDELLEBTEC &
b7 (EaX - e v 5 -)

(11) HRE=: DEORII~HEHFRMELCEITSMR
hEOHERE

19864F 6 ~ 7 Fic A IR D SERROME THOE
ICARES 2 00 - REARDTHRAEL R LB, Wih
BOHBEICOWTHHEN, EFOHREBOTH
H9 %,

e UCHBR L0230 4 78, W%, 1
W, BTHEWLET, oS LR, TRAVE
BO—WIBERFBTH »70 T V47 7 HUITED
HEL, MhBLERDICHZEDI. RHTTT/
V3%, ZDOMM I BTH 1o FVETTHEDD
LbTRTHEI BEEROVHBZLEDTRIEL, £
BFREATHE Uic. Btk Bme (BER65~110M)
DRFHE (150~185E) TII76~85%% Hdizo ¥
<42 E7 32EED6%% 5D, THEIRKRNTS
ot FHTHER20~60E DT BAT E BEHRRMT
1329~33% &, THEI LDBD ol /a2 X V2
7, 7VAVEYZ, Vaur/RENEN8~10%%
5®, Ubo 5 ET82% EAEE DT

AFECHR UABOET LTWickiEEl, ek
HRERE O LMo RN EO HBERE Gl 1987)
MHOAT, KAHEPEESMEDT hE 71X ERIM
RO, i, EESRIPERRMEORNEI
FICHEBEB~NMNTH 2 WEEEAR SN O LK
¥hize (BKBF)

(12) BHAEXREB: A Y20 POIIO0-THRER
KR DOK B

B O BEIC DT T O DEKEIC IR AN
Fichiz-Te vy a—7THIERENSE, CCitid
YICHE U BERO BT A o IO KRIEEHS
HEBLTWS, Ficare=r+B-7¥¥x@-41v
=y HRILEOBWHRT C OFKBICHR b EIL UTER
LT3,

19864E 8 it A v ¥ x ¥ THEMICABT B = 27 M

D4 AFD= V7w - THREKBTHEREAEREL.
FESR, BARDRITEREE T O B & HAR IS SR
BPRZOBELULTHWARZEBHELD &N T

AALEBICHETIAEHRELTIrEF+RT
\& Bostrychia binderi, B. kelanensis, B. moriiziana, B.
pinnata, B. mixta, 7Y ¥ XETIT Caloglossa adnata,
C. leprieurii, 4 €y H1JBD Catenella caespitosa, T
79 BD Gelidium pusillum, F 4 2 7"V BD Murray-
ella periclados, * %" 7"+ JB& D Rhizoclonium kerneri,
EYVF 39 F VBD Boodleopsis pusilla L350

A Y F 2 YT TOHREBSHERSNIDDIZ Bostry-
chia flagellifera, Caloglossa stipitata, C. bombayensis,
Catenella impudica, Mesospora schmidtii, Chordaria rep-
ens, Boodleopsis siphonaea T&H 5o

(R BEEYRE - )

(13) OR. J. HAROUN* - RS . FHAMY :
N AERBOXEROEEHHNEL

DOWEAFFAEERRED SIUNRROMRERHICES
T2 7Y 2 DERBOEMD £ F 44 7 (annual
growth cycle) IZ2W\TiE, T TIRIBTEDEKREZT
BE Ul 4RI H Y 2 BRI A BRFHEEZ RO &
Ul B BRIEE DL DV THE T 5.

198642 4 A 519874 4 HE T, FE THOMBAE
OKER Sm IKHEBTEHY x%4EH | BEREL,
#2, 5, 8, IHIEOHKEREZHNREE T v &
bt =2 —THELI. &7z, 19871, 5, TH
i, 3~ 6 REBICEARENE L B RAEE A~
7o

PEOBNERE S D OXAR—IHRTIZ, KA
RSN - RS & b—RICE O IEE L D ENVHIET
BOMEADED b, 1-4 Aici3 4 R—tih
BOE LOERED SNIEh - Too HRFIRIES AR
K133 HiCHREE (44-49 ¢l Oy/cm?/h), 9-10F1C
B{EME (19-31 pl Oy/cm?/h) 2RUTzo BERFTOM
WERE IR EREMEERSS, BLE 4pl Oy
cm?/h THo1co FE AT 4-8 Aici3EL (0.4-
0. 7klux), 10-3 Hic 3 & -7z (0.7-1. 7klux), F
1o, I fHi3 4-9 Bicid &< (8.4-5. 6 klux), 10-3 A
D -7 (5.6-9. 2klux)o & £ Fl 4 Y6 S EREE
I3RS B RHANE L Ds3BY b htce FHRE K EE
K - HE, PREK - BV £ )



(149) AW 8:{CH=HICHF S Cyclotella
comta E£FOEHHER

1972- 3 4, {“R=¥10 1 B 341 R o KEKER
2T, Cyclotella comta RO MY 4 X016, Bl
FERIL L OHEZE LEHVE LA Mgy
A1 X3, =¥E dEMicK /N L7335, KoLmocorov-
SmirNov D ZHEHREICL D, Co/MRIERMICIE, F
K, B, KIE=# 7T, £ h Z£hHHKH0.001,
<0.025, 0.001<T, My 1 XDHEOHHERZERM:
Rt UL, COMBNZERIZ, HIHEER
IV, BABOERIZ, Mgy 4 X3HOER
HEMEL, HHBEBNIVHIRDY, BOBER%ED
Do CHUTK LT, KREHTIE, ERHEOE, K&
WlicTNico BEOE L BEVWER» S5, Al
HOERIZ, PR EFEROEKOEEBEZFITHE L
Ao, FHOFELMEPREENBLITN S, C. com-
ta % LD L RBEOBEN, BIBRZEICSVTHER
INhsd, GRK - IS

(15) OMELER* - HEXH* - BR-EP** - HE
B BEBOEFREVKRY — AL, 4.5SRNA
SEEIROOD?

B4, REBEDORHBEREHO»MICT 2 HN
T, EHOERTHICE N T XbOD TEAMNBREE
FOERLY KV — 4 RNA GRNA) iciEB L, OF
ELNIEREZITIE > TV 5o B EEYDIEREY K
Y — 4%, TRNA & LT 235-16S-58 B XU 4. 58 &%,
DEELLEINTVS. L LEICKR 41X, HEKRE
BREDIZLALONERTE, ERE) AV - 2135
i 4 4 7D 23S rRNA TiZ7s < 24S rRNA %§
DT EEFER UK. SHIT, fd rRNA R HZE
RS 5TREHEEZ, BRKEIZANT 58 BXU
4.58 IOV TOREETE-Tco TOMKE, E
EIFoBet Sy hova /A PEHAANRER
EBBFT 4.5 MY T S b0RBEINEH -
7o

Anacystis nidulans 35 XU Chlamydomonas reinhardii
TR TIZ, 23S rRNA 3 KELEZSRMD 4. 55 K
S EBVEEESIOMRAEEROC EBFISN TS
TEDD, VEITRANOSNIREBONERTIE 4.5
S tRNA 2% 248 RO ORBEL TOISWEHERT =
%, CNODERERE R, BELOSEHSEY~DHE
RUEDHENEERT 5,

97

1) B4R, S x cBOERE DNA &
LU 1RNA o+ 4 XS, AAEYERT1987
FEFRERE, p.37.

(FIUBLK - F - £, YBIK - —BREF - £

(16) O#fik#3X - I#k 8L : Navicula seminu-
luem GRUN. & Navicula joubaudii GERMAIN
(N. seminulum) var. radiosa HUST. [CD(\T

N.seminulum & N. joubaudii $BE 10 pm FIED
INEDE#TH 53, N.seminulum [ZEFED ORE
KE TOKRICE 4« KEHOLFFHICh: - THERT
b0 —H, N.joubaudii {3 FEITZF T N.seminulum
D 1%EH, var. radiosa & LTHEDNTEIHDTH
308, HEHRIEISKES, ar &L T, ¥,
TERICHET 3. KETREBLL ALK I BT
Z2LTEBY, FBOEFID N. joubaudii DFFhiL D
HRTHIETR-TVBEDATHS. L L, EH
ZROTHEE LI L CATIZ, N.seminulum OFREEHS
2EABIID 5185013 Uy N. joubaudii D713 HF1
D ES > TEVHOHICHETH B b -
yo (K - £9)

(17) OEWEH - 1% BL: Eunotia BDORA4 T
HETH5 E. arcus EHR. [CDIT

EHRENBERG [318374E R % = — 5 D Degernd EED
A BN, Eunotia BEHIT 3 LFEIIC E. arc-
us, E.serra, E.diadema, E. pentodon, E. triodon, E.di-
odon, E. faba @ 7 ¥ L, RRFICbOBDISE
OHBETER Ulco E.arcus OFEARRIWEF A ViCH
250EBbNsh, REREHUSKERECETHL
VRBICHBDT, FEIIZR v 7 s L BREEY
kD Degernis RBINTVBEHELFHE VI
XF~RIE T AETN T 5 HEEIZ EHrRENBERG DED
BEFRICLTHD, A—EHORRIENETES D
DTHotco THERBOER, HOBEMEDRLHC
HB U1z E.arcus ERET % 3B icoT SEM
IC L BBEZEITI 5T

BREIHARTEREZOMERT 115 um, BD
IEDOHDIZ 30 um T, 4EHFOMEMNELN, B
ESR UL ERD 1 pm 5 6pum FTI1/28D
K XI3E bHiA Sio b3, Epitheca DBEX T 14~18
um THIRNZE LT . RONEE TIRIFHRIIH
ML LTELASL, /Y2 —ve V2 —3RELOD
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BRI > THEEL, TNRBEET 3REBOFRKRO
fasto—idgE Lick b Ly, Bigicz > TR
312 EORMHMBBY Sl GREEX - H#)

(18) O/ 384 - JLREH : ANEERO 1 5,
Achnanthes capitatolineata sp. nov [ZD(\
T

AFBOWI, FHCIIFOERICHE # HEET B Achn-
anthes B EE #D 1 L, BE 20~30 yum, HiE 3~4
um FEQ/NMEET, RIZHRL, RSB
RIZIEB LSRR, 201, FRZBROH
T 10 um ITH22AK T, PRMWODS, REKIT Achn-
anthes microcephala, A. minutissima var. eryptocephala %
7243 A. minutissima var. jackii 13 ¥ ERIEINT &7,

UH L, SEM &0 TEM THE~NIETATH,
R BRT 3 BNOESERNC &, MRV
HFETlI R 2E0HNESDCE, BB RO
H->TRDC &, JIRUEAZEST 2R3 4. minutissi-
ma DHDEZRY, A convergens JETHBRILET
RELR->TW, GREEK - )

(19) OIRKF*  AHEX* - BURER - =Rk
K7 . RARTM . {@EE Chlanydomo-
nas @ Cell Cycle (CH(FBEXIPIVEY7
()i

VEEE, B~ 3HAREEE (12 1285R0) I & b RAkE%E
ENiz Chlampdomonas reinhardtii DHIFREERD /R T IE
PAETERIC 1) AR D 24 F 3 v 7 1SBE
#{t% DAPI Juta—E M RREBEHMEE CRE L.

4[Ei3 Chlamydomonas D Cell Cycle i35 3 2
V¥ 7 ORBEE A EE (Y EHR] DASPMI),
RUEG R E—BEERGE I /-2 5T 4
7 ALK D MABRE U ERERE T 5. HBHES
DMfEER% 0 RFfMifEE 35 &, Cell Cycle DHIH
(2RI I b a v F Y THEORME Gl X4
72DtV TOEBMBIRTS) K&-T,
—KMICERI ba v F ) 7HERINE T &5 -
1co TORT — Y OMIELAMICHETS L, BEX
b a vy ) TORRBIRIBRT, ZoMBEIRF I
BCBELTO3EM st EXI PV FYTO
BudMpaZ /o0 3 EL LR RSN -t KT, [
AMpatiic s 2 FRIEEROMEE TS E, BEXS
Fa v FY TOHED R T — VICRIFRAED— R IC
BETT B &0 570 BRI DEKRS b a

YEY TR (9RED) icbBREh, Osa-
FUNE 5 (1972) O#BEUIF EBEBEBEOBRE b—
H L7 CHREEK - 4, *EK - IOHHT,
PR ALR)

(20) OEBMEE* . REHE*- AEER* . IRK
Fr. BRER - Euglena gracilis DER
FoR: ERURix—BPEMSEE

BEICHE Uic k51T, Euglena \3HTSEHEGRAZEY)
RN, BT CHEREERO MR EERIETS
o AL, HifEtIA BT MBS0 & D TERED
DR EAREFMICEE Lo THET 5o Euglena
gracilis Z W S 55 H T B L 7o B % O SR9MI &
T3 L, 4HERTHICIRERO BETHBEEN, M
[RBE NI T 7 2 F ¥ L EERIICGERE IR E
DHE60%) L, RARICT 05 2 7 IR (FiE80
%) ¥hb, OKERTRICIZT 05 2 SHREBDE -
TE LV /4 ¥ ORBESEREH, 144 K%k, €V
/A FRFERL, BRETE | pm JI&ICI2 (60
~80%)o TD, RuBP Hiu R+ 57—+ DHEH:
12144 AT TIC8 fFicis, AFICERE & B m
(vxz2v7ay574v7) Ulte EV/AFOR
W F 7 21 FIEORBRMISENEZDR 2 v F
IBEEnIch, BRTRChU LoRZERRON
W otce TOX ST 144 KfGMMFICEZE TR & (150
ft-c) 35&, BHTEL /4 FRIERINIZF5
a4 FEEH, Rbo—=icfir->THET S, Zhb
DWBEIVE 2 — 277 7 4 7 ATZRITMICEHRE
Lo CRREEK - BEED), *HEK - BB)

(21) OFIhiEfh - H.+ B - FRXH: ORE
Coccolithus neohelis (N7 NE#) DOEER
SRR E

HEH#IARICAKEDBA (MG, coccolith) %
o L THEBST OoNBE AT BO—BTHB. —
i HE#OFO IR NADIEBICE SN TITED
hahs, MHAOEBSEEROMTERILT 2568
INTVEDT, L) BRITIFROMILICITATER
PHEO ARG ICBIT 2 MROERBLETH 5.
Coccolithus neohelis 1319674EIC MCLNTYRE 5Tk D
Bermuda ¥ HEIRE L, HAEDOEEBICE ST
WENETHS. HARLE, THEIUCEREH»
5785773 Y) 2T, BRWIA-TOT —F %5



OMFREETH 5,

AP TRMEREESRED S OME LI C. neok-
elis DEEBBAEMRNT, AEREEROMMHEEDOR
B2V, UFOHIRAB .. DHA : FIikolk
BE—HT 3, DEFRR : MO RBHREO —HRIc
KOBFEL, RCEXRMIEEEERT 5. Sk R
BfifaE A—oMAEE L, BREED 2HELET
Bo N7 ARV BRI B LI EBICKRE)
BB 5. MR Q7 KoMMEL LS
NT b 2 HEDBEET 5. QERIKICREE L DK
ROBERTEAHOC L / 1 FREET 5. QTR
BoHA#gRohEcicBEINcHARDOZLE
BT 208, HATEERD S bEBRHGEEITTHN
BREROTNS, OFEERLORNHICIIBTEED
BOMBLREET 5. ULOKEDS @, ®, @it
FE#D Syracosphaera pulchra THEIN T W 5 12
», TV axvy LsHOZ OBTHREINTNS
bDTH 5B, GREK - £8)

(22) O BERA - Ht B FER%H: Mallom-
onas aff. tonsurata OBFHEFERE—Syn-
ura B (X 5%8) LOHERLE

Mallomonas aff. tonsurata DIEIBBEAZFTIZV, LU
TORERER I MEBIIERE IIMME, BX 12-
25 um, 8 9~15pm T, 2 FEOEREE Do BE
RESEEAETRBABVWEREEO AT, Mgl
O D 5 ETICE U5, MIBIRBH ICEbh S
2, #F] (bristle) (ZMIEATHADICOBLTFLET bo
apical bristle |CRAMEISEEMIMSTEAET BT E 2R &,
M. tonsurata \CEEDTELILTEYD, M. aff. tonsura-
ta DHMTHYES OMBRETH 5.

WEI2ALGEREEL, EHETCIHETE
EOMENFET 5. BEEEIILTT, Sifiic kD
Bk 5o HEh S rhizoplast HsEEDFesicHT, H
HERICH S o thizoplast B 5 3 ARDW/INE HSAHFAT
I - T, RO ORI - Thwzfi<o
BRI S ZROMUNEHE U, BERENE &AmIC
B - THEERICAD > THET 5. EREDO—DI
R ETART B scale vesicle 28> T3, ZHhHD
By 2 7 BHOREHME L —BL, Mallomonas
MY RSERCTBT AT EORYUMZRIE L T
%0 LrL, UUTOKRT Synura EHEERFRICTT 5,
L. Bk A as/Matk (CER) 3R & EHGT 50 2
transitional helix |3727E L7SWYo 3. ERIE, #UMG
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HEM, MU scale vesicle 2k S ERADEFIRER L
—BY Lhze FIZHRBOERICEDL 3 EEIE
BThD, AMEDHEEITY X 7 BHOEHENIRE
ETBNENHBCEERRLTNS,
GREK - £

(23) O M@=*. J.C. Jy—y¥:,x7onx
(Pavlova) OasSOEBEEIZT

N7 h#f  (Haptophyceae) ICFTBd %/%7 oy
(Pavlova) OHIENHOBREBETFHEBSIEHE > TH
B Utzo [RURA] BEEHE (bb), Rk, TV —f&
OEWHHY , FIEOWELIRVEBBED S -
THBEEOHICHNEREDON S BUNEIIBMERERE
ERRICEREL TV, HEERICHET 3 HloBEL:
K& BIRL, BINVNEBBBERICBAT 50 [HH#i]
BN U ESBEOMO RO, BRERGEOKH
YU~ DEESDETT 50 COHDHADEMIL, %
BVHRIBIL L, BBOmESBRKL T, &AED»
B HHIRARIC ISR DM B C E ThH 5o JekiZV
EEOESICH 52 (1] PEHEROMRICE -
THEEIEMSEEI N, BRI VERROBALK
X105, BBIIRHEINATWS, BEEEONEI
HEVHEATHIED, [RIH] PR OERHICK -
THEMAIIRRICET B0 KO THRSHEAT TR
wh, mEMERING. [MRESN] MiEoHE
LEEEBONMOMDS . FREHEICHEIUER TR
L CHIBBE D AFFIebNbo P lutheri TiZ, 1R
FESECRNARICEELTHETs ¢ & v &
Bo CNODERE, BRAXSGNTHBMDNT b
BOZNERHET B E, 7 0 DORRENRE R
BEN5, CHRBEK - Y, **7 Y < 2B

(24) BIEAE: 8% Volvox carteri DRFFEDH
HRR

BIAERERBOFTRLZ S OEEL DA ALY
<7 YV (Volvocaceae) Cit 4 Mgk Gonium soc-
iale 75 500~50000 i, 575 2B &%~ D Volvox
Bhbb. AFHCBOTIREHAT b ARERE, BY
AR, SR ESRTH %o HETHRORBERD
Pandorina & & Gonium BOERBFICESR BRI
BEROBE WS TH 5 mating papilla HsgFEIHIAF
FICHEET 5 &2 Lc (Nozakr 1982, 1984,
1986)o ¥ 7z, RIVEMBD Eudorina elegans T3, HEHEAD
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BFoilss EEEMM) HEHEETOEEETM
HICBATAC LickDEAMEKAL, MEBTOM
HELZRTD S BICHRER S SHETT 5 &5 FME
18, HEMEMBETFORINIC mating papilla KD EHY%E
BT LI (Nozakr 1983), 4 4 b4 =7 ) RO CHE
HFEDRIL Volxox 1513 TH Y , 1 { I3 LEEUWENHOEK
(1700) DBEICIILEY, FLOWEMHBICH
PH 5T, PEBTOREBROBERE» >0 &
[Bl, FHEIAZINER)NET & ORI U7z Volvox carte-
i ZROT, TOREBBENAERRTLCEMBTE
Too RRICBELTIE, IR TORIHINOAISHERSY
KRAL, 20T HTHER T TIHARIKIINDC
BEVHFEREB/ I 138, FT O ICIE mating
papilla REDRHPIBE I NIgh > 1o
(BISEMERD

(25) ORBZEIT*- J. SECKBACH** . T —I*:
BREVFZoF«AIIvOMBEBE

BHRRICIZA 72 33 * Cyanidium caldarium RK
-1 B M-8 BRHHEL TS, BiE, 1497
RUOT 29 HOBREPSAFraa 2 iCBELT, 4
T2 XY HMREREO Y T =T 4 A v
/" Cyanidioschyzon merolae BSFER I NIzo TDHIT
700740 a ODMIC7 43y 7=vR28FT5C
&, MR, BRE, b v P ) TER—ETOH
DTERERAF a2 RK-1 BEEELILTH 3
25, Mgt 1~2x3~4um ELMIEL, “HHICE -
THET A L3 EH RK-1 WS IR T3,

TAVA A 20-R+—VABRKOEELIYT
=7 44 v/ v% DNA ORRNYEH] DAPI T
BEICEMSITHET 5 &, MR EFRBOEEY
HeHTEBOENEOERENED bhi. ERER
JVAAY (B REEREOHOIICER LT
BXHICRATe b LT RTOMBEMIch: > TH
CEOURBELZNROE, YT=F4AY YV VDE
BEX 7 v A4 FRA472a32 RK-1 ®IEFL
CN & (FOBERE) NRBChEEBD 4T EE
ZoNBo TNOLDFERIEEDDS, v T=FT 44V
VEAT a3 2 EOBERBERICOVTEET B,
C*ERFERLK - # - 4, **Hebrew University of

jerﬁsalem )

(26) OXAVIER, M.B.* and KOBAYASI, H ** :
AESVANNARE (F520) OMD Phacus
BICD(T The Genus Phacus Dujardin of the
Lakes of the Ipiranga Basin State park, Sao

Paulo, Brazil.

Taxonomic studies of the genus Phacus DujarDIN
in lakes of the Ipiranga Basin State Park located in
the City of Sao Paulo (Sio Paulo State, South Bra-
zil) were carried out.

Water samples were collected in 10 stations, 6 of
them are located in the Zoological Park and the
remaining 4 in the Botanical Garden. Each taxon
was identified on the basis of living material.

Nine taxa of the genus Phacus were identified,
described and illustrated ; 7 species and 2 non typi-
cal varieties : *Phacus acuminatus STOCKES var. ameri-
canus (PocHMANN) XAVIER, P. agilis SKkujA, P. curvi-
cauda SWIRENKO, P. ephippion POCHMANN, *P. longicau-
da (EHrENBERG) DUJARDIN var. attenuata (Poch-
MANN) HUBER PgestaLozzi, P. pleuronectes (O.F.
MurLer) DujaArDIN, *P. raciborskii DREZEPOLSKI,
P. tortus (LEMMERMANN) SKVORTZOV, *P. triqueler
(EHRENBERG) DujarDIN, 4. of them (marked with
asterisk) are new record for the Sdo Paulo State.

A identend artificial key, a map, 71 figures and
2 tables complement this study.

Nomenclatural problem was found between P. tor-
tus, P. sesquitortus PocHMANN and P. helicoides PocH-
MANN, because the classification criteria is supported
only by cells’ torsion. It was suggested a revaluation
of this criteria.

The following nomenclatural change is proposed :
P. acuminatus STOCKES subsp. americana POCHMANN
was transfered to P. acuminatus (STOCKES) var. ameri-
canus (PocHMANN) XAVIER, aiming at uniformity
within the species.

Cey vy o JSLREBITE, **RFEK - 4:4)

(27) REHZ : Mallomonas IR (BE&H) O 1%
HERFMESHICONT

Mallomonas BITOWTIREBHEZHWI-HEIC L
0, BEETTISHISEH I fEsHE I (Asmunp
and KrisTiansen 1986, DUrrscHMiDT 1986), HAT



F27THE 22 FENEHE XN TS (TaKAHASHI
1978) 4 [EISeE IR HICH 5 Lt & Kt SH
H1E, BEY» O AAFED M. striata var. striata,
M. portae- ferreae, M. pseudocoronata % BH\ L 1-DTH#H
&35,

Bl - MEORBRUBA OMEICE T M. acar-
oides & LITU 553, BEH OREROZTICHESHRO B
BEOHZREEDFEE L TOB HERRDBSERTEID
HTRIZE, Ef, Mallomonas HiofhoBEEL S 1
SORMIEEICB O TRIZD B,

M. striata var. striata @ HRICTIEL DT 5. HAIC
I 531695 var. serrata (JERERREIRIE 08, &
BORIRIZISD S TRIMIC | DORMBH 2 H TR
5o

M. portae-ferreae : 53 — 0 w2, T7Y Hh, HET
VT OBE D SEBEHCILL T B

M. pseudocoronata : Jt7 »x V) A REBICIZILEL 7 T
50, TNUNOHIEL SIIDTORETH 5,

(FFETKERKER)

(28) OFHie* - MAEEY - K2 5% BEX
Do Hic I HJ F EXRBOBES

I A %€ Closterium ehrenbergii DITHZETE 3 XECEE
A, B, P ORTHIIAATRAFRMNTS 555, A, B EM
FiokE - ticERT 30N LT P BT/ - 7B
KICEBTE LI BAIRERS FidsRins, A, B
BoEBHFRBLTOANA—EHTRELIZY v 7
LVHRCHEBEELTOARIIRIBEALRRL, BRT
I3 A BELTAZDITVEEELIONS, —fRICE
DN Z OEBIHEPEFEREICL - THRES K
DICRIL B EH A [ UERBHIMNE 5D 52 L3718
WEEBZONTVS, 22T HY FEREBEOLER
HIHBOI 2 RO T B BRERMSMTH S0 M1 5 7o
I, TTABEOBMICGHELCRERHEEAN . &8
DB DT 5 ~35°COMIPH TGS Z 510 A,
B 825, 10CTIRIZ LA LTS, 25~35CTL
SR U7 SHMEREICBI LT, AL ickothEmg
EZRU A, BEEOZRBED SNIEH -1 KHIIZIE
BATHEICIERICITD, BBICIIERT 5700 2
NTFERZEATFTHERTEEELOLN %o [EE
A, B BORERMICRETH 5 LB LD
BOONTBODRZOEEERAIKLSEEZZS5N5,
—H PEISCTHDIED XML, 10, 15°CTHE
HiCk CHFE UTzo 30°CTIRE & A EDREDSE Bl
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Lishotco PBHI—EZB UL CIEEALBALIZD
BWKBICER T 5 1o BEEER g 3 HIRNERTH
5LEZOND. /- P BET A, B BhicHB LT
BN 2 515008, BIROEBENREL - 1REE
ICEBELTWA T &I EBRIEN,
CEISLAERE, ¥ HK - I

(29) OES &*. I HEET . KIREIY : PR
r41% Pinnularia subcapitata GREG. var.
hilseana (JANISCH) O. MULLER )4 8550918 5

19804E 8 H10H 4 =7, Dundori ¥ T# 5 1173kl
IC Pinnularia H5EWICRHI NI, HEOLD E T IC
it > THY 300 AL BEMESERICHEL, PR ET
18 5120 ZDHIC Pinnularia subcapitata var. hilseana,
P. appendiculata, P. gibba var. parva 13 E B L TH
120 TORMTHEFMRHAETE .

CFRRZRR, *RERTIR - 3, ¥ AR

(30) |5 1&* . MHEsFH* . OXFE I : K
4% Ceratoneis arcus (EHR.) KUTZ. D%
|E2RE

198748 A #—5 v FD % + 7 ILTE-ARICARE
MBEEICHRIHTE 70T, 251 [AEEEE LOEE I
B> THEEITIE > 720 7 A1 BE 23~95.5 um, 7 4
BIE 5~T7 pm, FOERD 10 pm FBOBREE, BN
15~20, #HHI15~20, SosmBORiRE, BH15~20,
HH15~19TH b, TOMELEICOOTHRHAEITE
Jo CKERZfRR, *fRTA - OB, *aizs)il
N GED)

(31) OHHME - TR : BETRER Diplo-
neis papula DHEMHERHE

PUREEHOF AT D NTIE, HOhDEicon
TRRBROMENCEES L Gerreer FiC K AW HHH 5
5, BARERIC L A RISERIIDEL, Ficsm
WHRDONRICTE D b1 F- Diploneis RT3 4  HI B A3
(AN

AEDOF AR 2 M osban M T LTIt 5
CEILE->THES. BERR—FHOEBTNT £ —/~
RicH B LT HBfim» ot ORBARICAD 2T
Lk ->THTL, &R/, 2 EOBMIED S 2 Mok
ATHIHBRENS. BETEHKRT IO THREN
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E9C, POTHEICETNIORBERD, B
b SHERICELL, Bfgicn LTER LIch
MICK & MET %0 MEDRBTHES T2 UUHR
HoRY) /=9 ADORIIEE . BIZHEATHRES
KR LKRDEETLRORBTEEE D, WART
DFERE L BICAKT B, ZD%RIEE BEERDLR
REYECH U TEELEICEE 20T, HREEZD
EMREHEE LI LICRIBE 548, Z2DHI0E
E#E L TR 4 KRR TRAARORIBE S B, Btk
R ORI RMIER (29~38 pm) KA~ 2 fEOK
& (65um) WIREL, HRFHBKEL LTI
BLITD, ThETORMOMIA (20~30 £m) 2K
E{TZRBbDEN T, LU, RigiEE, REKHE
DFEINCAO SN THWEBEOMMmMEIL, »WTho
RIHICB O THEAMNICA—TELRE RO s
D oto GREEK - H#)

(32) OREEE - kBmEF : LA EIRUMCH
RED7HAEIDEBERELR

HERT hE7 R ERARICET S+ V47 7 516H
TOBIRIC KD, FHBROEREARIIZIN L 2h0
BBdH5 EEPOMIC Lice YEAEIIRRBT HEYS
EHBTREZ L DEAMBD B, TLOWH» SO
I F I HERKICERHRS BT HEI DD,
BOSDERFETRIEIEBLOMENHZC 54
HELTWADT, 4ERY X E 7 EKICRET BT/
€ 7 OHFER B R ERE o

HEFESR PR D TSI < 1T 3 B LA M1 I8 55 U 28R
ieEL, EhioEREEE, FAMlticis L,
TAAEE DS FIC AR DE L, AERESEOPIBE
R UTHIL T LR ERERD EDBEIOVNTOH
HEH—HT B, HFICLD ET HEZ TIITAMIE
DHBICHE - TERMILIIKR & 12D, #ici3PIBE
EOMICERELE U0, SR Y 4 E 7 TR
T 27 h €/ TREEHRIEICNEE» SN, &
D7 HE 7 TRERMBIERZOHMAOMWIcHEE LIk
SICIEBH, RO 2ETRIWAVRTHD, BHEIC
HWEYERL LNz, ZhODTERTHEZILD D
FVEATSDEBRAELUTNE DB LT
DEFRERMIEE A E LTHEIRTH 5.

Lk - # - ki)

(33) ik : L FEOHEHREE

LG EE AT T, 19864E 2 ~ 4 A3 L UF19874F
SHicaFENEFTEC LERM U, BHICHIEH%
4 BiCHER UIchs, ZOHB&HBOTHEETE-T
Wk A, ThoDHRICEBNTIE, Z0% < Dl
HWRMKTH 2 EDfEHIcE L.

(CERVALT] YY)

(34) OJlissh* . ZMmgE—**: BFI Y TAD—
FREAVYIVEDODEEEFRICDONT

ARALHEE DAY ENREORA TIREM BT 4~5
m OWE U DE LI, B ORICETT 2 —HEAH
T, E2FH =Y BICLNEERT . EHNHEERZEH
X 80cm, AWM 1.5mm ITETAHFLEVE ER
T, MEROKM BB LICHMTE DB EEL,
RICHTRERET S, BEOBER =V L ELEELL
LTHY, PET, HIHEEEMREOMRETT
308, BfEh=t vy rEXDMIL SO, BicH
RN, BORBICREEETERANEETRIZINS
135, UTFICGRRBEBHEDOTLRTRIZ S, #ACH
JRZEO/NMBRTE L / 4 FEREREEST.
WPBARotET3, MET CRENORELRET
el R IR DB BIKICRE T 5, EREAIERRY:
TTHREL, vrvePa Yy 7HEQERR, S8
ZEEL, FILOWIEFEEET S, BEEIZIZLDOH
3T, BICBIERNLIEE. ROTHBEEEL, H
28 12D PRRICRARER R E T B, BOBFEIITESE
AL, EoMilaid LIX LS BOEREE ST RF
ICPEWEEIC 5 ~ 6 Mg S 12 A AR T L, M7
WA 5,

AL, EELE, EREORR, hotgEd s
YTHIREEN, BRSO =YL EL
Bb&ENEEZEI NS, L, BBADIZIR, Ek
BoOWE, BEETIETROLAY VEIGES, T
BEOHENLEIEBEEZ LDEEDEEZ NS,

ek - # - Y, *ELARKERD)

(35) JIMGEE= : EHEZHEENH S EBEFELC
HTITFREIVTREICHAT S EFENER

JEHEERRD 2 v TEO BRI RICIITBYE
DY THHEDOHEHBEREILC EBE 0, LhL, 4
H, BAABRIC L2 EFFEIRARETHD, Vil



KB 2HELER L THEWID, B, kIHmg
L2 DAADZER LR SN RFERICES LTS
MBI,

ERESZREL & 1, 1903456 ~ 9 Hic T Bdbi
DEFEBREITED 3 7HEHEL, Notes on
Alg. New to Jap. (1909), RO (1914) T#&L
U, 7 MEERYE] (1911) ic b 2 D—idstR L
T3, UL, ZHEOKRMWAIMEL /- F PR
3 Ths

B, R3ILEERFEERICREFESA TV EER
BroRBHEBROHN 5, 1905F 11 FIiCEERLH
HHELr oOTBED v 7HICET 3 BMICEA
HEDRBEEXFRRL, NELERETIHREE
REFEEZV R K (A4, B, BEIS L0
LR, ROZEFEGUGIEAXDRS, : Cyma-
there triplicata, Arthrothamnus bifidus, Thalassiophyllum
clathrus, Laminaria Ruprechtii, Hedophyllum spirale,
Alaria fistulosa, Lam. sp., Lam. bullata f. subsimpl-
ex, Lam. bullata f. amplissima, Lam. longipes, Lam.
dentigera. #TREICXEOT I % 72 13 RIRHSBA 5
hn, OREREFNPEESRI LN, #lBd Notes
(1909, 1914) FROILREMTT 5 BELGEIS 50
ZZIZDEFEL, 3Oy VEBAT 5o K3
FIC3AEABER IS LR O RO BIHF LE D
felintce TTIHBERT %0

(g | &iT4-29-15)

(36) SBHE: 7XIRXCEIOEHEORLALD
T

TFER/DEO/NBRN R D S/ T A< 4V ®
2 Sargassum yamadae Yosupa et T. Konno (19794
12AHE) ZRFICEFEONFEBRICA UhicEd
BEMBEETE, UTOBRER

1) #ySZE O ERRE T 5 & AR
BIRTEML (25.2~27.6 cm), BRWTHE LA E <
(27.2~68.5 cm), EEEHHIREFTPPE (2.7
~38.1cm), KEEBIICH B LEFT LD SEFCET 5
TiHsR .

2) EEORUNERRIERTRG/INEL, REIC
BiINLTEEH0. 4~0. S0 XETHR b K&, Flic
DI O2NTHDT %0

3) FEohUhESRIBAWTKREL, BRET
NEWe FIKBEINCH B L EBITOSTBERNCE T 5
LD HKREV RLNEAVBRROBAUDORES Scm
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e P UNEFIBOEMEFR T4 20, BRE -8
HREEFT T2 2~2. 4[HCH - 720

4) RLhOMER—ETEKL, HOBOTERTH
EDH SNz WEHIERTETHWTREL, EET
&0,

5) ALhoFEE 1 AT UIET LEIERESERS
N3, EFROR LD EIKOVWTAHS ELAAE,
LR & OEHMIFITE LV,

6) kXD, 7R Y E s DIZEIREMD 1D
ThrEBEDOR LN, EEHOBRESR B i B
B - REISKESBEERZL TS0 EHEL
fzo CV R (7))

(37) BEXE: 1%, HIVva RO 1ECDONWT

AEENTABLOLOLAONTED, FEREIHE
KT, REL, Hidiz, BRI R IC ok
L, X 1~5cm, I8 0.5~1 mm T, FiCHIA/NME
ZHL, 8 URRT, AREMRRERTE, EHE
S$EET, BRI 6 ~12BoMEE, bR, KEE
BEEOFEHICI B ES U, SR YERBO
BEXOREXZELED B, 7oA TE2FLSOED,
ERE, O RRUMNARTO S OEERUERRER
KRTHI VA P RO EANICHET 2085, &
RBERUHETHED SEERE BbN2 D2
SREICE U, BYMIlE ampullar /I35 4 JGEDE L,
ZOWESFEHR SN, BIFIIILHEICE 1 R ampull-
ar SRICNTEL, Bhiifads 555 2 2K ampullar )& 49"
3 LISV, AT O S BRIERED ZITEEIC
B, ©5REIANICEEL, BREDIZIZLEICHE
95 (BARK - B - 5

(38) OF =% -WE #H: REEVVEEYO—
e

v Bk, Sarro (1967) iIc k% 2HE, §73b
% Subgenus Laurencia </ /'#iJ&, Subgenus Chon-
drophycus 512/ S HBOBFEIMLIE, ~"TAEED I
H, PRSI SOBIIEN G &b Sh0HEICH
BE3L30T&%k LU, CCTHRETIER
19834E 8 A, BETEHERDREMICAIBE T 5 Hongdo
EWS BT, MARTHEHEESREINISDT
PNIAER, W RTE YV EBERBRCET
BESIERLEHS, REMBHEERCE 2V
B & A Ui R EEIEE R 0. T ORRIC
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2HBEOKHEIE LTS T EICH-RER - 18,
HEM BRI - 72D T, 19844EIC Laurencia sp.
ELTHEL TV L Lz, 198647 Aick
[EEHFHREERD Kuryonpo fHETHEMMEESDHTH
Bownlarek, HEESRETE 0T, 2E0R
BEHOLICT T DMK, ZhHDRMIch L
T, COBEFEE LTRELLVWEEZEI TS,
I, DESIHEMDHBHY) 7 4 v =T O Spect-
abilis #, ZhicWc3B~ORERO 3 —o v/
L. pinnatifida R L. hybrida, i &[F UKPEHERRET
Hote L platycephala, L. foldatsii, L. bolivarii 15X &
Mg L2 5, BROIFENMBEEZL THI .
ek - /KEE - H#)

(39) OM #%- -WEk #:BEEYVJEEVHOH
4 TERE

Y/ BFEY D HEREAE TR B DRI B SEL, Fav-
KENBERG (1901), Kyvrin (1923) LI3E, Sarro (1967,
1969, 1982) it & »TFFibi, DFfiH YD bowl
shape, 2)FEBEHSHIZLOSD, Zhic 3
75 LD ovoid shape DSHISNT 305, ZhEhDHY
MIEHEOMERI T LERKENTH S, 46, BEXM
DWNRTERE LoV VBREWI4EIC DT, BT
BREORICHMIT SRR LT R, MM EMRE
OMNEIZEN S bowl shape TH 7o ZLTEDHE
BN THEHRIIT, RIS & KRR H SRR
N, REEYHIEBICIS > TE D LIC RS HiFeE
LTV Z EDMbNIce £ LTREEMT, EHEa
DO HEIREFIO NI D ITE L, REEIZNEH S
REETIRHAZRL VB LI iIcBbhlz. ST
By 2 D b0, Mo MR T B ik
KIE-THY, il S BOMESTL HEh,
Z T h OB TEAMECETESERI NS 2, Ol
BB T RO T AR X 4 A rhifiiile oo (i1 B I B ic
L-TRIEY, Zo/R, DO RED HdsE
FE28 D ERBGRSY & 2 DEEMIC 1S 5 R DRIciT X
FNTHEETEHDL, D)FEELITO DD 2 BiHsdH;
BT &Ico ZDIIDEREIMDOEMICIE - TV B REH
Ch, BAICERBESEE LS EP, EERO
R0 E, BEREY VBEMOREEAHREICETS
WL DHORFIRERN LIz

ek - KEE - #i#)

(40) OXERM* HEAEA*: BEIHVYFIZ
DEBZEICKBBENERICDNT

47 28 (Caulerpa) %, HHIHSEIN T O
WHBIEILZ L, b OBWERBRERERT. C
DI-HDABONFICIT, EEROFXERBRMICET S
B, SHEREERAF T TORRBCITEDN
DETHHEEZOND,

27517 % 7 % (C. peltata) OIZRBNEREBITT S
oI 5 IRESM: (20.0°, 22.5°, 25.0°, 27.5°, 30.0
°C) &5MELy: (0.5 1.5, 3.0, 5.0, 8.0klux) %
HAHEDEIBOERRERE Ulco ERIML LUE
ERBTHRE U BEOBAEET, EATEER.
BEETRN hABREL, N2 1AKEX 10~20
mm ORRIEKICIE S, CORREEBRRERETCH
WERL, RERBELE L. A~EE - ERE
(22.5°~30.0°C, 0.5~1.5klux) T34 & FEED
271V 2 BOEMSEL, (ER - F~ERE (20.0~
22.5°C, 3.0~8.0klux) TIIR#EMHALIIERIEBER
) 2 FY 2 BOBEBERS Wice ZOMUORBRXT
IEOHENSHKIBERTBESRE LI, b
DRERD S, AEOE LWIEBNERITBERNS B
KEBHDTREL, EBERERMHICKZbDEER
5N3. ¥7- CuBa & Enomoro (1987) I L UAHF
REERLS, 2AVFT2BLUORY)a3FY 42 (C.
racemosa var. laetevirens) |[IEBEBOERIC L - TH:
L2A—8Eoza7—v (=4 —F) ThralEel:
BRBINh B,

GBRKK - K, ¥ AR - B - )

(41) BWEEX: LB+ VOTERBRILICET
57+ L2AHR (FH)

K%Y /) Gymnogongrus flabelliformis HARVEY T
i3, FAEOWLRER S ik U OB L oBE I ED
DHBVIEDDIOM, ThZhRE4 S#gick -
THEMMICREES O, »ORFEOHBNIHERE &
REEL, I, IRUIA BEBHOND (HH, K
#)o TOWT, RCHBHBELHOZ N1 LT #
T, EEONMEOREY & UTE Ui TR
Y4 VAPRICK > THRLINIEEZ SN B,
Fome [idbfmEdtre, MR, RRERUERBAERESE
WWEBL, TREREFRICES L, & OICHBEEmEK
DTHHOERICETHML TS, [ BHREATE
RITBE U THEREE iy, TERE A 2 R



LU, £0RAEEHIIAAEEIL LT 2> TELR
D, EEHOKREICEE LIcBEERL TS, i
FRABEHDE NI O fEARE T I ERET 0% B RGN
FISHRAEFL , FEICiED DDH BT EETRRLTY
%o MEORFNRUERE L - AAE BRI
RAEHESENT VB 08, HEWICRE - o BEEE
TREBARLORAFHEPLEERED Z WVIZEFID
{EFL: F, ElRTFEERT2HEFDON5, T
ho—BoMborrEERE, ERIhTwaEA
HWBOBHOKH (3960,0004ER1) LD EREDT — 2
ICHSNTEET %, dex - # - )

(42) BNEAF: "O=FOREELBEEFERER
{ M EROBE

EAMaGE 0 =T DRES L U#EETERO
BESEETROBINERICL > THEINE L LE
R hiAEIc & - THE Ui, MEaBEPIfLic iR
ICHEIET A MR IR 2 DORUNMER, corti-
cal-MT (cort-MT) & nuclear-associated MT (n-
MT) IC¥ % 5N T Do cort-MT (3K T ic AT
s B, M EicEREE—BICEEL, —7,
n-MT RBEH SBEPRICO A MEMNERTHK %= C
DESEE LIKETE LTS, BRR—EROERMKE:
ZORDCRETAICEICE-TIRTHE L HR %
B-THHLTWS. MIBAROEKIZZZRAFALTH
BAWICAD . FHUKEBKIKEHERC L - TO
IR EINDH, BREREKOTHE & 11 - THM
OHERREED D ET. EREOFTHICKDERMK
Bob) 2EEEEAL, Mllk2REEOBEATS
bHEEORESEI NG, WETERTIE, ML
TH T 1bh BN HEORIRBRECHIRE R DR
KHEEMSEREN, BARKTHE, EELTD SRE
THWNERIH EEREEDDH T LI ITLTH
‘BB, MRERESCHHINT, HeolEE

105

(43) OfkHEXE - EBN\TN\: I HTFEDHHE
DR

2 #Y &% (Closterium ehrenbergii) |3 ok K &
RHMEEHTH LD, REBBECRIEL TV 3
P, ZOKREI, H—EMEBSEICEI . £
DI DAEBECERTFFAE & UTEER Lic Wl
bbo —F, ZRIC, TEPLHMESEBLI NI S
i, 17 0BXU~7 o ilRFBFARICETIEES
DT, JERBER, B, EROTREMRELT, B
REMlaTH 3. 4E, I AV +EDOHHEICONTHR
U1 EReWE T 50

#1251V + % (Closterium ehrenbergii ) KK-33-1,
KK-33-6 JiffR GRK - ISHB) &oiR#t2%0
7o

BEEEH 0 24°C, 1600~3000lux (Nippo FSL %
R)o WEHI—16h, BAA—8ho BEFEMKHMAR 13 7T A i
o7

B DH Y b : 10ml culture medium (Costar
culture flask 3025) HID LT OMISEEH v + Lico

R EEEERHTTOI AV FERIN2ATI
ESHT 5. WMEE », HEARE » L9454,

logy=1/2.23-x-log2 T&H 70

NHEFEOTE pH B 7.5 ETH -0 DM,
P73/ (D &, L&) OonZigiicad 258%
NI AEREBET B0 GRAK - #3% - £)

(44) HWG3EH - OFBLES : FUBEROKEICR
EFTHEEEOHE

AR, FEEEROHHICET IHESBOE
FEBENCOWTRE T B 1D Ebhi- DT,
{RFER: S BOWERICO VT, REOMESEOR
MRESESBBRI . ERTI, LTEEEKE
ng, A&, BEBKTHRLUL D OEHABRK

FOERE NS0 (BRK - 238 - &9 ELT, MELBER P, S)ZEHRMLIZSDICD

Fe Mn Co Zn Br I Mo Sr Rb Li Se

Gymnodinium nagasakiense ++ +4+ + £ £ + + +

G. nelsoni + + o+ - o+ o+ = +

G. splendens + + 4+ o+ 44+ o+ o+ +

Chattonella antiqua + + o+ + o+

Fibrocapsa japonica + + + o+ o+

Heterosigma akashiwo ++ + o+ + + + + - + +

H. inlandica ++ + =+ + + + ++ - + +

Rhodomonas ovalis + + — + 4+ +
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WTHIER G e ROT, ATHKEEERIC,
WIESIR B A SN HMESBBEROSHRER T«
OBWEICHRMLT, WHABREITIE -0 ZDME,
RFCEHEIND L5 EHBRBE LN,
EEKX - £R)

(45) OBSHATF - HTHXE - BT E: ANMENE
BEOXAREECREFTESZEMHMEDENOCDN
T

Fieick BRI TCHWAAIIBXTERIKRYG
Z D RDOIEBY 1> & BAREREE Ut 1A B
$30RE38, 0 — VLD WVT, ZONBRERICKIZTT
$, 7V 1L, BROBEERN . BRUXDIS
BEEL 77 A BERHICOVTIRT AT, F@~0EH
HRDotco TNHDOEDIREAER, AF IV LD
T S IROIETIME DD - 7o b3, Stigeoclonium aestiva-
le & Surirella angustata DHHS, FLUNDOEBITIITH
Motce UL, 7 VEERBYRHIXD SHFEL I
bbb od, TRTOEBIKTE,L 1o 7 VEED
TEEERIC OV TR S BOREFETH 5. FEHEYu
X HHHE L -BOE 13, BERBICEREREH» -
7o hSFWD Chlorobion braunii |33 ~TOEBICHL,
Klebsormidium klebsii, Surirella ovata var. pinnata, Pin-
nularia substomatophora, P. brevicostata |3 H ¥ IV 4D
HICHL , Spirogyra sp. (SHERIC DA - 1o

BICk > Tid, BYHIX &FRBRHMXOGICER
55D B Bo Achnanihes minutissima, Klebsormi-
dium klebsii, Uronema gigas \C2O\\Ti3, HYHIK, &
UFEBERHIR O X5 5> & B ERICORT) Uice A—H
THHERMX D SBEE Lo b D3, FEHFYHX D
DHDIRFL, MRUIBFOELEORIICLD
i3 L B2 EMBPLDITIE - 70

(B AERD

(46) OMFEHET - IWAER— - BHEX : B R
RFVUITSICHEFETY Ea—ILOMBRRBECRE
FTROEE

INET, BZBZ, V7Y =7 OPEREEKHTICE
2 BERGEEERN, TOME, ELLTS Y
O - VHRBRGWEE LTHL C LE2BE L. B
FREYEE LTRHAINE ) o -3, @,
MiEPIc RS hlastic i S hisve L LIsas
5, iz LD ERSESICBOIGAPEEE ST

1BEIIE, 77 o — ikt hic st ic B X
NAHETEBALNTN S,

F+Y) 25 0RERMCBELT, MlaRicBr 57
)8 —WERICOWTRESHFEINT &, 7
) &0 - L OMBARBOBICOVNTIE, BEAL
HoNTHWIE. COEREBLLICTZHEMNT, 7))
+ 1 — L OMIERFRFICRIZIREERE LTOXD
EAERE Ui

0.5M Db+ b ) v 2% SRS, IHFFCES
FUME, ZOT IREIMCRAMEL &, B
L2, $iERZTY o —vidifestic i S hx
B Lo £h, TOLHBERIZ, WHTRA
SRIEDoTee RE-T, TORRIT, RIKELIS
) &8 — v OMBIREREE 4 1 =X LOFEETRBLT
W3, X5IC, BTE, 7V o — L OMBBRERE
THHOHELAEHZAOREERHFTH 5,

GERILER - &)

(47) OXH{EA* - FHFHE™ : fEEREHLD
EB(CHETIMER

19874E 2 Aic, LBRZANINCENT, Rk, K
12 E MBSO RS 5 168K o Z B K % R
~, HEEHEBEEOMEBERE () ZRD . HBEED
B E A OB E, 1=0.11~0.98 LZLICEA
TWizo ThiT, BEED Achnanthes minutissima,
Gomphonema parvulum, Navicula saprophyra, Nitzschia
palea, Surirella angusta 13 X DSEHEIC 5 B H G I K X
WERBD SN/ D THB. 107 — 208413,
BEBOHBRIICE S D& 08 7%, r=0.42~
0.76 &HBMHEWNETH >0 —F, WEWETIZ
r=0.73~0.93, BHEICIZBEEXNEITE-7c b D
TiF r=0.73~0.90 LB NMETHEELTE Y, M
HOBHEORMERL LHA T Thid, L
HRERKX->TTF — 4 BERDTHICESL 2D TH
D, BonicBESEIBEOREEEDECEDEZN
REHEEREICENTIE, FEMOhRE 1712 5 B
I, NBMBIEELRTE 1T — 22N B T ENH
F LW

BiECEENC, A—KRTHIA, FEADORL 2K
ZMAT, WEUE, BERXIEiT8-1c7—2%H
WTERSARETIE - 120 ZDEE, HIHAORTF,
E=MORTHHM S h, FEHROHAM, SR80
ZOWHBEIC L 2L ORIV BRSO &5
2o (QITN=TEY 5 MR TN = NI R <))



(48) OkO & - (kEEHTR - HEE 7% dLIBEHRA
TEMXBCEI 2B AUBEOES

1986, 874E 8 A, MEWTAH (FRIAR) DWjitic
BOTHRRL M (&K 1170 cm) {CO0TEEH
GHTRTTIS - oo KIBIZHEERNT, B EBOKM
THYH, W KkOBALRON 3,

SHTORR, SFAKCECTRERERE L Tl
N 3 Neodenticula kamtschatica %13 U, {JEDHR=K
& BRI »o0BEREEbh 2 0BT 3
7o, WEROHBELEREIL, 2CilEYT 3%
TRTROTERET -7

T.P. —800~—640cm O BT, #HKBEED
Thalassiosira sp. H5SE 59 5 DD Diatoma sp. Gom-
phonema parvulun %, BOKEHEAKE47% 1814 5,

—640~—440 cm D JBEE T3 MEKIEIRIAST0~85% %
g B,

—440 cm DFED 5 IFIRPICIT K 3 L OB
HHEmL, —340cm TZOHAREALILD, LIk
g5, —340cm TO # 5 Fild Cocconeis placentula
TH b, 18 —290~—-280cm T3 H F+D—F LN
>hpHREMNS %,

ZDi% +163 cm 5E F THEKERHSHEU70% L1 L
AEHBH, +163cm~278cm DFHETIIH FEK
BIOPKEEOR AR 5N, +260 cm Tidikk
BEENT1%, FKEEMI5% L1835, CTTORLR
13 Cocconeis placentula THJ50% % H DT 3, fhic
Rhopotodia gibberula %> Rhoicosphenia curvata DY IK
BEEbLHRON B, (€SP NEE: R X))

(49) OWAHEF - BFEEL - BB % : JIRER
CHBITHEREHBEDED

19864E 8 H, SIBRIEE = & BIAIC B O TERILL 74
By (&E 975 cm 0 a7y ) K DWOTE:MS
WET 7. EHRBRIKEFROITRIMET 3
BB TH 5, BIEERBKMER Y, TyBFICHE
nNTn3,

SHro#ER, T.P. —365 cm DT GO RIEETII
KRB LT B, SOKEHE, SUKBEED D8N
B3,

JBHEHS_E A < IF FilKEIREE W, BRI
Bl T, +85cm DFHETTHBITMMEEL
5N, T TIRYKERAB8.5% LB LT 3L Tk
D, HEKEERE15.9%, FOKBIRER19.7% 2 TR T
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3, BRI HKM:D Fragilaria brevistriata T %

+85em~+210cm OB TRO&FEBKBE
AEML, +210cm OFHE TIZ92.3% % HH B &
ST B, T DR, &k D Cocconeis placentula,
Fragilaria pinnata 13 EpsBEINBIT 3,

+210cm~+510cm D FETIZ IR KEREHHI1C90%
PEEBET 3, MkEERIZEASHEALLL, &
HRERRKIEIKIED Fragilaria pinnata, Fragilaria brevis-
triata TH 5,

+510 cm~+595 cm D JFHETIZ #/KIE 3 80~90
% & FDEEIZED SIS, B D Eunotia diodon
R UHLET B Eunotia BHEET 2 L5y,
Melosira [Bb £ (KBl 5, (MFK-H - /L8

(50) BBERXR: EEFERNBOEH TSI b
BKTTOWEB TS v b DR TEZFDEDFNE
DOEE

MBNTOMMT 5 v 2 + vIcBEd 3T Bk
i, ERRHR» SFINICEDSNT E TV 3
s, REMEEKT 2B TOMELNIIED THIE0,
Zhid, Zh o OWIBEMRILEHHF /23 BBRS e
BHBELTWB1DTHA .

CNETIANROZZ KM B ICEBT, Sago
and SakaMoTo (1964 ), MaEDA and IcHiMuRrA (1973),
MOS (1985) ILk->T, Fic—REER LA K
) OKBEBLTHREI ATV, BADHT
b, o LbHLOKREMTICH 2IuEEOMBRIC
DVTIRIEBEAEBREINTIEN.

WEOE T 2 tiEAFN LTI, b
RICFEL, 2FMEKT 2 KENCHEEDRE -
Te=EWiHE KEM—2RES, FEy—RXE, R
B —ARER) OKEBXUEYHEIBELT, XF
2L UBERELBECO > TEBL T &
B, shoD&ERDS B, #KTTOEYT S v 7
b OB X ZDEMIEEORBICE L THET
%, HtHEEAEN 15

(51) OWFERF - 51BKiAE : Synura peterse-
nii OEFEICDNT

BB O Synura petersenii (3, FHHOM, W
Hp SHEEMSBEIN TSR C & LD, EREBOEN
BTHdLEZONTN S,

AREBHEZER LT 558, BHENOMIEIIL—
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ETIRIE L, BREEICE->TRIED, FHicdiZEA
CREEERETHMRTEET IR BD o 1
7o

zCT, B, BE, Mgk, SRRRESOREE
KA EZLT, ABORIEOBVERE X 1o T O
£, BENOMRBEIbH#HEOR XS, &2 0MEH#E
RICBY B AEOMTER L MHBEMBD 5 T LHBRERIN
1D THET 5, (FAX - BRFED

(52) Sy - OMZEMA - BEWEE Gymnodi-
nium nagasakiense N4;EE—1 Planozygote
20T (F8)

4R, Gymnodinium nagasakiense \C & 5 KHEIS TR
DSHETFHEOINE LA S IR L, REITRER
EEEZ T3, BELI, AEOEBEERRE#EE &
biT, ZOEBRICONTIFHZED T &/, pla
nogygote & ZDBEALIC DOV TETOHIREME S
hicDOTHRET 50

EERTIZ, 198747 Hic=ZER 1L/ FiBOE# <
Tk Uik Syl X i G. nagasakiense IR D
saviEBAVLni, CORMB TR A EL
fI-1AER, ERMIBO—EI3HES LT planozygote
L, £0%, HE 50~60 pm OIREMIIICIE
BT EMBEINI. COREMIBICER LT, HHE
B IUHMBE I DO TEREITE - 1,

ZDFER, DRUKTI, HIREEEZITHZO
HEMIEOERIZIZEA LR ONED - T DR
BAKETE, REMESES  HBIL, Rk
TTEWEALA NI, COREMIEERERE
D%, HEMIEOERE ERRICB} 2EBHICOV
Tk, BFREMTH B, (CEX - £8

(53) OR EEEA - /N8 E - FRCHE : BITE
FJ VY E (Porphyridium) BEEDORKELOM
B

IR, B EHAEMERL HE R RBEOE
YIBED DEPRIREARE B 5 DI T B BB IR
EOEBICATRISMKBEZEAT &0 ok
5 ISR, MRBICRD 2 BENEEEZESZ
37Hb L RENERMET 5 ZHEMST0D, ik
iRt s UCHIRRIEE A RO, B5R - il T
%o TOVEREED 517> T, Wil EDO
TZNITHY EF SN TEIBMR - BiiE - 6&

BEFHRRCZ OO EEBH - #HFXEL, CO#H
BADRHHBIRE LT D 4 REEEE 1 115HE (ancest-
ral stock) (CHEY, L7,

Rhodella Rt « BRIREBO R L - BRIER K, #H
HEL/A4F (F724 FALT), BABE
WED,BE7 a3z ) R v, 253548,

Rhodosorus oi8Y : BGBUIRIER A, BHE L /4
FEfTEF7 24 FEA), BARERIEL,
BE7+az)RY YV, 255480,

Rhodospora oikEY « BRUEERME, BHEL /7 4 F
BihF 7 24 FEA), BEAKENED, CH
743X )RV, 255,

Cyanidium RGEE : HE-HIRERE, CL/4F
R, BARBEERLS, 7422Y) 2 ) YR
<, 25y & REIT K.

Porphyridium $H5CEE © BRIER G, WL /4
F (F7 24 FRA), BARRMERL, B &,
CHBI7 az)RY)YB8XUP7422 ) R
VIR, 2 rEHETE.

BeOFHEFLBEBEOEAEZRSLTVEY, £

DHERBANOBRICHETSLE LT, ZTTRIEER
BE UTRR UK LEBORSKBERETM L, & <K
Porpyridium MSERICHESE M T, ThITIONE L
7z Porphyridium 6 HRORMERERE S LT, TOHRD
P RHE S HAEROERS LUMEBEYICE T 5
RELOMNBICOWTHBEAT 5. GRBK - £8)

(4) O/g X mihiEfh - R EA: HFARLCK
HETHEMBIIE 1 BOSRLHE

AR L BEONHEBRRIRB YY) av ks
704 VI LREEREED L S ITHEE & HEES 4
MEREIEHCE->TRILL TS, ZZTRNT
AHEFLEEBMMEHEAEE S DL AR %13 Lee & Mc
Enery (1983) iC& - THEAME I TS0, Bbs
HTRBEO0F L EbN S,

MBRGHEHTKEOIMIHENERE 2 1 ¥ 7 — v OEH
SER U EWOHICETFT 2 EAHRDO—E (Nonion
sp. ) ICREREBOREEMBEESS I TH . B
Wy v 7 CEMRBICRLRY, BAREERLT
BB 3L U T B Bk % B - 15389 5 & dtic,
BWZ Db 0% REMBH KIS THEL, NER
ERUSDN7 ) ~ CRRCERET 2B EHbD
7o

BERRRE UTHEL U7 NEROBOIZIE - fHm



& - HERGFEERE KR TICR ) TR
ERREL, BN BT #§ & ok & A8
B AEOEBBERE Ui, ZDBE, ABOFIEN
R TEEE LTI A5hTn3EF /Y & (Por-
phyridium purpureum) S U L (2 RIBOYGEERE P. marinum
ERIETWV . L UAED MEIA s o ZBRE
DI 2 B ~THEL, WNSHEDRFIDET
53T EDH] - oo BREMIERAERHRIIEICHEZ N
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ZRF NI SILDS, D18 & & Porphyridium [BD
BTH2ELEMTE S0

EWY v 7 R 5 I3 FRE G0 BRI
WRE LT &chs, OB NELD Porphyridium
JBTI378{ Rhodosorus marinus THY, BILHEHSIZA
ICHMIAIEE A LD, MR EsE LRI
FELUILOTREBOESM -/ B - &8






AXZEMs#ELLY

2 B

R

No.8

S 3

WBHI63F 2 A HAYMSBLBERS

BAREMSHTIE, FMORRLZLEEREEBICRBRBES DL &V ) BREMEBEAOEEIZH S 126,

LAEEESEREL T2 725

SE [BAREMSHEZ LY ] T3, FEEILAICEEL 2 2 > LR#ES

NH/ENFLPLE LT, FLBOEBRNESHORMEF >V TsHMLEL T,

DRBER [N T & NEDIFR]
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