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UI釘astructureof gametes and gametic fusion in 

Bryopsis maxima Okamura (Chlorophyceae) 

Terumitsu HORI 

lnstitute of Biologお'fll&必抑's，Universi!)! of Tsukuba， Tsukuba， Ibaraki， 305 Japan 

HORI， T. 1叩8. Ultrastructure of gametes and gametic fusion in BりゅISismaxi脚 OKAMURA(臼tloro-
phyceae). Jpn.J. Phycol. 36: 113-126. 

τ'he fine structure of gametic fiωion in the coenocytic， anisogamous green alga， BりゅISismaxi，脚
Okamura， is described and comp釘edwi出 thoseof the isogamous and other anisogamous green algae. 
Female gametes possess a putative mating structure similar in u1trastructure to也atfound in many 
other green algae so far studied. This is a structure absent in male gametes.τ'he genera1 mode of 
gametic conjugation is by fusion of male gametes at or near the mating structure of the female gamete， 
but other mod岱 offusion occur without involvement of this structure. These observations suggest 
也atthe mating structure does not function properly in the higher green algae，回:pecial1yin the an-
isogamous groups. The mating structure in these algae may thus represent a vestigial s依田lorgan.
Nuc1ear fusion occurs at an伺 rlystage of zygote formation (25 minutes after mixing gametes)， 
but fu~ion or disintegration of chloroplasts andfor mitochondria does not occur at也isstage.τ'he 
behaviour of出eflagel1ar apparatu民sin the early zygote from both mating types of gamet岱 isdis-
αJSSed. 

Key 1l岬'XWords: Bryopsis maJCIma-Chlorophyceae-conjl伊 tion-gamete-gamtlI&fusion-green 
algaー刷tingstructure. 

The first ultrastructural study of fertiliza-

tion in green algae was made in the 0・

ogamous aIga Prasiola stipitata (MANTON 
and FRI印刷.NN 1960). Only a limited 

number of genera (Chlamydomonas and Ulva) 

have since been studied in detail. Al-
though it is generaIIy accepted that Ulva 

is anisogamous (e.g. BOLD and WYNNE 

1985)， the difference in ceII size between 
female and maIe gametes is slight (e必
MELKONIAN 1980b， KOEMAN 1985)， and the 
general mating behaviour and the structure 

of gametes are simiIar to those of Chlamydo-
monas (MELKONIA.N 1 980b ). 
1 have studied the fine structure of gam-

etes and the feI・tilizationprocesses of ani-

sogamous green algae， as weII 剖 some
other isogamous green algae， as a prelude 

τ'his study was partly supported by a Grant-in-Aid 
仕'omthe Ministry of Education， Science and Cu/ture 
of Japan (No. 62219∞2). 

for analyzing mechanism of maternal in-

heritance in green plants. The main rea-

sons for selecting B. maxima were， 1) this 
species shows extreme anisogamy and is 

dioecious， 2) female gametes possess a large 
chloropl儲 twith an eyespot and a p戸enoid

while male gametes possess a reduced chlo-

roplast with fewer thylakoids and neither 

eyespot nor pyrenoid， 3) behaviour of both 
male-and female-derived chloroplasts in a 

zygote can be easiIy foIIowed by light and 
electron microscopy. A part of the studies 

showing that both male chloroplast-DNA 

and male mitochondrial-DNA of this alga 
are p陀ferentiallydigested during the late 

period of gametogenesis has already been 

reported (KUROIWA and HORI 1986). In 

contrast to this， in isogamous species of 
Chlamydomonas， the prefeI官1tialdegradation 
of male chloroplast-DNA occurs in young 

zygotes after gamete conjugation (KUROIWA 

et al. 1982， KUROIWA et al. 1985， TSUBO and 
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MATSUDA 1984， COLEMAN and MAGUIRE 
1983). 

This paper presents the fine structure of 
gametes and the early stage of zygote for-
mation. 

恥faterialsand Me曲。ds

BりIOpsismaxima is dioecious. Gameto-
phyte企'ondswere collected a few nights 

before full and new moon at Kimiga・hama，
Chyoshi， Chiba and brought back to the 
laboratory， where they were kept in a tank 
of seawater provided with aeration. Close 

to full or new moon， the企ondsbecome 
ferti1e and change colour to orange (male) 
and d創もgreen(female). At this stage the 
female and male企ondswere separated and 
maintained as above. 

In gametic fusion偲 perimentstwo vol-
umes of a suspension of female gametes and 
one volume of male gametes were mixed 

and fixed for electron InIcroscopy at 0.5， 2， 
5， 10， 15 and 25 minutes after mixing. 
lnitial fixation was done by adding 50% 
glutaraldehyde to gamete suspensions， giv-
ing a final glutaraldehyde concentration of 
0.5%. The fixed cells were stored no lon-

ger than 12 hr befo陀 urtherprocessing. 
Mter centrifugation the zygotes were fur-

ther fixed in 3% glutaraldehyde (made up 
in 0.28 M sucrose in 0.1 M cacodylate buf-
fer， pH 7.1) for 1 hr at room temperature. 
The cells were then washed in a series of 
0.1 M cacodylate bu能rsolutions contain-
ing 0.28， 0.14， 0.07 M sucrose and no su-
crose， each step taking 15ー20 InInutes. 
Post-fixation was made in 1 % OS04 (pre・

pared as a 2% solution and mixed with 

equal volumes of 0.2 M cacodylate buffer， 
pH 7.1) overnight at 40 C. The fixed cells 

were centrifuged and stained for 8 minut白

in a saturated solution of uranyl acetate in 
distilled water. Mter dehydration through 
a graded series of ethanol， the cells were em-
bedded in Spurr's resin. Sections were cut 
with a diamond knife and stained with lead 
citrate. Observations were made using a 

jEOL 100 CXII electron microscope. 

Observations 

Dioecious fronds of Bヮopsismaxima pro・
duce di宜erenttypes of gametes which can 
be clearly distinguished from each other by 
cell size and intracellular structure. The 

fine structure of these gametes is quite dif-
ferent and their components are useful as 
definitive morphological markers for ana-

lyzing the behaviour of cel1 organel1es in 
zygotes. 

1. Male gamete 

The biflagel1ate male gametes of B. max-
ima are pear-shaped， measuring 4-7μmm 
length and around 2μm in width. The 
cel1 anterior differ百 ltiatesinto a papilla in 
which two basal bodies overlap at their 
most proximal ends (Fig. 2). They con・
tinue with the flagel1ar proper， which are 
15-17μm in length， slightly shorter than 
the female flagel1a (mean length 18μm). 
The fine structure of the male flagel1ar 
apparatus has already been described in 
detail for B. maxima (HORI 1977) and B. 
lyngbyei (MELKONIAN 1980a) and will not be 

Figs. 1-3. Male gamete of Bryotsis maxima. 1. Median longitudinal section showing relative positions 
of organelles; mitochondrion (m)， Golgi-body (g)， nucleus (n) and a reduced chloroplast (c). The posterior 
end of the cell body is overlain by one of four ridg'ωthat extends down from the papillae. x 19，000. 2. 
Cro田-sectionof the f1agellar apparatus showing the overlapping basal bodies which are displaced in a 
counter-clockwise direction. x 52，000. 3. Cross-section just under the f1agellar apparatus showing four 
ridges. In the uppe釘rlef氏tand lower right ridges a twoか-member閃'edmi記cαr悦ubu凶la釘rrooωt can be see叩n;and a 
five-member，陀.宅edroot can be seen in the upper right and lower left ridges (伊arrowsめ).x40，600. 
Figs. 4-5. Female gamete of B. maxi附. 4. Near-longitudinal section of the cell showing relative 
positions of organelles; the putative mating structure (arrow)， many electron dense granules， Golgi body (g)， 
nucleus (n)， mitochondrion (m)， a large chloroplast with pyrenoid (p) and eyespot (e). Note the location 
of the mating structure and ey'白poton the same side of the cell. x 19，000. 5. Enlargement of the 
putative mating structure (arrows). x48，OOO. 
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Gametic fusion in Bryopsis 117 

described here. 

Fig. 3 is a section just under the flagellar 
apparatus in which are discernible the basal 

part of a cruciform papilla composed of four 
ridges. The ridg田 originatefrom this point 

and extend downward. Some of them ta-
per at an uncertain point in the posterior 
half of the cell before they reach the cell 
end， but others reach it (Fig. 1). Along 
the whole length of each ridge overlies 

a meniscus-shaped membranous material 
which is connected to the cell membrane 

by regularly-shaped bridges (Fig. 3). Mi・
crotubular flagellar roots p邸 salong the 

bulge of each ridge (Fig. 3 arrows， Fig. 11 b 
small arrows). In the upper left and lower 
right ridges of Fig. 3 (arrow) a two-mem-
bered root can be seen， and a five-membered 
root can be seen in the upper right and lower 
left ridges (Fig. 3， aη'Ows). 
A longitudinal section of a male gamete 
(Fig. 1) reveals relative positions of major 

cell organelles; under the flagellar appara-

tus is the cross profile of a giant U-shaped 
mitochondrion， the bottom of which is close 
to the posterior surfaces of the basal bodies. 
Two mitochondrial arms extend downwards 
beneath the cell membrane. In the cyto-

pl踊m surrounded by these mitochondrial 
arms are one or two Golgi-bodies and small 

vacuoles (Fig. 1). The posterior half of the 
cell body is occupied by a nucleus with con-
densed chromatip. matc:;rial (compare toι 
male gamete in Fig. 4) and a small chloro-
plast. The chloroplast has a few thylakoids 

but no pyrenoid or eyespot. 

11. Female gamete 

The biflagellate female gametes measure 
about ι14μm in length and 4-7μm in 
width. Two isokont flagella， being 17.5-
19.5μm in length， extend from the papilla. 
Two basal bodies lie in exactly the same way 
部 thosein male gametes. The flagellar ap-

paratus of female gametes has a pair of 
unusual crescent-shaped bodies (Fig. 6) 
(see MELKONIAN 1981， ROBERTS et al. 
1982); a two-membered root is associated 
with each crescent-shaped body (Fig. 7). 
These are absent from male gametes and 

other green coenocytes. Another compo-
nent associated with the two-membered 
root is the electron dense material which 
overlies the root for some distance (Fig. 7). 
MELKONIAN (1981) demonstrated that in 
female gametes of B. lyngbyei this material 
forms a cylinder and suggested that it re-
presents a mating structure. Such a con-
figuration is not discernible in the female 

gametes of B. maxima. At the shoulder re-
gion under the basal portion of the papi11a 
is an area of thicker cell membrane under-

lain by an electron-dense material (Figs. 4， 
5)， which may represent the putative mating 
structure of this alga. Longitudinal serial 
sections through this area revealed that it 
measures 500 nm in length and 240-350 
nm in width. The cytopl邸 mbetween the 

flagellar app町'atusand nucleus contains 
four to five Golgi-bodies， small vacuoles and 
many granules副ledwith electron-dense 
material (Fig. 4). Individual granules 
measure 100 to 300 nm in diameter and 
sometimes a single limiting-membrane is 
discernible. These granules are present 
only in female gametes， and disappear in 

Fig. 6. Part of a longitudinal sectio!l of conjugating gametes showing the female flagellar apparatus 
(♀) with crescent bodies (arrows) and one basal body ofthe male (o). x40，600. 
Fig. 7. Part of a longitudinal section of the cell anterior of a female gamete showing the electron dense 
material (arrow吟lyingover the emerging roots. X 33，500. 

Figs. 8-10. Ear1y stage of gametic fusion fixed 2 minutes after copulation. 8. Section illustrating the 
dis白lctindividua1ity of each papilla from both female (left) and male (right) gametes. x 49，400. 9. A 
slight1y later stage of gametic fusion伽 nthat shown in Fig. 8. Note a vesicle (arrow) that stemmed from 
the cell gap origina11y formed between the two conjugating gametes. n， n田 leus;c， chloropl踊t.x 12，000. 
10. A more advanced stage than that shown in Fig. 9， showing that the cell anterior becomes more round 
due to the disappearance of the groove between male and female gamete papi11ae (compare to Fig. 
8). Arrow indicat白血eflagellar root of the female apparat凶 extendingdown along the fusion site. 
x 16，200. 



118 HOR1， T 



Gametic fusion in Bryopsis 119 

the zygote cytoplasm after conjugation (Fig. 
16). 

The female chloroplast contains a pyre-
noid and an eyespot (Fig. 4). The eyespot 
is composed of a layer of granules 80 nm 
in diameter and is located on the same side 
of the cell body as the putative mating 
structure (Fig. 4). 
The whole cell surface is covered by a 
fuzzy material similar to the male gamete 
(Fig.4). 

III. Gametic fusion 

Early砂'gotefixed 2 minutes after mixing: 
The most general mode of gametic fusion 
is initiated at the anterior of female gam-
etes， including the area of the putative 
mating structure located near the basal 
bodies (Figs. 8， 9). In many cases the 
fusion site of the male gamete is restricted 

to the cell anterior， but sometimes the pos・
terior half or posterior two thirds of the 
male gamete fuses to the cell anterior of 

the female body (Fig. 12). The initial 

fusion process appears to be a quick event， 
since neither the initial fusion nor activa-

tion of the mating structure were detected. 
At a very early stage of conjugation， papil・
lae from both female (le氏 inFig. 9) and 
ma，1e (right in Fig. 9) gametes can be dis-
tinguished. At a slightly later stage the 

groove between the two papillae (Fig. 8) 
rises up as the cytoplasmic fusion proceeds， 
resulti碍 ina rounded dome (Fig. 10). 
Fig. 9 shows the two sets of basal bodies 
close together. The original arrangement 
of cell organelles found in each unfused 
gamete is maintained even at this stage 

(Figs. 9， 10). 
Fig. 11 is a set of serial sections which 
show the initial fusion event of the gametes， 
the left half being female and the right 
male. The female gamete cytoplasm is 

continuous with that of the male gamete， 
but a cylindrical lumen formed by the cell 
membranes of both gametes can be seen 
along the fusion site (Fig. 11 b・f). The 
lumen is open to the cell exterior at the 
posterior end of the male gamete (large 

arrow in Fig. llg)， but it is closed again in 
the next section (arrow in Fig. llh). It is 
possible therefore that when the anterior 
portion of two ridges of the male gamete 
attaches to the female cell surface， the 
initial coalescence of gamete membranes 

begins both around the outer most margin 

of the male gamete body， which tightly at・
taches to the female body and to the margin 
of the lumen formed by the cell surface of 
the female gamete and the inter-ridge con-
cave cell surface of the male gamete (Fig. 

4). The continuity of the cytoplasm ex-
pands inwards， resulting in a reduction of 
lumen size and the formation of vesicles. 

These vesicles are released into the zygotic 
cytopl拙 m (Fig. 9) and later released out-

side the zygote. Along the cytoplasmic sur-
face of the lumen two flagellar roots extend 
down，one 企omthe female flagellar appa-
ratus (large arrows in Figs. l1a-c) and one 
from the male (small arrows in Fig. lle-g). 
Fuzzy material on the inner side of the 
lumen indicates the origin of the lumen 
membrane from the gamete cell membranes 
engaged in the cell fusion. The presence 
of electron-dense granules specific to female 
gametes was not observed near the fusion 

sue. 
Apart from this common mode of gametic 
fusion， other modes were observed in B. 
maxima. The first type is shown in Fig. 13， 
where a male gamete has fused to the pos・
terior half of a female gamete. The second 
type is where the posterior half of a male 
gamete attaches to or near the posterior 
end of the female gamete (Fig. 14). The 

Fig. 11. Eight sections (numbers 1，3，4，6， 7，8， 10， 13) from a series through a young zygote fixed 
two mInutes after mixing. Note a long lumen formed along the fusion site due to the incompleteness 
of cytoplasmic continuity. It is open to the cell exterior at the posterior end of the male gamete (large 
arrow in Fig. 11g). Flagellar roots extend down from the female flagellar apparatus (♀) (large arrows 
Fig. lla-c) and from the male (o) (small arrows in Fig. lla-b， and small arrows in Fig. 1Ie-g). See details 
in the text. X 16，000. 
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Figs. 12-15. Conjugating gametes fixecl two minutes after mixing. Figures showing atypical moc¥es of 
gametic fusion. b， basa1 boclies; o， ma1e nucleus;♀， fema1e nuc1eus. 12， x 14，500. 13， x 13，000. 14， 
x 11，000. 15， x8，300. 
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third type is where both gametes fuse to 
each other at their posterior ends (Fig. 15). 

Zygo如 fixed25 minutes after mixing: 
Zygotes are spherical at this stage (Fig.16)， 
but new cell wall has not been formed yet. 
The most prominent feature of zygotes at 
this stage is the appearance of variously-
sized vacuoles containing small vesicles of 
about 60 nm in diameter. These vesicles 
are not present in unfused gametes. The 

flagellar apparatuses from both gametes 
are present出 separateentities in the peri-
phery of the zygotic cytoplasm (Fig. 16). 
The origin of each flagellar apparatus is 

identified by the presence of the crescent-
shaped bodies spec泊cto female gametes. 
The composition of the flagellar apparatus 
is the same出 inunmixed gametes， except 
that the microtubular roots appear to dis-
solve as the cytoplasmic coalescence pro-
ceeds. The two sets of paired basal bodies 

are still continuous with their flagellar ax-
onemes， indicating that they are absorbed 
into the cytoplasm through the cell surface 

(Fig. 17)， similar to Ulva mutabilis (BRATEN 
1971). Another event characteristic to 
this stage is nuclear fusion. Once the con-
tinuity of the outer nuclear membranes of 
both nuclei is established (Fig. 17)， then 
the inner membranes coalesce (Fig. 18). 
The fusion or disintegration of chloroplasts 
and mitochondria was not observed. These 
events occur in this alga at a later stage of 

zygote maturation (HORI and KUROIWA in 

prep.). 

Discussion 

The mating reaction of the isogamous， 
biflagellate alga， Chlamydomonas reinhardtii， 
is initiated by an agglutination between the 
flagellar tips of mating type plus (mt+) and 
minus (mC) gametes (SAGER and GRANICK 
1954， GoODENOUGH and WEISS 1975)， and 
then the extension of the fertilization tubule 
from the mt+ cel1 surface to the mC cell， 
an event mediated by a mating structure 
of specialized cell membrane (F町 EDMANN
et al. 1968， CAVALIER-SMITH 1975， Go-

ODENOUGH and WEISS 1975， TRIEMER and 
BROWN 1975， WEISS et al. 1977). 
The multicellular green alga，めIdro・
dicryon reticulatum， produces isogamous gam-
etes. One of the mating pair has a spe-
cialized structure of cell membrane (apical 
国 p)which mediates g伊amet出ti比cfusion (MA腿R-
CHANT and PI悶CK阻EτT'τ干，τ吋I

BRA'λr、'EN(1971) described Uαllva m伽uωωbiωl仙おa部s 
IS的sog:伊amousand no morphological d副i貸能erence

can be fゐoundbetween the two sex t句ypeωsof 
gametes even at the ultrastructural level. 
Another species， U. lactuca， produces a fe-
male gamete slightly larger than the male， 
but their ultrastructure is similar to that of 
U. mutabilis gametes (MELKONIAN 1980b). 
The mating structure of both gamete types 
of U. lactuca is a special region of the cell 
membrane. This region is oval-shaped (1.1 
-0.7μm) and is a rather complicated struc-
ture composed of four different elements 
(MELKONIAN 1980b). 

Another more conspicuous feature com-
mon to this isogamous group of algae is 
that their gametes can germinate without 

fertilization (MARCHANT and PICKETT-
HEAPS 1971， KOCHERT 1982， KOEMAN 
1985). 

In the oogamous alga， Prasiola stipitata， 
the membrane of one of the two spermato・

zoid flagel1a coalesces with the membrane 
of the egg， and the axoneme of that flagel-
lum is incorporated into the egg protoplast 
(MANTON and FRIEDMANN 1960). 

Male gametes of the coenocytic， anisoga-
mous green algae， Bヮopsむ maxima(HORI 
1977) and B. lyng紗'ei(MELKONIAN 1980a) 
have no mating structure. In female gam-
etes of B. lyngbyei a cylindrical structure 
which is linked to the basal bodies overlies 
the two-membered microtubular root for 
some distance. This cylinder is suggested 
to represent a mating structureゆ(IELKONIAN
1980b)， but it has yet to be confirmed that 
it functions as such during gametic fusion 
because of an insufficient number of gamete 
pairs studied by electron microscopy (MEL-
KONIAN 1980b). In the posterior region of 
the cylindrical structure， however， there is 
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an area of thickened ceIl membrane (which 

m回 s叩u問s30∞o一-40∞onm i泊ncross section) ad-
j炉ac白entt旬othe ceIl membrane ovella町.yi泊ngthe 
c梢刊凶向i加n附d世耐ri凶白叫1st加ruc山tれ旬u町1江r此.

of ceIl membrane resembles the mating 
s坑tructur陀'efound in the i包iso叩og伊amousalgae dis-
cussed above and in B. maxima (as weIl as 
in other ulvalean algae). 
The gametic fusion of B. maxima usuall.y 
occurs in a certain area of the female gam-
ete membrane， which corresponds to the 
putative mating structure. In this alga， 
however， gametic fusion also occurs else-
where on the female cell bod.y. The male 
gametes do not have a putative mating 
structure and their fusion with the female 
gametes commonly occurs at an area near 
the basal part of the papilla， though it does 
occur at other areas of the male ceIl body 
too. This is conspicuously di宜erentfrom 
that in isogamous algae described above. 
Female and male gametes of B. maxima are 
not able to germinate without fertilization 
(TATEWAKI 1973). 
Light microscopists have shown that 
anisogametes of coenocytic green algae can 
fuse with each other at any site部 weIl出
at the cell anterior; examples are found in 

Pseudobヮopsissp. (Figs. 262-3， 5a in OLT-
地 NNS1922)， Codium tomen胸 m (Fig. 258 
in 01;叩ANNS1922)，ιfragile (Fig. 1-7 in 
ARASAKI et al. 1956)， Halimeda cuneata (Figs. 
4M， N， Pin 0田 HARA1956) and some other 
halirr吋 eanalgae (Plate 11-1 in KAMURA 
1966). 
It has been observed by electron micro-
scopy that female gametes of Pseudobヮ'opsis
sp. possess a dense staining region at ceIl 
membrane， and an electron-dense tubular 
extension along one of the outer microtubu-
lar roots (ROBERTS et al. 1982). These 
structures co町'espondto the features which 
MELKONIAN (1981) considered to be a puta・

tive mating structure in the female gamete 
of B. lyngbyei. The male gamete do回 not
have these structures. Derbesia is also an-
isogamous， but both gamete types lack the 
mating structure and eyespot (ROBERTS et 
al. 1981). MELKONIAN (1981) suggested 
that the absence of a mating structure in 
the female gamete of Derbesia might be due 
to its lack of an eyespot. 

The genus Halimeda is anisogamous and 
from light microscope studies female gam-

etes are known to have an eyespot， but not 
male gametes (0田臥，RA 1956， KAMURA 
1966). GORI (1979) studied Halimeda tuna 
by electron microscopy， but he mentioned 
nothing about the presence or absence of 
a mating structure in the male gamete. If 
MELKONIAN'S suggestion mentioned above is 
correct， the female gametes of Halimeda pos-
sess a putative mating structure as in other 
green siphons having eyespots. The male 
gametes of coenocytic green algae have no 
mating structure (ROBERTS et al. 1982)， and 
no species is known in which the male gam-
etes have an eyespot. 
The putative mating structure has since 
been found in many other green algae by 
electron microscopy (O'KELLY and FLOYD 
1983， FLOYD and O'KELLY 1984， O'KELLY 
et al. 1984， MIYAJI and HORI 1984). In all 
these cases由estructure is similar to an area 
of thickened ceIl membrane as found in U. 
lactuca and Chlamydomonas. The position of 
the structure is restricted to a region close 
to the flageIlar apparatus. At present， 
there is no evidence that the mating struc-
ture can move企eelyin the cell membrane. 

It has also been suggested that the mating 
structures are fixed at a certain position in 
the ceIl by the flageIlar roots (白ODENOUGH
and WEISS 1978， MELKONIAN 1980b). Ifthe 
conjugation property of the mating struc-
ture of the coenocytic or anisogamous green 

Figs. 16-18. Zygo飽sfixed 25 minutes after mixing. 16. Female (♀) and male (2i) nuclei (n)， 
chloroplast (c) and basal bodies are present. Arrows indicate vesicles which speci自callyappearin the 
zygote cytopl鎚mafter cop叫ation.x 25，000. 17. Part of a zygote il1ωtrating出euptake of the flagellar 
axonemes (small arrows) through the cell surface. Note nuclear fusion where the outer nuclear membrane 
is continuous， but the inner one (large arrow) is still intact. x 20，900. 18. A later stage of nuclear fusion 
than in Fig. 17. Arrow indicates remnants of the inner membrane. x 52，200. 
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algae functions properly as in isogamous 

algae， their gametes will fuse only at the 
cell anterior， at least in the female gametes. 
However， note that gamete fusion of ani-
sogamous algae often occurs at a region far 

away from the putative mating structure of 

female gametes. Thus， it may be conclud-
ed that the mating structure， even if it oc・
curs， does not function properly in the green 
siphons， or more generally， in anisogamous 
green algae. The mating structure found 

in female gametes of these algae probably 

represent a vestigial sexual organ. 

The young zygotes of U. lactuca contain 

two sets of flagellar apparatuses originated 

from both sexes of gametes. They lie side 

by side within the zygote (see Fig. 29 in 

MELKONIAN 1980b). This arrangement in-

dicates that the gametes fuse parallel to 

each other by using their mating structures. 

As the process ensues， zygotes become 
spherical. At present， the fate of these two 
sets of flagellar apparatuses at a much later 

stage of zygote maturation in U. lactuca is 

not known. 

The two flagellar apparatuses in the early 

zygote of B. maxima lie in the same way as 

in U. lactuca. However， they soon separate 
in the zygote cytoplasm of B. maxima and 

later disappear. According to preliminary 

observations on early zygotes of λ10仰nostroma
lμωatiωs幻S2加ηmum
n凶22出iti幼dゐ拘'um (MOTOMU 貼 personal communica-

tion) (both were fixed 30 minutes after mix-

ing)， four basal bodies originated from the 
two gamete types are arranged in the same 

manner as in quadriflagellate zoospores of U. 

lactuca (MELKONIAN 1979). At a very early 

stage of zygotic fusion (20 seconds after mix-

ing) two sets of the flagellar apparatuscs in 

M.latissimum lie in the same way (unpublish-

ed observation) as in the early zygotes of B. 

maxima and U. lactuca， that is， gamete pairs 
lie side by side with their longitudinal axes 

parallel to one another. These observa-

tions strongly suggest that the arrangement 

of the two sets of basal bodies is changed 

and rearranged as the zygotic rnaturation 

proceeds. Although the basal body ar-

rangement in quadriflagellate zoospores of 

M. latissimum and U. nitidum has not been 

observed， they probably have the similar 
arrangement as that of the zoospores of U. 
lactuca. 
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堀輝三:オオハネモ(緑藻綱)の配偶子およひ百偶子接合の微細構造

異型配偶子縁重量オオハネモの配偶子，接合および接合子初期を微細構造的に解析し，他の異型および同型配偶

子緑藻のそれと比較した。雌性配偶子は，他の多くの緑藻の配偶子でも知られているものと微細構造的1<:::類似し

た配偶子接合装置をもつが，雄性配偶子はとれを欠く。配偶子の接合は雌性配偶子の接合装置か，あるいはそれ

に近傍の部位で起るのが最も一般的な様式である。しかし，本藻においては接合装置が関与しない接合もあると
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とがわかった。とれは，配偶子接合装置が同型配偶子緑藻における程には有効に機能しなくなっているととを示

唆するものと考えられる。従って，より進んだ緑藻，特に異型性のグループでは接合装置が有性生殖に関わる一

種の痕跡器官となっているのであろう。

接合子形成の初期(配偶子混合25分後まで)で，既に雄・雄核の融合は起るが，葉緑体， ミトコンドリアの

融合または分解は起らない。接合子中における雌・雄配偶子由来の鞭毛装置構造の挙動についても論議した。

(305，茨城県つくば市天王台lー1ー1，筑波大学生物科学系)
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Structure and Occurrence of Spermatangia in Caribbean 

Bostrychia montagnei HARVEY and B. biuderi HARVEY 

(Rhodomelaceae， Ceramiales) 

Celia M. SMITH*'柿 andJames N. NORRIS事
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SM町民 C.M.and NORRlS， J.N. 1988. Structure and occurrece of spermtangia in Caribbean Bostrychia 
montagnei HARVEY and B. binderi HARVEY (Rhodomelaceae， Ceramiales). Jpn. J. Phycol. 36: 123-137. 

Plan包 ofBost，び'chiamontagnei HARv. and B. binderi HARv. in culture conditions show different 
patterns of spennatangial development， and are described here for the first time. Male thalli of B. 
脚胸!g1I8iproduced spennatangia continuously over a fertile branch， from山由irdto at least the 44也
axial cell. Four primary parent cells were found per axial cell of recurved， fertile branches. Each 
primary parent cell (PPC) was piトconnectedto at least three spermatium producing，蹴ondaryparent 
cells (SPC). A PPC bore as manyぉ 19cells in a dense a部 regate，4 of which were SPCS， and 15 
immature and mature spermatia. 
Male thalli of B. binderi produced spermatangia from the second to at least the 23rd axial cell. 
Four to five PPCS were ob哩ervedbome from each砿 ialcell offertile areas on straight branches. Each 
PPC was pit-connected to a single secondary parent cell， which in tum was pit-connected to two SPCs 
and fonned a row of cells. A PPC bore儲 manyぉ 24cells， 8 ofwhich were SPCs， and 16spermatia. 
For B. bind凶，spermatangia produced by an individual branch could occur in as many as four distinct 
areas. 
Spermatangial structures also differed among the closely related species group of B. montagnei， 
B. arbuscula HOOK. et HARv.， B. scoゆioides(HUDS.) MONT. ex KtlTz. Similarly， spermatangial for-
mation differed between closely related species， B. binderi and B. tenella (L雌 OUR.)J. AG・τ'hese
differences among male reproductive structures suggest白紙也eymay be important in the sys-
tematics of Bostrychia Mo悶Thesimple nature of spermatangial construction among species of 
Bos叱ychiasuggests that this is a primitive genus in the Rhodomelaceae. 

Kりln伽陥rd旨 Bostrychia-mangrovealgae--Rhodothyta一品。domelaceae-steciesconcetts-
sμrmatangia 

The taxonomy of the red algal genus 

BostりIChia MONTAGNE (1842) (Rhodomel-

aceae， Ceramiales) is based exclu耐 elyon 
vegetative morphology， and includes several 
subgeneric groups (POST 1936). For ex-

ample， within the group “Flagel1ifulcratae" 
(POST 1936:7) is a subgroup of B. scoψioides 
(HUDS.) Mo町. ex KUTZ.， B. arbωcula 
HOOK. et HARV. and B. montagnei HARV. 

that h部 1)haptera derived from pericen-

tral cells， 2) two pericentral cells per砿 is
cell when viewed laterally， 3) at least one 
layer of cortication， 4) no differentiatipn 
between upright and prostrate蹴 es，and 5) 
only polysiphonous ultimate branchlets. 

These species differ in the extent of cor-

tication， and form ofniain axes (POST 1936). 
Another subgroup of“Flagel1ifulcratae" 
(POST 1936:6) is composed of B. binderi 

HARV. and B. tenella (LAMOUR.) J. AG.， which 
share haptera derived from pericentral cells， 
and have one to three layers of cortication， 
but B. call~争伊pμteraMONτT.

s two in having a cortex of rhizoidal fi創lament包

(POST 1936)ト The siphonous nature of 
branchlets differs among these species (POST 

1936; TSENG 1943). 

These taxonomic characters given by 

POST (1936) have been widely accepted and 

used to identify species of Bo，町ychia(e.g.， 
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TSENG 1943; DAWSON 1954; JOLY 1954; 
TAYLOR 1960; WOMERSLEY and BAILEY 
1970; TSUDA and WRAY 1977; CORDEIRO・
MARINO 1978; KUMANO 1979; LAWSON and 
JOHN 1982; SCHNE'ITER and BULA-MEYER 
1982; T ANAKA and CHIHARA 1984 a， b; 
KING and PUTTOCK 1986; LEWIS and NORRIS 
1987; SILVA et al. 1987). Use ofvegetative 
morphology for species definitions， possibly 
because of the apparent rarity of reproduc-
tive thalli in field col1ections， has resulted in 
few detailed descriptions for gametangial 
and tetrasporangial stages of Bostヮ'chia
species. About one third of the known 
species have spermatangial plants described 
in detail (FALKENBERG 1901; NEWTON 1931; 
HOMMERSAND 1963; PRUD'HoMME VAN 
RElNE and SLUIMAN 1980; T ANAKA and 
CHIHARA 1984; KING and PU'ITOCK 1986). 
Reproductive structures used田 taxo・
nomic characters， as are so widely employed 
in the taxonomy of other algae， have been 
rarely employed in the systematics of Bos-
tワchia. Here， we describe spermatangial 
development in B. montagnei HARV. (1853) 
and B. binderi HARV. (1848)， species which 
represent different subgroups in the genus. 
Our work indicates that male thalli are not 
only useful to the taxonomy of Bostrychia， but 
represent phylogenetic markers for the 
family Rhodomelaceae. 

Materials and Methods 

Isolates for culture of B. montagnei were 
col1ected in FebruarヂandMarch 1986 from 
red mangrove prop roots (Rhizophora mangle 
L.) growing at Twin Cays， Belize (Lat. 
16048' N， Long. 88005' W) and Big Pine 
Key， Florida， U.S.A. (Lat. 24039' N， Long. 
81020' W). Whole plants were cleaned of 
contaminants and placed in 100 mls of 0.22 
μm Millepore-filtered seawater， enriched to 
1 % of Enriched Seawater Recipe (PES) 
(MCLACl王LAN 1973) at 32偽 salinity，
under culture numbers CMS -10011， 
-10040， -10079 and -10086. Cultured 
isolates of B. binderi from Puerto Rico were 
obtained 企omJohn A. WEST， University of 

California， under culture number jAW 
2514. Thalli of both species were al10wed 
to grow under a 14:10 L:D at < 100 μmol 
quanta from suorescent cool white bulbs， at 
a temperature of 250C. 
Media was changed approximately every 
two months. At the end of the first interval， 
nutrient levels were elevated by a 10% 
increase in PES; al1 other conditions were 
held constant. 
Specimens for morphological study were 
stained with aniline blue， and permanently 
mounted on microscope slides (TSUDA and 
ABBOTT 1985). Voucher specimens and 
microscope slides are deposited in the Algal 
Col1ection of the U .S. National Herbarium 
(US)， National Museum ofNatural History， 
Smithsonian Institution， Washington D.C.， 
U.S.A. 

Results 

Spermatangia of Bostrychia montagnei. 
By the end of the third month in culture， 
fertile areas developed from newly de-
veloped branches as cortical tissues became 
reproductive (Figs. 1， 2). A greater rate 
of cel1 division on ventral (ad砿 ial)sides of 
fertile areas was evident at the third to 創出
回 ialcel1s， and resulted in curved branches 
which frequently rebranched (Figs. 1， 2). 
Spermatangial areas developed behind a 
prominent dome-shaped apical cel1 and a 
smal1， plate-like， second axial cel1. Fre-
quently by the third砿 ialcel1， immature 
spermatangia were present (Fig. 3). Sper-
matangial areas extended over as many as 
44 axial cel1s， with X=31.3 cel1s土8.11
S.D.， n=12. 
Bases of spermatangia were larger than 
adjoining vegetative areas， and砿 ialcells 
were shorter cel1s than cells in vegetative 
areas (X=31.7μm土8.06S.D. for re-
productive axial cells versus 53.2μm 
土14.70 S.D. for vegetative axial cells， 
n= 12). Because axial cells were equivalent 
i~ width (X=6.1μm土1.55S.D. vs. 6.4 
μm土1.25S.D.， n= 12， respectively)， axial 
cells in spermatangial areas appeared more 
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Figures 1 to 4. Male thalli of BostlYchia montagllei. Fig. 1. Fertile curved branches of a 
mature male thallus. Scale bar=250 mm. Fig. 2. Young male branch showing branching 
Scale bar=IOOμm. Fig. 3. Immature spermatangia are present at the third axial cell. Scale 
bar=IOμm. Fig. 4. Details of primary parent cell (PPC) and secondary parent cells (SPCs)， 
and spermatia (Sp) focused near the plane of the ax凶 cell. Note empty spermatangium (S) and 
an opening (0) in the c巴11wall (W) through which spermatia arc released. Scale bar= 10μ111. 
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prominently than cells in vegetative areas. 
From the third and to the end of a sper-
matangial area， four primary parent cells 
(=mother cells)l were found per砿 ialcell. 
A primary parent cell (PPC) was adaxially 
pit-connected to the axial cell， and abaxially 
pit-connected to two or three secondary 
parent cells (SPC) (Figs. 4， 10). In con・
trast to mature ovoid spermatia， parent cells 
were larger， darkly stained， had dense 
cytoplasm， and were somewhat star-shaped 
(Figs.4， 10). These cells produced multiple 
spermatia. In several， a third row of cells 
was also observed to produce multiple sper-
matia. Empty spermatangia remain after 
release of spermatia (Fig. 4). 
Thus， one PPC produced as many as 19 
cells in a dense aggregate， four of which 
were SPCs， and 15 of which developed into 
spermatangia. Lengths of parent cells 
ranged from 5.2 to 9.9μm on the longer 
axis， with a mean length， X = 7.4μm土1.61
S.D.， and mean width， X =4.7μm土0.87
S.D.， n=12. 
Production of spermatangia was prolific 
by B. montagnei， with every major growing 
point producing spermatia， including newly 
developed monosiphonous filaments which 
were re-growing 合oman excised end of the 

main axis. Mature spermatia were nearly 
ovoid， highly vacuolate cells， each with a 
single large nucleus (Fig. 4). Sizes of 
spermatia ranged from 6.4 to 9.9μm with 
a mean length， X=6.9μm士1.47S.D. and 
a mean width， X =4.3μm土0.76S.D.， 
n=12. As mature spermatia were released 
from the overlying cell wall， they lacked 
consplcuoUS wmgs or proJectlOns. 

The tenn “mother" in botany is “usually used in 
the sense of‘parent'" (JACKSON 1928); herein we 
follow SCHMlD (1977) in an e釘ortto avoid inac-
curacies and bias in anatomica1 and morphological 
terminology. 

Spermatangia rif Bostヮchiabind凶.
Fertile areas on branches of B. binderi 
occurred either apically or distally on 
otherwise unmodified， corticated， vegeta-
tive branches， and about half of all fertile 
branches in this isolate had discontinuous 
areas of spermatangial production (Figs. 5， 
8). One branch for example， had four 
discrete areas where spermatangia were pro-
duced， an apical area and three other 
spermatangial regions separated by regions 
of three to as many as nine vegetative axial 
cells (Fig. 5). Spermatangial production 
began at the third to the seventh axial cell 
in apical patch， and continued to as many as 
the 23rd 拡 ialcell. Axial cells in re-
productive portions were as long as cells in 
vegetative branches of similar length (38.1 
μm土3.48S.D. versus 39.7μm土8.40S.D.， 
n= 12， respectively， Fig. 6). Lateral， par-
tially monosiphonous branchlets never bore 

spermatangla. 
In five fertile branches， spermatangia 
were produced predominantly on one side 
for as many as six axial cells (Figs. 7， 8). 
These asymmetric developments of sper-
matangia were distal to a branch apex， and 
were usually less than four axial cell long. 
In apical areas， four PPCs were observed， 
while at distal regions， up to five PPCs were 
found. A PPC was pit-connected to a SPC 
which in turn was pit-connected to other 
SPCs in an uniseriate row; a row was com-
posed of two to three SPCs (Figs. 9， 10). A 
PPC was larger than SPCs， and ranged in 
length from 6.4 to 11.6μm， with a mean 
length， X =8.6μm士5.57S.D.， and a mean 
width， X=6.3μm士1.84S.D.， n=12. 
One PPC supported出 manyas 24 cells， 
8 SPCs， and 16 developing spermatia. The 
ovoid spermatia of B. binderi ranged in 

length 企om5.2 to 7.5μm with a mean 

Figures 5 to 9. Male thalli of Bostワ'chiabinderi. Fig. 5. Fertile portions separated by vegetative 
cells on a mature branch. Scale bar=IOOμm. Fig. 6. Enlarged base of a fertile area. Scale bar= 
100μffi. Fig. 7. Asymmetric development of a fertile patch on a branch. Scale bar=IOOμm. 
Fig. 8. Asymmetric and disjoint developments of sperm仰 ngiaon a branch. Scale bar=100 p.m. 
Fig.9. Details of primary (PPC) and蹴 ondary(SPC) spermatangial parent cells and spermatia (Sp) 
focusedon the planeofdle axial cell-Note an opening (0)in the cell wall (W)through which spennaua 
are released. Scale bar= 10μm. 



132 SMITH， C.M. and NORRIS， J.N. 

"AC 

Fig. 10. Comparison ofmale reproductive structures showing (10A) the branched 
relationship of a primary parent cell (PPC) to secondary parent cells (SPCs) in a diニor
trichotomous arrangement for B. montangnei， and (10B) the linear arrangement of a 
single primary parent cell (PPC) connection to chains of secondary parent cells (SPCS) 
for B. binderi. Scale bar= 10μm. 

length， X=6.4μm土0.63S.D.， and a mean 
width， X =4.3μm土0.63S.D.， n=12. 

Discussion 

The goal of this research was to describe 
spermatangia for two species of Bostrychia 
(sensu POST 1936) which， on vegetative 
grounds， belong to two species groups 
(sensu POST 1936). Even though B. mon・
tagnei and B. binderi are not apparent1y 
c10sely allied species， we found that sperma-
tangia developed in ordinary branches， and 
spermatangia supplanted superficial cortical 
cells in fertile branches. Both species had 
similarly sized， ovoid， vacuolate spermatia 
which lacked the conspicuous wings as seen 
in Agloathmnion neglecωm (MAGRUDER 1984). 
Thus， certain characteristics of sperma-
tangial development appear to be conserved 
in this genus. 
However， these species did differ in the 
shape of thallus branches which bear 
spermatangia， and details of primary and 
secondary parent cell arrangements (Table 
1). For B. montagnei， the tissues which 
produced spermatangia recurved， and entire 
branches were dedicated to prolific sper・
matangial production. For B. binderi under 

similar growth conditions， there was litt1e 
modification of polysiphonous vegetative 
branches which ultimately bore sperma-
tangia. Bostヮ'chiabinderi had as many as 
four distinct areas which produced sper・
matangia on a branch， and some areas 
developed as戸nmetricfertile regions. In 
comparison to B. montagnei， spermatangial 
production by B. binderi was less regular， 
with less differentiation of specialized 
branches. 

Because B. binderi was able to produce 
spermatangia in small， unmodified are邸，
this species and its c10se relative B. tenella 
may produce small numbers of sperma・
tangia under a wide range of environmental 
conditions. In contrast， because whole 
branches were dedicated to spermatangial 
production for B. montagnei， that species may 
produce large numbers of spermatangia， 
infrequent1y. This hypothesis would help 
explain why males had not been reported 
before for B. montagnei and why they are 
rare for its c10sest relative B. scoψioides 
(PRUD'HoMME VAN REINE and SLUIMAN 
1980). By comparison， males for B. tenella 
have been described since 1901 (FALKEN-
BERG 1901). 
Other differences existed among these 
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two species. For B. montagnei， a PPC was 
directly pit-connected to several SPCs in a 
di-or trichotomy of cells， while for B. binderi， 
a PPC was pit-connected to a uniseriate 
filament ofparent cells， and not directly pit-
connected to each parent cell (Figs. 4， 9， 
10). Pit-connections of PPC to axial cells 
were centrally located for B. montagnei while 
somewhat more basally located for B. binderi 
as well as for B. tenella as described by 

FALKENBERG (1901) based on Tongan 
specimens， not type-locality material. 

Comparison ofφermatangia 01 B. montagnei， B. 
arbuscula and B. scoψioides. 

Some similarities exist in the production 
of spermatangia among B. montagnei and its 
morphologically similar species， B. arbuscula 
and B. scoψioides. Similar to B. montagnei， 
spermatangia in B. arbuscula and B. scor-
pioides develop in ordinary branches (HOM-
MERSAND 1963， PRUD'HoMME VAN REINE and 
SLUIMAN 1980)， and spermatangia replace 
cortical cells in a branch. Spermatangial 
branches of B. arbuscula coil to the ventral 
side， as a result of the development of a two-
layered cortex on the dorsal side of these 
branches (HOMMERSAND 1963). Sperma-
tangial branches of B. montagnei coil to the 
ventral side because of a multiplication of 
cells in the existing layer on the dorsal side 
of a branch. Though no curve is reported 
in male branches of B. scoψioides (PRUD'-
HOMME VAN REINE and SLUIMAN 1980)， 
those branches studied may have been 
relatively straight， mature branches which 
secondarily developed spermatangia. An 
illustration of mature spermatangial 
branches for B. scoψioides (Fig. 206・E，
NEWTON 1931) shows inflated， somewhat 
curved branches， only slightly similar to 
those pictured for B. arbuscula by HOM-
MERSAND (Plate 5， HOMMERSAND 1963). 
Some of the differences between B. 
arbuscula and B. montagnei are found in 
analysis of fertile branch construction. In 

B. arbuscula， fertile portions are found at the 
morphological point in a branch where six 
pericentral cells occurred per axial cell 

(Table 1， HOMMERSAND 1963). With con-
tinued growth of these branches， the number 
of pericentral cells reduces to four per axial 
cell， i.e.， the number per axial cell observed 
here for fertile branches of B. montagnei. For 
B. arbuscula， fertile apices cease branching at 
that time， and tips grow to lengths of 50 or 
more segments (HOMMERSAND 1963); sper・
matangia are formed at the sixth or eighth 
segment behind the apex， and continue for 
the next 10 to 15 segments; beyond that 
region， empty spermatangia are found 
(HOMMERSAND 1963). For B. montagnei， we 
found spermatangia produced at the third 
axial cell， to at least a length of about 30 
segments of fertile tissue. In this species， 
branching of fertile branches occurred at 
many stages of spermatangial production. 
Mature branches are found to produce 
spermatangia in B. scoψioides (PRUD'HoMME 
VAN REINE and SLUIMAN 1980)， and in 
NEWTON'S (1931) illustration they bear a 
resemblance to some branches seen here for 
B. montagnei. Further comparisons between 
B. montagnei and B. scoψioides are limited 
(Table 1) because B. scorpioides did not 
produce males in culture (PRUD'HoMME VAN 
REINE and SLUIMAN 1980). 

Bostrychia arbuscula and B. montagnei were 
similar in many aspects of spermatangial 
tissues. Geographical distributions of these 
related species， however， does not overlap 
(Table 1). Supplemental investigations are 
needed to test if Atlantic isolates of the 
widespread species B. scoψioides and B. 
montagnei are closely related by providing 
missing details of male development for B. 
scoψioides. These data may also identify 
interesting population-based differences for 
Australian individuals of B. scoψioides， and 
help clarify the relation between B. arbuscula 
and B. montagnei. 

Compa巾'onof spermatangia 01 B. binderi， B. 
tenella and B. call争tera.

FALKENBERG'S illustration of a cross-
section through male tissues of B. tenella 
from the south Pacific island ofTonga (Fig. 
11， F ALKENBERG 1901) shows a very similar 
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Table 1. Comparison of vegetative morphology， sperm且tangialcharacteristics and dis-
tribution for species of Bostrychia where spermatangia have been described. 

MORPHOLOGY DISTRIBUTION 

Species Vegetative Spermatial Type 10cality & Range 

B. arbuscula severallayer百co此1 4 to 6 pc/出 2 Otago， New Zealand1，2 
haptera: no拡 6 to 50 segs endemic to New Zealand 

habit: flattened ? spc/ax 

3 sp/spc 
ventral diff 

B. montagnei severallayer冨(く7)cort1 4 pc/ax Key West， Florida3，. 
haptera: no砿 3 to >44 segs Caribbean， W Africa 
habit: radial 16 to 20 spc/ax 

2 to 3 sp/spc 
ventral diff 

B. scoψioides 1 to 2 layer cort1 6 (?) pc/回り0 Selsey， England3，.，s 
haptera: no ax ? segs Australia， So. Af泊ca
habit: distichous ? spc/ax E町 'ope，New Zealand 
branching 2 to 3 sp/spc S America， 

no ventral diff 

B. binderi 1 to 3 layers1，3 4 to 5 pc/ax Durban， So. Africa1 
haptera: no ax 1 to 23 segs Caribbean， S America 
habit: tripinnate 12 to 45 spc/ax Indian， Australia 
branching 3 to 4 sp/spc W tropical Pacific 

no ventral diff 

B. tenella 1 to 3 layers cort1，9 4 (?) pc/砿 S Christiansted， St. Croix1，9 
haptera: no ax 8 to ? segs Caribbean， A仕ica
habit: distichous ? spc/ax Indian， China 
branching 2 (?) sp/spc W tropical Pacific 

no ventral diff 

B. kelanensis no cort1 5ω6 pc/ax6 Kelana， New Guinea1 
haptera: w/ ax 6 to 26 segs India， Surnatra 
habit: short branches 14 to 19 spc/ax Australia 

1 to 2 sp/spc 
diff not noted 

B.ti;制ota no cort6，7 5 pc/ax7 Okinawa， Japan6，7 
haptera: w/ ax 9 to 15 segs Japan， Australia 
habit: pinnate 40 to 60 spc/ax 
branching 1 to 4 sp/spc 

ventral diff 

Key to Terms: 砿 =axialcell; segs=length offertile area in numbers ofaxial cells; cort= 
cortication; diff=fertile branch differentation; pc=pericentral cell; spc=spermatangial parent 
cell; sp=spermatium (a). 
References: lpOST 1936; 2HoMME悶 AND1963; 3TAYLOR 1960; .SLUlMAN 1979; sPRUD'HOMME 

VAN RElNE and SLUlMAN 1980; 6TANAKA and CHIHARA 1984a; 7KING and PUTI'OCK 1986; 8FALKENBERG 
1901; 9BttRGESEN 1918; lONEWTON 1931. 

shape of spermatangial branches and ar・

rangement of primary and secondary parent 

cells as reported here for B. binderi. FALKEN-
BERG depicts a PPC pit-connected to the 

base of an axial cell， which in turn is pit-

connected to a SPC. Both types of parent 

cells have two associated spermatangia. For 

B. binderi， two or more SPCs were pit-
connected in a row (Fig. lOB) with one町

more rows of SPCs pit-connected to a single 
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primaη， parent cell. Primary parent celIs 
were typically pit-connected near the base 
ofaxial cells. For B. binderi， no PPC was 
observed producing spermatangia， while for 
B. tenella， our interpretation of FALKEN-
BERG'S i11ustration suggests that spermatan-
gia are produced by PPC. In contrast 
with two or more SPCs observed here for B. 
bi，励 ri，B. tenella (F ALKENBERG 1901) had 
only one SPC attached to each PPC. 
Bostヮchiatenella and B. binderi are pan-
tropical (Table 1)， with nearly complete 
overlap in distribution， and vegetative habit 
(POST 1936， TSENG 1943). While these 
species are similar in details of construction 
of spermatangial tissues， how much these 
details may vary with biogeographical dis・
tribution is unknown. Comparisons with 
the other species of this subgeneric group 
such as B. calliptera， are not possible because 
no description for its males exists. De-
scriptions of males from Pacific and AtIantic 
populations of B. calliptera might help test 
recognition of this group. 

Among related species of Bostrychia， there 
are distinctions in the spermatangial de-

velopmental processes. Comparisons with 
details of males for other， less related 
species， B. kelanensis Grunow (TAN山 and
CHIHARA 1984b)， and B. pinnata TANAKA et 
CHIHARA (K.ING and PUTTOCK 1986)， dem-
onstrate that numbers of pericentral celIs 
per axial cell， numbers of fertile segments， 
出 well部 spermatangialparent celIs per 
axial cell differ (Table 1). 

Comparison of spemlatangia among genera. 
A comparison of spermatangial tissues 
among genera of the Rhodomelaceae dem-
onstrates that Bostヮchiahas the least com-
plex spermatangia. Spermatangia of Mur・
叫yellaSCHMITZ and some species of Poly・
中，honiaGREV.町 e抑 ikinglysimilar in gross 
morphology to those of B. binderi and B. 
tenella (GRUBB 1924; ApONTE and BAL-
LANTINE 1987). In contrast， many genera 
have highly modified spermatangia， such as 
those derived from trichoblasts for some 
species of HeψOSlμonia NλEGLI (BφRGESEN 

1918; NORRIS and BUCHER 1982) and 
Polysiphonia GREV. (BORGESEN 1918)， con-
ceptacle-like terminal pockets in branchlets 
of Laurencia LAMOUR. (SAITO 1967)， kidney-
shaped appendages for Digenia C. AG. 
(EφRGESEN 1920)， or plate-like forms for 
Chondria C. AG. and Acan幼ophoraLAMOUR. 
(BφRGESEN 1918). These comparisons sug-
gest that based on anatomy of spermatangial 
tissues， Bostrychia is a relatively primitive 
genus in the Rhodomelaceae，出 suggested
by HOMMERSAND (1963). 
For species of Bostrychia， these studies 
show the details of spermatangial develop-
ment， reveal similarities and differences 
between different subgeneric groups associat-
ed on vegetative grounds. Additionally， 
comparison with other genera in the Rhodo-

melaceae suggests that Bostヮchiais a primi-
tive genus of relatively simple， undifferentiat-
ed reproductive structures. 
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Ce1ia M. SMITU*， & Jal11es N. NORRIS柿 z カリプ海産BOStlヴchiamontagnei DARVEYと
B. binderi DARVEY (フジマツモ科，イギス目)における精子穫の存在と構造

表記の2種を培養した結果，それぞれ精子遜の発達のタイプが異る乙とが分かった。

B. montagneiの雄株では，精子褒は3番目から少なくとも44番固までの中軸細胞から形成される。カーブした

成熟した枝の中軸細胞l細胞当たり 4個の精子裂の親細胞が生じる。それぞれの精子褒の l次親細胞 (PPC)

は，精子裂を造る少なくとも 3個の2次親細胞 (SPC)とピット・コネクションで連絡する。 I次親細胞 (PPC)

は， 15細胞が集合しており，内4細胞が2次親細胞 (SPC)， 15細胞が不捻または捻性のある精子護である。

B. b仇deriの雄株では，精子褒は2番目から少なくとも23番目までの中軸細胞から形成される。真っ直ぐの成

熟した枝の中軸細胞1細胞当たり， 4-5伺の精子褒の親細胞が生じる。それぞれの精子援の l次親細胞 (PPC)

は個の2次親細胞 (SPC)と，更に)1尻1<:2伺の2次親細胞と列lζ連絡している。 1次親細胞 (PPC)は，

24細胞が集合しており，内8細胞が2次親細胞 (SPC)， 16細胞が精子褒である。 (*Departmentof Botany， 

National Museum of Natural History， Smithsonian Institution，柿Departmentof Botany， University of 

Hawaii) 
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Taxonomic notes on Polysiphonia senticulosa HARVEY and 

P. pungens HOLLENBERG (Ceramiales， Rhodophyta) 

Toshihiko KUDO and Michio MASUDA 
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KUDO， T. and MAsUDA， M. 1988. Taxonomic notes on PO{'IISIμonia senticulosa HARVEyand P. T時 'ens
HOLLENBERG (Ceramiales， Rhodophy回).Jpn. J. PhycoI. 36: 138-142. 

The holotype specimens of Polysiphonia sent副知aHARVEY and P. T時間S HOLLENBERG were 
はamined. These specimens have the following features in common: the thallus is slender and pro-
fusely branched; it h舗 fourpericentral cells; it lacks cortica1 cells; axillary branches are formed endog-
enously from the central axial cells; and ultimate branchlets are sharply pointed. The similarity 
between the two species warrants the reduction of P. tungens to a synonym of P. senticul，附・ This
species is similar to P.制作'owiiHARVEY in many of the above features. However， P. morrowii is dis-
出.guishedfrom P. senticulosa by its thicker也alliand greater number ofaxillary tetrasporangial 
branchlets. 

Kf:J lndex陥 rds: Ceramiales-Polysiphonia-P. morro川i-P.pungens-P. senticulo嘩a-
Rho必脚lat:eae-Rho，却砂ta-taxono.砂・

Polysiplwnia senticulosa was first described 
by HARVEY (1862) on the basis of materials 

collected at Orcas lsland， Washington， 
U.S.A. Since then， it has been reported 
from several localities in the north-eastern 
and north-western Pacific (KYLlN 1941， 
SEGI 1951)， although its reported occur-
rence in japan was discounted later by 

KUDO and MASUDA (1981). 

KYLlN (1941) described a new genus， 
Orcasia， based on P. senticulosa. He be-
lieved that the presence of endogenously 

derived indeterminate axillary branches 

separated species in the genus Orcasia from 
those in Po{ysiphonia， though this distinc-
tion has not been recognized at the generic 

level (SEGI 1951， KUDO and MASUDA 1981， 
LINDSTROM et al. 1986). The occurrence of 
axillary branches arising endogenously from 
central axial cells is characteristic of two 
additional species: Polysiphonia m刀rrowzz
HARVEY (KYLlN 1941， SEGI 1951， KUDO 
and MASUDA 1981， YOON 1986) and P. 
μngens HOLLENBERG (WOMERSLEY 1979). 

P. m刀rrowiiwas originally described by 
HARVEY (1856)仕omspecimens collected 

at Hakodate， Hokkaido， japan. This spe・
cies is characterized by thick main axes 

and tufts ofaxillary tetrasporangial branch-

lets (SEGI 1951， KUDO and MASUDA 1981). 
P. pungens w部自.rstdescribed by HOLLEN-
BERG (1942) on the basis of materials col-

lected from Gravina Island， Alaska. This 
species is characterized by slender main axes 

and sharply pointed determinate branchlets. 

WOMERSLEY (1979) reported the presence of 

axillary branches in the holotype specimen， 
although HOLLENBERG (1942) did not men-

tion this feature. 
The geographical .range of P. pungens 
overlaps that of P. senticulosa except in Aus-
tralia， where P. pungens may have been in-
troduced on the hulls of ships (WOMERSLEY 
1979). Similarities between P. senticulosa 
and P. pungens have been noted by LIN-
DSTROM et al. (1986). In this paper we 
demonstrate the conspecificity of these two 
species based on an examination of the 
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holotype specimens. 

Materials and Methods 

The holotype specimen of Pol.Jゆhonia
senti，ωlosa collected from Orcas Island (480 

40'N， 122055'W) in April 1858 by D. 
LYALL and now preserved in the British 
Museum (Natural History) (BM) w出 ex-
amined on loan with the kind help of Mrs. 
L.M. IRVINE and Mr. 8.1. HONEY. Three 
herbarium specimens of P. pungens deter-
mined by G.J. HOLLENBERG and now de-
posited in the Herbarium of the University 
of California， Berkeley were examined on 
loan with the kind help of Dr. P.C. 8ILVA: 
1) the holotype specimen (tetrasporangial) 
collected at Vallenar Rock， Gravina Island 
(55020'N， 131045'W)， Alaska in May 1913 
by R且 WYLIE(UC 314925); 2) tetraspo・
rangial specimen collected at Qualicum， 
Vancouver Island， British Columbia by J. 
MACOUN (without date， UC 90940); and 
3) vegetative specimen collected from Van-
couver Island by J. MACOUN (No. 93， with-
out date; UC 276575). The latter two 
specimens are also cited in the original de-
scription (HOL日 NBERG1942). 
In addition， the following herbarium spec・
imens of Alaskan P. senticulosa collected by 
8.C. LINDSTROM and deposited in the Phy-
cological Herbarium， the University of 
British Columbia were examined on loan 
with the kind help of Mrs. J.C. OLIVElRA: 
1) tetrasporangial specimens from Campsite， 
8ea Otter 80und (55048'40"N， 133029'36" 
W) on June 1， 1981 (UBC A18303); 2) 
cystocarpic and tetrasporangial specimens 
企om80uthern 8ea Otter 80und (55047'54" 
N， 133028'52/W) on June 1， 1981 (UBC 
A32726， 32727); and 3) cystocarpic and 
tetrasporangial specimens企omBridget Cove 
(58038'N， 134057'W) on July 24， 1979 
(UBC A66021). 
The specimens cited above were examined 
under a dissecting microscope. 8mall por・
tions were mounted in 50% glycerol-sea-
water on microscope slides. 

Results and DiscussioD 

The holotype specimen of Poly.φ'konia sen-
ticulosa is fragmentary and lacks a discerni-
ble main axis (Fig. 1). The diameter of 
branches at the lowest part of the specimen 
(45 mm below the apex) are 200ー215μm.
Ultimate branchlets are sharply pointed 
(Fig. 2). Each axilla可 branchdevelops 
from a central axial cell (Fig. 3). Adven-
titious rhizoids may arise 企omlower peri-
central cells without septations. Young 
tetrasporangia are formed in the ultimate 
order of ordinary branches (Fig. 4). 
The holotype specimen of P. pungens is 
also a fragment (Fig. 5)， although it is 
much larger than that of P. senti，ωlosa. 
Well-developed branches are 235-240μm 
wide at the lowest portion and 190ー200μm
wide at 45 mm  below the apex. Ultimate 
branchlets are sharply pointed as shown in 
the original i11ustration (HOLLENBERG 1942). 
One to three axillary branches develop from 
a single central axial cell (Fig. 6). 80me 
of these axi11ary branches are indeterminate 
and bear 7-8 laterals in a spiral manner. 
Rhizoids were not observed on the holotype 
specimen， but were present on MACOUN 
No. 93 spec加 en(UC 276575)， where they 
developed without septations in a manner 
similar to that described for P. senticulosa. 
However， since this specimen lacks ultimate 
branch tips and axillary branches， it cannot 
be identified部 P.pungens with certainty. 
The other MACOUN specimen (UC 90940) 
is more complete and referable to the spe-
cies concerned. 
The holotype specimen of P. pungens b回 rs
tetrasporangia in the ultimate and penulti-
mate orders of ordinary branches as well as 
in one of unbranched axi11ary branches. 
Mature tetrasporangia are borne in series 
of 2-12 in ordinary branches (Fig. 7) and 
are 65-85μm in diameter (mean=73μm， 
n=44). Immature tetrasporangia in series 
of 2-7 were observed in axillary branches. 
The entire holotype specimen of P. sen-
ticulosa resembles the upper portion of the 
holotype of P. pungens. The more profuse 
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Figs 1-4. PolysipllOnia senti印 losa.HARVEV. 1. Holotype specimen col1ected at Orcas Island 
in April 1858 by D. LVALL and deposited in BM. 2. Sharply pointed ultimate branchlet. 3. 
Young axil1ary branch arising endogenously from a c巴ntralaxial ce11. 4. Young tetrasporangia 
(arrows) formed in an ordinary branch of the ultimate orcler. Figs 2-4 from the holotype speci-
men shown in Fig. 1. Scale in Fig. 3 applies also to Fig. 4. 
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Figs 5-7. PO加がhoniaρungensHOLLENBERG. 5. Holotyp巴specimencol1ectecl at Vallenar Rock， 
Gravina Island in May 1913 by R. B. WVLlE ancl c1eposited in UC (90940). 6. Ax出 lrybranch arising 
endogenously from a central axial cell. 7. Mature tetrasporangia formed in an orclinary branch of the 
ultimate order. Figs 6， 7 from the holotype specimen shown in Fig. 5. 
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developm巴ntofaxillary branches in the 

May specimen of P. pungens suggests that 

the sp巴cimenrepresents more mature plants 

than the April specimen of P. senticulosa 
The Alaskan specimens of P. senticulosa in 

UBC， collected in June and July near the 
type locality of P. pungens， show a develop-
ment ofaxillary branches similar to that of 

the holotype of P. tungens. 

The Alaskan specimens examined appear 

to be damaged， their uppermost portions 
wer巴 lacking. Adventitious branches are 

developed from some of the injured branches 

and from other positions on the plants. 

These Alaskan specimens are 130-150μm 

wide at th巴lowestportion and have sharply 

pointed ultimate branchlets. On巴 tothre巴

axillary branches originate from the central 

axial cell and are 320-750μm long. Ad-

ventitious rhizoids dev巴lopfrom some of 

lower pericentral cells which are not cut 

off by septa from their parent cells. Tet-

rasporangia are formed both in ordinary 

branches in 2-9 series and in axillary 

branches in 2-7 series (som巴timesindivid-

ually). June tetraspora時 ial specimens 

bear three axillary branches， but only one 
of them form tetrasporangia. Th巴m失jority

of tetrasporangia in ordinary branches have 

already released their spores， but those in 
axillary branches bear both mature and 

immature sporangia. Mature sporangia 

are 65-80μm in diameter. The matura-

tion of tetrasporangia and occurr巴nceof 

adventitious branches suggest that the Alas-

kan specimens examined were older than 

the holotype specimens of P. senticulosa and 

P. pungens 

Cystocarps of the Alaskan specimens are 

formed on the upper portions of ordinary 

branches. They ar巴 usually individually 

formed 2-4 segments apart. Mature cysto-

carps are urceolate and 430-560μm longx 

300-4.60μm wide. Their ostiolar rims are 

140-230μm wide and almost equal to the 

d町田terof necks (Fig. 8). Cystocarpic 

plants also bear single axillary branches 

(Fig. 9). These axillary branches ar巴250-

550μm long and bear procarpic trichoblasts 

and young cystocarps. They also form 

vegetative trichoblasts. Scar cells (the 

basal cells of fallen trichoblasts) are found 

at their proximal end. 

Figs 8， 9. Polysψhonia sC/ltiwlosa coJlected at 
Southern Sea Otter Sound， Alaska on June 1， 
1981 by S. C. LINDSTROM and deposited in UBC 
(A32726). 8. Mature cystocarp. 9. AxiJlary 
branch bearing young cystocarps. Scale in Fig. 
8 applies also to Fig. 9. 

All the specimens examined， except 
MACOUN No. 93 (UC 276575)， possess the 
following features in common: (1) the thal-

lus is sl巴nderand profusely branched; (2) 

it has four pericentral cells; (3) it lacks 

cortical cells; (4) axillary branches origina t巴

endogenously from the central axial cells 

and contribute to reproductiv巴 activity;

and (5) ultimate brχ1即 lchlet臼swith limited 

growth ar陀f泡巴 s油ha創r喝下pμlypoint旬巴d. The holotype 
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specimen of P. senticulosa is youngest among 
the specimens examined and bears young 

tetrasporangia only in ordinary branches. 

With age tetrasporangia may be formed in 

axillary branches as found in the holotype 

specimen of P. tungens. These specimens 
can be referred to a single entity， Poly-
sithonia senticulosa HARVEY. P. tungens HOL-
LENBERG should be reduced to a synonym 

of P. senticulosa. 
P. senticulosa is similar to P. morroωn 
HARVEY in many of featur百 statedin the 

preceding paragraph. KUDO and MASUDA 

(1981) concluded that P. senticulosa auct. 
japon. is included in the circumscription 

of P. morrowii， and pointed out that the 
status of genuine P. senticulosa is uncertain 
whether it is an independent species or syn-

onymous with P. morroωii. YOON (1986)， 
however， reduced P. senticulosa to a synonym 
of P. morrowii without examining the respec-
tive holotype specimens or specimens from 

their type localities. Our examination of 

P. morrowii from Hokkaido， including the 
type locality， has shown that the two spe-
cies are distinguished as follows. P. morro-
ωii di鉦ersfrom P. senticulosa in having 
thicker thalli (320-550μm wide at the 

lower portion and 280-370μm wide at 45 

mm  below the apex) and 7-8 axi1lary 
branchlets， all of which bear tetrasporangia. 
The greater number ofaxillary tetrasporan-

gial branchlets is the most prominent fea・

ture of fully mature plants of P. morroωii， 
although their number varies according to 

season and ontogeny (KUDO and MASUDA 

1981). On the other hand， the number of 
axillary tetrasporangial branchlets is 3 or 

Iess for fully mature plants of P. senticulosa 

and one of such branchlets is functional. 
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工藤利彦・増田道夫:紅藻 Polysiphoniasenticulosa HARVEYとP.
pungens HOLLENBERG (イギス目フジマツモ科)について

Polysiphonia senticulosa HARVEYとP.pungens HOLLENBERGの正基準標本を調査した。乙れらの標本は以下の

共通する特徴を持っている。(1)藻体は細く，多数の枝を生じる。 (2)各節聞には4個の周心細胞がある。 (3)

皮層細胞を欠く。(4)中心細胞から内生的に形成される枝が通常校の肢から発達する (axillarybrLlch) 0 (5) 

限定生長する最末小枝の先端は鋭く尖る。乙のような類似から両者は同一種として扱われるべきであり，P. 

pungens は P.senticulosaの異名となる。上述したとの種の特徴の多くはモロイトグサ P.morrowii HARVEYとも
共通する。しかし， モロイトクザサは太い藻体を持つ乙と及び四分胞子裂を形成する axillarybranchletsが多数
生じる乙とで区別される。 (060 札幌市北区北10条西8丁目 北海道大学理学部植物学教室)
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Scale田bearingchrysophytes in the south basin of 

Lake Biwa， Japan 

Hiro刊kiITo 

Water QualiDi Laboraωり"Kobe αDi Water脚 rksBureau， 37-1， 
K帥 tani-cho，均IOgo・.ku，Kobe 652 jatan 

ITO. H. 1988. Scale-bearing chrysophytes in the south basin of Lake Biwa， japan. jpn. j. Phycol. 
36: 143-153. 

In the south basin of Lake Biwa， 42 taxa of sca1e-bearing chrysophytes belonging to Mallomona-
daceae and Paraphysomonadaceae; 14 species of MaU伽 '1/QS， 5 of Syn附， 1 of Chrys，吋，haerella，5 of 
争初級開脚附and15 species， 1 subspecies and 1 forma of Pa坤砂'so問問werefound. Among them， 
17 taxa; Malwmonas portae-ferreae， M. tseudocoroT/ata， M. striata var. striata，砂仇抑抑制st，ぬ hashii，
Parat.砂'somonascaelifrおa，P. catreolata， P. circumvallata， P. coronata， P. coり刷!thora，P. glandiata， P. to伽坤，hora
坤・ manub巾ta，P.t脚 .taω，P.quatil泊抑，a，P. TUT/抑抑a，P. stelligera， P. subquadr(l1酔 larisand P. und山u
we陀 newtojapan. 

Key In伽陥'rds: Chrysot.砂'cea←Chrysωphae民lla-Lake B伽 -Mallomo1lfJl.加脚ーMallo・
monas-Pa岬，hysomona伽 'ae-Paraphysomonas-Spiniferomona←S卯 .ura--.砂IUTothyceae.

Lake Biwa， with the surface area of 674 
km2 and the maximum depth of 104 m， is 
the largest lake in Japan and classifi.ed as 
the mesotrophic lake (TEZU臥 1984). It is 
composed of two parts; a large and deep 

north basin， and a small and shallow south 
b描 in.
Of the scale-bearing chrysophytes only 3 

species; Mallomonas fastigata， M. helvetica and 
Synura uvella have been recorded by a light 
microscopical study (MORI 1945; NEGORO 
1968). The scale-bearing chrysophytes 
such副 Mallomonasand砂nura(Mallomona-

daceae) and Paraphysomonω(Paraphysomo・
nadaceae) possess their charactaristics of 

species on their minute scales and bristles 

as well as their lorica form， therefore the 
electron microscopy is the most useful 
method to identify them accurately. Of 

the scale-bearing chrysophytes 55 taxa have 
been recorded from about 100 lakes and 

ponds excepting Lake Biwa in Japan by 
TAKAHASHI (1978). ITo et al. (1981) found 
12 taxa of scale-bearing chrysophytes by the 
electron microscopi伺 investigationof one 

water sample which was collected企omthe 

south basin and they conc1uded that further 
study must give more new knowledge on 

the chrγsophyte flora of this lake. There-
after the author has carried out the floristic 

study on the scale-bearing chrysophytes in 

Lake Biwa. This paper deals with resu1ts 
of survey in the south basin of Lake Biwa 

during the period from 1980 to 1984. 

Materials and Me曲。ds

Twenty five water samples were collected 

in 1 l bottles from the surface at 10 stations 
of the south basin of Lake Biwa (Fig. 1) in 
four seasons betweenJanuary 1980 andJuly 
1984 (Table 1). The water temp町atureat 
sampling sites ranged from 3.0 to 30.60C 
and the pH from 7.0 to 9.5 throughout the 
study period. 0.5l of each unfixed water 
sample was centrifuged at 3，000 r.p.m. for 
10 min. and then concentrated to 1 ml. 
For transmission electron microscopy， 10 μl 
of each concentrated water sample was 

mounted on collodion-carbon coated grids， 
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91.0 1~~Okm 

Fig. 1. Map showing Lake Biwa and ten 
samp1ing stations in the south basin. 

Table 1 Sampling stations and dates in the 
south basin ofLake Biwa (1980-1984). 

Stations 

Sta. 1 

Sta.2 
Sta.3 
Sta.4 

Sta.5 
Sta.6 
Sta.7 
Sta.8 
Sta.9 
Sta.1O 

May 26，1981 
Jul. 2， 1982 
Sep. 3，1982 
May 20，1983 
Sep. 16， 1983 
Apr. 2，1984 
Jul. 6， 1984 
May 29，1981 
Jan. 25， 1980 
Jan. 23， 1981 
J an. 22， 1982 
Oct. 16， 1981 
Aug. 21， 1981 
Sep. 22， 1981 
Sep. 22， 1981 
Sep. 22， 1981 
May 29，1981 

Dates 

May 25， 1982 
Aug. 20， 1982 
Jan. 21， 1983 
Aug. 19， 1983 
Oct. 21， 1983 

Oct. 24， 1980 
Mar. 26， 1981 
Mar. 19， 1982 

desiccated in an oven， and then shadowed 
at about 20 degrees with Pt-Pd alloy. 
These samples were examined with a 
transmission electron microscope (JEM-
100B). For scanning electron microscopy， 
20 ml of each unfixed water sample was 
filtered with nuclepore filter (25 mm in 

diameter， 0.4μm in pore size) and some-
times millipore filter (47 mm  in diameter， 
0.45μm in pore size)， desiccated in an oven 
and then coated with gold. These samples 
were examined with a scanning electron 

microscope (JEM-T200). 

Results and DiscussioD 

Out of 42 taxa found in the south basin 
of Lake Biwa; 

Total 42 taxa; 14 species belonged to 
Mallomonas， 5 to Synura， 1 to Chワ'sosphaerella，
5 to $piniferomonas and 15 species， 1 sub-
species and 1 forma to Paraphysomonas (Table 
2). The species whose distribution is not 
shown are widely distributed in the world. 

Family Mallomonadaceae DIESING (1866) 
Genus Mallomonas PER:τ'y (1851) 
百lreespecies; M. portae-ferreae， M. pseu-
docoronata and M. striata var. striata were 
new to ]apan. 
M. acaroides PER:τ'Y emend. IVANov (1899) 
Figs. 2， 3 
Cells and scales were found in summer. 
This species generally occurs in summer 
(CRONBERG and Krusτ'lANSEN 1980). 
M. akrokomos RUTTNER in PASCHER (1913) 
Fig.4 

Cells were found in winter and spring， 
and scales in summer. Although this spe-
cies is classified as eu町thermal(T AKAHASHI 
1978)， it has a pre島町ncefor a low tem-
perature (H成町s1958; KruSTlANSEN 1985; 
ROl]ACKERS 1986; T A臥山田 1978).
M. altina PASCHER et RUTTNER in PASCHER 
(1913) Fig. 5 
Syn. M. monograptus HARRIS et BRADLEY 
(1960). 

Cells and scales were found in spring. 
This species has also occurred during Feb-
urary and April in a pond in The Nether-

lands (ROl]ACKERS 1984). 
M. annulata (HARRIS et BRADLEY) HARRlS 
(1967) 
Cells were found in winter， and scales in 
sprmg. 
M. caudata IVANov emend. KruEGER (1930) 
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Month and 
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Fig.6 
Syn. M. jastigata ZACHARIAS (1903). 
Cells were found in winter， and scales in 
autumn. This species has been recorded 
邸 M.jastigata in the previous papers (lTo， 
YANO and HARIMAYA 1981; MORI 1971; 
NEGORO 1968). MORI (1971) reported 
that it was a dominant species in the north 
basin of Lake Biwa in Feburary 1968. 
M. cras，均quama(ASMUND) FOTT (1962) 
Scales were found in winter and spring. 
M.山ngataREVERDIN (1919) 
Cells were found in winter and summer， 
and scales in spring. 
M. heteroφina LUND (1942) Fig. 7 
Scales were found in winter. 
M. parvula DむRRSCHMIDT(1982) Fig. 8 
Scales were found in spring. 
M. portae升rreaePETERFl et ASMUND (1972) 
Fig.9 
Scales were found in spring and autumn. 
M. pseudocoronata PRESCOTT (1944) Fig. 10 

Cells were found in summer. 
Distribution: Canada， USA (AsMUND 
and KRISTIANSEN 1986)， Panama (WUJEK 
1986). 

M. punctIJもraKORSHIKOV (1941) 
Syn. M. reginae TEILING (1946). 
Scales were found in winter and spring. 
This species has been recorded as M. reginae 
in the previous paper (ITo， YANO and 
HARIMAYA 1981). 
M. striata ASMUND (1959) var. striata Figs. 
11， 12 
Cells were found in spring. Var. stri・ata
di征ersfrom var. serrata in having smooth 
bristle. Var. serrata has been recorded 
from NE ]apan (TAKAHASHI 1978). 
M. tonsurata TEILING emend. KRIEGER 
(1959) 

This species occurred in four seasons. 
Cells were found in winter， spring and 
summer， and scales in autumn. This spe-
cies has also occurred almost all the year 
round in a pond in Tsuruoka Park， Yama-
gata Prefecture， ]apan (TA臥 HASHl1978). 
Genus砂nuraEHRENBERG (1835) 
S. curtispina (PETERSEN et HANSEN) ASMUND 
(1968) Fig. 13 

Scales were found in spring and autumn. 

S. glabra H-PESTALOZZI (1941) Fig. 14 
This species occurred in four seasons. 
Cells were found in winter and spring， and 
scales in other seasons. 
S. petersenii KORSHIKOV (1929) 
Scales were found in winter and spring. 
S. sphagnicola (KORSHIKOV) KORSHIKOV 
(1929) 
Scales were found in autumn. 

S. sp初osaKORSHIKOV (1929) 
Scales were found in winter. 
Family Paraphysomonadaceae PREISIG et 
HIBBERD (1983) 
Genus Chりな0ゆ'haerellaLAUTERBORN (1896) 
C. brevi，ψina KORSHIKOV emend. HARRIS et 
BRADLEY (1958) Fig. 15 
Dissociated cel1s were found in summer， 
and scales in winter and spring. 

Genus Spini伽 monasT AKAHASHI (1973) 
A species; S. takahashii was new to ]apan. 
S. bourrellyi T AKAHASl召 (1973)Fig. 16 
This species occurred in four seasons. 
In a pond on Mt Rokko， it has also occurr-
ed al1 the year round (ITo and TA臥 HASHI
1982). 
S. COl7lutus BALONOV (1978) 

Cells were found in winter and spring， 
and scales in autumn. In a pond on Mt. 
Rokko， it has also occurred between these 
seasons (ITo and TAKAHASHI 1982). 

S. coronacir，ωmsp仇a(WUJEK et KRI町IANSEN)
NICHOLLS (1984) Fig. 17 

Syn. Chワ'sosphaerellacoronacircumゆzna
WUJEK et KRISTIANSEN (1977)，ιsolitaria 
PREISIG et TAKAHASHI (1978). 
Scales were found in spring， summer and 
autumn. 

S. takahω'hii NICHOLLS (1981) Fig. 18 

Cel1s were found in summer， and scales 
in winter and spring. 
Distribution: Canada (NICHOLLS 1981; 
KLING and KRISτ'IANSEN 1983)， Norway 
(SKOGSTAD 1986). 
S. trioralis TAKAHASHI (1973) Fig. 19 
This species occurred in four seasons. 
Cel1s were found in winter and spring， and 
scales in other seasons. 
Genus Paraphysomonas DE SAEDELEER (1929) 
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Thirteen taxa; P. caelijトica，P. capreolata， 
P. circumvallata， P. coronata， P. coりmψhora，
P. glandiata， P. poteriophora ssp. manubriata， 
P. tunctata， P. quadri，φina， P. runcinifera， P. 
stelligera， P. subquadrangularis and P. undulata 
were new to ]apan. 

P. bandaiensis TAKAHASHI (1976) Fig. 20 
This species occurred in four seasons. 

Cells were found in spring， summer and 
autumn， and scales in winter. 
P. cael折icaPREISIG et HIBBERD (1982) Fig. 
21 

Scales were found in spring， summer and 
autumn. 

Distribution: Denmark， England (PREI-
SIG and HIBBERD 1982a). 

P. catreolata PREISIG et HIBBERD (1982) Fig. 
22 

Scales were found in autumn. 

Distribution: England (PRE副I阻SIGand HIB 

BERD 1印98但2a司)， Greece (KR即IS町TIANS也EN1983町). 
P. circumvallata THOMSEN (1981) Fig. 23 
Scales were found in spring， summer and 
autumn. 

Distribution: Canada (KLING and KRI-

STIANSEN 1983)， Denmark (THOMSEN et al. 
1981)， England (PREISIG and HIBBERD 
1982b)， Greece (KRISTIANSEN 1983). 
P. coronata MOESTRUP et ZIMMERMANN (1981) 
Fig.24 

Cells were found in winter. 

Distribution: Canada (NrcHOLLS 1984)， 
Denmark (KRISTIANSEN 1985; THOMSEN et 
al. 1981)， England (PREISIG and HIBBERD 
1982b)， Greece (KRISTIANSEN 1983). 
P. coヮnephoraPREISIG et HIBBERD (1982) Fig. 
25 

Scales were found in winter and summer. 

Distribution: Canada (NrcHOLLS 1984)， 
England (PREISIG and HIBBERD 1982a). 

P. diadem許ra(TAKAHASHI) PREISIG et HIB-
BERD (1982) Fig. 26 
Syn. Ochromonas diadem俳ra T AKAHASHI 
(1972)， Lepidochromonas diadem俳ra(TAKAHA-
SHI) KRISTIANSEN (1980). 

Cells were found in autumn， and scales 
in spring and summer. 
P. glandiata PRElSIG et HIBBERD (1982) Figs. 

27，28 

Scales were found in winter and spring. 

Distribution: Canada (N ICHOLLS 1984)， 
Denmark (KRISTIANSEN 1985)， England 
(PREISIG and HIBBERD 1982a). 

P. 叫~e~forata LUCAS (1967) forma No. 2 

sensu TAKAHASHI (1978) Fig. 29 

This species occurred in four seasons. 

Cells were found in winter， spring and au-
tumn， and scales in summer. This forma 
differs from the type in having the spine 

with acutely pointed tip， and PREISIG and 
HIBBERD (1982a) and TAKAHASHI (1987) 
suggested that it may be a separate taxon. 

P. poteriothora ssp. manubriata PREISIG et 

HIBBERD (1982) Fig. 30 

Cells were found in winter and spring. 

Distribution: Denmark (THOMSEN et al. 
1981)， England (PREISIG and HIBBERD 
1982b)， Greece (KR町 IANSEN1983). 
P. punctata ZIMMERMANN (1981) Fig. 31 
Scales were found in winter. 

Distribution: Canada (NICHOLLS 1984)， 
Denmark (THOMSEN et al. 1981)， England 
(PRElSIG and HIBBERD 1982b). 

P. quadrispina THOMSEN et KRISTIANSEN 
(1981) Fig. 32 

Scales were found in spring and summer. 

Distribution: Denmark (THOMSEN et al. 
1981)， England (PREISIG and HIBBERD 
1982b)， Greece (KRISTIANSEN 1983). 
P. runciniJera PREISIG et HIBBERD (1982) 
Fig. 33 

Scales were found in autumn. 

Distribution: Denmark， England (PREISIG 
and HIBBERD 1982b). 

P. stelligera PREISIG et HIBBERD (1982) Fig. 
34 

Cells were found in spring， and scales in 
wmter. 

Distribution: Denmark (THOMSEN et al. 

1981)， England (PREISIG and HIBBERD 
1982b)， Greece (KRISTIAN担 N 1983)， The 
Netherlands (ROIjACKERS and KESSELS 

1981 ). 

P. sllbquadrangularis PREISIG et HIBBERD 

(1982) Fig. 35 
Cells were found in winter， and scales in 
summer. 

Distribution: England (PREI紅Gand HIB-
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BERD 1982b)， Greece (KR即 IANSEN1983). 
P. undulata PR回SIGet HIBBERD (1982) Fig. 
36 
Cells were found in autumn， and scales 
10 summer. 
Distribution: Denmark， England (PREISIG 
and HIBBERD 1982b). 
P. vestita (STOKES) DE SAEDELEER (1929) 
Fig.37 
This species occurred in four seasons. 
Cells were found in winter， spring and 
autumn， and scales in summer. 

By the present study， 42 taxa of scale-
bearing chrysophytes and the seasons of oc-
currence of them in the south basia of Lake 
Biwa were revealed， and 30 taxa among 
them， 17 new to ]apan and 13 previously 
recorded， were added to the algal flora of 
this lake. These 17 taxa might be also 
distributed widely in ]apan and occur in 
the same season剖 thatin Lake Biwa. 

Almost all taxa of scale-bearing chryso-
phytes previously recorded in ]apan are 
widely distributed in the world (ASMUND 
and KRISTIANSEN 1986; PREISIG and HIB-
BERD 1982a， 1982b; STARMACH 1985; TA-
KAHASHI 1978). Among 17 taxa new to 
]apan， 2 species of Mallomonωj  M. portae-
jをrreaeand M. striata var. striata have been 
recorded from rnany countries of the world 
(ASMUND and KRISTIANSEN 1986)， where叫
M. pseudocoronata， Spin俳romonω takahashii
and 13 taxa of Parap，めなomonas企oma few 
countries of Europe andfor N America. 
Recently 22 new taxa of Paraphysomonas 
were discovered in the Cambridge area， 
England by PREISIG and HIBBERD (1982a， 
1982b). This fact shows that these taxa 
have been overlooked for a long time be-
cause their cells are very small and easily 
broken by fixatives. Finding of these 17 
taxa new to ]apan which is far away from 
Europe， N America， SE Asia (Bangladesh) 

and W Africa (Cameroun) indicates that 
they are widely distributed in the world 
as well as other scale-bearing chrysophytes. 
The north basin of Lake Biwa has less 
eutrophic wat巴rsand volume about 140 
times larger than the south one (Ic即犯
and WAKABAYASHI 1985; TEZUKA 1984). 
The species composition and the seasons of 
occurrence of scale-bearing chrysophytes in 
the north basin has not yet been clarified， 
therefore such floristic study in this basin is 
necessary and will produce many interest-

ing resu1ts. 
PALMER (1959) has pointed out that naked 
and scale-bearing chrysophytes are the most 
significant cause of the fishy odor in waters. 
As Lake Biwa is the most important water 
resource for 13 mi11ion people living in four 
p町長ctures; Shiga， K yoto， Oosaka and 
Hyogo， the mu1tiplication of these chry-
sophytes in this lake is a great concern for 
waterworks at present. Actually a bloom 
of Uroglena americana (Ochromonadales， 
Chrysophyceae) has appeared during the 
period from late spring to early summer in 
both south and north basins since 1977 and 
done much damage to both the water supply 
and fresh-water fishery (YOSHIDA et al. 
1983). Recently， a great bloom， not so 
great， of Mallomonas tonsurata has appeared 
in the south basin and produced fishy odor 
(NEGORO and TAKAGI 1985). Accordingly 
it is an important and urgent subject to 
elucidate their quantitative seasonal fluc-
tuation as well as to make clear the chry-
sophyte flora in this lake. 
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Figs. 2-13. Scales and bristles or !Vlallol/lollas and Synura・ Figs.2， 3. lvJ. acaroides. Fig. 4. lvI. 
akrokomos. Fig. 5. !VI. al戸illlZ. Fig.6. lvI. caudata. Fig. i. !VI. heleroJtina. Fig.8. /11.戸川vlIla. Fig.9 
M. tortae:ferreae. Fig. 10. /11. tJel1docorollata. Figs. 11， 12. M. striala var. striata. Fig. 13. S. curtiφuw. 
(Scales: 1μm). 
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Figs.14牛-25. Scales or .s:め)山2悶叫百列， Gα印'h~υ明y川yな岬5却o阿s砂判メ戸μμ11泊hae仰P叩rel仇lμGJ Sj戸μi白Fψr叩o仰n附叩n附αsan吋dPa叩 l戸tりJ内ゆ4わ}
Fi唱g.1日5. C. bre叫stilla. Fig. 16. S. bOllrrpl!Jli. Fig. 17. S. corol/aurculIIゆil/a. Fig. 18. S. lakalwsl，山 ー Fig. 
19. S. trioralis. Fig. 20. P. bal/dll即日日 Fig. 21. P. caelifバcn. Fig. 22. P.刊か四lata. Fig. 23. P. 
印刷I/vaUala. Fig. 24. P. CorOIl{/!a. Fig. 2.5. P 印 I)II/ethora. (Sca1es: Figs. 14-19， 1μm; Figs. 20-25， 
0.5μm). 
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26 

Figs. 26-37. Scales of P{/1ψhysolllol/as・ Fig.26. P. diadelllijera. Figs. 27， 28. P. gltα削tυ川IIIどdi凶alaι. Fig.29. 
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q伊11岨ad.耐F川t砂小tυ11附wιFi屯g.3犯3. P. 円川tυ，川t出CI.問Il~浜/ρb仇r問α Fi屯g.34. P. sμleLliψ:gem. Fig. 35. P. s/lbq/ladral/gularis. Fig. 36. P. 
川 d/llala. Fig. 37. 1'.凶 lila. (Scales: 0.5μ111). 
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伊藤裕之:琵琶湖南湖の鱗片を有する黄金藻

1980年 1月から 1984年 7月まで，琵琶湖南湖10地点から25試料を得た。 乙の試料から Mallomonas属14穣，

~ynura 属 5 種， Chり叩φ，haerella属 l種，争infβromonas属5種，Paraphysomonas属15種 l亜種 I品種，計42種類の

鱗片を有する黄金藻が見出された。その中で17種類 (Mallomonasportae-ferreae， M. pseudocoronata， M. striata var. 
striata，めiniferomonastakahashii， Parathysomonas caeli斤ica，P. capreolata， P. circumvallata， P. coronata， P.印ワnephora，

P. glandiata， P. poteriophora ssp. manubriata， P. punctata， P. q凶 drお'fJina，P. runcinifera， P. stclligera， P. subquadrangularis， 

P. undulata)は円本新践であった。 (652 神戸市兵庫区楠谷町37-1 神戸市水道局水質試験所)
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Spatial differences in Cyc/otella comta populations in the 

Nishina-sanko Lakes， Nagano Prefecture， Japan 

Kho MARUYAMA 

lnstitute 0/ Applied Microbiology， University 0/ Tnkyo， Tokyo 113， Japan 

MARUYAMA， K. 1988. Spatia1 di民rencesin Cyclotella conωpopu¥ations in the Nishina-sanko Lakes， 
Nagano Prefecture， Japan. Jpn. J. Phycol. 36: 154-165. 

The horizonta¥ and seasonal variations in the cell size distribution anrl standing crops of C. comω 
populations on coastal surface water in the Nishina-sanko ¥akes were exarr.ined during 1972 and 1973. 
KOLMOGOROV-SMIRNOV two-sample test (KTT) in summer popu¥ations revealed that the subgroups 
have different distribution at 0.1， 0.5 andく0.1per cent ¥eve¥s of significances in Lakes Aoki， 
Nakatsuna and Kizaki， respective¥y. The differences in population within each lake were， 
however， below that among lakes. The population in Lake Aoki exhibited a slight deviation from 
the normal trend and had a small size of location of distribution and higher cell density， while the 
case was the opposite in all the above aspects in Lake Kizaki. The populations in Lakes Nakatsuna 
and Aoki resembled each other in the form and location of distribution and the standing crop， be-
cause the water in Lake Aoki had direct effect upon the surface water in Lake Nakatsuna during 
summer. The cell size in summer populations in these three lakes was smallest as compared to that 
in other seasons. On the other hand， the standing crop， water temperature and e¥ectric conduc-
tivity were high. 

K.りlndexWords: Aoki・Lake-cellsize distributions-Cyclotella comta-horizontal changes-intra-
伊'cificvariation-Kizaki Lake-local populations-Nakatsuna Lake-Nishina-sanko Lake-seasonal 

changes-Sjμtial difJerences-standing crops. 

The plankton species flourish in open 

water bodies and often develop into blooms. 

Except a few situations， considerable inter-
and intraspecific variations occur in their 

populations. The existence of intra-specif. 
ic variation of plankton species has been 

suggested by KNUDSEN (1955 in ROUND， 
1965)， GUILLARD and RYTHER (1962)， 
CARPENTER and GUILLARD (1971) and 

FISHER et al. (1973). The clones isolated 

by them may be part of a widespread 

population having a number of intergrad-

ing morphological and physiologiacl types， 
while the spatial differences and their ex-

panses are still obscure (WIMPENNY， 1936， 
1946， 1966; NAMIKI et al.， 1985) and not 
verified geneticall y . 

Diatom Cyclotetla comta (EHR.) KUTZ. and 

its synonyms have been included in V AN 

LANDINGHAM (1969). The taxonomic posi-

tion， the morphological biometrics， and ul-
trastructure of valves of this taxon have 

begun to receive some critical attention 

(PLANAS， 1972; LOWE， 1975; MAHOOD et al.， 
1984; GENKAL， 1984). Fresh and slightly 
brackish water is the habitat of C. comta 

(AL・KAISI，1974). C. comta exhibits one or 
two pulses in annual fl.uctuation (WE釘 and
WEST， 1912; DORGELO et al.， 1981; FLIK， 
1986) and appears in the latest diatom of 

phosphate-limited sequnece (DORGELO et 

al.， 1981; VAN DONK， 1984). Successional 
pathways in lakes of di丘erenttrophic status 

are also generalized by RAYNOLDS (1984). 
The presence of this taxon indicates deep 

oligotrophic types of lakes (BRUGAM， 1983) 
and is found only in small numbers in meso-

trophic lakes (HOLLAND and CLAFLIN， 1975; 
DORGELO et al.， 1981; jOHANSEN et al.， 1982; 
FLIK， 1986). In small manmade lakes rich 
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Table 1. The loccations， areas， and depths of the Nishina-sanko lakes (TANAKA， 1930; 
HORIE， 1956; HORIUCHI et al.， 1963) 

Lake Longitude Latitude SEa (mle) vel 

Aoki 137051 ' 36037' 822 
Nakatsuna 137051 ' 36036' 815 
Kizaki 137050' 36033' 764 

in nutrients， the ceIl number reaches 55 x 
103Jml for C. comta and ιstelligera (TIEFEN-
BRUNNER and ROTT， 1975). 
The Nishina-sanko Lakes are situated in 

the east side of the ]apan Alps. Mt. Sano-

zaka forms the watershed from where the 

Hime-kawa River flows to the north and 

the Nogu-gawa River in the Nishina・sanko

vaIley southward. The locations， areas， 
and depths of the Nishina・sankolakes are 

shown in Table 1 (T ANA叫 1930;HORIE， 
1956; HORIUCHJ et al.， 1963). Since 1954， 
the water depth in Lake Aoki has decreased 

markedly to a minimum depth of 37 m， be-
cause of the water-intake for the power 

plant. It would take about eight months 
to recover from a drop. Gradual decrease 

of transeparency from north to south in 

Lake Kizaki was also observed (HORIUCHI 

et al.， 1963). Lakes Aoki， Nakatsuna， and 
Kizaki have been defined as oligo-， eu-， 
and mesotrophic types， respectively by SA1.TO 
(1956)， YASUDA et al. (1975) and MAEDA 
and TOMIOKA (1977)， while according to 
KrrAGAWA (1973) Lakes Aoki and Kizaki 

belong to meso-and eutrophic types， re-
spectively. C. comta group in the Nishina-
sanko valley are described by HUSTEDT 
(1927)， KAWAMURA (1928)， SKVORTZOW 
(1936)， Ko-BAYASHI et al. (1971)， and 
YASUDA et al. (1975). 

Materials and Me曲。ds

Forty-one sampling stations were chosen 
along the shore， viz. 16 in Lake Aoki (Sta・
tions AI-AI6)， 10 in Lake Nakatsuna (Sta-
tions NI-NIO)， and 15 in Lake Kizaki 
(Stations Kl一K15) (Figs. 1-3). Su市 ce
water samples were coIlected five times 

Area Maximum depth Mean depth 
(Km2) (m) (m) 

1.863 58.0 29.0 
0.141 12.0 5.7 
1.413 29.5 17.9 

druing 1972-73 in 500 ml polyethylene 

bottles (November 4一丸 1972; December 
10， 1972; ]anuary 3， April 2， and ]uly 31 
to August 1 or August 26， 1973). The pH 
and electric conductivity (EC) were meas・

ured by using both portable pH (Toa DM-

lA) and EC (Toa CM-3M) meters. 
For the estimation of the standing crops 

and ceIl size distributions， 30， 50， 100， 200 
or 300 ml water samples were filtered 

through a membrane filter (Millipore 

RAWP 04700， 1.2μm pore size and 47 mm  
diam.) reducing the pressure by using a 

miniature vacuum pump (Millipore XX61 
00000)， and ceIls on a日terfixed with a 10 
per cent neutral formalin solution and 

stored in a petrislide (Millipore PD 15 

04700). 
Population estimates weIe based on the 

cel1 counts of 10 to 70 block samples drawn 
at random from imaginary 910 occular 

quadrates and expressed as number of 

ceIls per ml. The means and the standard 
error of the means (SEM) were estimated. 

The diameter of the frustles were measured 

in 200 cel1s in each population by using a 
video-writer (FOR.A FVW300) connected 

to a computer (FM-ll). The point and 
95 per cent confidence interval of popula-

tion means and medians， SEM， and the 
point and 90 per cent confidence interval 

of the standard deviation were estimated. 

KOLMOGOROV-SMIRNOV one sample test 
(KOT) for detecting the departure from 
normality， BARTLET'S test (BT) for homo-
geneity of varinace， and KOLMOGOROV-
SMIRNOV two sample test (KTT) for the 
detection of di佐 rencein form and location 

of distribution were also employed (BLISS， 
1967; CAMPBELL， 1974). 



156 MARUYAMA， K. 

Resu1ts 

Environmental conditions: a. Horizontal 
changes. The water temperature， pH and 
EC of the surface water in Lake Aoki on 

July 31 are shown in Fig. 1. The water 
temperatures were 21.2 to 23.20C， pH 6.8 
to 7.4 (except 8.2 and 8.4 at stations 1 and 
16 respectively)， and EC between 31.0 and 
33.0μmhofcm (except 38.0μmhofcm at 
station 16). 

The water temperatures (OC) in Lake 
Nakatsuna were 12.5 to 12.6 (except 13.0 
at station 6)， 6.3 to 6.8 (except 5.7 at御園
tion 6)， 3.3 to 3.7， 4.4 to 6.0， and 23.2 to 
23.8 (except 21.7 and 24.4 at stations 6 and 

7 respectively)， on Nov. 4， Dec. 10， Jan. 3， 
Apr. 2， and Aug. 1， respectively (Fig. 1). 
The water temperatures were almost the 
same at fixed times， except slight deviation 
found at stations 6 and 7 and a contrast 

between east and west shores on April 2. 
The pH was 6.8 to 7.2， 6.8 to 7.4， and 6.2 
to 8.0 on Nov. 4， Dec. 10 and Aug. 1， re-
spectively. The pH on Aug. 1 largely 
depends on the station. In other seasons 
the values were fairly neutral. The EC (印μ 
mhofμcαI吋r
(except 35.0 at station 6)， 28.0 to 31.0 
(except 41.0 at station 6)， 29.0 to 34.0， 
and 35.5 to 38.0 (except 33.0 at station 6) 
at five different times. The EC were con-
stant， although the value at station 6 de-
viated from the rest and fluctuated consid-
erably on April2. The Upper-Nogu-gawa 
River which flowed out from Lake Aoki 
drains into the station 6 in Lake Nakatsuna. 

The flow ceased from Dec. to July. 

Fig. 1 also shows the situation in Lake 
KizakI-on August 26. The water tempera田
tures were 25.3 to 26.80C ， pH 6.8 to 7.1 
(except 6.4 at station 2)， and EC 45.0 to 
48.0μmhofcm (except 59.0 at station 2)， 
which did not change with the station mark-
edly except station 2. 
Fig. 1 further shows the water tempera-
ture， pH， and EC at different times at the 
stations 10 and 12 in Lakes Aoki and Kizaki， 

respectively. The water temperatures (OC) 
were 12.6， 4.8， 5.9， and 21.6 on Nov. 5， 
Jan. 3， Apr. 2， and Jul. 31， respectively in 
Lake Aoki， and 12.9， 6.0， 7.1， and 25.5 on 
Nov. 5， Jan. 3， Apr. 2， and Aug. 26， re-
spectively in Lake Kizaki. The pH was 7.6 
and 6.8 on Nov. 5 and July 31， respectively 
in Lake Aoki， and 7.4 and 7.0 on Nov. 5 
and Aug. 26， respectively in Lake Kizaki. 
The EC (μmhofcm) at the same dates men-
tioned in the case of water temperature were 

30.0， 26.0， 23.0， and 32.0 respectively in 
Lake Aoki， and 32.0， 27.0， 26.0， and 46.0 
in Lake Kizaki. The water temperatures 

at Lake Nakatsuna at the same dates men-
tioned above were -0.1 to 0， -1.1 to 
1.5， -1.5 to 0.1 and 1.6 to 2.20C higher 
respectively than those in Lake Aoki. EC 
at the same dates were respectively 0 to 4.0， 
2.0 to 5.0， 6.0 to 11.0， and 3.5 to 6.0μml叫
cm higher in Lake Nakatsuna than those iI). 
Lak巴Aoki. The water temp巴raturesat the 
same dates in Lake Kizaki was 0.3， 1.2 anq 
1.20C higher than those of Lake Aoki. The 
EC in the same series were 2.0， 1.0， and 3.0μ 
mhofcm higher in the former lake than those 
in the latter. As for the pH， there was no 
appreciable di釘erencebetween these three 
lakes. 

b. Seasonal changes. The seasonal changes 
of the water temperature， pH， and EC 
at stations 10 and 12 in Lakes Aoki and 
Kizaki， respectively， and all the stations in 
Lake Nakatsuna are shown in Fig. 1. In 
Lakes Aoki and Kizaki， thεtemperature 
dropped through Nov. to Jan. and rose 
through Apr. to Jul. or Aug.， and the EC 
decreased 企omNov. through Jan. to Apr. 
and increased in Jul. or Aug. In Lake 
Nakatsuna， situation of the temperature 
was similar to that in Lake Aoki. The pH 
remained unchanged except in Aug. and 
the EC was the minimum in Dec. and in-
creased reaching a maximum in Aug. 
Population densiry: a. Horizontal changes. 
Fig. 2 depicts the cell population at each 
station in Lake Aoki on ] uly 31， showing a 
rather uniform number from 1155土37to 
2139士34cellsfml. Relatively large num-
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Fig. 1. Sampling locations and the horizontal and seasonal changes of the water temperature 
(solid line)， pH value (dotted line)， andelectric conductivity (dashedline) ofthesurface water in the 
Nishinasan¥"o lakes on November 4--5 (open diamond)， December 10 (solid triangle)，January 3 (open 
triangle)， April 2 (solid circJe)， andJuly 31 to August 1 (Lakes Aoki and Nakatsuna) and August 
(Lake Kizaki) (open circJe)， 1972 to 1973. 



158 MARUYAMA， K. 
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Fig. 2. Sampling locations and the horizontal and seasonal changes of the population density in 
surface water in theNishinbsankolakes on November 4-5(OPEn diamond)，December 10(solid triangle)， 
January 3(open triangle)，April 2(solid circle)，and July 31 to August l (Lakes Aoki and Nakatsuna) 
and August 26 (Lake Kiazaki) (open circle)， 1972 to 1973. 
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bers of cells (2088 and 2139 cells/ml) at 
stations 1 and 2 of north-northeastern shore， 
and small numbers (1155 and 1357 cellsl 
ml) were observed at stations 16 and 15 of 
northeast-eastern. 

The time-course of population density in 

Lake Nakatsuna is also shown in Fig. 2. 

At the five different sampling times， the 
cell numbers were 536 to 676 (655士23at 

station 10) Iml (except 856 at station 6)， 70 
to 120 (70土3at station 10) Iml (except 9 
at station 6)， 19 to 37 (25士2at station 10)1 
ml (except 4 and 116 at stations 6 and 8 
respectively)， 15 to 26 (15土2at station 10) 
Iml (except 1， 47 and 89 at stations 6， 8 
and 9 respectively)， and 624 to 891 (891土
24 at station 10) Iml (except 1582 station 6). 
The cell number at station 6 deviated from 

the uniform number and increased in Nov. 

and Aug.， but decreased in Dec.， Jan. 
and Apr.. The Upper-Nogu-gawa River 
flowed out 仕omLake Aoki and drained 

into station 6 in Lake Nakatsuna， and the 
flow ceased from Dec. to July. Deviations 
were also toward large at stations 8 and 9 
on April. 

Fig. 2 also shows the situation in Lake 

Kizaki on August 26. The cell numbers 
in all stations ranged from 100土6to 191士
6/ml. The minimum and maximum nu山叩I口m
bers were observed at stations 1 and 2 r問e-

spectively. 

Fig. 2 also depicts the cell population at 

five different times of collection at stations 

10 and 12 in the Lakes Aoki and Kizaki， 
respectively. The cell number per ml was 
951土47，123土5，154土9，545土29，and 
1843士80on Nov. 5， Dec. 10， Jan. 3， Apr. 
2， andJul. 31， respectively in Lake Aoki and 
261士16，49土3，41士3，50土5，and 111士6
on Nov. 5， Dec. 10， Jan. 3， Apr. 5， and 
Aug. 26， respectively in Lake Kizaki. The 
cell densities in Lake Kizaki at the same 
dates were respectively 690， 74， 113， and 
495 cells/ml lower than those in Lake Aoki. 
At the same dates， the cell densities at Lake 
Nakatsuna were 257 to 415， 3 to 53， 117 to 
135， 519 to 530， and 952 to 1219 cells/ml 
lower than those in Lake Aoki. 

b. Seasonal changes. The seasonal changes 
in cell number at stations 10 and 12 in 

Lakes Aoki and Kizaki， respectively and 
at all the stations in Lake Nakatsuna can 

also be seen in Fig. 2. The pop叫ation

density in Lake Aoki decreased from Nov. 

to Dec.-Jan. and then increased through 

Apr.， reaching a maximum of 1843 cellsl 
ml on July. In Lake Kizaki， the density 
decreased企omthe maximum of 261 cellsl 
ml in Nov. to Dec・，Jan. and Apr. and then 
increased by Aug. In Lake Nakatsuna， 
the density decreased from Nov. through 

Dec. to Jan. and Apr.， then increased and 
reached the maximum of 624 to 891 cellsl 
ml on August. 
Cell size distributions of the populations. a. 
Honzontal changes. The frequency distribu-
tions of living cell diameter of each 

population in Lake Aoki on Jul. 31 were 
di能rentfrom each other in form， positive 
skew or symmetry， and location. KOT 

Table 2. The observed largest differences of 
KOLMOGOROV-SMIRNOV one-sample test (KOT) for 
detecting the departure from nomality in the 
Nishina-sanko lakes in summer. In these cases the 
value for 5 per cent significance is 0.0964. If the 
difference exceeds this value the distributions can-
not reasonably be regarded as normal. 

Lake Aoki Lake Nakatsuna Lake Kizaki 

Station Station Station 
No. No. No. 

3 0.1001 6 0.0931 8 0.0612 

4 0.0817 7 0.1142 9 0.0584 

5 0.0957 8 0.1099 10 0.0604 

6 0.0879 9 0.0877 11 0.0820 

7 0.0999 10 0.1011 12 0.0638 

8 0.0884 5 0.0711 13 0.0726 

9 0.0629 4 0.0935 14 0.0603 

10 0.0708 3 0.1439 15 0.0677 

11 0.0642 2 0.1096 7 0.0497 

2 0.0954 0.1037 6 0.0593 

0.0762 5 0.0477 

16 0.0622 4 0.0705 

15 0.0749 3 0.0575 

14 0.0656 2 0.0631 

13 0.0777 0.0604 

12 0.1003 
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was used for detecting the departure from 
normality of the observed distribution. 
The largest value of the differences in 
each population are shown in Table 2. 
Since the observed differences exceed or ar巴
cIose to the value of 0.0964 for 5 per cent 
significance， the distributions cannot rea-
sonably be regarded as normal at many 
stations. Thus it is inadequate to com-
pare the population means. Fig. 3 expresses 
the point and interval estimates of popula-
tion medians in Lake Aoki. The popula-
tion medians and their 95 per cent con-
fidnence limits were 9.88 (9.59， 10.14) 
to 10.67 (10.41， 11.01)μm as shown in Fig. 
3. The population medians increased in 
the following order: stations 2， 12，丸 3，1， 
10， 13， 7， 15， 9， 11， 4， 6， 8， 14， and 16. 
Table 3 shows the values of KTT in Lake 
Aoki by combining the population' medians 
of stations arranged in ascending order. 
The KTT values over 5 per cent level of sig-

nificance are indicated by a quadrate. In 

this case， the populations at stations 7， 15， 
11， 4， and 6 were the same as others; those 
at stations 13 and 9 were di任erentfrom 
station 14 only; those at stations 5 and 3 
were different than the populations at sta-
tion 16. The population at station 1 was 
different from those of station 8 and station 
16. The populations at stations 2， 12 and 
10 were greatly different. The populations 
at stations 8， 14， and 16 had the highest 
population medians， ranging from 10.56 to 
10.67. The di丘erencein the distribution 
at 0.1 per cent level of significance was 
found by KTT between stations 2 and 16. 

The frequency distributions of living cell 
diameter in Lake Nakatsuna on Aug. 1 were 
rather positively skewed. The observed 
values of KOT exceeded at stations 1-3， 7， 
8 and 10 and most distributions differed 
from normal. The population medians 
and their 95 per cent confidence limits 
were 9.37 (9.07， 9.86) to 10.01 (9.63， 10.36) 
μm as shown in Fig. 3. The population 
medians in summer increased in the follow-
ing order: station 8， 7， 10， 6， 3， 9， 2， 1， 4， 
and 5. The di狂erencesin the distribution at 

0.5 per cent level of significance were re-
cognized by KTT between the population 
at station 8 and that at station 2. The 
population medians (μm) in other seasons 
were 10.88 (10.65， 11.21) to 11.21 (10.66， 
11.48) except 11.59 (11.21， 12.07) at sta-
tion 6，11.30 (10.97，11.79) to 11.76 (11.32， 
12.10)， and 10.99 (10.67， 11.25) to 11.66 
(11.42， 12.04) on Nov. 4， Dec. 10， and Jan. 
3， respectively (Fig. 3). 
The frequency distributions in Lake 
Kizaki on Aug. 26 were rather symmetric. 
The observed differences of KOT were 
lower than 0.0964 for 5 per cent significance 
and the distributions are hence normal. 
The BT for homogeneity of variance was 
taken in this case. The observed value 
was 61.720 and higher than 24.996 for 5 
per cent probability， hence the comparison 
of population mean was not feasible here. 
The population medians and their 95 per 
cent co凶 dencelimits were 10.43 (10.26， 
10.98) to 11.48 (11.21， 11.73)μm as shown 
in Fig. 3. The population medians in-

creased in the order， stations 11， 4， 14， 13， 
7， 15， 8， 10， 6， 9， 5， 3， 12， 1， and 2. The 
di民rencein the distribution at <0.1 per 
cent level of significance were determined 
by KTT. Small population medians were 
observed in stations 4， 14 and 15 and 
others having large ones were stations 14 
and 2. 

Fig. 3 also depicts the population medians 
at five different times at stations 10 and 12 
in Lakes Aoki and Kizaki， respectively. 
The median (μm) was 11.44， 11.75， 11.27， 
10.95， and 10.12 on Nov. 5， Dec. 10， Jan. 
3， Apr. 2， and Jul. 31， respectively in Lake 
Aoki and 11.36， 12.28， 12.01， 11.61， and 
10.97 on Nov. 5， Dec. 10， Jan. 3， Apr. 5， 
and Aug. 26， respectively in Lake Kizaki. 
The median at the same times in Lakes 
Kizaki was ー0.08，0.53， 0.74， and 0.66， 
higher than that in Lake Aoki. The down-
grades， such as a head (μm) of 0.23 to 0.56， 
-0.01 to 0.45， -0.39 to 0.28， and 0.11 to 
0.75 in the same series， were indicated in 
Lakes Nakatsuna and Aoki. In Lake 
Kizaki， the medians were higher in all 
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Fig. 3. Sampling locations and the horizontal and seasonal changes of the point and interval 
(bold line) estimates ofpopulation medians of cell diameter in the Nishina-sanko lakes on November 
←5 (oten diamond)， December 10 (solid triangle)， January 3 (open triangle)， April 2 (solid circ1e)， 
andJrl.ly 31 to August 1 (Lak岱 Aokiand Nakatsuna) and August 26 (Lake Kizaki) (open circ1e) 
from 1972 to 1973. 
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Table 3. The observed largest differences of KOLMOGOROV・SIMIRNOVtwo-sampl巴 test
(KTT) in Lakes Aoki (upper)， Nakatsuna (middle)， and Kizaki (Iower) in summer by com-
bining the population medians of stations arranged in ascending order. In the present case 
the significance at 10， 5， 2.5，1，0.5 and 0.1 per cent levelare 0.122，0.136，0.148，0.163，0.173 
and 0.195， respectively. At various levels of significance two populations cannot reasonably 
be regarded as having the same distribution. The values over 5 percent level of significance 
are indicated by a quadrate. 
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Table 4. The population means and their 95 per cent confidence limis， the standard 
errors of the means (8EM)， and the standard deviations (80) and their 90 per 
cent confidence limits in the Nishina-sanko lakes in summer， 1973. Table 4 
also shows the population minimum (MIN) and maximum (MAX) in summer. 

Cell diameter (μm) 

Mean 8EM 

L. Aoki 10.22 (9.95， 10.49) 0.12 
-10.91(10.63，11.19) -0.15 

L. Nakatsuna 9.89 (9.62，10.16) 0.13 
-10.35(10.16，10.61) -0.15 

L. Kizaki 10.65(10.37， 10.93) 0.12 
-11.47(11.22，11.72) -0.14 

seasons except Nov. compared with those 

in Lakes Aoki and Nakatsuna (except sta-
tion 6). 

Other estimates such as the population 

means and their 95 per cent confidence lim-

its， the standard errors of the means， and 
the standard deviations and their 90 per 
cent confidence limits in three lakes in sum-

mer are shown in Table 4， which also shows 
the population minimum and maximum. 

The range of the valve diameter in the pre-

sent study was 5.61 to 24.33μm. 

b. Seasonal changes. At all the stations 
in Lakes Aoki， Nakatsuna and Kizaki the 
population medians increased from Nov. to 

a maximum in Dec. or Jan.， followed by a 
decrease to a minimum in summer (Fig. 3). 

Disc'回 sion

A wide range of variation in the valve 
diameter exists among the different eco-

types of C. comta. The type species C. 
comta has been reported to have valves of 
1/96'11 (KUTZING， 1849)， 15 to 50μm 
(Hu町 EDT，1930)， 8 to 16μm (PLANAS， 
1972) or 14 to 20μm diam. (AL・KAISI，
1974). The range is 9-17.5μm (n=15) in 

var. comta and 21.2-53μm (n=13) in var. 
glabriωcula (GENKAL， 1984). C. comta var. 
paucipunctata GRUN. from Lake Aoki is de-
scribed by HUSTEDT (1927) and SKVORTZOW 
(1936). This variety differs markedly from 
the type species in its central area with scat-

tered beads forming a star. SKVORTZOW 

80 MIN MAX 

1.70(1.57， 1.85) 5.81 15.92 

-2.11(1.95，2.31) -7.41 -19.68 
1.80(1.99，2.35) 6.15 15.59 
-2.15(1.99，2.35) -7.12 -19.75 
1..')9(1.47， 1.74) 6.29 14.93 
-2.05(1.89，2.23) 一7.72 -23.79 

(1936) described a new form of C. comta (f. 
parva) from Lake Kizaki， based on its smaller 
valve size of 4.2 to 6μm， but this form is a 
synonym of the type (V AN LANDINGHAM， 
1969). The populations in the present 

study showed a range from 5.61 to 24.33 
μm. The specimens in the Nishina-sanko 

valley are either a local population having 

small valve or the type recorded by PLA-
NAS (1972)， AL-KA悶 (1974)and GENKAL 
(1984). 

The population at station 16 in Lake Aoki 
showed structural and ecological peculiari-
ties in the di任erenceat low level of signifi-

cance by KTT， the largest location of dis-
tribution， and the minimum population 
density. The water in this station also had 

maximum temperature， pH， and EC. In 
Lake Kizaki the population at station 2 h部

similar characteristics. 

Although there was such a peculiar pop-
ulation in each lake， the difference in cell 
size distributions as well as in population 
densities and in environmental conditions 

within lakes were below that among lakes. 

In Lake Aoki， C. comta population on coastal 
surface water in summer was exhibited slight 
deviation from normal trend， smaller loca-
tion of distribution and higher standing crop 
and it had a relatively low water tempera-

ture and EC， while it was the opposite in 
Lake Kizaki. 
The form and location of cell size distri-
bution in this diatom seemed to depend on 
the population density. The positive skew 
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form， slight deviation from normality， and 
smaller location in distribution might be due 

to cell division specific to diatoms. 

The existance of C. comta indicates deep， 
low phosphorus， high transparent (BRUGAM， 
1983)， oligotrophic (HOLLAND and CLAFLIN， 
1975) types of lakes. As the lake became 
enriched C. comta decreased (LUND in HOL-

LAND and CLAFLIN， 1975). In the meso-
trophic lake， the number of C. comta was 
low (DORGELO et al.， 1981; ]OHANSEN et al.， 
1982; V AN DONK and RINGELBERG， 1983; 
FLIK， 1986). Lakes Aoki and Kizaki cor-
respond to the former and the latter， re-
spectively. 

A structural and ecological similarity was 

found between the populations in Lakes 

Nakatsuna and Aoki. The water in Lake 

Nakatsuna which is a small river-lake is af-

fected considerably by Lake Aoki close to 

it (SAljO， 1956). The water temperature 
was lowered by the inflow of water in sum-

mer (TANAKA， 1930). The water in Lake 
Kizaki registered the highest temperature 

among the three lakes in summer because 

the water stayed long in the large and long 

river-lake. The upper temperature limit 

might also influence the growth of C. comta .. 

other than eutrofication. 

Differences in population densities and in 

environmental conditions could be seen 

among the lakes. They are constant in 

large areas and unique in each lake， as 
against the structural differences in cell 

size ditsributions. C. comta seems to be 

sensitive to environmental condition. A-

bundance of the cells appears in a limited 

sphere such as deep oligotrophic lakes. 

This seems to be a general global pattern. 

But the direct relation between environ-

mental condition and cell number as well 

as cell size cannot be fixed. The intra-

specific variation of this taxon will become 

clear by further studies on its population 

dynamics in other lakes， mating frequency， 
fine structure and biochemical characters. 
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丸山 晃:仁科三湖における Cyclotellacomta集団の地織的な差異

1972-3年，仁科三湖の沿岸部41地点の表層水資料を用いて，Cyclotella comta集団の細胞サイズ分布，現存量

などの地域差と季節的変化が調べられた。細胞サイズは，三湖とも夏期lζ最小となる。 KOLMOGOROV-SMIRNOV

の二試料検定により，乙の小型集団lζは，青木，中綱，木ili有三湖で，それぞれ有意水準0.1，0.5， <0.1 %で，細

胞サイズ分布の湖沼内差異が見出された。しかし， 乙の湖沼内差異は，湖沼間差異を越えない。青木湖の集団

は，細胞サイズ分布の正規性が低く，分布域が小さい側にあり，高い現存量をもっ。乙れに対して，木崎湖で

は，正規性の高い，大きい側にずれた，密度の著しく低い集団からなる。中綱湖の集団は，かなり青木の湖水の

影響を受けているとみられ，分布の形と位置や現存量が似ている。 C.comtaをとりまく環境の湖沼内，湖沼間差

についても言及される。(I13 東京都文京区掬生1-1-1 東京大学応用微生物研究所)
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conditions for Eisenia b句，clisand Ecklonia cava. Jpn. J. Phycol. 36: 166-174. 

Ecklonia cava KJELLMAN usually occupies deeper water than does Eisenia bicyclis SETCHELL in sub-

littoral rocky areas. Young fronds of these species are growing under considerably low light condition 

on the community f1oor. Critical light intensity for young Ei. bicyclis and Ec. cava observed on the 

community f100r was respectively 1.0ー1.5%and 0.5-1.0% of the light intensity at water surface. 

Photosynthetic rate of young fronds of both species was saturated at 200μEfm2fs， and the saturated rate 
was higher in Ei. biり>clisthan in Ec. cava. Under light lower than 50μEfm2fs the net photosynthetic 

rate was higher in Ec. cava than in Ei. bi，りclis，and the compensation light intensity was 4.8μEfm2fs fo['・
the former and 8.2μEfm2fs for the latter. Daily net production was calculated with the mathematical 

model based on photosynthesis-light equations and natural light conditions. The estimated daily 

compensation light ofyoung Ec. cava was 0.6% (0.24 Efm2fday) and that ofyoung Ei. bi~yclis was 1.1 % 

(0.42 Efm2fday) of the water surface light intensity on the day of average solar radiation for the period 
of the present study (April-July)・ Theestimated daily compensation light intensity agreed well with 

the observed critical light intensity for both species on the community f1oor. It is clear that young 

Ec. caua fronds can grow under the lower in situ light intensity in deeper water as compared with young 

Ei. bicyclis fronds. 

Key lndex Words: compensation point-引 iticallight intensitトーEckloniacava-Eisenia bicyclis-

Phaeophyta-photosynthesis-seaweed. 

Th巴twospecies of brown algae， Eisenia 
bicyclis SETCHELL and Ecklonia cava KJELL-

MAN， are widely distributed along the 
Pacific coast of central ]apan， and are 
important algae both ecologically and 

economically. Ei. biりclisusually grows in 

shallow water down to 5 m in the sublit-

tora1 zone， while Ec. cava occupies deeper 
water of 3-25 m or more， both species form・
ing dense marine forests. A considerable 

knowledge has been accumulated on their 

distribution and population structure from 

the ecological point of view (HAYASHIDA 

Contribution No. 481 from Shimoda Marine Re-

search Center， University of Tsukuba. 

1977， IWAHASHl 1968， IWAHASHI et al. 1979， 
KIDA and MAEGAWA 1982， 1983， 1985， 
OHNO and ISHIKAWA 1982， TANIGUCHI and 
KATO 1984， MAEGAWA and KIDA 1 984a， 
b). There are， however， few studies on 
their photosynthesis and respiration which 

are important for estimating the primary 

production (SAKANISHI et al. 1988a， b) and 
for production ecology (MAEGAWA et al. 

1987) . 

A large part of the biomass and produc-

tion of Ei. biりIclisand Ec. cava is accounted 

for by the adult fronds forming the canopy 

(HAYASHIDA 1986， TANAKA et al. 1984， 
YOKOHAMA et al. 1987， MAEGAWA and 
KIDA 1987). However， young fronds on 
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the community floor play an important 
role as m吋orconstituents of the coming 
generation. The main external factor in-
fluencing the productivity of the algal com-
munities might be an incident solar radia-
tion. On their community floor， however， 
light intensity is very low (HAYASHIDA 1986， 
MAEGAWA and KmA 1987)， because the 
light is absorbed by the blades in the can-
opy and by water column. 1t is necessary 

for young fronds of these species to receive 
light greater than their compensation light 

intensity for their growth. Thus， the light 
condition in the communities is the most 

important factor allowing young fronds to 
survive and grow up to adults. 1n addi-
tion， it is important to know accurately the 
photosynthetic rate at light levels near the 
compensation point for estimating the daily 
light requirements. Furthermore， the dis-
tribution and diurnal changes in solar ra-
diation are important for determining daily 
net production and daily compensation 
pomt. 

The present study was undertaken to 
determine the critical light conditions for 
young fronds of Ei. bicyclis and Ec. cava 
with reference to the characteristics of 
photosynthesis and the natural light con-
ditions in the communities，ゐllowingthe 

previous study (MAEGAWA et al. 1987). 
This kind of information will be useful in 
determining the factors governing the dif-
ference in vertical distributions of the two 
specles. 

Materials and Me曲。ds

Measurements of light distribution on the 
community floor were carried out at 5 m 
depth in Nabeta Bay， 1zu Peninsula， Shi-
zuoka Prefecture， on June 21， 1985， for Ec. 
cava community， and at 4 m depth off 
1 waizaki， Shima Peninsula， Mie P児島cture，
on June 13， 1986， for Ei. bicyclis commu-
nity. To determine the light distribution 
on the community floor where young fronds 
were growing， light intensity was measured 
at 121 points 10 cm apart from each other 

in the community with a quantum meter 
(LI-COR 185BfI92SB). Light in the com-
munity and on the sea surface was simul-
taneously monitored by a recorder (TOA 
EPR・152A) on a boat， and the relative 
light intensity was calculated. 

Photosynthesis and respiration of young 
Ei. bicyclis and Ec. cava were measured 企om
April to July 1986. 1ntact young fronds 
less than one year oId (cf. MAEGAWA and 
KIDA 1 984a， b) with frond area of 15-35 
cm2 and dry weight of 6ι250 g were col-

lected from the communities at depths of 
3-4 m for Ei. bicyclis and 7-10 m for Ec. 
cava around the coast of Shima Peninsula， 
Mie Prefecture・ Whensamples were col-
lected light intensity at the growing site was 
measured. The collected samples were 
transported to the Fisheries Research Lab-

oratory of Mie University and were rinsed 
with seawater to make them free of obvious 
epiphytes with careful handlings not to 
wound the fronds. Mter keeping the sam-
ple fronds in running seawater overnight， 
photosynthesis and respiration were mea-
sured with a differential gas-volumeter 
(YOKOHAMA and 1CHIMURA 1969， YOKO-
HAMA et al. 1986， YOKOHAMA and MAEGAWA 
1988). Twenty-one fronds of Ei. bicyclis 
and thirteen fronds of Ec. cava were used 
for photosynthesis and respiration measure-
ments. The methods of measuring photo-
synthesis and respiration were essentially 
the same as those described in the previous 
paper (MAEGAWA et al. 1987). 

Photosynthetically active radiation (PAR) 
on the horizontal plane was measured with 
a quantum meter (LI-COR 1925B)企om
April to July 1986 at the campus of Mie 
University about 70 km to the north of the 

sampling site. Values were integrated ev-
E円 0.5sec. and recorded at 10 min. in・
tervals to the data-logger (L1-COR L1-
1000). 

Results 

Fig. 1 shows the distribution of relative 
light intensity on the community floor as 
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Fig. 1. Distributions of the relative light intensity (isopleths， % of the water surface value) and of 
individuals on the community f100r of Eisenia b的'clis(a) and Ecklonia cava (b). The size of circ1es indicates 
the length ofstipes: large open circ1es， >30 cm; small open circ1es， 10-30 cm; small solid circ1同く10cm.
H， higher; L， lower. 

well as the distribution of individual fronds 
for both species. Relative light intensity 

varied from 0.6 to 2.2 %あrEi. biりIcli，むand
from 0.2 to 1.8% for Ec. cava. Most of the 
young fronds less than 10 cm of stipe length 

were found growing in the places where 
light intensity was higher than 1.0% for 
Ei. bi，りIclisand 0.5% for Ec.ωva. It should 
be noticed that the critical light condition 

for survival and growth is between 1.0 and 
1.5 % for the former and between 0.5 and 
1.0% for the latter. It is thus clear that 
young fronds of the two species were grow-

ing under very low light intensity on the 
community floor. Relative light intensity 

of 1 % corresponds to about 20μE/m2/s at 
local noon on a fine day from April to J uly 
in the region investigated. 
Photosynthesis-light curves on frond area 
basis of young Ei. biり'Clisand Ec. cava are 
shown in Fig. 2. Photosynthetic rate of 
both species was almost saturated at 200 
μE/m2/s， and the saturated rate was higher 
in Ei. b句Iclisthan in Ec. cava. Under light 
intensities lower than 50μE/m2/s， however， 
the net photosynthetic rate was higher in 
Ec. cava than in Ei. bi，りclisand it increased 
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Fig. 2. Photosynthesis-light curves at 200C of 
young Eisenia b句'clis(a) and Ecklonia cava (b). 
Vertical bars indicate SD. 

Table 1. Photosynthesis-light equations on 
frond area basis， weight basis and chl. a basis in 
young Eisenia bicyclis and Ecklonia cava. P， net 
photosynthetic rate; 1， photosynthetically active 
radiation (0孟I孟25μE/m2/s).

Basis Ei. bicycli s Ec. cava 

Area P=0.411-3.38 
Dry weight P=0.0591ー0.50
Chl. a P=0.29 1-2.48 

P=0.38 1 -1.82 
P=0.063 1ー0.29
P=0.321ー1.56

linearly with increase in light intensity in 
both of the species. Table 1 shows the 
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Fig. 4. Diurnal changes in photosynthetically 
active radiation (PAR) under 3 types of weather 
conditions. The broken 1ines show the sine curves 
fitted. (a) 10=2130 xsinリ (1r.t/D);(b) 10=1250x 
sin1.3 (π・t/D)，and (c) 10= 150 x sin1.3 (π・t/D).
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Fig. 3. ReIationships between the reIative 
1ight intensity at growing site and the compensa-
tion 1ight intensity for young Eisenia bicyclis (e) 
and Ecklonia cava (0). 
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the water surface (10'μEJm2Js) at a given 
time t hours after sunrise is approximately 

given by: 

、‘，，，l
 
，，，.、、

where Imax is the maximum 10 during the 

daytime and D is the length of daytime 

(仕omsunrise to sunset). Table 2 sum-
marizes the results obtained in April， May， 
June and July. The average Imax in this 

period w部 1440μEJm2fs，which was 65.8% 
of the maximum solar radiation on fine 

day. The average length of daytime was 

13.9 hours. 

The photosynthetic rate of young Ei. 
bicyclis and Ec. cava when irradiated from 
both sides of the blade was twice as high 

as that when irradiated from one side of 

the blade in the laboratory (MAEGAWA et 
al. 1987). In addition， the relative light 
intensity on the blade was 80% of that of 

the horizontal plane immediately above the 

blade tip in the community (MAEGAWA et 
al. 1987). Thus， the gross photosynthetic 
rate (Pg，μl02Jcm2fh) on a frond area basis 
in the community can be written as follows: 

(2) 

(3) 

10 = Imax sin1.3 (π・tfD)，

Pg = 2xO.8xO.41 xl 
(for Ei. bicyclis)， 

Pg = 2xO.8xO.38xl 

(for Ec. cava)， 

linear photosynthesis-light equations repre-

sented on frond area basis， dry weight basis 
and chl. a basis， which were calculated by 
the squares linear regression method in the 

light intensity range lower than 25μEJm2fs. 
Photosynthetic rate was clearly di丘erentbe-

tween the species， but the slope of each line 
was almost the same (no significant differ-

ence at 95% confidence level). Average 

respiratory rate of Ec. cava (1.82μl 02J 
cm2fh) was almost half that of Ei. bi，り，clis
(3.38μlO山mりh). The compensation light 
inten.，ity was 8.2μEfm2fs for Ei. bicyclis and 
4.8μEJm2Js for Ec. cava. 
Fig. 3 shows the relationships between 

the light condition (relative light intensity) 

at growing sites and the compensation light 

intensity of young Ei. biりclisand Ec. cava. 
The compensation light intensity was cal-

culated from each photosynthesis-light equa-

tion in the range lower than 25μEJm2js. 
There are no significant correlations be-

tween the light condition at growing sites 

and the compensation light intensity in 

both species， although the compensation 
light intensity of both species is clearly dif-

ferent. 

Fig. 4 shows the diurnal changes in pho-

tosynthetically active radiation (PAR) un-

der 3 types of weather conditions， fine， 
cloudy and rainy day. Solar radiation on 
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where I is the light intensityμEfm2fs) 
measured on the horizontal plane above 

the young frond tip in the range lower 

than 25μEfm2fs. 
Based on the above equations， the daily 
production and daily compensation light 
level of young Ei. bicyclis fronds were es-
timated as follows. The light intensity on 

the water surface at a given time t hours 

after sunrise can be calculated by eq. (1). 

Relative light intensity on the community 

ftoor (Z) is given by: 

Z = IfJo・

Hence， the gross photosynthetic rate (P g' 
eq. (2)) at a given time t hours after sunrise 

is given by: 

九=0.66 x Z x Imaxxsin行π・tfD).(4) 

Thus， the daily gross production (Qg，μ1 
02fcm2fday) is given by: 

rD 

Qg = ¥ {0.66xZxImaxx山 1.3

(π・tfD)}dt 

宇1.21xZxlmaxxDfπ(5) 

as a function of 3 parameters， the relative 
light intensity on the community ftoor (Z)， 
maximum light intensity during the day-

time (Imax) and the length of daytime (D， 
13.9 h in the present case). 

The daily net production (Qm Jll 02fcm2f 
day) is also given by: 

Qn = 1.21 xZxImaxxDfπ-3.38x24. 

(6) 

The daily compensation light level (Zc.d) 
is given by: 

Zc.d = (3.38 x 24 xπ)f(1.21 xImaxxD). 

(7) 

The daily production and daily compen-
sation light level of young Ec. cava was cal-
culated in the same way starting with eq. 

(1) and eq. (3). The gross photosynthetic 

rate (P g) at a given time t hours after sun-
rise is given by: 

Pg = 0.61 xZxlmaxxsin行π・tfD).(8) 

The daily gross production (Qg，μlO山m2f
day) is given by: 

Qg= rじド:〉戸{初0.61xZxlmaωa 
(伊π.ぺtfD)}dt

宇1.12xZxlmaxXDfπ(9)

The daily net production (Q即 μlOzfcm2f
day) is also gien by: 

Qn = 1.12 xZ x Imax xDfπ-1.82x24. 

(10) 

The daily compensation light level (ZC.d) is 

given by: 

Zc.d = (1.82 x 24 xπ) f(1.12 x Imax x D). 

(11 ) 

The relationships between daily net pro-

duction (Qn) and light condition (Z andfor 

Imax) of both sp巴cieswere examined in Fig. 

5. Values of Imax represent weather condi-

tions; e.g. 2190μEfm2fs on fine day， lower 
than 150μEfm2fs on rainy day and 1440 
μEfm2fs on the day with average solar ra-
diation (Table 2). Net production will 

equal zero at a particular daily light com-

pensation point which depends on the rela-

tive light intensity. I t is expected that 

young fronds of Ei. biりclisand Ec. cava can 
grow when their net production exceeds 

the daily respiratory loss at light intensities 
greater than their compensation point， 1.1 
% (Ei. biりIclむ)or 0.6% (Ec. cava) at 1440 
μEfm2fs of 1m田 onan average day during 
the present study (Fig. 5). These values 
agree wel1 with the observed critical light 
for the species on the community ftoor (Fig. 

Table 2. The monthly maximum (Imax) of 
photosynthetical1yactive solar radiation (PAR) on 
自neand average days， and the average length of 
daytime in April， May， June andJuly 1986. 

Imax (μEfm2fs) Daytime 
Evfonth (h) 

ane day aVerage day 

April 2066 1350 13.1 
May 2193 1600 14.0 

June 2235 1430 14.4 
July 2217 138o 14.2 

Mean 2178 1440 13.9 
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community ftoor of Ei. bicyclis and Ec. cava 
the light intensity is critical for the survival 

and growth of young fronds. Photosynthe-

tic characteristics of young fronds of sea-
weed species under dim light condition wiIl 
provide a key to understand the difference 

in vertical distributions of the species. 

In the present study the improved dif-

ferential gas-volumeter (YOKOHAMA and 

MAEGAWA 1988) with large reaction and 

compensation vessels (250 ml) was used to 
measure photosynthesis and respiration in 

intact young fronds of comparatively large 

area (15-35 cm2) of Ei. bicyclis and Ec. 
cava， and it was possible to obtain detailed 
photosynthetic oxygen changes even near 

the compensation light level. The saturat-
ed light intensity， light compensation point 
and respiratory rate of young Ei. biりclis
and Ec. cava in the present study were well 
in agreement with those of adult fronds 
(SAKANISHI et al. 1988a， b) and almost the 
same as reported in a previous paper 
(MAEGAWA et al. 1987). The light com-

Discussion 

Solar radiation is an ultimate source of 

biological production which is initiated in 

the conversion of its radiant energy into 

chemical energy in organic matter through 

photosynthesis of plants， the primary pro・
ducers. Prima町 productionin the coastal 

areas of the sea is carried out mainly by 

macroalgae. Distribution and diurnal 

changes of the solar radiation， especially 
of the photosynthetically active radiation 
(PAR) ， are important for algal photosyn-
thesis in the sea (R YTHER 1956， R YTHER 
and YENTSCH 1957， ICHIMURA et al. 1962). 
In spite of its important ecological signifi-
cance， only a little attention has so far been 
paid to the light distribution within under-
water plant communities (IKUSIMA 1965， 
1966， GERARD 1984， 1986， HAYASHIDA 
1986， MAEGAWA and KIDA 1987)， probably 
because of the di伍cultyof light measure-
ments under natural conditions. On the 
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pensation point estimated by the linear 
photosynthesis-light relationship of young 
fronds irradiated from one side was 8.2 
μEfm2fs for Ei. bicyclis and 4.8μEfm2fs for 
Ec. cava. These values were higher than 
those of adult or young Macrocystis良川fera
(CLENDENNING 1971， FAIN and MURRAY， 
1982) and young Laminaria japonica (NI・
田ARA1980)， although the saturated light 
intensity was almost similar. 

1t was reported that mature blades of 
Macroψtis pyrifera 企omdifferent depths ex-
hibited di妊erentphotosynthetic character-
istics; i.e. the photosynthetic capacity of 
canopy blades was higher under saturating 
irradiance and their photosynthetic effi-
ciency was higher at low irradiance as com-
pared with those of deeper blades (GE貼即
1986). These differences in photosynthetic 
characteristics of blades collected 仕omdif-
ferent depths were primarily attributable to 
acclimation to light conditions. For young 
Ei. bicyclis and Ec. cava in the present study， 
the compensation light intensity varied with 
various light conditions of the growing sites 
from where they were collected， even though 
no significant correlations were found be-
tween the light condition at growing sites 
and the compen卸 tionlight intensity (Fig. 
3). However， the level of compensation 
light intensity was distinguishable between 

the two species. The photosynthetic capac-
ity under saturating irradiance could also be 
distinguished clearly between young Ei. bi-
cyclis and Ec. cava regardless of the light con-
ditions at their growing sites in the present 
study as well as in the previous study 
(MAEGAWA et al. 1987). 

The difference of photosynthesis-light 
curve in relation to light quality was re-
markable in green and red algae (YOKO・
HAMA 1973a， b). However， KAGEYAMA 
and YOKOHAMA (1974) reported that the 
photosynthesis-light curve was slightly dif-

ferent with the light quality in three species 
of Phaeophyta， Ishige sinicola， Sargassum ring-
goldianum and Undaria pinnatifida， collected 
from shallow water， but was not di任erent
in Undaria peterseniana仕omdeeper water. 

1n the present study it was assumed that 
there is no significant difference in photo-
synthetic rate of Ei. bicyclis and Ec. cava in 
relation to light quality. 
The estimation of the critical light in-
tensity for young Ei. bicyclis and Ec. cava 
was carried out in the present study with 
special reference to the mathematical model 
of community photosynthesis for submerged 
aquatic plants by 1KUSIMA (1970). 1n his 
report the light intensity on the water sur-
face (1， klx) at a given time t hours after 
sunrise was approximately given by: 

1 = 1max sin2(π・tfD)，

where 1max is the maximum 1 during the 
daytime and D is the length of daytime (hr). 
1n the present study， however， the diurnal 
change in solar radiation (1，μEfm2fs) is 
represented by: 

1 = 1max sin1•3 (π・tfD).

It is thought that the discrepancy among 
the equations may be due to the difference 
of measuring methods and units which ~re 
illuminance (lx) in the former and photpn 
flux density (μEfm2fs) of PAR in the latter. 
The estimated criticallight level was 1. r % 
for Ei. bicyclis and 0.6% for Ec. cava in 
児島renceto the light intensity at the w~ter 
surface (Fig. 5). These values correspond 

to about 0.42 Efm刊ayand 0.24 Efm刊ay
respectively， which are almost the same as 
the daily compensation light of phytoplank-
ton (PARSONS et al. 1984). Photosynthetic 
characteristics of Ei. bicyclis and Ec. cava 
respectively represent characters of .the sun 
and shade types of photosynthesis in ter-
reはrialplants (BOARDMAN 1977). 1t is 
clear that young Ec. cava fronds can grow 
under the lower in situ light intensity in 
deeper water as compared with young Ei. 
bi，りIclisfronds. This difference in critical 
light cnodition is considered to be one of 
the most important factors to determine 
the difference in their vertical distributions， 
particularly the lower limit of distribution 
of the two species. The estimated daily 
compensation light of both species agreed 
well with the observed critical light con，di-
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tions on the community floor. This indi-

cates that the present measurements of light 

conditions in the field and photosynthetic 

rate in the laboratory were accurately car-

ried out. 
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前川行幸キ・喜田和四郎*.検浜康継**・有賀祐勝***:褐藻アラメおよびカジメ幼

体の光要因からみた生育限界の比較

三重県志摩半島沿岸およひ‘静岡県伊豆下回鍋田湾のアラメ・カジメ群溶について，生育場所の光環境，幼体の

光合成一光関係，日射の日変化等を測定し，日fIli償点を推定するためのモデソレ式を作り，両種幼体の光環境から

みた生育限界の解明を試みた。さまざまの場所から採取されたアラメ幼体21個体，カジメ幼体13個体について光

合成一光1111線を求めた。光合成光関係，生育場所の相対光強度，日射の同変化等から 1Bの純生産量を求める

モテソレ式を作り， 日補償点を推定した。得られた日補償光強度は，海面l乙対する相対光強度で表わされ，アラメ

幼体では約1.1%，カジメ幼体では約0.6%であ勺た。また，幼休の生育する現場での光環境を知るため群落底部

の光分布を測定した結果， アラメ幼体は1.0ー1.5%，カジメ幼体は 0.5ー1.0%相対光強度の場所lζ生育してお

り，モデル式からの推定値とよく一致した。以上の結果から，カジメはアラメlζ比べより深所iζ分布する乙とが

説明される。両種の水深の違いを，光合成の面から日補償点の差として明らかにする乙とができた。 (*514 三

重県津市江戸橋2-80 三重大学生物資源学部藻類増殖学研究室，紳415 静岡県下回市5ー10ーl 筑波大学下回

臨海実験センター，紳*108 東京都港区港南4-5-7 東京水産大学藻類学研究室)
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Masahiro NOTOYA: Tissue culture from the explant of Ecklonia 

stolonifera OKAMURA (Phaeophyta， Laminariales) 

KりIlrukx ¥iVi町'ds: Ecklonia stolonifera Okamura-Plweophyta-tissue culture. 
Masahiro Notりa，Aquaculture Center Aomori P句(ectrlre，Hiranai， Aomori-ken， 039-34 Japan 

& shown in Table 1. seven species have 
been used for the tissue culture in La凶.

nariaceae. The present study shows the 

growth of tissues of Ecklonia stolonifera OKA-

MURA in several culture media under various 
temperatures. 

The material used was col1ected at Tano-
sawa， Aomori Prefecture， in April， 1986. 

CUT AND 

CLEANED 

The tissues removed from the portions of 

meristematic zone， stipe or holdfast were 
quickly cleaned up by paper towels， then 
the surface was cut off. After treatment 
with absolute ethanol， the surface was 
burned in clean bench (Fig. 1). Explants 
were cut into 3-4 mm  segments and placed 
on the fol1owing culture media solidified 

4 

ノ

5j 
PUT DN AGAR PLATE 

DIPPED 1M ABSDLUTE CUT INTO S圃ALLPIECES 
ETHANDL FOR A FEW SECDM目

Fig. 1. Sterilization procedure for the preparation explant凶edin the present tissue cuIture experiment. 

Rre君entaddress: Laboratory of Phycology， Tokyo 
University ofFisheries， Konan・4，Minato-ku， Tokyo， 
108Japan. 
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Table 1. The species in Laminariales previollsly lIsecl for tisslle CllltU1 e. 

Species TisslIc ClIltllre Medillm ReslIlt Reference 

Laminaria angllstata B1ade PESI L Call11s=>Sporophytc Saga et al. 1978 

L. digitata Bladc ASP6F2 S Call1ls=>♂ ♀= > Sporophyte Fries 1980 

L. /，りJ戸erbo何 G Blade ASP6F2 S Call1ls=>♂♀=  > Sporophyte Fries 1980 

L. angllstata Stip巴 ASP 12-NTA S Call1ls Saga & Sakai 1983 

L. japonica B1ade MS+B12+C-751 L Call1ls=>Sporophye Fang et al. 1983 

L. s acc/wrina Stipe ASP6F2， PESI， 

SWA S，L Call1ls=>♂♀ =>Sporophyte Lee 1985 

Undaria tinnatがda B1ade MS+B12+C-751 L Call1ls=>Sporophyte Fang et al. 1983 

λI/ac叩りstist)'rifera Stipe PESI S，L Call1ls Polne-FlIller et al. 1986 

EckLonia stolonifera Blade， Stipe， PES， PESI，孔1G-jS，

Holdfast PESI-jS S Call1ls Presen t S tlld Y 

Fig. 2. Call11s tissues d巴velopedinto various parts of the frond of EckLollia .<toLonifera OKAlI1URA. A; B1ade， 
B; Stipe， C; Holdfast目 Cal1usforming portion is noticed in the part which is weakly stained at the margin on 
the upper left side. D; Longitudinal section extending call1ls mass from medullary part of stipc. Scale bar= 
500μm. 
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with 1.5% agar in 50x 15 mm  Petri dishes， 
viz.， PES (PROVASOLI 1968)， PESI (TATE-
WAKI 1966)， PESI-JS (natural seawater 
changed by Jamarin S in PESI) and MG. 

JS (natural seawater changed by Jamarin S 

in modified GRUND medium). The cul-

tures were conducted at lOoC， 150C， 200C 
and 250C， in 14h light and lOh dark cycle 
under 2000 lux by cool white fluorescent 

lamps. AlI the tissues gave rise to callus 
formation in PESI medium under 150C 
(Fig. 2)， of which those from the stipe grew 
excellently. The callus occurred mainly at 

the medullary part; they consisted of col-

ourless or pale yellow branched filaments 

(Fig. 2C). The callus derived 企omthe 
stipe tissue showed the best result in PESI-

JS at 200C (Table 2). The tissue cultures 
previously reported (Table 1) had been per-

formed only at lOoC or 150C. 1 guess that 
20oC， a relatively high temperature， would 
be suitable for culture growth of the species 

of Laminar包ceaesuch as Ecklonia stolonifera 

growing in the temperate region. 
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Table 2. Formation of callus structure of Ecklonia slolon抑 OKAMURAin culture. Occurrence 
of callus structure: (一)=not appeared， ( +) =slightly appeared， (+ +) =abundantly 
appeared. 

Age 1 Week 2 Week 3 Week 4、'¥'eek
Temperature (OC) IO 15 20 25 IO 15 20 25 IO 15 20 25 IO 15 20 25 

Medium 

PES - - - - -

PESI 

PESI-]S 

MG~JS 

一 十十十

十一一+十一十+ ++十十

一一一一一一+

能登谷正浩:ツルアラメの組織培養

十

で 一

十十 十十十

ツルアラメの各組織，即ち薬部成長点付近，茎部，仮服部からの摘出組織を用いてカルス形成lζ及ぼす培地と

温度の影響を調べた。その結果，茎の組織，ジャマリン人工海水を用いたPESI寒天培地， 200Cでそれぞれ最も

良くカルスの発生が認められた。 (039--34 青森県東津怪郡平内町大字茂浦字月泊IO 青森県水産増殖センター)
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J. Carl STAPLETON: Occurrence of Undaria pinllat伊da

(HARVEY) SURINGAR in New Zealand 

KりInde.λ Words:ne出向cord-NewZealand-Phaeotlryta-seaweed-U ndaria pinnati日a
)ames Carl Statletoll， Laborc，ωIJ' qf Plrycolog)'， Tok)'o Univers吻 qfFisheries， Ko刷 n-4，Nlillato-ku， 
Tok)町 108)apall 

1n mid-August 1987 attached wakame， 
Undaria pinnatijida (HARVEV) SURINGAR 

(Pha巴ophyta)，growing on a breakwater at 
Ori巴ntal Bay， W巴llington，New Zealand 
(Fig. 1)， was identified by Dr. P巴nn
LucαK悶くENS丸， a D.S.I.R. (Department of Sci-
entific and 1ndustrial Research) marine bi-

ologist. Dr. LUCKENS had spent 2 years in 

]apan and had s巴enuω!aka仰η

was easily ab】le 巴 tωo identify t山h巴 s叩peCl巴邸s. An 

article in the Evening Post newspaper， Wel-
lington， September 2， 1987， shows a photo-
graph of Dr. LUCKENS holding a specimen 

of wakame with holdfasl attached to a bottle 

(Fig. 2). 
Th巴 wakameis growing on rocky surfaces， 
esp巴ciallyon recently made artificial sub-

strates. The largest population is near the 

Freyburg swimming pool with other popu-

5 

35 
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Fig. 1. Map ofNew Zealand (Ieft) showing 10-
cation of Wellington. Map of Wcllington Harbour 
arca (right) showi暗 thcdistribution of出。kame:
Light shac1ing at southcrn巴ncl01' Ovcrscas Con-
tainer Terminal (O.C.T.) in Lambton HarboUl 
(L.H). and extcnding as far as Point Jerningham 
(Pt. .J.) i吋 icatesscattered popu¥ations or山akml此
Dark shading near Freyburg Swimming Poo¥ 
(F.S.P.)， 10cation or hcaviest popu¥ation. 

l均at即
Wellington Ove引r同‘.古s犯巴a部sContainer T巴er‘:'mina剖l 

(Fi氾g. 1り).The species has not be巴n re-
corded from any other sites in New Zealand. 

Th is occurrence of wakame in N巴wZ巴a-

land is the first time it has been recorded in 

the sou thern h巴misphere. It was suggested 
in the Wellington newspaper articles (Evelト

ing Post， September 2， 1987; Dominio1!， Sep-

tember 3， 1987) announcing the discovery 

I-，orh.tot..側、....，~，・

!~i~~;s~ぶ iuvades
i7:::三?ミ....，三三芝五?日:~ inn附le引rha剖rbou山lr .. τ~ ，-~.石去己;点
|主マ喰食?お......宗;イそぞ:了二r1止γ!字口一.-日乙.ヨ自主戸デ:・市プて
lihW1・f 旬 F与-.か吋，.....バョ2241j江戸p
日:予;やふ5551h;:・3ぷtrJ:?ぶおfJ2?57:?

コマ431ロユJJW『Ld rU町 32，『.J九二“一岬… "・叫山..，...'.....町_.・哨"山市， .・叫留向日・山岬
聞い… 嶋"“.__，，_ t.... 1..J"， ~ ・""-………一.. . ....““
川、はいけぷ:::7!'!:::"~::'，:，.;~:':...~~ア‘広三ぷよよ..-土・ ~lおり.....- " .... .内 a

マKJT1hi日;可?と三日弔573芝山FLEaf;況判

Fig. 2. Newspapcr artidc in th巴“Evening
Post" (Wellington)， September 2， 1987， with a 
photograph or DJ'. Pcnny Luckens ho¥c1ing a speci-
men or wakallle rouncl in Lambton HarbouJ'， VVcI-
¥ington， New Zca¥ancl. 
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that the species might have arrived in New 

Zealand as a gametophyte on the hull of 

japanese or Korean fishing vesse1s many of 

which frequently berth in Lambton Har-

bour， Wellington. However it seems that 
it wou1d be di伍cultfor the gametophyte 

to survive the high temperatures of the 

tropica1 seas through which ships from the 

northern hemisphere must pass to reach 

New Zea1and. Another hypothesis is that 

the species arrived as a gametophyte in ship 

ballast water. CARLTON (1985) reviews 

transoceanic and interoceanic dispersa1 of 

coastal marine organisms， including sea-
weeds， in ship ballast water. However the 
New Zea1and authorities do not know how 

the species arrived there or for how long 

it has been growing in and near Lambton 

Harbour， Wellington. The plants are 
healthy， fertile and up to 1.5 m long 
(NELSON， personal communication). 
It is too early to know what e任ectthe 

wakame will have on the ecology of the 
harbour in which it has been found. 

FARNHAM (1980) discusses accidentally in-

troduced species of seaweeds in British 

coasta1 waters and the ecologica1 effects of 

the intr，Jduction of alien species in specific 

parts of the Eng1ish coast. Dr. Cameron 

H. HAY， a D.S.I.R. Oceanographic Insti-
tute phyc010gist， wi1l direct studies of the 
Wellington wakame. It will be necessary to 
survey the ecology of native seaweeds of 

Port Nicholson immediately to find out if 
the wakame is growing in any other 10cations 
there. The D.S. I.R. is a1so int巴restedin 
the commercia1 potential of the species 

(HAY， persona1 communication). There 
are no plans to remove or destroy the 

wakame. 

The writer would like to thank Professors 

A. MIURA and Y. ARUGA， Tokyo Universi-
ty of Fisheries， for suggesting that this in-
formation be communicated and for reading 

and 0任eringadvice on the manuscript， Dr. 
W. NELSON， National Museum of New Zea-
land， for communicating news of the dis-
covery， Dr. M. GORDON， Botany Depart-
ment， Victoria University ofWellington， 
for sending newspaper articles and other in 

formation， and Dr. C.H. HAY， D.S.I.R. 
for helpfu1 information on the Wel1ington 

wakame. 

Addendum 

After submission of the manuscript of this 
report the paper by HAY and LUCKENS 

(1987) on the Wellington wakame was 
published. 
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資源育成学科藻類学研究室)
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一一学 会録事ーー

1. 日本藻類学会第12回大会

昭和63年3月30日・ 31日の両日，三重大学・生物資

源学部水産学校舎において第12回大会を開催した。大

会会長は岩崎英雄氏(三重大)で，参加者は 117名で

あった。講演は54題の一般講演があった。

大会第 l日自に同会場において総会を開倒し，引き

続き三重大学水産食堂で約2時間にわたって懇親会を

開催した。懇親会は前川行幸氏(三重大)の司会，谷

口森俊民の乾杯の音頭で始まり，盛会組K終了した。
参加者は97名であった。三重大学の教官諸氏および学

生諸氏lとは大会運営にあたっていろいろど協力頂き，

厚く御礼申し上げる。

懇親会参加者

秋岡英承，秋山 優，鯵坂哲朗，安達六郎，有賀祐!路

池原宏二，石川依久子，市村輝宜.W井雅彦，伊藤裕之
井上勲，岩井寿夫，巌佐耕三，岩崎英雄，悔崎勇

榎本幸人，江原友子，大喜・田勝，大塚|清江，大野正夫

大葉英雄，大森長朗，奥田武男，長船哲斎，小野淳

Chr・istineA. Orosco，柿木孝文，笠井文絵，加藤英男

片山野康，香村真徳， J"合哲夫，川井浩史，川嶋昭二
河池正{申，菊池和夫，北沢星磁，喜問和凹郎，熊野茂

倉島彰，黒閏充恵，小林艶子，小林弘，今野敏徳

斎藤捷一，斎藤議，坂西芳彦，瀬戸良三，高橋永治

高村典子，田中次郎，谷口森俊，千原光雄，狼暁明

坪由宏，徳間庇，戸田淳一郎，土井考爾，中原紘之

長島秀行，名畑進一，南基完，野崎久義，野田宏行

原慶明， Richardo J. Haroun，半田{言司，馬場将輔

日野修次，福島博，福間育二郎，藤井修平，

藤村太一郎，姻輝三，<ーチャー卜，前川行幸，

増田道夫，松井敏夫，松山忠二，真山茂樹，丸山晃

三浦昭雄，水野真，御園生拓，宮地和幸，村瀬昇

安井噌，簸 胤山岸高庇，山本真規子， 111本虎夫

横浜!ぷ継，善家俊二，吉武佐紀子，吉III忠~t，渡辺信

渡辺旦!呑

2. 評議員会・編集委員会

第12聞大会の前日， 3月29日lζ三重大学・生物資源

学部水産学校舎21智会議室において編集委員会(14: 

00-15: 30)および評議員会(15:30-19 : 30)を開

催し， J府和63年度総会に提出する報告事項・議題など

の審議を行った。議題については総会の項を参照され

fこい。

評議員会出席者:梅崎勇会長，秋山優，石川

依久子，巌佐耕三，榎本幸人，大野正夫，奥田武男，

喜田和四郎，小林弘，千原光雄，原慶明，三浦

昭雄，簸烈，繍浜康継の各評議員，坪由宏編集委

員長および鯵坂哲朗，市村輝宜，熊野茂，中原紘之

各幹事。

編集委員会出席者:坪由宏委員長，石川依久子，

巌佐耕三，榎本幸人，高橋永治の各編集実行委員，

秋山優，有賀祐勝，岩崎英雄，奥田武男，小林弘，

堀輝三，吉岡忠生の各編集委員，梅崎勇会長およ

び鯵坂哲朗， i1j村輝宜，熊野茂，中原紘之各幹事。

3. 昭和63年度総会

昭和63年3)'J 30日(大会第 l日目)の講演終了後，

三重大学・生物資源学部水産学校舎において総会を開

催した。梅崎会長の挨拶lζ続いて，喜田和四郎氏を議

長lζ選出して議事lζ入った。

I.報告事項

1. 庶務関係

(1)会員状況 (63年2月現在):名誉会員3名，普通

会員529名，学生会員47名，団体会員56名，賛助会員

14名，外国会員81名，購読・寄贈・交換75件。 (2)昭和1

62年度文部省科学研究費刊行補助金「研究成果公開促

進費」は 104万円で，責任頁は 300頁である。なお，

昭和63年度分として199万円の申請を行い責任頁は300

頁である。 (3)日本学会事務センターに会員業務を委託

した。委託料は69万6919円である。

2. 会計関係

(1)昭和63年度の会費納入率は3月26日現在で普通会

員53%，学生会員33%である。 (2)昭和62年一般会計と

岡山田幸男博士記念事業基金特別会計の決算報告は昭

和63年3月10日，瀬戸良三(神戸女学院大学)， 消水

晃(奈良女子大学)の両会計駿事により適正であると

承認された。

3. 編集関係

(1)昭和62年度に発行した第35巻 1-4号は，総頁数

305頁，掲載論文数28編，短報8編，広告頁17頁であ

った。 (2)昭和62年度に発行した第36巻 l号は，掲載論

文数8編，短報5編，総説 l編，第12回大会講演要

旨，学術会議だより，を含めて， 112頁で発行した。



第36巻2号以降i乙掲載予定の投稿論文は審査中のもの

を含めて24編である。 (3)昭和63年度編集実行委員lζ，

四天王寺国際仏教大学の巌佐耕三氏を委嘱する。

4. その他

(1)会則の趣旨iζ沿って日本藻類学会主催の海議採集

会を大会終了後，三重大学生物資源学部附属水産実験

所(志摩郡志摩町)で開催する。 (2旧本務類学会昭和

62年度秋季シンポジウムを植物学会大会前日の昭和62

年11月25日午後に茨城県つくば市の国立公害研究所で

開催した。

II.審議事項

1.昭和62年度一般会計決算報告および周監査報告

は表ーlのとおり承認された。 2.昭和62年山田幸男博

士記念事業基金特別会計の決算報告および監査報告は

表-2のとおり承認された。 3.昭和63年度一般会計予

算案は表 3のように可決承認された。 4.編集関係で

は次の事項が承認された。 (1)審査委員iζ対する謝辞の

文面は現状通りとする。 (2)秋季シンポジウムの記事

は，発表者が各人2，000-4，000字程度lζ緩め，学会録

事として掲載する。 (3)制限頁を一部緩和し，論文(英

文10頁，和文6頁)，短報3頁，速報2頁，雑録l頁，

総説15頁とする。速報は有料で l頁12，000円の掲載料

を徴収する。以上の変更に伴って，投稿案内を改訂す

る。 5.昭和63年度事業計画として次の事項が決めら

れた。 (1)本年度の秋季シンポジウムは岡山大学で聞か

れる日本植物学会第53回大会前日の10月12日lζ山陽学

園短期大学の大森長朗氏を世話人として岡山市の山陽

学園短期大学で開催する。 (2)来年度の日本藻類学会第

13回大会は福島博氏を世話人として東京女子体育大

学で開催する。 6.会則の付則第2条の2を次のよう

に変更するととが承認された。 r地区割は次の8地区
とする。北海道地区，東北地区，関東地区，東京地

区，中部地区(三重県を含む)，近畿地区，中国・凹

園地区，九州地区(沖縄県を含む)oJ 7.第4四国際

バイオシステマティック・シンポジウム(昭和64年7

月10日-14日)の組織委員長(河野間一氏，京大教

授)及び第5回国際微生物生態学シンポジウム(昭和

64年8月27日-9月1日)の組織委員長(門岡元

氏，京大名誉教授・近畿大教授)からの申し出によ

り，それぞれの後援団体及び協賛学会となる乙とにな

った。 8. 日本学術会議第14期会員候補者および推薦
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人予備者の決定について。本年度は日本学術会議会員

改選の年iζ当たります。本学会では会員候補者及び推

薦人・推薦人予備者の選出iζ関する内視(昭和59年12

月21日制定，昭和62年3月29日一部字句訂正) I乙従

い，評議員による選挙をお乙ないました。その結果，

最高得票者は千原光雄氏となりましたが，同氏は日本

植物学会の推薦人になっておりますので，会員候補者

を兼ねることができません。そのために次点者の下記

の方に決定しました。

日本学術会議第14期会員候補者梅崎勇

また，次の方を推薦人，推薦人予備者に決定しまし

fこ。

日本学術会議推薦人小林弘

日本学術会議推薦予備者 山岸高旺

4. 日本藻類学会海藻採集会報告

昭和63年3月31日(木)日本藻類学会第12回大会終

了後，大学パスで三重大学生物資源学部附属水産実験

所(志摩郡志摩町)Iζ移動して， 4月1日(金)-2  

日(土)Iζ海藻採集集会を閲催した。喜田和四郎氏と

前川行幸氏(三重大)を講師iζ本学会会員を中心lζ下

記の17名(手伝いを兼ねた三重大学の大学院生 l名を

含む)が参加した。 4月1日午前中は志摩郡浜島町矢

取島の海岸で磯採集，午後から2班に分かれ，カジメ

群落の潜水観察やヒトエグサ養殖場の見学をした後，

2日正午まで採集品の整理・同定観察と標本作成など

を行った。なお，本海藻採集会の内容の詳細は問中次

郎氏(国立科博・植物)の参加記(次号掲載予定)を

参照されたい。

参加者:池原宏二(日本海区水研)，伊藤真理(日

本女子大)，井本善次(高知大，海洋生物センター)，

大野正夫(高知大，海洋生物センター)，大葉英雄

(策水大，植物)， Christine A. Orosco (高知大，海

洋センター)，片山好康(東京学芸大，生物)， JII嶋昭

二，喜田和四郎(三重大，生物資源)，田中次郎(国

立科博，植物)，鍋島靖信(大阪府水試)，馬場将輔

(日本海洋生物研)， i河川行幸(三重大，生物資源)，

御園生拓(山梨大)，村瀬昇(三重大，生物資源)，

横浜康継(筑波大，臨海センター)，渡辺黒香(高知

大，海洋生物センター)
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11，217，522 計合11，217，522 計合

貸借対照表

(円)

普通預金(第一勧銀)

学会センター預け金

郵便振替

小口現金

未収金

仮払い金

合計

65，010 
35，500 

2，655，284 
1，802，106 
4，457，390 

方貸

未払金

前受会費

前期繰越金

当期繰越金

次期繰越金

1，996，560 
1，755，287 
17，500 
15，881 
672，672 
100，000 

(円)方借

4，557，900 計合4，557，900 
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日本藻類学会会長

日本藻類学会会計幹事

日本藻類学会会計監事

日本藻類学会会計監事

本会計決算報告は適正である事を認める。
昭和63年3月10日

間和63年3月10日
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日本藻類学会昭平官62年度山田幸男博士記念事業特別基金会計決算報告 (62.I. 1 -62.12.31) 表-2

(円)部の出支(円)

14，000 

1，000 
16，000 
23，469 

部

山田幸男博士追悼号 (2冊)

学会出版物売上金

コンプ論文集(1冊)

日米セミナー (4冊)

子

の入収

。手U

。計
、
j
 
J
 

54，469 計

1，466，522 次年度繰越金1，412，053 前年度繰越金

1，466，522 計三h
仁'

1，466，522 計A 
口

貸借対照表

(円)

定期預金(住友銀行)

普通預金(住友銀行)

未収金

1，412，053 
54，469 

方貸

前期繰越金

当期繰越金

1，300，000 
162，522 

4，000 

(円)方借

1，466，522 

A 
ロ 1，466，522 計

次期繰越金

A 
口1，466，522 計
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日本藻類学会会長

日本藻類学会会計幹事

日本藻類学会会計監事

日本藻類学会会計監事

昭和田年3月10日

本会計決算報告は適正である事を認める。

昭和63年3月10日
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表-3 昭和63年度一般会計予算案 日本藻類学会

収 入 の 部 (円) 支 出 の 部 (円)

会 費 4，484，200 印 属。 費 5，300，000 

普通会員 (529) 3，332，700 
学生会員 (47) 211 ，500 別刷代 800，000 

外国会員 (81) 290，000 編 集 費 400，000 

団体会員 (56) 410，000 

賛助会員(14) 240，000 編集補助費 50，000 

版 tE垂E=e 320，000 通信連絡費 250，000 

会誌発送費 250，000 

ノぜックナンノぜー 50，000 庶 務 費 1，050，000 

別 席。 代 800，000 事務用品質 40，000 

超過頁負担金 300，000 会議費 50，000 

広 告 {-'C 200，000 通信・印刷費 150，000 

利 子 5，000 事務整理補助費 60，000 

プログラム代 36，000 諸雑費 500，000 

雑 収 入 30，000 幹事旅費補助 50，000 

刊行助成金 1，040，000 幹事手当 200，000 
学会センター業務委託費 710，000 
第12回大会補助 100，000 
秋季シンポジウム会場費 50，000 

計 7，215，200 計 7，860，000 

前年度繰越金 4，457，390 予備費 3，812，590 

i口h 計 11，672，590 d口h 計 11，672，590 

日本藻類学会第12回大会会計報告 日本藻類学会大会準備委員会

収 入 の 部 (円) 支 出 の 部 (円)

大会参加賀 プログラム代 36，000 
予約 (80名) 194，500 会場使用料 2，389 
当日 (37名) 91，500 懇親会会食代 296，000 
懇親会費 アJレバイト代 281，250 
予約 (67名) 167，500 諸 雑 費 70，353 
当日 (30名) 75，000 学会返還金 2，508 

学会補助金 100，000 
商品展示代金 60，000 

d口h 計 688，500 J口L 計 688，500 

昭和田年4月5日 第12回大会会計幹事岩井寿夫@
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新人 会

住所変更

退

永沼 治(長野県)，鷹取歳二(岡山県)，佐藤重勝(千葉県)

.6. 

"" 
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日本藻類学会々則

第 l条本会は日本藻類学会と称する。

第2条 本会は蕩学の進歩普及を図り，併せて会員相互の連絡並l乙親隠を図ることを目的とする。

第3条本会は前条の目的を達するために次の事業を行なう。

1. 総会の開催(年 1回)

2. 藻類lζ関する研究会，講習会，採集会等の開催

3. 定期刊行物の発刊

4. その他前条の目的を達するために必要な事業

第4条本会の事務所は会長が適当と認める場所におく。

第5条本会の事業年度は 1月1日l乙始まり，同年12月31日lζ終る。

第6条会員は次の 4種とする。

1. 普通会員(藻類lζ関心をもち，本会の趣旨に賛同する個人で，役員会の承認するもの)。

2. 団体会員(本会の趣旨に賛同する団体で，役員会の承認するもの)。

3. 名誉会員(藻学の発達に貢献があり，本会の趣旨に賛同する個人で，役員会の推薦するもの)。

4. 賛助会員(本会の趣旨に賛同し，賛助会員会費を納入する個人又は団体で，役員会の推薦するもの)。

第7条 本会に入会するには，住所，氏名(団体名)，職業を記入した入会申込書を会長lζ差出すものとする。

第8条普通会員は毎年会費7，000円(学生は5，000円)を前納するものとする。但し，名誉会員(次条に定め

る名誉会長を含む〕は会費を要しない。外国会員の会費は 8，500円とする。会長の承認を得た外国人留

学生は帰国前lζ学生会費の10年分を前納することができる。団体会員の会費は12，000円とする。賛助会

員の会費は l口20，000円とする。

第9条本会には次の役員を置く。

会長 l名 幹事若干名 評議員若干名 会計監事 2名

役員の任期は2カ年とし重任するととが出来る。但し，会長と評議員は引続き 3期選出されることは出

来ない。役員選出の規定は別に定める(付則第 I条~第4条)。本会lζ名誉会長を置く乙とが出来る。

第10条会長は会を代表し，会務の全体を統べる。幹事は会長の意を受けて日常の会務を行う。会計監事は前年

度の決算財産の状況などを監査する。

第11条評議員は評議員会を構成し，会の要蕩IC関し会長の諮問にあずかる。評議員会は会長が招集し，また文

蓄をもって，乙れに代えることが出来る。

第12条 1. 本会は定期刊行物「藻類」を年4回刊行し，会員lこ無料で頒布する。

2. r藻類」の編集・刊行のために編集委員会を置く。
3. 編集委員会の構成・運営などについては別に定める内規による。

(付則)

第 l条 会長は圏内在住の全会員の投票により，会員の互選で定める(その際評議員会は参考のため若干名の候

補者を推薦することが出来る)。幹事は会長が会員中より乙れを指名委嘱する。会計監事は評議員会の

協議により会員中から選び総会において承認を受ける。

第2条評議員選出は次の二方法による。

1. 各地区別IC会員中より選出される。その定員は各地区 l名とし，会員数が50名を越える地区では50名

までごとに l名を加える。

2. 総会において会長が会員中より若干名を推薦する。但し，その数は全評議員の%を越えることは出来
ない。

地区割は次の8地区とする。北海道地区，東北地区，関東地区，東京地区，中部地区(三重を含む)，

近畿地区，中国・四国地区，九州地区(沖縄を含む)。

第3条会長，幹事及び会計監事は評議員を兼任することは出来ない。

第4条 会長および地区選出の評議員に欠員を生じた場合は，前任者の残余期閥次点者をもって充当する。

第5条 会員がパックナンバーを求めるときは各号1，750円とし，非会員の予約購読料は各号3，000円とする。

第6条本会則は昭和田年3月31日より改正施行する。
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投稿案内 (昭和田年3月改訂)

1.編集の方針 本誌には藻学と応用藻学lζ関する会員の未発表の，論文・総説・短報(短い調査報告など)・

速報・雑録(採集地案内・分布資料・ニュース・所見・新刊紹介など)を掲載します。論文はデータや考察の

独創性の有無lζ重点を置いた編集委員会の審査を経たのち受理されます。原稿の取捨，掲載順序，体裁などは

編集委員会および編集幹事で決めます。原稿は和文または英文とし，論文は刷り上がり英文10頁，和文6頁，
総説は15頁，短報3頁，雑録 1頁以内を無料とします。頁の超過は制限しませんが，超過頁分については 1真

当たり1乞000円が必要です。折り込み，色刷りなどの費用は著者負担となります。また，速報は2頁以内と制

限があり，有料で 1頁12，000円の掲載料が必要です。和文原稿では5枚(ワープロでは 2枚)が，英文原稿で

は2枚が刷り上がり 1頁となる見当です。

11.報文の書き方和文原稿は400字詰原稿用紙(横書き B5または A4)に，当用漢字，新仮名使い(生物名

は片仮名)を用い構書体で書き，ワープロの場合は l行35字， 28行iζ明瞭に印字して下さい。英文原稿は厚手

タイプ用紙を用い，ダプルスペースで1行65字， 28行l乙タイプまたはワープロで明瞭に印字し，十分な英文添
削または校閲を経たのち提出して下さい。新種の発表や学名の記載に当たっては国際植物命名規約に従って下

さい。なお，アラピア教字・メートル法・摂氏温度を用い，学名などのイタリック体には下線 l本，人名など

のスモールキャピタルには下線2本，ゴジック体には波状線を l本を記入して下さい。

例 :Batrachospermum竺竺竺空旦 Sirod.，竺明主Y.託町cι.m肌 hr九， nr町肌r
μg， mg， g， N， M， ppm， lux， g(gravity)， 25"Cなど。

原稿は，標題・英文要約(和文・英文原稿共)・本文・引用文献・和文摘要(英文原稿のみ)・表と図とその説

明(英文)の順にまとめて 1組とし，コピー共3組(写真は現物 I組と現物または写真コピー 2組，電子複

写などは不可)にしてお送り下さい。

( 1) 標題と要約英文原稿では，欄外見出し・標題・著者名・宛先・要約の順lζ，和文原稿では，欄外見出し

(英)・標題と著者名(和と英)・要約(英)の順に記入して下さい。要約は著者名・標題・雑誌名・まとめ

(200字・必要に応じて400字まで)・アルファベット順のキーワード (5-10語)・著者と宛先の順lζ記入し研

究費i乙対する謝辞は脚注IC::入れて下さい。
(2 ) 本文標題紙Iζ記した以外の謝辞は，なるべく本文の末尾lζ入れて下さい。表と図は必ず本文中i乙引用

(Fig. 1. Table 1のように)し，文献の引用は次の例にならって，著者名と出版年および必要に応じて頁(単

行本の場合)を明示して下さい。
例:……aquaticec邸 ystems(WELCH 1972. 1974). Liebig's (1840 p.23)“low of the minimum" is....…が
知られている (YAMADA1949).岡村(1970p.56)は，

(3 ) 引用文献本文中で引用した文献のみを，別崎i乙アルファベット順に列挙して下さい。引用は，①原著の
引用と，②図書目録を見て目的の書物を捜し当てるための引用の2本立てとし，それぞれがイ)著者名 ロ)

出版年ハ)標題(巻次を含む) ニ)対照事項(頁・図など) ホ)出版事項(出版者・出版地)のうちの必

要部分からなるようj頃を追って下例にならって記入して下さい。
(単行本)①，②共通広瀬弘幸り 1959.勺藻類学総説。づ内田老鶴圃，東京り.

(単行本中の l章) ①DREB邸. G.り 1977.り SexuaI比y.叶 p.250-283.り②InD. WERNER [ed.]り The
biology of diatoms.勺 BlackwellSci. Pub.. London.り

(叢書中の分冊) ①HUSTEDT. F.り 1930.勺Bacillariophyta.叶②InA. PASCHER [ed. ]<) Subwasser-Flora 

Mitteleuropas. ed. 2. No. 10.'つGustavFischer. Jena.ホ〉

(雑誌の中の l論文) ①森 通保イ)1970.町 BatrachostermumectocaゆumSIROD.の分類学的研究。'つ②藻類
8'、): 1-8.:) 

①MORI. M.り 1975.0) Studies on the genus Balrachω;permum in Japan.叶②IJap.
Journ. Bω. 20'つ:461-485.吋

(4 ) 和文摘要英文原稿の場合のみ，和文で、著者名・標題・宛先も入れ400字以内にまとめて下さい。

( 5) 表と図およびその説明英文で書き，表と図は原寸大(印刷頁の寸法は 14x20.5 cm.片段のときは幅

6日6cm)または A4版程度iζ仕上げ，図には倍率を示すスケールを入れ，線や記号，文字，数字はレタリング

用具などを用いて鮮明に記入し，そのまま印刷に廻せるようにして下さい
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InforJDation for Authors (Revised March， 1988) 

Members of the Society are invited to contribute original research reports， short communica-
tions， review artic1es and rapid communications in Japanese or English on all aspects of phycology. 
Every research paper is read and criticized by reviewers on the basis of its originality and the 

discussion presented. Where appropriate， reviewers other than those on the Editorial Board are con-
sulted. Final responsibi1ity for selection and published order of papers rests with the Editor. Research 
reports not longer than 10 printed pages in English and 6 printed pages in Japanese inc1uding 
figures and tables， short communications within 3 printed pages and review artic1es within 15 printed 
pages wil1 be pubJished without excess charge (exc1usive of reprints); additional published pages 
wi11 be charged to the author (12，剛 Yenper single printed page)・ Rapidcommunications 
acceptable within 2 printed pages wil1 be published in the possible earliest issue with charge at 

12，000 Yen per single printed page. 
The manuscript should conform exact1y to the fol1owing instructions. The manuscript should 

be typewritten， doubJe-spaced in 65 letters per line and 28 lines， on thick paper of 21.5 x 28 cm or A4 
size. Symbols， units and nomenc1ature should conform to international usage. The S.I. metric 
system should be used for al1 numerical data. Words to be printed in itaJics should be underlined. 

The original copy and two duplicates are required. The first page should have only the tit1e， full 
name(s) of the author(s) and institution with address， and any necessary footnote. A short running 
tit1e should be inc1uded. Acknowledgements preferably follow the text but precede the references. 
Tables and legends for figures should be on separate pages and be placed after the references. 

An abstract of not more than 200 words is req凶red. At the end of the abstract， 5-10 Key 
Index Words should be given alphabetically for aid in indexing. A Japanese abstract wil¥ be pro・
vided by the Editor from translation of the abstract. 

References. Citations in the text should read thus: LIEBIG'S (1840 p. 23) ..・...or 
. (WELCH 1972， 1974). In the list at the end of the paper， references should be typed in alpha-
beticalorder. Each reference sho叫dbe given in the following order: Name， Initials， Date， Tit1e， 
Journal Volume: first page-last page. Example: 

MIKAMI， H. 1978. On Laingia hookeri (Rhodophyceae， Delesseriaceae) from New Zealand. 
Jap.J. Phycol. 26: 
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B本学術会議だより λ~.9 

第13期最後の総会終わる
一「国際間の科学技術協力と研究の自由について(声明)Jを採択一

昭和63年5月 日本学術会議広報委員会

" 一一一一一一一一一一一一一一一一一一一一一一一一一一一一~._.~...__.._--ー一一 一

H本学術会議は. 4 H201:1から 4H221:1まで第104[yl総会を開催し. rl耳l際聞の科学技術協力と研究の自由に

ついて(声明)Jを決議するとともに. 4件の勧告・姿望・比解を採択しました。

-- 一一一一一一一一一一' 一 一一一一一一一一一一一一一一一一一一一一一

総会報告

総会第1日目(4月20日)，の午前中には，会長からの経

過報告.各部・諸委員会報告に続き.勧告・要望等6つの
提案がなされ.同日午後の各部会での審議を経た上で.第

2日目 (21日)の午前中にニれらの6件が可決された。そ

の後さらに11'牛の追加提案が行われ.同日午後これが可決

きれた。第3日目 (22日)午前は特別委員会が，午後には

常置委員会が開催された。

なお.総会前日の19日午前には連合部会が開催されて前

記の6案件の予備的な説明・質疑が行われ，またその午後

には各部会が開催された。

第1日目午前。 61'牛の提案につきそれぞれ提案説明が行
われた後.質疑応答が行われた。午後.各部会を開催。

第2日目午前。まず.前日提案された「日本学術会議会
則の一部を改正する規則の制定についてJ. r日本学術会議

の運営の細則に関する内視の一部改正について」が賛成多

数で採択された.第 l常置委員会で審議を重ねてきたこれ

ら会則・内規の改正は.())副会長世話筏当研連のうち6研
i皇を関係部へ移行きせ.残リの12研速を副会長枠として存
続させること等に伴う措置を決めたものと.(2)現存する 6

国際協力事業専門委員会のうち.第14期にも引き続き存続

させる 3専門委員会に関する措置を決めたものとである。
このことに関連して.研i生活動の活性化に関して活発な発

~j"が行わ il t.ニ a
ikに第4部提案の「太陽地球系エネルギ一国際協同研究

計画(STEP)の実施についてJ (勧告人同じく第4部提案

の「国立地図学博物館(仮称)の設立についてJ (勧告人

さらに第5常置委員会提案の「大学等における学術諸分野

の研究情報活動の推進についてJ (要望)が.いずれも賛成

多数で係択された。続いて.第6常置委員会提案の「我が

図の国際学術交流の在リガについての日本学術会議の見

解」が.これも賛成多数で係択された。

その後会長より「国際聞の科学技術協力と研究の自由に

ついて(声明)一日米科学技術協力協定の改定に当たヮて

ー」が追加提案された。ニれは. 日米科学技術協力協定の

改定が行われようとしているに当たリ.目 Ff云えられてい
るその内容について憂慮すべき点があるというので.19日

午後及び20日午後の各部会での討議を経て.そのおおよそ

の見解の一致を踏まえて，会長が総会に提案したものであ

る.この提案を受けて，この声明を出すことは時機を得た

ことであるとしながらも.文章表現に関しては質問・意見

が多〈出された。

第2日目午後。午前の審議に引き続き.一部の文章表現

に関する修正案が数名の会員から提示され.採決の結果原

案を一部修正したものが賛成多数で採択された。なお，総

会で係択された前記勧告・要望は22日午後内閣総理大臣に
提出され関係諸機関等に送付された. (これらの勧告・要

望・見解・声明の慨要は別項所載のとおりであり，詳細は

日本学術会議月報5月号を参照されたい。)

国際聞の科学技術協力と研究の自由について(声明)
一日米科学技術協力協定の改定に当たってー

最近，日米両国政府間で大筋が合意された「日米科学技

術協力協定」の改定について.目下伝えられる内容に関し

ては憂慮すべき点が少な〈ない。

日本学術会議は.さきに「科学者憲章J (声明). r科学の

国際協力についての日本学術会議の見解」を採択し.科学

者の責務と学術の国際交流に当たっての基本的な原則を明

らかにした(この部分は本文を簡略化した)。

二国聞の学術交流は.相手国の固有の事情があるにして

も.上述の日本学術会議が宣明した全世界的な学術交流の

原則と相容れない内容を含むものであってはならない。全

世界的立場と個別の二国間協定の立場とには差異がありう

るにせよ，いかなる場合にも自由な研究交流，成果の公開と

いうた基本原則はかたく守られなければならないと考える.

今回の「日米科学技術協力協定」の改定は「安全保障J.

「知的所有権」の問題を包含すると伝えられているが，こ

のことによって科学者の研究・発表の自由，科学者の身分

保障などが実質的に制約される恐れがある.したがって，

協定の具体的内容の決定に当たっては.慎重な配慮が必要

である。

われわれは日米科学技術協力協定」の改定に当たう

て.本会議が明らかにしてきた上述の諸原則の精神を最大

限に尊重することを強〈要望するものである。

この種の科学技術協力に関する国際的取径のについては.

事前に広〈科学者の意.見を聴取すべきものであると考える。

太陽地球系エネルギ一国際協同研究計画
(STEP)の実施について(勧告)

暗黒の宇宙空間に浮かぶ青いルビーのように光る地球が，

我々にとってかけがえのない惑星て'あることが.理解され

るようになったのは.20世紀の科学研究の最大の成果の1

つである.宇宙空間に浮かぶ我が惑星，地球には，太陽か

らの紫外線や太陽風プラス:'7が絶えず縫っていて.絶妙な

エネルギーバランスを保ちつつ，地球の電磁圏や中間圏.
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成層圏を11'ゥている。しかしニのンステムには，未だ多くの

謎が残されていて.この謎の底解Ij:宇宙空間の基礎物理の
理解とともに永続的な地球環境変化の浬解の基礎ともな勺

ている。したが勺て国際太陽地球系物理学・科学委員会

(SCOSTEP)は， I引際科学i童fT会議(JCSU)の本訟を得て，
太陽地球系エネルギ一国際協 I~J研究 ISolar Terrestrial 

Energy Program: STEP) ~f 闘を立て， 1990-19951ドの6

か年間にわたりその実施を行うよう.各国に要請している。

本研究;lf・匝iでは，太陽から.地球成層圏にわたる司令領
域について.それをーつのシステムととらえ，そこに展開

する電磁現象.プラズ7現象，J，えび化学現象について.現

象の変動のみならず.エネルギー伝播の変化も合わせ.定

量的に究明するこ Eを目指している。我が闘でも本I司際協
同研究計l商を実総すべく，今1"1，第1041，，111本学術会議総会

において.政府に対する勧告が出された。

「国立地図学博物館J (仮称)の設立
について(勧告)

国際社会における日本の役書IJと責任とが高まるにつれて.

それぞれの国情，民族性.地域的生活様式に却した適切な

対応を行う必要がある。そのためには国単位のみなら

ず，主要な行政区域が大都市l習というた主要地域ごとに.
J析しい詳細な地f里情報を組織的.継続的かっ迅速(I(J般に収

集し整尽力日工して，一般の需要に応える体制作りは.焦

眉の急を要する国家的課題である。ここで言うところの地

理情報とは，微々な地域に問lして，その風ヒと住民.民族

と文化，人口と社会.生活と環境.資源と産業，集落と交

通，経済と政治などに関して.地図.空中写真.地上景観

写真，衛星画像等(地図・[匝i像情報)によって表現される
地表の空間的情報を意味する。とりわけ地表の地理的事

象を数学的.選択的，かつ記号的に表現した地図Jは.コ

ンビュータの支援によって，ますますその情報価値を高め

ている。

ここに勧告する「国立地図学博物館J I仮称)は，主とし

て諸外国の地図，画像情報の収集，整理，保存を行い，関

連する地域情報を加えて，地理情報のデータ・ベース化の

手法や図的解析法.表現法，手IJ用の高度化.地図発達史等

に関する研究を行い，動的 ~i:体的な展示方法を駆使して.

広〈国民の国際知識の極養.地域研究，学術文化，政治行

政.経済活動等に寄与し，さらに，悶内及び国際的地域情

報のセンターとしても基幹的な役割を演じ.国内外の関連

機関と密接に提携して.地理情報の相互補完的及ぴ相乗的

価値を高めることを目指すものである。

大学等における学術諸分野の研究情報活動の
推進について(要望)

高度情報化社会に即応した新しい手段により，学術研究

の基礎的情報・資料を整備すること.情報・資料や研究成

果を全国的・[詞際的に流通きせることが.学術のすべての

分野を通じて強〈要望きれている。これらの推進のために.

近年，文献資料センター，データ資料センターの懸備学

術情報センター」の設立，データベース作成の支援などが

行われ，その環境はかなり盤備されてきた。

これらの環境を基盤として.それを強力に補完するもの

こそ，個々の専門分野での研究情報活動である。このため，

国公私立大学等て1 国際協力を念頭に置きつつ，それぞれ

特色を持つ領域を単位として，情報・資料を整備し，その

分野での研究成果を提供する組織の設置と方法の推進とと

もに学術情報センター」のネソトワークなどを通じて，全

|主l的・ l引際的に流通させる1本市1Iの強化が急務であると考え
る。このために，下記のような体制の確立を要望する。

111専門分野耳IJに研究情報センターを設置すること。 (2)大

学等の既存の諸機関(文献資料センタ一等)における研究

情報活動を推進すること。 (3)f問日Ij的なテータベース・知識

ベースのfhSc:と新規のデータ処理方法の開発を助成するこ
と。 141i学術情報センター」の紘充を図るニと。 (5)大学等

とそれ以外の機関 ('1¥公Ij'. .''f・・協会をf'iむ)との情報の
流j凶をfIJi'li'iIニすること

我が国の国際学術交流の在り方についての
日本学術会議の見解

学術の問題は国際的悦点を外して考えることはできない。

日本学術会議は，昭和36'1'10rl2i日第34回総会にお¥，て「科
学の国際協力についての日本学術会議の見解」を係択し.

科学の国際協力は， (1)'何日への貢献を目的とすべきこと.

(2)全世界的であるべきこと， 131自主性を重んずべきこと.

(4)科学者の聞で対等に行われるべきこと" (5)成果l立公開き

れるべきことの5原則を明らかにした。この見解は.闘|禁
学術I交流にむける一般的!点目IJを示すもので，今日において

も尊重されるべきものである。

この見解表明から四半1M紀を経て， I司際中術交流を取り
巻〈環境の変化は急速にj並んでいる。その変化の速度は今

後更に顕普ーになると思われる。 Lかし. このような著しい
変化の中で.国際学術交流に付する我が同の人的.市IJ度的.

財政的対応は必ずしも満足すべき状態にはな L、。今回の見

解は.こうした状況を踏まえ， .f~が同の国際学術I交流は今

後一層償極的かつ能動的な姿勢へ転検きせることの重要性

を指摘し，次のとおり，人の問題.国際交流の進め方の問

題.組織の問題の三つの面て1 新しい姿勢に見合巧た改車

を進めて行くことの必要性を表明している。

(J) 人的交流の促進と大学・研究機関のl玉l際的開放
121 学術研究活動の世界的展開

① 国際的学術機関の活動への積極的参加

② |到際的研究70ロジェクトの策定と遂行

③ 二国間・地域開学術交流

(3) r司際'芋術ネソトワークの確立

全国学術研究団体総覧(1988)

学術研究凶体調査の結果をもとに，我が閣の学術研究凶

体1236団体が分野号IJに，また大学関係学会等一覧が収録さ

れています。[日本学術会議事務局監修・附LI本学術協力財

団編集・ 6500円・郵送料350ドJl

※本総覧は.全国の政府刊行物サービスセンターで販売。

日本の学術研究動向(昭和63年4月)

人文・社会科学及び自然科学を網羅した科学者から成る

H本学術会議において.全学問分野にわたり，学術研究の

動向の現状分析とその展望を行い，その成果を取りまとめ

たもの。[日本学術会議・例日本学術協力財団発行・5000円・

郵送料300円]

※本資料は，担割日本学術協力財団で取り扱ゥています。

御意見・お問い合わせ等がありましたら下記まで

お寄せください.

干106 港区六本木 7-22-34

日本学術会議広報委員会電話 03 (403) 6291 
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北海道栽培漁業振興公社 060札幌市中央区北4条西6丁目 毎日札幌会館内

阿寒観光汽船株式会社 085-04北海道阿寒郡阿寒町字阿寒湖畔

有限会社 シロク商会 260千葉市春日1-12-9-103

海藻資源開発株式会社 160東京都新宿区新宿1-29-8 財団法人公衆衛生ピル内

協和醗酵工業株式会社研究開発本部商品開発部センター

100東京都千代田区大手町1-6-1 大手町ピル

全国海苔貝類漁業協同組合連合会 108東京都港区高輪2-16-5

K.K. 白寿保健科学研究所・原岡邦 173東京都板橋区大山東町32-17

有限会社浜野顕微鏡 113東京都文京区本郷5-25-18

株式会社ヤクルト本社研究所 189東京都国立市谷保1769

山本海苔研究所 143東京都大田区大森東5-2-12

弘学出版株式会社森田悦郎 214JII崎市多摩区南生田6-16-12

岡崎真珠株式会社田崎海洋生物研究所 779-23徳島県海部郡日和佐町外ノ牟井

神協産業株式会社 742-15山口県熊毛郡田布施町波野962-1

理研食品株式会社 985宮城県多賀城市宮内2丁目 5番60号

ー-.，. ，--̂'、.



海藻を総括的に論じた待望の書グ

海藻資源養殖学|
得、国 庫 大野 正夫 小河久朗著
(~t);': )( .. ;:・ I~~，，;:: ;'il;) (I~'，'j );11)ぐ ;:: J;~";::;';1;) ( ~~北 J、Ji eU2・;::iiI;)

海部の資源や誌舶について初めて総抗的

に取揚げた符望の7lj:。 ノリを'.Miめとする11市|

々の海藻養舶の現状と将*Jl~~{から、品6J易

造成、 利川 j去、 海外での益舶、新 しい iliJ}~'~

の養先I'j法、新JIJl栴形成の引状まで、実にIVl，i

広L、観点から論じ尽した海謀人I"Jのik之版。

研究者 ・ 学生 ・ 養高fl ;長 fiの割引、~却に!必え

て遂に.riJ行.グ

s 51~1 I .~~ 11 ~2 4 U 
本文354U f・1・JIj，¥1i集

定価5.500円 (送350円)

1 .地味付:態系とi1リ議 II . i'tli泌の

'1 :fi Jj;:U~~~ 111. i11)~ ~誌の利 )IJ IV.III: 

wのi 11n;~6Wi'Jí (!:.' I :I ，iU，: V.JJUI:の

i1リ必1!を111'( 1V. i.単J劫j主IJl( Vll. i11j外

のi11)~ i足長タ11'(のJJ~状 四 jM Ut-養殖の

;1守米とJl五日!

〒171}服部盟島区池袋 2-14 池袋間口 スカイビル ，机念草 豊島 吉宮
古 版売03-590-4441(，ll) 振啓/点京4-2758・6-80496 府亦不 幸吉 右方

最先端と素敵な出合
データベースでダイナミ ックプリンテイングコミュニケーション

富士通 11t..-圃11
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9450シ』一文 同，.9卸 l
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会員管理・名簿管理・調査票発送・集計・印刷・請求・販売促進・検索

白血印刷出版跡式会祉
-本社 〒553大阪市福島区吉野1丁目 2番 7号/TEL06守 44ト6594({Q

・電算室 〒553大阪市福島区吉野1丁目 3番18号



E国
自然の中の藻類のr生きている姿」を知るために

藻類の生態出錦繍 A5判 640頁

定価12800円(干400円)

1 水界生態系における部獄の役割-fi・賀村i勝*2 水界環境とt篠宮ifiの生産ー雌凶善彦*3 務

績の生活圃一秋山優*4 海洋植物プランクトンの生産生態ー有貨祐勝*5 湖沼における.fil'(

物プランクトンの生産と動態ー坂本光*6 ドi然界における泌類の窒素代謝ー初回英太郎*

7 植物プランクトンの非常柄娘一飯塚昭二*8 海藻の分布と環境要l却ー横浜康継*9 河

川底生藻~iの生態一小林弘 *10 汽水域の様車tiの生態一大野正夫*11 土壌緩まJiの生態一秋山
i愛*12 毎氷中の秘史Jiの生態-h!.{l'孝男*13 様矧と水界動物の相互作用一成田哲也*14 棋
のパソジーン一山本鈴子*15 泌矧の制胞外代謝生産物とその生態的役割一大和田紘一*16 様

矧の生活史と生態ー中原紘之*17 縦覧(i群集の構造と多様性-:i(月欣二 為寧:末に拘ー械の多

数の文献は読者にとって員・重な資料となろう。

シートでみる種の同定・分類

淡水藻類写真集

山岸高旺・秋山優編集
85判・各100シート・ルーズリーフ式

第1巻・第2巻 定価4000円
発売中

第S巻・第4巻 定価5000円干350

生物学史展望
弁上清恒箸 五千年にわたる生物学の流れを追い，
各時代の特質を浮彫にする。分子の世界にまで進ん
だ生物学の立場を考えるために好適。定価4800円

回想のモーリッシュ
ーある自然科学者の人間像ー

渋谷章著 日本の植物学界に大きな足跡、を残し
た自然科学者の生涯をたどる労作。 定価1800円

南 の動物誌

第5巻(10月刊) 以下継続

日本淡水藻図鑑
鹿瀬弘幸骨・山岸高旺編 日本ではじめて創られた
本格的な図鑑。淡水縦覧'iの研究者や水に関係する
方々にとっては段重な文献である。定価36.000円

藻 類学総説
鹿瀬弘幸著 i築費itiの分量i1iと形態を重点に置いて.
克明な図により丁事に解説する。 定価10000円

植 物組織学
一熱帯森林に生きるー 猪野俊平箸純物組織学の定義・内容・発達史から

渡辺弘之著 熱帯森林を専攻する若者が，熱借地域 研究方法を幅広く詳述した唯一の書。定価15000円

の動縞物の生活を写真を中心lこ語る。定価1300円

世界の珍草奇木
一植物に見る生命の神秘

川崎勉著 自然界の重要な仲間組物群，強い生命

近刊

河川の珪藻 B5判
小林弘著

内田老鶴園
東京・文京区大塚3-34-3/Tel 03-945-6781 

高地植物学

山歩きアラカルト
一自然の探索ノートー

柴田治箸 山劉'をたのしく歩くための心得帳。
とくに山の医学は知っていて便利。 定価1300円
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