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Nomenclatural remarks on Agarum (Laminariaceae， Phaeophyceae) 

Paul C. 8ilva 

Herban'um， University of Cal扮mia，Barkeley， California 94720， U. Sι 

Silva， P. C. 1991. Nomenc1atural remarks on Agarum (Laminariaceae， Phaeophyceae)・Jpn.J.Phycol. 30: 
217-221. 

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

Key lndex Words: Agarumー Costaria-Laminariaceae-nommclature. 

The word agarum was first used in valid 
nomenclature of algae by 8. G. Gmelin 
(1768， p. 210， pl. XXXII)， who described Fu-
cωagarum from “Oceanus Indiae orientalis et 
mare Kamtschaticum." This species， 
together with F. clathrus 8. G. Gmelin (1768， 
p. 211， pl. XXXIII:“Oceanus indicus et 
Mare Kamtschatkam alluens" and F. hractea-
tus 8. G. Gmelin (1768， p. 212:“Mare indi-
cum")， constituted the seventh order of Fuci 
in Gmelin's classification. Gmelin named 
this order Agara， the plural of the substantive 
Agarum， which had been used as a generic 
name for edible seaweeds by Rumphius 
(1750， pp. 181， 185-187). Rumphius， in 
turn， derived the name from agar-agar， a 
Malayan word applied to certain 
Rhodophyceae (usually species of Eucheuma) 
that produce an edible gelatin or to the gelatin 
itself. (The polysaccharide from Eucheuma， 
however， fits the chemical definition of car-
rageenan rather than agar.) Curiously， the 
characters given in the diagnosis of the order 
Agara do not include the presence of an edible 
gelatin. The only discernible unifying fea-
ture is the perforate blade. 
Fucus agarum and F. clath削， as judged from 

Gmelin's illustrations， are clearly the algae 
currently known as Agarum crihrosum Bory and 
ThalassioPhyllum clathrus (8. G. Gmelin) 
Postels and Ruprecht， respectively. Gmelin 
did not illustrate Fucus hracteatus， but he cited 
a description and figures published by 8eba 
(1761， p. 192， pl. CIII， nos. 1-3)， which are 
clearly representative of the alga currently 
known as Gigartina hracteata (8. G. Gmelin) 
8etchell and Gardner. The citation ofthe In-
dian Ocean as a provenance of all three spe-
cies is puzzling since Agarum crihrosum is re-
stricted to the North Pacific and North Atlan-
tic， Thalassiophyllum clathrus to the North 
Pacific， and Gigartina hracteata to the Atlantic 
shores of 80uth Africa. An explanation 
presents itself in the case of Fucus hracteatus by 
Gmelin's citation of Agarum secundum， sive hrac-
teatum “brachiatum "]… Alga hracteolata 
[“bracheolata"] of Rumphius (1750， p. 186) 
from Amboina， Indonesia， along with the 
8eba reference， but no clues are offered by the 
protologues of F. agarum and F. clathrus， which 
include no 1iterature citations. The Agarum 
secundum sive hracteatum of Rumphius has 
been identified as Sarcodia montagneana (J. 
Hooker and Harvey) J. Agar品 byZaneveld 
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(1959， p. 280). 
Agarum Bory de Saint-Vincent (1826， pp. 
192， 193) entails the deliberate reuse of a 
name that had previously been applied to 

another alga by another author. Bory 
described Agarum in the ninth volume of the 
Dictionnaire Classique d'Histoz.re Naturelle as a 
new genus of the new family Laminariees， 
but he had already given， in the first volume 
(Bory， 1822， p. 145)， a brief account of Aga-
rum Link (1809， p. 7)， which he referred to 
the genus Delessen:a Lamouroux. Agarum 
Bory was intended to segregate those species 

of Laminaria that have one or more longitudi-
nally percurrent ribs. The name-bringing 

species， and logical type， is Fucus agarum S. G. 
Gmelin， constituting an unnamed section of 
the genus， which was characterized as having 
a midrib and a cribrose blade. Bory gave a 
fallacious derivation ofthe generic name， stat-
ing that it had been borrowed by phycologists 
from some northern language， in which it 
designates edible marine algae. To avoid 

creating a tautonym， Bory proposed a new 
epithet， cribrosum. To Fucus costatus Turner 
(1816， p. 72， pl. 226)， which has five ribs and 
constituted a second unnamed section， Bory 
applied the name Agarum quinquecostatum， the 
epithet being changed unnecessarily. Three 
additional species， constituting a third un-
named section， shared the feature of having 
“pinnules" (sporophylls) on the stipe below 
a blade with a midrib: Agarum esculentum， 
based on Fucus esculentus Linnaeus (1767， p. 
135)， and two new species from Newfound-
land， A. delisei and A. tylaii. Gai1lon (1828， 
pp. 357-358) accepted Bory's Agarum， but 
illegitimately changed A. cribrosum Bory to A. 
cribrum Gai1lon. 
In a worldwide synopsis of marine algae 
that prefaces his Algae Britannicae， Grevi1le 
(1830， p. xxxix) recognized the three sections 
ofBorγ， s Agarum as distinct genera. Agarum 
was restricted to species with a midrib and a 
cribrose blade and was assigned Fucus clathrus 
S. G. Gmelin (as Agarum clathrus) in addition 
to A. cribrosum. The new genus Costaria was 
established to receive Fucus costatus Turner， 
the epithet again being changed unnecessari-

ly， to turneTI. The three species of Agarum 
with “pinnules" constituted the new genus 

Alana. 
Postels and Ruprecht (1840， p. 11) adopted 
Grevi1le's classification， but further segregat-
ed Fucus clathrus into its own genus， Thalas-
sioph)仇 m. Moreover， Thalassiophyllum， Aga-
rum， and Costaria were removed from the 
Laminarieae to their own group， Agaroideae， 
for which Agara S. G. Gmelin was cited as a 
synonym. (Although Postels and Ruprecht 

did not designate the rank of Agaroideae， its 
position is coordinate with groups currently 

interpreted as fami1ies). Postels and 
Ruprecht distinguished three species and two 

additional forms of Agarum on the basis of the 
width and thickness of the midrib and the pat-
tern of the holes in the blade. Confusingly， 
A. cnbrosum Bory was renamed A. gmelinii 
(“'gmelini")， a name attributed by Postels and 
Ruprecht to a manuscript by the elder Mer-

tens. The alga illustrated by Turner (1809， 
p. 10， pl. 75) as Fucus agarum was described as 
a new species， A. turnen.. A third species， A. 
pertωum， based on Fucus tertusωMertens臼.
(1829， p. 53) from Kamchatka， comprised f. 
brassicaφrme and f. tlatyneurum in addition 
to the typical form. 
Endlicher (1843， p. 27-28) adopted the clas-
sification proposed by Postels and Ruprecht， 
but reunited Thalassiophyllum and Agarum with 
the Laminarieae. He incorrectly attributed 

Agarum to Greville， obviously following the 
circumscription method rather than the type 
method in designating this name. The 
authorship was further changed to Postels and 
Ruprecht by J. Agardh (1848， p. 140) and to 
(Bory) Postels and Ruprecht by Setchell 

(1912， p. 154). 
The various species of Agarum that were 
recognized by Postels and Ruprecht were 

merged into one by Setchell (1912， p. 154) 
and Setchell and Gardner (1925， p. 615)， who 
restored for it what was thought to be the earli-
est legitimate name， A. cribrosum. Setchell 
(1912， p. 154)， however， incorrectly cited its 
初出orshipas“(Me口.)Bory"， confusi時 Fucus
cribrosωMertens fil. (1829， p. 52)， which was 
a new species based on Turner' s concept of F. 
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agarum and thus an earlier nomenclatural syn-

onym of Agarum turneri Postels and Ruprecht， 

with Agarum cribrosum Bory. Although this er 

ror was corrected by Setchell and Gardner 

(1925， p. 615)， it has pers凶 edto the present 
(Taylor， 1937， p. 197; 1957， p. 185; South 
and Hooper 1980， p. 42; South and Tittley， 
1986， p. 30) 

The need [0 conserve Agarum Bory against 

the earlier homonym Agarum Link was recog-

nized by Tandy， who published a formal 

proposal (in Sprague 1935， p. 82)， which was 
approved by the Eighth International Botani-

cal Congress at Paris in 1954. Although the 

typification and taxonomic placement of re 

jected earlier homonyms is purely academic， 
an explanation of the changes in the entry for 

Agarum in successive edicions of the ICBN 

wiII be useful to those who have been puz 

zled. In the Paris edition (1956)， the type was 
correctIy cited as A. rubens (L.) Link (Fucus 
rubens L.)， while its taxonomic placement 
was not given. In the Montreal edition 

(1961)， it was assigned to the Phyllophoraceae 

and indicated as a nomenclatural synony 

of PJ砂110戸hora. Shortly afterward， Dixo 
(1964)， having tracked down the unequivoc 
type specimen of Fucus rubens Linnaeus (17531 

p. 1162)， found that it was representative 0; 
Pりcodrysin the Delesseriaceae rather tha 
Phyllothora， as previously supposed by manx 
authors. In the Leningrad edition (1978)1 

therefore， the type of Agarum Link wai 
changed toA. rubens sensu Link (syn. t日 Pり
/othora crista (Hudson) Dixon) since it is clea 

from Link's description and figures that h 

had Phyllo.戸hora rather than Phycodrys 

hand. Because two viev .. ，s prevailed wit 

regard to the typification of generic names 

one of which assigned overriding importanc 

to the material in the hands of the describer 
the other to species cited in the protologue 
proposals were made to the Nomenclatur~ 

Section ofthe Thirteenth International Botan-

ical Congress at Sydney in 1981 to clarify the 

situation. The resulting decision favored 

typification by cited species rather than by 

material in hand， so that in the Sydney edi-
tion of the ICBN (1983) the type of Agarum 

Link was once again listed as A. rubens (L.) 

Link， but this time it was assigned to the 
Delesseriaceae 

One would hope that the entry for Agarum 

Bory vs. Agarum Link was自nallystabilized， 
but that is not the case. Dumortier， a Bel-
gian botanist whose work on the classification 

of algae is generally unknown to phycologists， 
foreshadowed Bory by foul" years in segregat-

ing the species of Laminaria with ribbed blades 

into a separate genus， which he also called， 
not surprisingly， Aga山 n(Dumortier， 1822， P 
102). Although Dumortie内 accountlacks 

precise Iiterature citations， it is clear that he 
based his Agarum on Laminaria [sect.] Cos白白e

C. Agardh (1817， p. XIII; 1820， p. 109)， 
which includcd the same three species 

Laminaria agarum (S. G. Gmelin) C. Agardh 

became Agarum c/athratum Dumortier， L. costa 
臼C.Agardh (Fucus costatus Turner 1816， non 

Stackhouse 1801) became A. costatum (C 

Agardh) Dumortier， and L. esculcnta (L.) C 
Agardh became A. esculcntum (L.) Dumortier 

Thus， Agarum Dumortier 1822 has the same 
circumscription as Agarum Bory 1826. While 

the disclosure of Agarum Dumortier does not 

affect the conservation of Agarum Bory. v，，'hich 

is conserved agai~st a11 earlier homonyms and 

nomenclatural synonyms， whether 01' not 
they are listed as nomina rej山間da(Art.14.4of

the ICBN)， it necessItates a change in the cor-
rect name of the type species. Agarum cribro-

sum Bory is an unintentional1y superfluous 

name for A. c/athralum Dumortier. Although 

A. c/athratum antedates Agarum Borγ， it is to be 
cited without change of authorship or date in 

accordance with Art. 68.3 ofthe ICBN. lt is 

possible， however， to bring the specific name 
into agreement with the generic name with 

regard to date and authorship. To accom-

plish this goal it is necessary to emend the en 
try for Agarum in the list of conserved generic 
names. A formal proposal to make such an 

emendation will be published in the journal 

Taxon 

The nomenclatural synonyms of the vari 

ous species discussed above that occur in 

northern J apan and nearby waters are sum 
marized as follows 
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Agarum clathratum Dumortier 
Fucus agarum 8. G. Gmelin 1768 
Laminaria agarum (8. G. Gmelin) C. 
Agardh 1817 

Agarum clathratum Dumortier 1822 
Agarum crih7・'osumBory 1826 
Agarum crihrum Gaillon 1828 
Agarum gmelinii Postels and Ruprecht 
1840 

(In addition， both Fucus crihrosus Mertens 
創.1829 and Agarum turneTI Postels and 
Ruprecht 1840 are based on Fucus agarum 
sensu Turner 1809 and thus are nomen-

clatural synonyms of one another. They 

are currently considered taxonomic syno-

nyms of Agarum clathratum.) 
Thalassiop勿，zlum clath~s (8. G. Gmelin) 

Postels and Ruprecht 

Fucus clathrus 8. G. Gme1in 1768 
Laminaria clathrus (8. G. Gmelin)' C. 
Agardh 1824 

Agarum clathrus (8. G. Gmelin) Greville 
1830 

Thalassiophyllum clathrus (8. G. Gmelin) 
Postels and Ruprecht 1840 

Costaria costata (C. Agardh) 8aunders 
Fucus costatus Turner 1816 (not F. costatω 
8tackhouse 1801) 

Laminaria costata C. Agardh 1817 (treated 
as a new name in accordance with Art. 
72， Note 1， Ex. 2 of the ICBN) 
Agarum costatum (C. Agardh) D山 nortier
1822 

Agarum quinquecostatum Bory 1826 
Costan'a turneTI Grevi11e 1830 
Costaria costata (C. Agardh) 8aunders 
1895 

An unequivocally distinct species of Agarum 
with a sattened fringed stipe， A. .fimhriatum， 
was described by Harvey (1862， p. 166) on 
the basis of collections dr吋 gedfrom Esqui-

malt Harbour， Vancouver Island， British 
Columbia， Canada by David Lyall and C. 
、ヘlood. This species has a range with a 

remarkable di更junction，occurring from 
southeastern Alaska southward through 

Puget 80und and from the southern Channel 
Islands of California through Isla Todos 8an-
tos， Baja California， Mexico， but apparently 

it is absent from the vast intervening stretch 

of coast. 
Agarum oharaense， a species with characteris-
tics intermediate between A. clathratum and A . 
.fimhriatum was described from Chiba Prefec-
ture， Japan， by Y. Yamada (1958， 1961). 
Yet another species， A. yakishiriense， was 
proposed by Y. Yamada (1962)， but not valid-
ly published， on the basis of material from 
Yakishiri Island， Hokkaido. In a study of 
local variation in A. clathratum (as A. crihrosum) 
in Hokkaido and adjacent regions， I. Yamada 
(1974) recognized four forms， one of which 
was f. yakishiriense (A. yakishiriense Y. Yama-
da). Nakahara and I. Yamada (1974) con-
ducted crossing experiments among these 

forms and found a high rate of interfertility. 

In deciding which of the four forms was 

nomenclaturally typical of the species， I. 
Yamada (1974) was able to make compari-

sons with two authentic specimens of Fucus 
agarum 8. G. Gmelin housed at Leningrad 
(LE). 
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Paul C. Silva: Agarum (褐藻綱コンブ科)に関する命名上の所見

属名Agarum(コンブ科)は， Bory de Saint-Vincentによって，Fucus agarum S. G. Gmelinにもとづき命名され

たものとされている。彼は，反復名を避けるため，タイプ種の呼び名をcrihrosumに変更している。しかしなが

ら，属名 Agarumを使ったのは， Dumortier (1822)が最初であって，属名が LamiruJriaagarum (S. G. Gmelin) 

Agardhにもとづいていたことから，彼もタイプ種の呼び名をclathratumに変えている。したがって，たとえ属名

のオーサー名として Boryを保留したとしても，タイプ種の名称はAgarumclathralumとするほうが正しいといえ

る。保留名のリスト(国際植物命名規約付録IIIA)にAgarumの登録を修正する必要はないとはL、ぇ，もし修正

すれば属名の命名年がタイプ種の命名年より遅いという不格好な状態からのがれることができるであろう。

(Herbarium， University of California， Berkeley， California 94720， U.S.A.) 



Jpn. J. Phycol. (Sδrui) 39: 223-226， September 20， 1991 

Diffuse cell elongation in two bangiophyte red algae: 

Rhodochaete parvula and POゆめ1rayezoensis 

David J. Garbary* and Francis Magne ** 
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G訂bary，D.J. and Magne， F. 1991. Diffuse cel1 elongation in two bangiophyte red algae: Rhodochaete 
parou/a and POゆかり'ezoensis.Jpn. J. Phycol. 39: 223-226. 

Calcofluor stained plants of Rhodochaete parvula Thuret and conchocelis of Porpか'ayezoensis U eda showed 
tip growth in apical cel1s and diffuse growth in inte民alarycel1s. Over the ←8 day experimental period 
3-7 new cells were added at each branch apex with subapical cel1s expanding about 40% and 70% in 
length， respectively， with no increase in cell diameter. Diffuse elongation is considered the primitive 
method of intercalary cel1 wall deposition in apically growing red algae， whereas band deposition， pre-
吋ouslyobserved in Batrachospermales and Ceramiales， is considered the derived condition. 

J(，り ln伽 Words: Ba噌iophytidae-calcofluor-cellwalls-cell elongation-cell wall depω仰 n-Por-
phyra-Rhodochaete-Rhodophyta. 

Waaland et al. (1972)， Waaland and 
Waaland (1975) and Aghajanian and Hom-
mersand (1980) demonstrated that red algae 

have tip growth in apical cells and band depo-

sition in intercalary cells. H ymes and Cole 
(1983)， however， were able to find only tip 
growth in the freshwater red alga Audouinella 
hermannii (Roth) Duby. More recently， 
diffuse cell wall deposition was demonstrated 
for the first time in red algae in three species 
of Florideophycidae in the genera Audouinella 
(Acrochaetiales)， Spermothamnion and 7初niel-
la (Ceramiales) (G訂 bary and Belliveau 
1990). The occurrence of diffuse growth in 
the potentially primitive order of sorideo-
phyte red algae (i.e. Acrochaetiales) (Gabriel-
son and Garbary 1987， Garbary and Gabriel-
son 1987) suggests that this is the plesiomor-
phic or primitive character state for the subc-
lass Florideophycidae. 
Rhodochaete and conchocelis of P07同yra(or 
Bangia) are particularly appropriate organ-
isms for studying the evolution of cell wall 
deposition characters in Rhodophyta， and es-
tablishing the primitive character state for 
sorideophyte red algae. With their filamen-

tous construction， apical cell division and 
presence of plugged pit connections， basic 
thallus morphology in these genera is homolo-

gous to that in sorideophyte red algae (G釘 ba-

ry and Gabrielson 1990). Thus mechanisms 
of cell wall deposition are likely to provide 
homologous features for comparison. If 
diffuse elongation is present (in the absence of 
band deposition) in Rhodochaetales， Bangi-
ales， and Acrochaetiales， it can be concluded 
that diffuse growth is the primitive mechanism 

of intercalary cell wall deposition in apically 

growing red algae. 

Materials and Methods 

Rhodochaete parvula was isolated from the 
Mediterranean Sea and cultured in enriched 
seawater media as described by Pueschel 
and Magne (1987). Conchocelis of POψ砂ra
yezoensis (U引)from J apan was grown in a 
modified von Stosch medium (Guiry and Cun-
ningham 1984). Plants were stained with 
0.01% or 0.001% calcosuor white (Fluores-
cent Brightener 28 from Sigma) for 30 min， as 
described by Garbary and Belliveau (1990)， 
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Fig. 1. Patterns of cell elongation along 
primary蹴 esof Rhodochaete parvula and conchocelis 
of POゆりrayezomsis. Values indicate means:!::s.d. 
(n= 12). 

and grown for four (POゆめITa)or eight days 
(Rhodochaete) in calcosuor-free medium. It 
should be noted that longer exposures or 
higher concentrations of calcosuor may cause 
reductions in growth or growth abnormalities 

in red algae (Belliveau et al. 1990). 
Fluorescence microscopy and microspec-
trosuorometry were carried out on a Zeiss 

Photomicroscope 111 using Zeiss accessories 
as described in Garbary and Belliveau 

(1990). Measures of cell wall (calcosuor) 

fluorescence from 5-10 different cells were 
made from the middle portions of cells of Por-
thyra at cell positions 1， 3， 5， 7， 8 using a 
3μm diameter ape此ure. Similar measure-
ments on Rhodochaete were not carried out be-
cause of high background suorescence. 

Morphometric analysis of cell length was 

carried out by measuring the lengths of cells 
1-25，30 and 35 in Rhodochaete(ce1l1 is the api-
cal cel1)， and cells 1-10 in conchocelis of Por-
thyra. In each case twelve filaments were 
measured. 
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Fig. 2. Change in relative suorescence along 
a filament of Porphyra. Note: Celll would have been 
the subapical cell at time of staining; when material 
was fixed this was cell 5-8. Values indicate 
means:ts.d. (n=5-10). 

Results 

Calcosuor at 0.01% and 0.001% was 

apparently non-toxic for POゆめlTa and 
Rhodochaete， and apical cell division proceeded 
at 0.5-1 cell divisions per day after staining. 
Cell length measurements along unstained 
primary axes of Rhodochaete and 

PorPhyra show that some cell elongation is 

occurring in intercalary cells (Fig. 1). The 

average total elongation (as a % of subapical 
celllength) is about 40% in Rhodochaete and 
70% in POゆめITa. In Rhodochaete there is a 
gradual elongation to about cell 16 after 

which celllength remains stable. In POゆhyra
cell length increases are basically limited to 
cells 2-4 although occasional much larger (or 

smaller) cells are found in older po口ionsof 

filaments (note much larger s.d. at position 

10). 
Growth experiments using calcosuor show 
that no band elongation is occurring. 
Microspectrosuorometry of calcosuor stained 

cells of POゆめlTashowed a possible increase in 
suorescence away from what were previously 

apical cells after the 4 day growth period (Fig. 
2). The slightly lower suorescence values 
closer to the old apex (cells one to five) may 
have resulted from greater wall deposition in 
these cells (after staining) than cells that were 

more fully elongated. 

Discussion 

Early work by Waaland and Waaland 
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(1975) and Aghajanian and Hommersand 

(1980) suggested that band elongation was the 
primary method ofintercalary cell wall deposi-
tion in Rhodophyta， although a later study by 
Hymes and Cole (1983) did not show the 

presence of band growth in Audouz'nella herman-
nii. Several other Audouinella species have 

been shown to have diffuse cel1 wall deposi-
tion: A. dasyae (Garbary and Belliveau 1990)， 
A. botヮocaψaand A.μcがca(Garbary and 
Guiry， unpublished). That species of 
Rhodochaete， POゆ紗raand Audouinella all have 
diffuse growth in intercalary cells suggests 
that this is the primitive condition for florideo-

phyte red algae. Although we have not ex-
amined other angiophytes in either Comp-

sopogonales (e.g. Erythropeltidaceae) or Por-

phyridiales， the small cell sizes and the pat-
terns of thallus construction in these algae are 
not suitable for band elongation. 

We have demonstrated that intercalary 
cells of both Rhodochaete and POφ砂rahave 
cell elongation. The amount of cell elonga-
tion， however， is among the smallest recorded 
for apically growing red algae. The absence 

of band deposition in elongating intercalary 

cells suggests that cell elongation is by diffuse 

growth. 

The occurrence of diffuse cell wall deposi-
tion in three paraphyletic orders near the base 
of the red algal phylogenetic tree (Gabrielson 

et al. 1985， Gabrielson and Garbary 1987) 
leads to the conclusion that this is the primi-

tive character state for sorideophytes， with 
band elongation being the more advanced con-

dition. Several evolutionary scenarios (Fig. 

3) can be suggested from our results. In the 
first scheme (Fig. 3A) unicellular or multicel-
lular morphology is considered primitive， 
such organisms having only diffuse cell wall 

deposition. With the evolution of apical 
cells， tip growth became possible， along with 
the filamentous morphologies of Rhodochaete， 
conchocelis of Porthyra and florideophytes. 
Some sorideophyte red algae then evolved 
band deposition. The question remains 
whether band deposition arose once， or more 
than once， in separate florideophyte lineages. 
A second scheme (Fig. 3B) places an organ-

PO中 RhodoBang Acro other red algae 

3A dilfuse cell wall deposition 

Rhodo PO中 Bang Acro otherred algae 

bandgro川h

di仔usecell wall deposition 
3B r tip grov.th 
Fig. 3. Phylogenetic schemes based on the 

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

ism similar to Rhodochaete in an ancestral posi-

tion. This organism may have had only tip 

growth or a combination of tip growth and 

diffuse elongation. Some of the descendants 
of this organism lost the ability to form apical 
cells， and cell wall deposition became exclu-
sively diffuse. As florideophytes evolved， one 
or more evolutionary lines then developed 
band elongation. The absence of band elon-
gation in some Ceramiaceae is considered an 
evolutionary loss in a highly derived group of 

Ceramiaceae (Garbary and Belliveau 1990， 
Hommersand 1990). This scheme is based 
on the notion that Rhodochaete， as the ar-
chetypal red alga， is the most primitive extant 
member of the division. Yet another evolu-
tionary scheme was presented by Magne 
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(1989) in which two evolutionary lines (sub-
c1asses) of red algae “Eurhodophycidae" and 
Metarhodophycidae" evolved independently 

from the “Archaeorhodophycidae" . This 
scheme would require that tip growth was 

independently derived in POψhyra and 
Rhodochaete. These three evolutionary 

hypotheses become testable with the applica-

tion of DNA and/or RNA sequencing. 

Although bangiophytes are apparently con-

sistent in terms of cell wall deposition pat-

terns， having either diffuse or di百useand tip 
growth， preliminary studies show that vari-
ation in this feature among Horideophytes 

(Garbary and Belliveau 1990) has considera-
ble potential as a phylogenetic feature at ordi-

nal， family and triballevds. Further studies 
of cell wall deposition patterns in red algae 

are c1ear1y in order. 
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D.J. Garbaザ .F.Magne**: 原始紅藻2種 (Rhodochaeteparvula， POゅhyrayezoensis) 

における分散細胞伸長

カルコフルオール染色したRhodochaeteparvula藻体とスサピノリ hゆかり'ezoensisの糸状体は，頂端細胞では頂

端成長を，介在細胞では分散成長を示した。 4-8日の実験期間中に，各倒枝先端で3-7細胞が新しく付け加わ

り，長さはそれぞれ約40%および70%増加したが，細胞の直径は増大しなかった。分散伸長は頂端成長を行なう

紅藻における介在細胞壁の原始的な沈着法であり，カワモズク目とイギス目ですでに観察されている帯状沈着は

派生的なものと考えられる。 (*DepartmentofBiology， St. Francis Xavier University， Antigonish， Nova Scotia， B2G 

lCO， Canada;料 Laboratoirede Biologie Vegetale Ma巾 e，Universite Pierre & Marie Curie (VI)， 7 Quai Saint-Ber-

nard， 75230 P訂is，Fr釦 ce)
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Su， H.・M.and Chiang， Y.・M.1991. Dinosagellates collected from aquaculture ponds in southern 
Taiwan. Jpn. J. Phycol. 39: 227-237. 

Five species of photosynthetic dinosagellates， Prorocentrum minimum， Gyrodinium instriatum，乃げotlzaω
加rologium，Goり'aulaxverior， and Alexandrium tamarense， collected from aquaculture ponds in southern Taiwan 
where a PSP incident due to ingestion of cultured purple clams occurred and caused the death of two men， 
are described wi出sometaxonomical considerations. A. tamarense， which previously has been reported to be 
出efirst toxic strain isolated from tropical Pacific waters， differs from those reported from temperate waters 
in having the ability to grow at very low salinity and high temperature， and small size (11-34μm). 

Key Index 11ゐrds: Alexandrium tamarense-dinoflagellate-Gonyaulax verior-Gyrodinium in-
striatum一同ytotlankton-Prorocentrum minimum-Pyrophacus horologiumー Taiwan.

DinoHagellates are widely recognized to 

produce “blooms" or“red tides"， and some of 
them are found associated with the pro-

duction oftoxins， resulting in fish kills and mor-
tality of other marine organisms (Baden 1983， 
Carmichael 1986) Those toxins also can be 
accumulated by filter-feeding shellfish to 

cause par叫yticshellfish poisoning (PSP) to 
the mankind (Prakash 1963， Prakash and Tay-
lor 1966， Wood 1968). As repo口edfrom vari-
ous parts of the world (Taylor 1984)， a PSP 
incident due to ingestion of cultured purple 

clams collected from Tung】c.ang，Pingtung 
Hsien， Taiwan (Fig. 1) occurred on Jan. 1， 
1986 and caused the death of two men 
(Hwang et al 1987). 
The incident brought about our interest to 

study if there were any toxic dinoHagellates 

growing in the ponds of that area. Between 

1986釦 d1987， we made extensive investi-
gations on the occurrences of dinoHagellates in 

aquaculture ponds at Tungkang area， and iso・
lated five species of photosynthetic dinoHagel-

lates. This paper presents the morphological 

and ecological characteristics of these algae 

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

with taxonomical considerations. 

U nialgal cultures of these dinoHagellates 

are kept both in the Institute of 

Oceanography， National Taiwan University， 
Taipei and in Tung】c.angMarine Laboratory， 
Tungkang. 

Materials and Methods 

DinoHagellates were collected from shrimp 

ponds and/or crab ponds in Tungkang area， 
but special attention was paid to those ponds 

surrounding the one from where toxicated 

clams were harvested (that pond was closed 

after the PSP event) (Fig. 1). The algae were 
isolated with micropipette method (Hoshaw 

and Rosowski 1973). Their clonal cultures 
were grown in“K" medium (Keller and Guil-
lard 1985) with salinity 15 ppt， and were main-
tained at 25I 10C， under a 12 : 12 LD cycle 
at 80μE/m2/s provided by cool-white Huores-
cent lamps. The growth rates (K) of A. 
tamarense grown in 3-45 ppt salinity and at 16-
350C were measured to find the optimum con-
ditions. 
Both living and Lugol' s solution fi.xed cells 
were observed with the optical LM  system 

filled with phase contrast and Nomarski inter-

ference contrast optics. Thecal plates were 
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Fig. 1. Map of sampling place. IITITITI Purple 
clam pond， HllB crab pond， 臣室ヨ shrimppond. 
TML: Tungkang Marine Laboratory. 

dissociated with a slight pressure on the cover 
glass. For scanning electron microscopy 
(SEM)， cells were either fixed in 1% OsOゎor
fixed in 0.5% GTA and 0.2% OS04 simul-
taneously， or double fixed in 2.5% GTA and 
1% OS04' or fixed in Lugol's solution with 
the culture medium as buffer solution. The 
fixed cel1s were transfer・redto a capsule with 
a Nuclepore filters (8μm)， and then washed 
and dehydrated in a graded acetone series. 
After critical point dry， the material was 
shadowed with gold and viewed with a scan-
ning electron microscope (Hitachi model S・
520). 

Results and Discussion 

Prorocentrum minimum (Pavil1ard) Schiller 
(Figs. 2-9) 
Toriumi 1980， p. 107， Figs. 4， 10. Dodge 
1982， p. 35， pl. 1 f， g. 

Cells are about 14 to 20 11m long and 14 to 
18μm wide (mostly 15 to 16μm) and ovate， 
triangular and sometimes heart-shaped in 

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

Figs. 2-9. Prorocentrum minimum. Fig. 2. Valve view. Showing surface spines， apical spine (as)， apical 
tooth (at) and trichocyst pores (tp) on the border (SEM). Fig. 3. Valve view. Showing the large (1) and small (s) 
anterior pores. Fig. 4. Side吋ew. Showing the straight and striate intercalary bands， and surface spines 
distributed evenly in the valve surface (SEM). Fig. 5. Apical view. Fig. 6. Enlargement ofFig. 5. Showing the 
shape and structure oflarge (1) and small (s) anterior pores， forked spine (部)and apical tooth(at) (SEM). Fig.7. 
Valve view. Showing one longitudinal sagellum extending from the sagellar pore. Fig. 8. Apical view. Show-
ing longitudinal (1ηand transverse sagella (tf) (SEM). Fig. 9. Apical view. Showing two transverse sagella (tη 
emerging from a sagellar pore (SEM). 
(Figs. 2-34， All scales=5μm except where indicated) 
Figs. 10-13. Gyrodinium instriatum. Fig. 10. Ventral view. Showing the contour of the cell and a large 

nucleus (N) in the anterior center of epicone， and many chromatophores. Fig. 11. Ventral view. Showing the 
girdle， sulcus and one longitudinal sagellum (SEM). Fig. 12. Dorsal view. Showing the transverse sagellum 
(tηand the excavated antapex sulcus (SEM). Fig. 13. Ventral view. Showing the apical groove (ag) (SEM). 
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Table 1. Occurrence of dino8agellates and pond water parameters during 1986-1987. 

Maximum Water Monthof Sa(plipnti) ty D.O. Tran(scpmar) ency Species occurrence densities temp(。eCra)ture pH (ppm) 
(cells/ml) 

PTOTocmtrum minimum Nov.-June 47，000 21.6-30.0 10-34 7.50-7.92 7.2-16.7 29-50 

Gyrodinium instriatum Oct.寸une 1，700 17.9-30.9 10-25 7.50・8.70 3.8-16.7 20-70 

乃ITOphac山 hOTologium Oct.-Dec. 60 21.6-30.9 10-19 7.51-8.70 3.8-16.7 30-70 

Mar.-July 
白砂laulaxven.or Nov.-July 320，000 17.9-30.9 10-25 7.51-8.70 4.1-16.7 20-68 
Alexandrium tamarense Nov.-Apr. 1，600 17.9-30.0 10-19 7.51-8.70 4.1-16.7 25-68 

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

This alga appeared from N ovember to J une 
of next year (Table 1) in the訂 ea.Blooms with 
cel1 densities of more than 10，000 cells/ml 
were found in ponds with salinity 12 ppt and 
32 ppt in January and April respectively. 
This species has been reported in J apan， the 
west coast ofU.S.A.， Gulf ofMexico， Caspi-
an Sea， Mediterranean sea and Sargasso Sea 
and it often forms blooms. 
Our specimens resem ble P. minz.mum 
described by Honsell and Talarico (1985)， 
Toriumi (1980) and Loeblich et al (1979) and 
P. mariaeeboun"ae(Faust 1974)， which is the syno・
nym of P. minimum (Toriumi 1980)， in struc-
ture of cel1 surface and anterior pores， cell 
shape and size. Loeblich et al. (1979) and 
Croome and Tyler (1987) showed two lon-
gitudinal flagel1a of P. minimum， P. rhat.紗mum，
P. triestinum， P. playfairi and P. foveolata emerg-
ing from a flagellar pores. While Honsell 
and Talarico (1985) reported both transverse 
and longitudinal flagella emerging from the 
same pore. We found only one longitudinal 

flagellum emerging from a pore (Fig. 7)， or 
two transverse flagella emerging from a pore 
(Fig. 9). Therefore， the pore from which 
both flagella emerge is the flagellar pore and 
the other one is auxiliary poreωindicated by 
Loeblich et al. (1979). The cel1s with two lon-
gitudinal or transverse flagel1a may be the 
results of sexual fusion or asexual division as 
that repo口edin P. micans (Soyer et al. 1982). 

匂1Todiniuminst7也tumFreudenthal and Lee 

(Figs. 10-14) 
Freudenthal and Lee 1963， p. 183， Figs. 8-
17; Fukuyo 1980， p. 206， pl. 1 Figs. 1-14; 
Takayama 1985， p. 130， pl. 1 Fig. 9. 
Cells are ovoid 3←56 11m (commonly 40-
47μm) in length and 22-40μm (mostly 30-
37μm) in width. Epicone is tapering gently 
toward truncate apex and sometimes slightly 
dorsoventrally compressed (Figs. 10， 11). 
H ypocones is also tapering gradually to a 
moderately sulcus-grooved antapex. Gird1e 
is narrow， deep， and its right end bends sharp-
ly and descends about 1/3 the body length 
posteriorly (Fig. 11). Sulcus projects an-
teriorly into epicone， joints the apical groove 
(Fig. 11)， and extends posteriorly into a 
moderately excavated antapex， continuing 
across it to dorsal sulcal side (Fig. 12). The 
apical groove extends to the left side of the 
apex， crossing the dorsal surface to turn down-
ward and then upward to the right side of its 
proximal end (Figs. 13， 14). The longitidual 
flagel1um extends about a body length or less 
from the antapical end， while the transverse 
one is located in the gird1e and terminated 
slightly short of the gird1e length. The 
nucleus is large， spheroidal and centra11y 
located in anterior epicone (Fig. 10). Chro-

matophores are many， ochre， elongate， 
radiating toward the center of the cell (Fig. 
10). 

This species is the most common and the 
most abundant dinoflagel1ates occurred in 
ponds of this訂 ea. 1t appeared from October 
toJune ofthe next year， with the cel1 densities 
of always more than 100 cells/ml. But it may 
reached as high as 1000 cel1s/ml or more some-
times (Table 1). This alga was also found 
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blooming in Inland Sea of J apan (Fukuyo 
1980) and New York waters of U.S.A. 
(Freudenthal and Lee 1963). 

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

乃か'othacωhorologiumStein (Figs. 15-22) 
Steidinger and Davis 1967， Figs. 1-5; Wall 
and Dale 1971， p. 234， Figs. 31-37， Dodge 
1982， p. 144， Figs. 17 A， B. 
Cells are 36-74μm in transdiameter. The-
ca are oblate， discoidal， and almost circular in 
anterior and posterior views (Fig. 15)， but bi-
convex in dorsoventral and lateral views (Fig. 
16). Both epitheca and hypotheca are con-
vex， usually the latter is slightly sattened. 
Girdle is equatorial and with lists (Figs. 16， 
17). Thecal plates are smooth and with 
many trichocyst pores (Fig. 17). Plate formu-
la is po (apical pore plate)， 5-6'， 0-la， 7・10"，
9c， 8-10ぺ0-lp，3-5''''， commonly is 5'， 0， 9"， 
9c， 9ぺlp，3"" (Figs. 18-21). Two spores 
produced asexually in theca are observed in 
Fig.22. 
This cosmopolitan dinosagellates occurred 
frequently but less abundantly than the other 
species of dinosagellates in cell number in this 
area (Table 1). 

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

Go吻，aulaxverior Sournia (Figs. 23-25) 
Dodge 1982， p. 217， Fig. 256; 1985， p. 81; 
Matsuoka et al. 1988， Figs. 8-14. 
Cells are 30-42μm (commonly 28-32μm) 
in length， 20・3411m(mostly 20-22μm) in 
width. They are elongated， cordiform， and 
dorsoventrally sattened (Fig. 23). Epitheca 
is longer than hypotheca， and trianguloid 
with convex sides tapering into an apical 
horn. Hypotheca is trapezoid with two con-
spicuous spines， of which left one is longer 
than the right one (Figs. 24， 25). Girdle is 
situated below midpoint of the cell， and offset 
by one girdle's width. Thecal plate is reticu-
late. Plate formula is po， 3'， 2a， 6"， 6ぺlp，
1"" and with the first apical plate narrow， 
smooth and unornamented. Cell is weakly 
pigmented， with light brown color. 
The characteristic shape of the conical 
epitheca and two large antapical spines makes 
this species quite easy to be recognized. Our 
specimens fit quite well with the features of G. 
verior described by Dodge (1985) and Matsuo・
ka et al. (1988). It occurred almost all year 
round with the exception during August to 
October (Table 1). The cell density was 
usually less than 1，000 cells/ml， but some-
times it was found blooming in some shrimp 

ponds with cell number as high as 
300，000 cells/ml (Table 1). This alga has 
been reported from British Isles， North Sea， 
Belgian coast， Mediterranean Sea and 
J apanese coastal waters. 

Alexandrium tamarense (Lebour) Balech 

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

Cells are single (Fig. 26)， but form a two-
cel1ed chain shortly after cell division (Fig. 
27)， globular in shape and slightly longer than 
broad. They are 1←34μm long， 13-31μm 
wide and with length/width ratio of 1.00-1.22 
(mostly 1.12)， width/transdiameter ratio of 
1.00-1.13. The epitheca is conical and the 

hypotheca has a very marked excavation in 

the sulcal region， both are nearly equal in alti-
tude (Fig. 28). Apex is rounded with a slight 

hump at the apical pore plate (po) (Fig. 29); 

antapex is also rounded and slightly 

depressed at where the sulcus reaches (Figs. 

28， 30). Both shoulders of the epitheca are 
convex. The hypotheca is asymmetric with 

the height of right half slightly shorter than 

the left half (Fig. 28). The girdle is equatori-

al， descending， without overhang， deeply 
excavated without lists， and its right end 
displaced posteriorly about its width (Figs. 

26， 28， 30). Sulcus is weakly impressed， 
widened pos坑terior匂， and slightly indented 
anteriorly (Fig. 30). The plate formula is: po， 
4'，6"， 8s， 5ぺ2仰 (Figs.30， 31， 32). The api-
cal pore plate (po) (Fig. 29) is triangular and 

has a fishhook-shaped cleft (Fig. 33). The 1st 

apical plate (1') is slightly broad and rhom-

boidal. A conspicuous ventral pore is 

present at middle of suture between apical 

plates l' and 4' (Figs. 28， 29， 31)・ Thesulcal 
plates are composed of eight platelets. They 

include one anterior (s.a.)， transitional (t.)， 
left (s.1.)， sulcal left anterior (s.l.a.)， right 
(s.r.)， posterior (s.p.) and two medians (Figs. 
30， 32). Thecal plates are thin and smooth， 
with trichocyst pores， and covered with a deli-
cate outer thecal membrane. Trichocyst 

pores are single or in pair， and distributed 

evenly (Fig. 33). A large U-shaped nucleus is 

located beneath the cingulum. Temporary 

cyst is round， while hypnocyst is cylindrical 
and with rounded ends (Fig. 34). This strain 
is toxic (Su et al. 1989) and nonbiolumi-
nescent. 

This species was found from an inlet 

near the mouth of Tu時kangriver (Fig. 1) 

and from ponds whose waters were in-

troduced from that inlet. This alga appeared 

during winter and spring with water tempera-

tures around 10.9-30.0oC and the salinity 
about 10-19 ppt (Table 1). Cell densities 
were about 10-100 cells/ml， but on Nov. 5， 
1986 we found it was blooming in a crab pond 

with the cell densities of about 1600 cells/ml. 

It was also blooming in a shrimp pond in Tai-

nan Shien with the cell density as high as 

10，000 cells/ml in June 1989 and cause death 
of shrimp (Su， unpublished data). 
A. tamarense is a cosmopolitan alga occurred 

mainly in temperate coastal and estuary 
waters along the north pa口 ofthe Atlantic 
and the Pacific Oceans (Taylor 1984) during 
summer time (Prakash 1963， τT司o町ri巾I1.如u山叩1江rロ凶I
τT、a汰k叩a副n∞1叩o1979め). It also appeared in the tropi-
cal waters of Brazil and Venezuela along the 

west coast of the Atlantic Ocean (Balech 

1971， Reyes-Vasquez et al. 1979). Recently， 
a nontoxic strain of this species was repo口ed

from Thailand coastal water (Fukuyo et al. 
1989). This is the first record of toxic A. 
tamarense occurred in the tropical Pacific 

waters. 
The intricate systematic problem of 

“Tamarensis" or“Catenella" group has been 
discussed (Loeblich and Loeblich 1975， 1979， 
Taylor 1975， 1979， 1984， Steidinger 1983， 
Fukuyo 1985). Gonyaulax tamarensis， G. 

Fig. 14. Gyrodinium instn'atum. Apical view. Showing the apical groove (ag) (SEM). 
Figs. 15-22. 乃rothacus horologium. Fig. 15. Antapical view. Showing cytoplasm with numerous 
chloroplasts， and the thecae. Fig. 16. Dorsoventral view. Showing oblate shape. Fig. 17. Apical view. Show-
ing apical pore plate (po) wi出 itstwo slits and numerous trichocyst pores (tp) on the surface of the valve (SEM). 
Fig. 18. Antapical view. Showing the plate pattern and plain surface ofthe valve (SEM). Fig. 19. Phase contrast 
micrograph ofthe epitheca showing plates po， 5'，9". Fig. 20. The po， 6'， 10" epitheca plates which d征erentfrom 
those showing in Fig. 19. Fig. 21. Phase contrast micrograph ofhypotheca. Showing plates 9"'， 1p， 3'"' and sulcus 
platelets. Fig. 22. Antapical view. Showing two daughter cells inside the parental theca. 
Figs. 23-25. Gonyaluax vtrior. Fig. 23. Ventral view. Showing the contour of the cell. Fig. 24. Ventral 
view. Showing the gird1e， reticulate plate and two conspicuous spines (SEM). Fig. 25. Dorsal view. Showing 
the contour of the cell (SEM). 
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Figs. 26-34. Alexand，illm tamarenst. Fig. 26. The contour orthe cell (SEM). Fig. 27. A two-ccll chain. Fig 
28. Ventral view. Showing thc displaccd girdle. tWQ sagella and a ventral porc (vp) (SEM). Fig. 29. Apical 
vIew. Showing山evalvc 5urface. po platc and venlral pore (、'p)(SEM). Fig. 30. Ventral vIew. Showing the 
plate pallcrn. Fig. 31. Apical view. Showing thc plates po，ダ，6

W

and vcntral porc (vp). Fig. 32. Antapical vほW
Showing the platcs 5"'， T'， sulcal platelcts. Fig. 33. Apical pore platc po. Showing trichocyst pores in single or in 
pair. Fig. 34. Hypnocysl 

tama月山口凶r. excavato， G. tamarensis var 
tamarensisJ G. excavata， Protogonyaulax tamarcnsis 
and Alexandrium lamarense are used to mention 

the samc specics. The morphological charac-

teristics which have been used for identifica-

tion of species are plate tabulation， ceJ1 shape， 
cell numbers of chain (Lebour 1925， Whedon 
and Kofoid 1936， Braarud 1945); lack or 
prcsence of ventral porc， toxicity and 
bioluminescence (Loeblich and Loeblich 
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1975); shape of cyst and sulcal platelets， con-
tact of l' and PO plates (Taylor 1979， Fukuyo 
1979， Balech 1985); the shape of apical pore 
plate， apical plate l' and sulcal posterior 
plate， and position of a posterior and an an-
terior attachment pore (Fukuyo 1985). But 

recently， the polymorphism of isozymes， 
DNA content and toxin spectrum have been 

used to help the identification of this group 

(Cembella and Taylor 1985). From the ap-
pearance of intermediate forms， and change 
of cell shape and cell numbers of chain in cul-
ture， Taylor (1984) suggested it may be more 
reasonable to put the “Tamarensis" group 
into intraspecific level. However， Balech 
(1985) thought some characteristics such as 
shape of apical pore， 1 st apical plate 1'， sulcal 
anterior and posterior plate are conservative 

and can be used to distinguish different spe-
cles. 

Our specimens closely resemble Alexandri-
um excalJatum (named as G. tamarensis var.α-
calJata by Braarud) from Norway waters 
(Braarud 1945， Balech and Tangen 1985)， G. 
tamarensis from Tamar estuary in England 
(173 strain in Loeblich and Loeblich 1975， 
Balech 1977) and Protog01りlaulaxtamarensis 

from J apanese coastal waters (Fukuyo 1985) 
in cell shape and plate tabulation. It also 
conforms to G. tamarensis var. tamarensis of 
Schmidt et al. (1978) in possession of a ventral 
pore and being toxic and nonbiolumi-

nescent. However， our alga differs from those 
reported from temperate waters in having 

ability to grow at very low salinity (3 ppt) and 

high temperatures (up to 330C) in culture 
(Fig. 35A & B)， and with smaller size (14-
34μm) (7 ppt and 250C in Pra】cash1967; 28-
50μm in Loeblich and Loeblich 1975). 

Although Alexandrium tropicale (Balech 1985) is 
a small sized and tropical species， and very 
similar to Tungkang strain of Alexandrium 
tamarense in cell shape， they still differ from 
each other in the position of nucleus (Balech 

1971 Figs. 119， 120) and contact pattern of 
plate l' and po (Balech 1985 Fig. 7b). The 
contact pattern of plate l' and po was con-
sidered as a criterion for species (Loeblich 
and Loeblich 1979， Balech 1985)， or for genus 
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Fig. 35. The growth rates (K) of Alexandrium 
tamarense in various salinity <A) and tempera畑町
(B) under a 12: 12LD cycle at 80μE/m2/s light 
mtenslty. 

(Taylor 1979). Because the contact is varia-
ble as that found in A. excalJatum and A. mini-

mum (Balech and Tangen 1985， Hallegraeff 
et al. 1988). We agree Balech's opinion that 

genus Alexandrium should include those 
species which have and have not the contact. 
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蘇恵美*・江永棉:台湾南部の養殖池から採集した渦鞭毛藻

養殖した員(purpleclam)の摂取による麻薄性貝中毒事故が発生し2人の死者がでた台湾南部の養殖池から採

集した光合成を行なう渦鞭毛藻5種 (Prorocenlrumminimum， Gyrodinium inslrialum，乃，rophacushorologium， Goり'aul僻

verior， Ale加 ndriumlamarense)について記載し，若干の分類学的検討を行なった。 A.lamarenseは，熱帯太平洋水践で

単離された最初の有毒種であると報告されているが，著しい低塩分ならびに高温で成育し，サイズが小さい

(11-34μm)点で温帯水域で報告されているものとは異なる。(台湾台北市国立台湾大学海洋研究所;*現所属:台

湾界東県台湾水産試験所東港分所)
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Photosynthetic capacity of various parts of the blade of Laminaria 

longissima Miyabe (Phaeophyta)* 

Yoshihiko Sakanishi1， Yasutsugu Yokohama2 and Yusho Aruga3 
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Sakanishi， Y.， Yokohama， Y. and Aruga， Y. 1991. Photosynthetic capacity of various parts of the blade of 
Laminaria longissima Miyabe (Phaeophyta). Jpn. J. Phycol. 39: 239-243. 

The rates of photosynthesis and dark respiration of discs cut from the basal， subbasal， middle， subdistal 
and distal parts of Laminana longissima blades were measured once a month for a year. The photosynthetic 
rate at 100C and 400μE m -2 S-I was generally highest near the midlength of the blade and lower in the 
basal and the distal parts. However， during the fertile period the photosyn出eticrate was lowest in the 
sorus-bearing part of the blade and the respiratory rate was highest in the basal and sorus-bearing parts. 
The photosynthetic rates of discs cut from all parts of the blade showed almost identical seasonal trends， be-
ing generally highest during the colder season. 

Key lndex Wor，ゐ hlade-hladediscs-inlra-Ihal/us variahilityーLaminarialongissima-Phaeophyla-
pholosynlhesis-re.ゆiralion-seasonalvanalion. 

The brown alga Laminaria longissima 

Miyabe is distributed along the eastern 

Pacifi.c coast of Hokkaido from Kushiro to 
Nemuro and usually grows subtidally be-

tween the low water mark and 5 m depth. 

This species is utilized as human food and its 

annual yield is the highest of all the edible spe-

cies of Laminaria in J apan (Kawashima 1972， 
Torii and Tazawa 1987). Although intensive 
ecological studies concerning growth， 
reproduction， recruitment and mortality have 
been made on L. longissima (Sasaki 1969， 
1973， Kawashima 1972)， photosynthesis， 
which is the basis of growth， has scarcely been 
studied in this species. 

In a previous paper (Sakanishi et al. 1990)， 
we documented the photosynthesis-light 

relationships and seasonal changes of pho-

tosynthetic capacity in L. longissima by using 

* Partly suppo口edby the Biomass Conversion Pro-
gram of the Agriculture， Forestry and Fisheries Research 
Council Secretary，出eMinistry of Agriculture， Forestry 
and Fisheries， Japan. 
Contribution No. 520 from the Shimoda Marine 
Research Center， University of Tsukuba. 

blade discs cut from near the midlength of 

each plant as material. However， it is not 
clear whether the midlength region accurately 

represents the whole plant， and it is important 
to know whether there are differences in pho・

tosynthetic characteristics along the whole 

blade. The present study compares the pho-

tosynthetic capacity and the seasonal varia-

tion in photosynthetic capacity of various 

parts of the blade of L. longissima. 

Material and Methods 

Photosynthesis and respiration of Laminaria 

longissima were measured monthly from Sep-

tember 1987 to August 1988 using plants 
growing in the upper subtidal zone at Ka-

tsurakoi， Kushiro， Hokkaido. Sampling， 

prep釘 ationof blade discs and measurements 

of photosynthesis and respiration were per-

formed as previously described (Sakanishi et 

al. 1990). Sample plants ranged from 1.88 to 
7.12 m in blade length (Fig. 1). A single disc 
of 3.1 cm2 was respectively cut out of the 
peripheral portion in the basal， the subbasal， 
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Fig. 2. Laminaria longissima. Sampling sites 
within a blade for measurements of photosynthesis 
and respiration. Discs were cut out ofthe basal (B)， 
出esubbasal (SB)， the middle (M)，出esubdistal 
(SD) and the distal (D) parts. 
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showed an almost identical seasonal trend， 
being generally higher in the colder season. 

The photosynthetic rates were low in July-

September， began to increase in October and 
reached their maxima (52-65μ102 cm-2 h-1) 
inJan凶 ryor February. The photosynthetic 
rates declined in spring and reached a lower 
level in summer， the minima (3-30μ102 
cm-2 h-1) being obtained inJuly-September. 

During the period from J une to August the 
photosynthetic rates of the basal and the distal 
parts of the blades were clearly lower than 

those of other parts. 
The respiratory rates of various parts of the 
blade ranged from 2 to 13μ102 cm-2 h- 1• 

The respiratory rate of the basal pa口wasat 
its highest from mid-winter to early spring. 
The respiratory rates of the subbasal， middle 
and subdistal parts were at their lowest from 

spring to early summer. The rate of the dis-

tal part of the blade showed no marked 

change throughout the year. 

A 

Fig. 1. Laminaria longissima. Seasonal change 
in the blade lengths of sample plants. 
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The distribution pattern of photosynthetic 
capacity along the fronds has been reported 
for several species in the Laminariales: 

Laminaria d.なitata(King and Schramm 1976)， 
Laminaria solidungula (Dunton and J odwalis 
1988)， Macrocystis pyrifera (Sargent and Lan-
trip 1952， Clendenning 1964， Wheeler 1980)， 
Undaria pinnati.fida f. distans (Matsuyama 
1983) and Ecklonia cava (Sakanishi et al. 
1989). In those species， the photosynthetic 
rate increased with the age of the blade tissue 
until it reached a maximum and then 
decreased with further aging. Although the 
distribution of photosynthetic capacity along 
the blades of Laminan.a longissima varied with 

Discussion 

the middle， the subdistal and the distal pa口s
of a blade (Fig. 2). Discs were cut out of 
three sample plants every month. From Sep-
tember 1987 to February 1988， approximate-
ly 30% ofthe discs obtained bore zoosporangi-
al sori. Photosynthesis or respiration was 
measured with all discs held under constant 
conditions of 100C and either 400μEm-2 S-1 

or darkness， respectively. 

Resu1ts 

Figure 3 shows for each month the net pho・
tosynthetic and respiratory rates measured for 
blade discs of Laminaria longissima. From Sep-

tember to February， when zoosporangial sori 
were present within the blades， the photosyn-
thetic rate was generally lower in the basal 

and the sorus-bearing parts of the blades than 

in other parts， and showed no marked lon-
gitudinal pattern. From March to August， 
when the blades lacked zoosporangial sori， 
the photosynthetic rate increased from the 
basal part of the blade to reach a maximum at 

midlength and then declined toward the distal 

end. The longitudinal pattern of photosyn-
thetic capacity was independent of blade 
length (cf. Fig. 1). The respiratory rate was 
relatively high in the basal part throughout 
the year except for September and Novem-
ber， and also in the sorus-bearing p訂 tduring 
the fertile period. 

The seasonal changes in the net photosyn-
thetic and respiratoη， rates of discs from vari-
ous parts of the blades are presented in Fig. 
4. The photosynthetic rate of each part 
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Fig. 4. Laminarill longissima. SeasonaJ changes of the net photosynthetic rates at lOoC and 400μE m-2s-1 

and respiratory rates at 100C and in darkness of discs from various parts of the blade， as indicated in the key by the 
abbreviations used in Fig. 2. Means for 2-3 replicates. 

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

The seasonal changes in the photosynthetic 
rates of various pa口salong the blade of L. lon-

gissima (Fig. 4) suggest that the photosynthe-

tic capacity of the whole blade is highest dur-
ing the colder season. The seasonal trend in 
the photosynthetic capacity of the midlength 
region in blades of L. longissima reported by 
Sakanishi et al. (1990) represents that of the 
whole blade moderately wel1， since the pho・
tosynthetic capacity of various parts of the 
blade shows almost identical seasonal trends 
(Fig. 4). 

Although the seasonal trends in the respira-

tory rates of the basal and the distal parts of 
the blade were different from those in other 
parts， the seasonal trend in the middle pa口
can be assumed to represent that of the whole 
blade since the basal and distal parts with dis-
tinctive characteristics probably represent a 
small portion of the total blade area. 
All the blade tissue of L. longissima used in 
J anuary was at least as old as the blade tissue 
used at other times ofthe year， yet inJanuary 

relatively high or even the highest photosyn-
thetic rates throughout the year were ob-

served (Fig. 4). These results suggest that 
the photosynthetic capacity of L. longissima is 
affected by seasonal changes in physiological 
state rather than by the aging of its blade tis-

sue. 
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坂西芳彦1・横浜康継2・有賀祐勝3:褐藻ナガコンブ藻体の

種々の部位における光合成活性

ナガコンブ藻体の基部，中央，先端，ならびにこれらの中間の縁辺部から切り出した藻体片(3.1cm2)を用い，

9月から翌年8月まで毎月 1回， 100C.400μEm-2s-1における光合成ならびに 100Cにおける暗呼吸を測定した。

光合成活性は，一般に藻体の中央に近い部位で高く，基部および先端では低かったが，子嚢班をもっ時期には光

合成活性は子襲班部で最も低く，呼吸速度は基部ならびに子嚢班部で最も高かった。光合成活性の季節変化は各

部位ともほとんど同じ傾向を示し，一般に秋季に高まり始め，厳冬に極大に達した後低下し，夏季に極小に達す

ることが明らかになった。 (1085北海道釧路市桂恋116 水産庁北海道区水産研究所;2415静岡県下田市5丁

目10-1 筑波大学下回臨海実験センター;3108東京都港区港南←5-7 東京水産大学藻類学研究室)
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Comparative photosynthetic capacities of different parts of &αrgassum 

horneri (Phaeophyta)* 

Kunshan Gao 

Kansai Environmenlal Engineering Center， 3・39，Nalcazalci-nishi 2-chome， Kita-ku， Osaka， 530 Japan 

Gao， K. 1991. Comparative photosynthetic capacities of different parts of Sargassum homm. (Phaeophyta) 
jpn. j. Phycol. 39: 245-252. 

Net photosynthetic and dark respiratory rates measured with a differentia1 gas-volumeter increased but 
chlorophyll content decreased with increasing leaf area ratio in leaves of Sargassum horneri. It was estimated 
that chlorophyll a increased 1. 7-4.1%， while net photosynthetic and dark respiratory activities decreased 
1.←5.8% and 4.6-8.9%， respectively， as a leaf grew one day older. Vesicles were shown to possess high 
photosynthetic capacity in addition to supplying floatation. Photosynthetic activity was highest in leaves， 
intermediate in vesicles and lowest in the holdfast and primary latera1s. It is shown that different paはsofa 
S. horneri plant have different photosynthetic properties. 

Key lndex Words: LAR-Phaeophyta-photosynthesis-resPiration-Sargassum horneri. 

Studies of photosynthetic characteristics of 

Sargassum plants are fundamental to under-
standing their ecological properties. Diurnal 

photosynthetic performance was reported in 

S. thunbergii (Gao and U mezaki 1989a， b) and 
S. horneri (Gao 1990b) to show higher oxygen 
evolution rates in morning than in afternoon 

on fine days. Photosynthetic activity was 

reported to be higher in apical portion than in 

basal po口ionof S. horneri， S. hemipわlilumand 
S. confusum on a basis of chlorophyll a (Yokoha-
ma 1977). In studies on S. horneri， S. serratifoli-
um， S. autumnale， S. thunbergii and S. patens， 
Gao and U mezaki (1988) reported that 

‘leaves' of the lower pa口sshowed higher chlo-
rophyll content but lower photosynthetic rate 

on a chlorophyll a basis， compared with the 
upper pa口s. Photosynthetic capacity of S. 

thunbergii was found to be obviously affected 
by nitrate and phosphate concentrations in 

seawater (Gao and Nakahara 1990). Diurnal 

photosynthetic rates were demonstrated to in-

crease with P043-enrichment in pelagic Sar-

gassum species， S. natans and S. fiuitans 

* Partly presented at 3rd International Phycologica1 
Congress， 1←20 August 1988， Melbourne， Australia. 

(Lapointe 1986). Gao (submitted) showed 

that photosynthetic rate increased with in-

creasing water current speed in adult S. thun-

bergii plants. It was also reported that S. mu-
ticum assimilated bicarbonate ion in pho・

tosynthesis (Thomas and Tregunna 1968). 

Gao and U mezaki (1989c) reported that 

various parts of a S. thunbe智iiplant were 
differentiated with different photosynthetic 

properties， being comparable to the findings 
in Laminan'a (Weidner and Kuppers 1973， 
Kuppers and Kremer 1978)， Fucus (Kuppers 
and Kremer 1978)，λMacroりF人Isti.
1980) and Padゐk均rna(Yokohama 1977) plants. 

The present study gives different photosyn-

thetic characteristics among various parts in 

S. horneri， which has been used as a food or a 
vegetable at some local places in J apan (Ike・
hara 1987). The seasonal variation of pho・

tosynthetic capacity of S. homeri was already 
reported (Gao 1990a) to show a similar patern 

to that of growth as previously reported 

(U mezaki 1984). 

Materials and Methods 

A Sargassum horneri plant (Fig. 1) consists of 
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a holdfast， a primary lateral from which 
leaves and lateral branches are formed. The 

lateral branches produce both ‘leaves' and 
vesicles and， during the mature season， recep-
tacles. The species is distributed， from 1 m 
upto 20 m deep， along the coast of both the 
8ea of J apan and the Pacific Ocean through-

out the Archipelago of J apan. 

The experiments were carried out during 

the period from August to N ovember 1986 

and 1987 at the Fisheries Research 8tation of 

K yoto U niversity situated at the head of 
Maizuru Bay， one ofthe branch bays ofWaka-
sa Bay facing the 8ea ofJapan. 8amples of S. 
horneri were collected at N agahama， Maizuru 
Bay， where the plant forms flourishing com-
munity at 1-3 m depth during the period from 

November to April next year and matures in 

May; juveniles appear in J uly. 

Photosynthesis and dark respiration were 
measured at 200C in the laboratory in the 
same way as previously reported (Gao and 

Umezaki 1989c， Gao 1990a) with a differential 
gas-volumeter，‘Productmeter'， devised by 
Yokohama and Ichimura (1969) and im-

proved by Y okohama et al. (1986). Light was 
supplied with an incandescent lamp (Nation-

al， 110 V 150 W)， and photosynthetically ac-
tive radiation (PAR， 400-700 nm) of the sup-
plied light was measured with an underwater 

quantum sensor (LICOR， LI・1928)linked 
with a recorder (Toa Electronics Ltd.， FBR・
253A). Water temperature in the water bath 
was controlled by using a Taiyo Coolnit (CL・
30). 

Chlorophylls were determined by freezing 

samples at -20oC， grinding in a mortar with 
quartz sand， extracting with 90% acetone， and 
filtering through absorbent cotton with 90% 
acetone. The absorbances of the acetone ex-
tract were measured at 750， 664， 647 and 
630 nm with a spectrophotometer (Hitachi 

Ltd.， Model 100-2). The concentrations of 
chlorophylls a and c were calculated by the for-

mulae of Jeffrey and Humphrey (1975). 
Fresh weight of samples was measured after 
blotting water drops from the thallus with tis-
sue paper. Dry weight was determined after 
drying the samples at 850C for 20-24 hours. 

Gao， K. 

Leaf area was determined by making a shade 

on a film， weighing the shaded pa口， andmul-

tiplying by the ratio of area to weight of the 

film. Leaf area ratio (LAR)， the ratio of leaf 
area to leaf dry weight， was determined. 
Leaf formation rate per day was deter-

mined by measuring the number of leaves at 

the beginning and at the end of a period 

(8 days， Aug. 17-25 1987)， during which the 
plants (about 4 cm long) were maintained in 

the sea at their natural depth (1 m). 

Daily relative change rates (CP) of chlo-

rophyll， photosynthesis and respiration in a 
leaf were determined by the following formu-

la: 

n
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 where Cb and Ca represent chlorophyll con-

tent， net photosynthetic or respiratory rates of 
basal (or older) and apical (or younger) 
leaves， respectively; Lb and La， leaf order 
number counted from the apex for the basal 

and the apicalleaves， respectively; Lf， leaf for-
mation rate (the number of leaves formed per 

day). 

The correlations of photosynthesis， dark 
respiration and ch'orophyll content to LAR 
were analyzed by computer with a regression 

analysis program. 

Results 

Light-saturated net photosynthesis and 

dark respiration of the leaves produced from 

primary lateral increased parabolically， but 
chlorophyll a content decreased hyperbolical-
ly with increasing LAR， which increased 
from basal portion to apical po口ionof a Sargas-
sum horneri plant (Fig. 1). 
Figure 2 shows photosynthesis-light curves 
of apical and basal leaves on a chlorophyll a 

basis (A)， on a leaf area basis (B) and on a dry 
weight basis (C). Dark respiration rate and 

net photosynthetic rate at above 100μEm-2 

S-1 was higher in the apical than in the basal 

leaves on any of the bases. Light compensa-
tion point was higher in the apicalleaves com-

pared to the basal leaves， with the former 
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Fig. 1. Relationships of net photosynthesis 
(Pn)， dark respiration (Rd) and chlorophyll (Chl.) a 
content to leaf area ratio (LAR) in a Sargassum homeri 
plant (h， holdfast; p， primary lateral; 1， leaf; b， 
lateral branch; v， vesicle). Pn， Rd and Chl. a are ex-
pressed as functions of LAR (X) respectively部
品llows: Pn= 1.45+0.94 X2 (r2=0.96)， Rd= 
0.26+0.12 X2 (r2=0.80) and Chl. a= 1.02 + 7.46/X 
(r2=0.84). Chlorophyll a content was the mean for 
←6 samples. 

being 30 and 27 f1E m-2 S-1 and the latter 15 
and 13μE m-2 S-1 on a dry weight basis and 

on a leaf area basis， respectively. On a chlo-
rophyl1 a basis (A)， 1ight compensation point 
of the apical leaves was similar to that of the 
basal ones. Net photosynthesis was saturat-
ed at about 300μE m -2 S-1 in the basal 

leaves， but was not saturated until 600μE-2 
s一1in the apicalleaves. Net photosynthetic 
rates at 600 f1E m -2 S -1 of the apical leaves 
were 3.5， 1.5 and 2.9 times， and dark respira-
tion rates of the apical leaves were 2.0， 2.5 
and 3.3 times as high as those of the basal 
leaves on a chlorophyll a basis， on a leaf area 
basis and on a dry weight basis， respectively. 
Chlorphyll contents were compared among 
the leaves of different positions (Table 1). 
Data for the basal leaves obtained in 1986 
(1987) were about 0.72 (0.76) times higher in 
chlorophyl1 a content and 1.13 (1.12) times 
higher in chlorophyl1 c content on a fresh 
weight basis， and were 1.12 (1.40) times 
higher in chlorophyl1 a content and 1.62 
(1.91) times higher in chlorophyll c content on 
a leaf area basis， compared with those for the 
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Fig. 2. Photosynthesis-1ight curves of the 
apical (0) and the basal (・)leaves of Sa管出sum
110m"; on a chlorophyll a basis (A)， on a leaf area 
basis (B) and on a dry weight basis (C). The 
mean::.tS.E. for 5 plants (about 10 cm long) 
measured at 200C in October 1987. 

apical leaves. Chlorophyll c to a ratio was 
also higher in the basal than in the apical 
leaves. Chlorophylls a and c contents and 
chlorophyll c to a ratio of middle leaves were 
lower than those of basal leaves but higher 
than those of apical ones (Table 1， 1987). 
LAR of apical leaves was about 34% and 
70% higher compared to middle leaves and 
basal leaves， respectively (Table 1). 
Fi伊 re3 compares a photosynthesis-light 
curve of vesicles with those of the basal and ap-
icalleaves in November. Net photosynthesis 
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Table 1. Comparisons of chlorophyll (Chl.) contents and leaf area ratio (LAR) among the apica1， middle 
and basalleaves of Sargassum horneri. 
Date: October 7， 1986 

Chl. a Chl. c Chl. a Chl. c 
Chl. c/a Leaf 

posluon (mg f.w.g-I) (mg dm-2) 

LAR 
(dm2 d.w.g-I) 

Samples 
(n) 

Apical 

Basal 

0.812土0.0140.112::1:0.001 

1.396::1:0.096 0.238土0.017

1.472::1:0.104 0.203::1:0.012 0.138土0.0022.446::1:0.437 

3.125土0.2050.532::1:0.033 0.170土0.0041.785::1:0.414 

6 

6 

(1. 719)* (2.125) (2.123) (2.621) (1.232) (0.730) 

Date: October 10， 1987 

Leaf Chl. a Chl. c Chl. a Chl. c 
Chl. c/a pOSlt10n 

(mg f.w.g-I) (mg dm-2) 

LAR Sam(np) les 
(dm2 d.w.g-I) 

Apical 0.724::1:0.061 0.095::1:0.008 1.209::1:0.109 0.157::1:0.015 0.132 ::1:0.002 3.532 ::1:0.964 6 

Middle 1.088::1:0.062 0.161::1:0.009 1.953土0.1620.288::1:0.024 0.148::1:0.001 2.630土0.234 4 

(1.503) (1.695) (1.6159) (1.834) (1.121) (0.745) 

Basal 1.275::1:0.056 0.201 ::1:0.006 2.899::1:0.378 0.457::1:0.052 0.158::1:0.002 2.075::1:0.272 4 

(1.761) (2.116) (2.398) (2.911) ( 1.197) (0.587) 

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

of vesic1es was saturated at about 400μEm-2 

S-I. Light-saturated net photosynthetic rate 

and dark respiration rate of vesic1es were 
much lower compared to those of apicalleaves 
but higher compared to those of basal ones. 
Figure 4 compares a photosynthesis-light 
curve of primary laterals with that of leaves of 
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Fig. 3. Photosynthesis-Iight curve of vesicles 
compared to those of apical and basal leaves in 
Sargassum horneri. The mean::l:S.E. for 5 plants 
(about 25 cm long) measured in November 1987. 

juveni1e plants. Dark respiratory and net 
photosynthetic rates were much higher in 
leaves than in primary laterals. Photosynthe-

sis of primary laterals was saturated at about 
250μE m -2 S -1. Light-saturated net pho-

tosynthetic rate and dark respiratory rate of 
leaves were respectively about 4 and 2 times 
as high as those of primary laterals. 
Figure 5 il1ustrates relationships of pho・

10 

Temp. 200C 
8 

4 

T 6 

旬百重。4

δ 
E 2 

o 

-2 
o 200 400 600 

PAR 
(pEm-2s・1)

Fig. 4. Photosynthesis-light curve of primaη 
laterals compared to白紙ofleaves of juvenile plants 
of Sargassum hornm'. The mean::l:S.E. for 12 plants 
(about 2.5 cm long) measured in August 1987. 



Photosynthetic capacities of different pa口sof Sargassum horneri 249 

0.2晶
語
句』

ミω
0.18 

3.2 

i 2-4 
~ 

T -正
主1.6
申

円。-
E
0.8 

o 6 12 18 2" 30 
T 
Holdfalt H・ightIcml 
Fig. 5. Relationships of gross photosynthesis 

(Pg)， net photosynthesis (Pn)， dark respiration (Rd)， 
chlorophyll a content (Chl. a)， chlorophyll c to a ratio 
(c: a) and dry weight to fresh weight ratio 
(d.w./f.w.) to the hight of primary laterals of 
Sargassum horneri. Primary laterals of 4 plants were 
used. Measured at 200C in November 1987. 

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

portion. Gross photosynthesis increased 
from the holdfast to the apex of primary later-
al. Chlorophyll a content increased from the 
base to the apex ofprimary laterals， and chlo-
rophyll c to a ratio was higher in the basal 
than in the apical portions of primary later-
als. Ratio of dry weight to fresh weight in-
creased from the holdfast to reach a maxi-
mum in the basal portion and then decreased 
until the apex of primary laterals. 
As indicated in Table 2， a new leaf was 
formed every two days; i.e. neighbouring 
leaves were different in age by two days. The 
4th to the 6th leaves and the 15th to the 17由
leaves numbered from the apex were respec-
tively considered as the apical and the basal 
leaves in October in the present study. Con-
sequently， the difference in age between api-
cal leaves and basal leaves was about 
20 days. As chlorophyll contents increased 
(Table 1)， but net photosynthesis and dark 
respiration decreased in leaves from the apical 
portion to the basal portion (Fig. 1)， the daily 
relative ch1orophyll increase rate， and the dai-
ly net photosynthesis and respiration decrease 
rates in a leafwere estimated in different posi-
tions of primary laterals (Table 3). Irrespec-
tive of bases， as a leaf grew one day older， 
chlorophylls a and c increased respectively 
1.7-4.1% and 2.7-5.1%， and net photosynthet-
ic capacity and dark respiratoη， activity 
decreased respectively 1.←5.8% and 4.6-
8.9%. 
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Table 2. Daily leaf formation rate (R， number day-I) of Sargassum horneri in the sea. 

9 2 3 5 10 Average土S.E.6 7 8 

0.5 0.5 0.4 0.5 0.4 0.4 0.3 0.8 0.5 0.3 0.5:t1.1 

Table 3. Estimated daily relative chlorophyll increase rate (RCIR)， net photosyn-
thesis decrease rate (RPDR) and dark respiration decrease rate (RRDR) in a leaf of 
Sargassum horneri. 

Leaf area basis Dry weight basis Chlorophyll a basis 

RCIR (% day-I) Chl. a Chl. c Chl. a Chl. c 
4.1 5.1 1.7 2.7 

RPDR (% day-I) 

RRDR (% day-I) 

1.4 

4.6 

4.1 

7.2 

5.8 

8.9 
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in basalleaves than in apicalleaves (Gao and 
Umezaki 1988). Gao and Umezaki (1989c) 
also reported that chlorophyll contents of 

leaves and vesic1es were higher in the basal 
portion than in the apical portion. Similar 

results were obtained in S. hornen: in the 
present study. Increased chlorophyll con-

tents in the basal leaves of Sargassum plants 
can be considered partially to be caused by an 
adaptation to the reduced light conditions. 
However， as demonstrated in the present 
study， chlorophyll contents increased as LAR 
decreased with aging of a leaf; and chlo-

rophyll a content was estimated to increase 

1.7・4.1% as a leaf grew one day older. In Oc-
tober S. horneri plants were about 10 cm long， 
and the di百erencesof light reduction around 
leaves of different positions could be negligi-
ble. Therefore， it is reasonable to consider 
that light condition contributed little to the 
differences in photosynthetic pigment content 
among leaves of S. hornen' during the experi-
ment period. 
Photosynthetic rates on a dry weight or on 
a leaf area bases decreased but contents of chlo・

rophylls increased in the leaves as LAR 
decreased from the apex to the base of a S. hor-
neri plant. Because LAR decreased with in-
creasing d. w./f. w. ratio (Fig. 6)， photosynthe-
sis which increased with increasing LAR 

5 

3 

4 

2 

、、、、

0.15 

d.w./f.w. 

Fig. 6. Relationship between leaf area ratio 
(LAR) and dry weight to fresh weight ratio 
(d. w .If. w.) of leaves of Sargassum horneri. Measured 
in October 1987. 
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It is c1ear that light-saturated net photosyn-
thetic rates and dark respiratory rates of 

leaves decreased on any of a dry weight， a leaf 
area and a chlorophyll bases， while chlo-
rophyll content increased， from the apex to 
the base of a Sargassum horneri plant; i.e. the 
highest chlorophyll contents were confined in 
older leaves， but the highest photosynthetic 
activity was confined in younger leaves. 

However， light-saturated net photosynthetic 
rates of the apicalleaves of S. horneri were low-
er (on a dry weight basis) or simi1ar (on a chlo-
rophyll basis) inJune compared with those of 
the basal leaves as previously reported (Gao 
and Umezaki 1988). The difference may be 
related to the periods the photosynthetic meas-
urements were carried out. InJune， when S. 
horneri matured and then decayed away~ net 
photosynthesis was much reduced while dark 
respiration was much increased in the apical 
leaves as demonstrated by Gao (1990a) in his 

seasonal studies of photosynthetic capacity of 
the species. Kuppers and Kremer (1978)， in 
their studies on Laminan'a di民tata，L.勿'per-
borea， L. saccharina， Fucus spiralis， F. vesiculosus 
and F. serratus， showed that less pigments 
were contained in younger regions compared 
to older ones. Wheeler (1980) also showed 

that the meristem of Macrocystis pyrifera con-
tained less pigments. S. horneri elongates api-
cally， and its apical portion is younger than its 
basal po口ion. The results of the present 
study that chlorophyll contents were higher in 
older leaves than in younger leaves agree with 
those repo口edby the above authors. 
There are several reports (Ramus et al. 
1976a， b， 1977; Wheeler 1980; Wassman and 
Ramus 1973; Perez-Bermudez et al. 1981) to 
show that photosynthetic pigments in sea-
weeds incresed with water depth or the degree 
of shading. Basalleaves of Sargassum plants， 
near the bottom of the sea， get more or less 
reduced light because of light absorption by 
water column and shading by the upper parts 
of themselves. S. hornen~ S. thunbergii， S. ser-
ratifolium， S. tatens and S. autumnale were 
reported to show higher chlorophyll contents 

Discussion 
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should decrease with increasing d. w ./f. w. ra-

tio in S. horneri. Photosynthesis of S. thunber-
gii was already reported to decrease with in-
creasing d.w./f.w. ratio (Gao and Umezaki 
1989c). The d.w./f.w. ratio (or LAR)， which 
usually increases (or decreases) with aging， 
can be considered as a parameter engender-

ing an aging effect on photosynthetic capacity 

in S. horneri. When the d.w.lf.w. ratio in-
creases or when LAR decreases， water con-
tent decreases， thereby the photolysis of water 
in photosynthesis can be slowed down， or the 
activities of some enzymes which directly or 

indirectly affect photosynthetic rate c如 bein-

hibited. For example， Kuppers and Kremer 
(1978) demonstrated that the lower photosyn-

thetic capacities in the older parts of Fucus 
ゆiralis~ F. serratus and F. vesiculosus resulted 
from reduced activity of RuBP (ribulose-l， 5・
biphosphate) carboxylase. 
S. thunbergii was shown to possess high pho・
tosynthetic capacity in vesicles， which con-
tributed significantly to about 6% of the pho-

tosynthetic production of an adult plant from 

May to June (Gao and Umezaki 1989c). 
Vesicles of S. horneri were demonstrated to 
have high photosynthetic capacity in the 

present study. 1t was shown that vesicles oc-

cupied more and more percent in fresh weight 

as a plant grew larger， and it was estimated 
that photosynthetic production by vesicles in 

November and March accounted for 4% and 

59%， respectively， while that by leaves about 
90% and 34% ofthe hourly net photosynthet-

ic production of a S. horneri plant under 
saturating solar radiation (Gao 1989). 1t is 

clear that vesicles of both S. thunbergii and S. 
horneri contribute considerably to their pho・
tosynthetic production in addition to sup-

plying floatation. Photosynthetic production 

of a Sargassum plant seems to be done almost 
by leaves when it is young， and is contributed 
more and more by vesicles as it grows larger 

until maturation period. 
Although the holdfast of S. horneri showed 
photosynthetic activity， its net photosynthetic 
rate (at 600μE m-2 S-I) was almost zero， 
which means that it contribute little to the 

growth. 1t is a problem to be studied whether 

there is any transporation of photosynthates 

from leaves to holdfast in S. horneri. Photosyn-
thetic capacities were lowest in holdfast and 

primary lateral， intermediate in vesicles and 
highest in leaves in S. horneri. 1t can be con-
cluded that S. horneri is also differentiated with 
differed photosynthetic prope口iesin various 

parts as in S. thunbergii (Gao and Umezaki 
1989c). 
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Tokyo. 
Yokohama， Y.， Katayama， N. and Furuya， K. 1986. 
An improved type of ‘Productmeter'， a differential 
gas-volumeter， and its app1ication to measuring pho-
tosynthesis of seaweeds. Jap. J. Phycol. 34: 37-42. 

(in Japanese with English summar吋.

高坤山:褐藻ア力モクの藻体部位別の光合成能

アカモク (Sargωum加rnen)の葉，気胞，主枝，固着器の光合成と暗呼吸を差動式検容器を用いて測定した。葉

では葉面積比の増加に伴い，純光合成と暗呼吸速度は増加したが，クロロフィル含量は減少した。葉が 1日加齢

するにつれてクロロフィル含量は1.7--4.1%増加し，純光合成および暗呼吸はそれぞれ1.4--5.8%，4.6--8.9% 

減少すると推定された。気胞は浮力を提供すると同時に高い光合成能をもつことが示された。光合成活性は葉，

気胞，主枝，間着器の順で低下した。アカモク藻体の形態的分化は光合成特性の違いを伴っていることが明らか

になった。 (530大阪市北区中崎西2丁目 3番39号関西総合環境センター)
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Chrysophytes in.the southern part of Hyogo Prefecture， 
J apan (11). Mallomonas 

Hiroyuki Ito 

陥 terQuality Lahoratory， Kohe City Waterworks Bureau， Kusutani-cho 37・J，均logo・ku，Kohe， 652 Japan 

Ito， H. 1991. Chrysophytes in the southern part of Hyogo Prefecture， Japan (11). Mallomonas. Jpn. 
J. Phycol. 39: 253-262. 

Seasonal occurrence of forty-three taxa of Mallomonas found in three ponds and a reservoir， Doroか.北e
Pond， Hoshino-ike Pond， Sengari Reservoir and Yasuba-ike Pond， situated in the southern p訂 tof Hyogo 
Prefecture， Japan is described. LM and EM descriptions are given for eleven taxa. Incorporating 
previously published data， it is suggested that twenty-nine taxa are widely distributed in Japan， whereas 
four other taxa， M. stn"ata， M. portaeプmeae，M. Jlora and M. splendens occur in restricted regions. 

応。lruJexU匂rds: Chてysop内ytes-electronmicroscopyーめゆ'goPreJectureーMallomonas-pond-reservoir.

Several studies have been made on Mallomo・

nω(Mallomonadaceae， Synurophyceae) in 
J apanese freshwater ponds and lakes， and 
forty-three taxa have been recorded: Taka-
hashi (1959， 1977， 1978) reported thirty-five 
species， two varieties and three forms from 
about one hundred ponds and lakes， and Ito 
(1988) reported three species new to J apan 
from Lake Biwa， Shiga Prefecture. Mallomonas 
taxa so far recorded in J apan form thirty-one 
percent of one hundred and thirty-seven taxa 
which have previously been reported in the 

world (Asmund and Kristiansen 1986， Croome 
and Tyler 1986， Durrschmidt 1986， Nicholls 
1987a， 1987b， 1988a， 1989， Siver 1988， Wu-
jek and Bland 1988， Cronberg 1989， Vigna 
and Kristiansen 1989). It suggests that many 
species have been overlooked in many floristic 
works so far undertaken， probably because 
the electron microscope was not used， and 
organisms are easily broken by fixation. In a 
previous paper， the present author reported 
chrysophyte flora including forty-three taxa of 
the genus Mallomonas， eight of which were 
reported as new to J apan from three ponds 
and a reservoir situated in the southern part 
of Hyogo Prefecture (Ito 1990). In this 
paper， seasonal occurrence of these taxa is 
given and eleven taxa which have not previ-

ously been described in J apan are described 
by transmission and scanning electron 
mlcroscopy. 

Materials and Methods 

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

Results and Discussion 

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

Sectio Mallomonotsis (Matvienko) Asmund et 
Kristiansen 1986 
Series Matvienkoanae Asmund et Kristiansen 

1986 
Mallomonω matvienkoae (Matvienko) As-
mund et Kristiansen 1986 in Opera Botani-
ca 85: 1-128. 
Basionym: Mallomonotsis eU争tica Mat-
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Table 1. Seasonal occurrence (Sp=March-May; Su=June-August; Au=September-November; 
Wi = December-February) of Mallomonas taxa collected from Doro北 ePond，Hoωshi吋in∞E叩oか.北ePond， Sengari Reservoir 
and Yasuba-ike Pond in the southern part of Hyogo Prefecture， Japan. 
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* M. alcrokomos 
* M. tonsurata 
* M. crassisquama 
*M.間噌oJera
f. ma，怒oJera
*M. puncti伽
* M. papillosa 
V訂 .ellipsoidea 
* M. hamsiae 
λ1. striata 
*M. parvula 
*M. pumilio 
M.ゅ』加dens
*M. elo，怒ata
本'M.heteroゅina
* M. matvienkoae 
M. sp. No. 2 
*M.le抑ene
* M. multisetigera 
*M. eoa 
* M. recticostata 
sM. pillura 
f. valdiviana 
* M. areolata 
* M. annulata 
M. sp. No. 1 

*M. ma噌宅fera
f.Joveata 
* M. ouradion 
* M. cristata 
sM. ocellaω 
*M. cauぬta
*M. alpina 
*M.ωnspersa 
*M. grata 

sM. rasilis 
μ1. calceolus 
M.j1ora 
DM. ba噌l似恥hica
DM. retijera 
* M. paxillata 

M. porlae1erreae 
sM. insignis 
*M. alata 
μ1. mangoJera 
var. su/cata 

* M. peronoides 
*M. guttata 

・Cellscollected; 0 Scales collected. 
h.: Taxa問ported白 newto J apan in a previous pap町 (Ito1990). 
*: Tax widely distributed in Japan. 
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vienko 1941 in Trudy. Inst. Bot. Kharkov 
4: 41-47. 

Distribution: Hokkaido， Yamagata Pref.， 
Fukushima Pref. ， H yogo Pref. ， Shimane 
Pref.， Ehime Pref. (Takahashi 1978). 
Series Ouradiotae Asmund et Kristiansen 
1986 

Mallomonas parvula Durrschmidt 1982 in 
Can. J. Bot. 60: 651-656. 
Distribution: Yamagata Pref. (Takahashi 
1978)， Shiga Pref. (Ito 1988). 
Mallomonas ouradion Harris et Bradley 1958 
in ]. gen. Microbiol. 18: 71-83. 
Basionym: Mallomonopsis ouradion (Harris et 
Bradley) Harris 1966 in J. gen. Microbiol. 
42: 175-184. 
Distribution: Hokkaido (Takahashi 1978) 
Series Peronoides Asmund et Kristiansen 
1986 

Mallomonas peronoides (Harris) Momeu et 
Peterfi 1979 in Contr. Bot. Cluji・Napoca
1979: 13-20. 
Basionym: Mallomonopsis peroneides Harris 
1966 in J. gen. Microbiol. 42: 175-184. 
Distribution: Yamagata Pref. (Takahashi 
1978). 
Mallomonas bangladeshica (Takahashi et 
Hayakawa) Wujek et Timpano 1984 in 

Trans. Kansas Acad. Sci. 87: 73-82. 
Basionym: Mallomonopsis peroneides Harris 
var. bangladeshica Takahashi et HaYakawa 
1979 in Phykos 18: 129-147. 
Cells oblong e1lipsoidal， covered with 
smooth bristles and three kinds of民ales:1) ap-
ical scales with a thorn-like projection at distal 

end， 2) oval body scales， 3) obovate rear 
scales. Body scales with many papil1ae and a 
subcircular ornament which has 9-13 lobes 
along its edge and 1-3 pores on its surface at 
distal p訂 t(Figs. 1 & 2). 
Sectio Multisetigerae Asmund et Kristiansen 
1986 
Mallomonas multisetなeraDurrschmidt 1982 
in Arch. Hydrobiol. Suppl. 63/Algol. Stud. 
31: 121-163. 
Distribution: Yamagata Pref. (Takahashi 
1978). 
Sectio Papillosae Asmund et Kristiansen 1986 
Mallomonas calceolus Bradley 1964 in J. gen. 

Microbiol. 37: 321-333. 
Cells ovoid， covered with smooth bristles 
and scales. Scales oval or suboval with wide-

ly spaced， scattered papillae on the shield 
(Fig. 3). 

Mallomonas conspersa Durrschmidt in 
Kristiansen and Andersen 1986， Cryso-
phytes， aspects and problems. 
Distribution: Yamagata Pref. (Takahashi 
1959). 

Mallomonas paxilla加 (Bradley)Peterfi et 
Momeu 1976 in Nova Hedwigia 27: 353-
392. 
Basionym: Mallomonopsis paxillata Bradley 
1966 in J. Protozool. 13: 143-154. 
Distribution: Yamagata Pref.， Tokushima 
Pref. (Takahashi 1978). 
Mallomonas papillosa Harris et Bradley 1957 
in J. Roy. Microscop. Soc. Ser. 3， 76: 37-
46， var. ellipsoidea Harris 1967 in J. gen. 
恥1icrobiol.46: 185-191. 
Distribution: Hokkaido， Yamagata Pref.， 
Fukushima Pref.， Hyogo Pref.， Tokushima 
Pref.， Ehime Pref. (Takahashi 1978). 
Mallomonas rasilis Durrschmidt 1983 in 
Nord. J. Bot. 3: 423-430. 
Cells ellipsoidal， covered with serrated bris-
tles and two kinds of scales， small apical scales 
and body scales. Scales suboval with many 
papillae on the shield and proximal border 
having internal radial struts (Figs. 4 & 5). 
Mallomonas guttata Wujek 1984 in Brenesia 
22: 309-313. 
Distribution: Yamagata Pref. (Takahashi 
1978). 
Sectio Planae Momeu et Peterfi 1979 
Series Fastな'ataeMomeu et Peterfi 1979 
Mallomonas caudata Ivanov 1899 in Bull. 
Acad. Imp. Sci. St.-Petersbourg 11: 247-
262， emend. Krieger 1930 in Bot. Arch. 
29: 258-329. 
Synonym: Mallomonas fastigata Zacharias 
1903 in Forschubgsber. Biol. Stat. Plon 10: 

223-289. 
Distribution: Hokkaido (Hada 1959)， 
Yamagata Pref.， Fukushima Pref. (Taka-
hashi 1978)， Shiga Pref. (Ito 1988)， Hyogo 
Pref. (T北ahashi 1978)， Shimane Pref. 
(Akiyama 1964， Takahashi 1978)， Tokushi-
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ma Pref. (Takahashi 1978). 
Sectio Insignes Asmund et Kristiansen 1986 
Mallomonas insignis Penard 1919 in Bull. 
Soc. Bot. Geneve 2e. ser. 11: 122-128. 
Cel1s obovoid to elongate-ellipsoidal， 30-
96X 1←25μm， bluntly pointed anteriorly 
and tapering to a tai1 of varying length， with 
three kinds of scales: 1) apical scales with a 
stout hollow spine terminating in a bi-or 
trifurcate tip， 2) oval body scales without 
spines， 3) tai1 scales with a slender hollow 
spine terminating in a bifurcate tip. The 
shield of three kinds of scales is marked with 
internal honecomb pattern of ribs and with 
papi11ae on the outer layer (Figs. 6・9).
Sectio Punctiferae Asmund et Kristiansen 1986 
Series Punctiferae Momeu et Peterfi 1979 
Mallomonas punct俳raKorshikov 1941 in 
Trudy Inst. Bot. Kharkov 4: 50-76. 
Synonym: Mallomonas reginae Tei1ing 1946 
in Bot. Notiser 1946: 61-88. 
Distribution: Yamagata Pref.， Fukushima 
Pref. (Takahashi 1978)， Shiga Pref. (Ito 
1988)， Shimane Pref.， Tokushima Pref. 
(Takahashi 1978). 
Sectio H的rospinaeMomeu et Peterfi 1979 
Series Heterospinae Asmund et Kristiansen 
1986 
Mallomonas heterosp仇aLund 1942 in New 
Phytol. 41: 274-292. 
Distribution: Yamagata Pref. (Takahashi 
1978)， Shiga Pref. (Ito 1988)， Ehime Pref. 
(T叫cahashi1978). 

Mallomonas harrisiae Takahashi 1975 in 
Phycologia 14: 41-44. 

Distribution: Yamagata Pref.， Hyogo 
Pref.， Ehime Pref. (Takahashi 1978). 
Sectio Akrokomae Asmund et Kristiansen 1986 
Mallomonas akrokomos Ruttner in Pascher 
1913， Die SuswasserHora Deutschlands， 
Osterreichs und der Schweiz 2， p. 7・95.
Distribution: Yamagata Pref.， Fukushima 
Pref.， Gifu Pref. (Takahashi 1978)， Shiga 
Pref. (Ito 1988)， Okayama Pref.， Tokushima 
Pref. (Takahashi 1978). 

Sectio Stn:atae Asmund et Kristiansen 1986 
Series Striatae Momeu et Peterfi 1979 
Mallomonas striata Asmund 1959 in Dansk 
Bot. Ark. 18:ト50.

Distribution: Shiga Pref. (Ito 1988). 
Mallomonω retifera Durrschmidt 1982 in 
Can. J. Bot. 60: 651-656. 
Cells ovoid or ellipsoidal， covered with slen-
der bristles and two kinds of scales， small api-
cal scales with a wing-like structure and larger 
body scales. Scales suboval with papi11ae on 
the dome and the anterior Hanges and reticula-

tion on the shield (Figs. 10 & 11). 
Mallomonas jlora Harris et Bradley 1960 in 
J. gen. Microbiol. 22: 750-777. 
Distribution: Gifu Pref. (Takahashi 1978). 
Series Actinolomae Asmund et Kristiansen 
1986 
Mallomonas cristata Durrschmidt 1981 in 
Phycologia 20: 298・302.
Distribution: Yamagata Pref. (Takahashi 
1959). 
Sectio Mallomonas 
Series A争inaeAsmund et Kristiansen 1986 
Mallomonas alpina Pascher et Ruttner in 
Pascher 1913， Die SuswasserHora 
Deutschlands， Osterreichs und der Schweiz 
2， p. 7-95， emend. Asmund et Kristiansen 
1986 in Opera Botanica 85: 1-128. 
Synonym: Mallomonas monograptus Harris et 
Bradley 1960 inJ. gen. Microbiol. 22: 750-
777. 

Distribution: Hokkaido， Fukushima Pref. 
(Takahashi 1978)， Shiga Pref. (Ito 1988)， Osa-
ka Pref.， Shimane Pref.， Tokushima Pref.， 
Ehime Pref. (Takahashi 1978). 
Mallomonas areolata Nygaard 1949 in Kgl. 
Dan. Vid. Selsk. Biol. Skr. 7: 1-293. 
Distribution: Yamagata Pref.， Osaka 
Pref.， Shimane Pref.， Tokushima Pref.， 
Ehime Pref. (Takahashi 1978). 
Mallomonas elongata Reverdin 1919 in Arch. 
Sci. phys. nat. 1: 5-95. 
Distribution: Yamagata Pref. (Takahashi 
1978)， Shiga Pref. (Ito 1988)， Osaka Pref.， 
Okayama Pref.， Shimane Pref.， Ehime Pref. 
(Takahashi 1978). 
Series Tonsuratae Asmund et Kristiansen 
1986 
Mallomonas tonsurata Tei1ing 1912 in Svensk 
Bot. Tidskr. 4: 266-281， emend. Krieger 
1930 in Bot. Arch. 29: 258-329. 
Distribution: Hokkaido， Yamagata Pref.， 



Mallomonas in southern Hyogo Prefecture 257 

Fukushima Pref.， Gifu Pref. (Takahashi 
1978)， Shiga Pref. (Ito 1988)， Osaka Pref.， 
Hyogo Pref.， Okayama Pref.， Shimane Pref.， 
Tokushima Pref.， Kumamoto Pref.， Kagoshi-
ma Pref. (Takahashi 1978). 
Series Portafet伽伽7
1986 

Mallomonasρortae:舟rreaePeterfi et Asmund 
1972 in Stud. Univ. Babes-Bolyai Ser. 
Biol. 1: 11-18. 

Distribution: Shiga Pref. (Ito 1988). 
Series Mallomonas 

Mallomonas crassisquama (Asmund) Fott 
1962 in Preslia 34: 69-84. 
Basionym: Mallomonas acaroides Perty 1851 
emend. Ivanov 1899 var. crassisquama As-
mund 1959 in Dansk Bot. Ark. 18: 1・50.
Distribution: Hokkaido， Yamagata Pref.， 
Fukushima Pref. (Takahashi 1978)， Shiga 
Pref. (Ito 1988)， H yogo Pref.， Shimane Pref.， 
Tokushima Pref.， Ehime Pref. (Takahashi 
1978). 
Sectio Pseudocoronatae Asmund et Kristiansen 
1986 
Series Lelymenae Asmund et Kristiansen 
1986 
Mallomonas lelymene Harris et Bradley 1960 
inJ. gen. Microbiol. 22: 750-777. 
Distribution: Fukushima Pref.， Osaka 
Pref.， Hyogo Pref. (Takahashi 1978). 
Sectio Annulatae Asmund et Kristiansen 1986 
Mallomonas tillura Harris 1967 in J. gen. 
Microbiol. 46: 185-191，ι valdiviana 
Durrschmidt 1982 in Arch. H ydrobiol. 
Suppl. 63/A1gol. Stud. 31: 121-163. 
Cel1s spherical， ::!:: 10μm， covered with 
curved and delicate bristles and three kinds of 

scales: 1) apical scales with dome， 2) body 
scales with dome， 3) body sca1es without 
dome. The shield of three kinds of scales is 
marked with a reticulum of irregular1y shaped 
meshes each enclosing a single pore or a 
group of few pores on the base plate (Figs. 12 
& 13). 
Mallomonas annulata (Bradley) Harris 1967 
in J. gen. Microbiol. 46: 185-191. 
Basionym: Mallomonas tatillosa Harris et 
Bradley 1957 v訂 .annulata Bradley 1966 in 
J. Protozool. 13: 143-154. 

Distribution: Yamagata Pref. (Takahashi 
1978)， Shiga Pref. (Ito 1988)， Ehime Pref. 
(Takahashi 1978). 
Sectio Torquatae Momeu et Peterfi 1979 
Series Pumilae Momeu et Peterfi 1979 
Mallomonas tumilio Harris et Bradley 1957 
in J. Roy. Microscop. Soc. Ser. 3， 76: 37-
46， emend. Asmund， Cronberg et 
Durrschmidt 1982 in Nord. J. Bot. 2: 383-
395. 

Distribution: Yamagata Pref.， Shiga Pref.， 
Ehime Pref. (Takahashi 1978). 
Mallomonas alata Asmund， Cronberg et 
Durrschmidt 1982 in Nord. J. Bot. 2: 383-
395. 
Distribution: Yamagata Pref. (Takahashi 
1978). 
Series Eoae Asmund et Kristiansen 1986 
Mallomonas eoa Takahashi 1963 in Bul1. 
Yamagata Univ.， Agr. Sci. 4: 169-187. 
Distribution: Yamagata Pref.， Osaka Pref. 
(Takahashi 1978). 
Mallomonas ocellata Durrschmidt et Croome 
1985 in Nord. J. Bot. 5: 285-298. 
Cel1s ovoid or ellipsoidal covered with 
smooth bristles and three kinds of scales: 1) 
collar scales with dome， 2) rhombic body 
sca1es， 3) sma11 rear scales. The shield of 
three kinds' of sca1es is marked with more or 
less rounded pits. At the bottom of each pit 
the base plate is visible， centrally with a some-
what thickened area (Fig. 14). 
Series Mangoferae Asmund et Kristiansen 
1986 
Mallomonas mangofera Harris et Bradley 
1960 inJ. gen. Microbiol. 22: 750-777， f. 
mangofera 
Distribution: Yamagata Pref.， Hyogo 
Pref.， Shimane Pref.， Tokushima Pref. (Taka-
hashi 1978). 
Mallomonas mangofet・'af. foveata Durrschmidt 
1983 in Pl. Syst. Evol. 143: 175-196. 
Distribution: Yamagata Pref. (Takahashi 
1978). 
Mallomonas mangofera var. sulcata 
Durrschmidt 1983 in Pl. Syst. Evol. 143: 

175-196. 
M. mangofera var. sulcata differs from M. 
mangofera var. mangofera in having grooves 
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running along the submarginal rib on the 
shield of scales (Fig. 15). 
Mallomonas grata Takahashi 1963 in Bull. 
Yamagata Univ.， Agri. Sci. 4: 169-187. 
Distribution: Yamagata Pref. (T北ぬashi
1978). 
Series Doignonianae Asmund et Kristiansen 

1986 
Mallomonas recticostata Takahashi 1972 in 
Bot. Mag. Tokyo 85: 293-302. 
Distribution: Yamagata Pref.， Shimane 
Pref. (Takahashi 1978). 
Appendix 
Mallomonas stlendens (G. S. West) Playfair 
1921 in Proc. Linn. Soc. N. S. Wales 46: 

99-146， emend. Croome， Dur・rschmidtet 
Tyler 1984 in Nova Hedwigia 41: 463-470. 
Synonym: LagerheimiaゆlendensG. S. West 
1909 in J. Linn. Soc. Bot. 39: 1-88. 
Cells cylindrical， 25-28 x 8.5-11μm， with 
four smooth spines at both ends and three 
kinds of scales: 1) oblong apical scales with 
dome， 2) rhomboidal body scales， 3) broadly 
ovate posterior scales with dome. Three 
kinds of scales with an outer minute papillose 
layer and an internal reticulum (Figs. 16 & 
17). 
Distribution: Shimane Pref. (Akiyama 
1964). 
U nidentified species 
Mallomonas sp. No. 1 
This species resembles M. acaroides Perty 
emend. 1 vanov， but differs from it in having a 
wing-like structure of the anterior sange of 
scales (Fig. 18). 
Mallomonas sp. No. 2 
This species resembles M. mangoJera f. graci-
li's Durrschmidt， but differs from it in having 
circular or elongate pores on the shield of 
scales (Fig. 19). 

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

Table 1. Of these， M. tonsurata， M. akrokomos 
and M. crassisquama have been found in more 
than twenty ponds and lakes mainly in the 
Tohoku， Kinki， Chugoku and Shikoku dis-
tricts. Water temperature and pH range dur-
ing the occurrence of these three taxa have 
been reported: 0-310C and 5.47-9.0 for M. 
tonsurata， 0.3-240C and 3.8-8.5 for M. akroko・
mos and 0.3-270C and 5.2-9.0 for M. cras-
sisquama (Gutowski 1989， Hartmann and 
Steinberg 1989). M. tonsurata and M. C1i前-
sisquama are classified as eurythermal and in-
different to pH (Takahashi 1978， Roijackers 
1986). M. akrokomos is classifi.ed as euryther-
mal and acidophilious， although it also occurs 
in many alkaline lakes (Takahashi 1978， Har-
tmann and Steinberg 1989). It should be 
noted that these three taxa were collected in 
al1 sites as well as in almost all the sampling 
time (Table 1). The present author therefore 
agrees that these taxa are eurythermal， and 
this may be a m司orreason oftheir wide distri-
bution. 
M. peronoides， M. multisetigera， M.ωnspersa， 
M. guttata， M. cristata， M. alata， M. mangofera， 
f. foveata and M. grata have previously been 
found in one to three localities in Yamagata 
Prefecture and M. ouradion in one locality in 
Hokkaido (T北ahashi1978). These nine 
taxa (marked also by asterisks in Table 1) 
may be widely distributed in J apan because 
they also occur in H yogo Prefecture (this 
study) and they have been collected from 
various types of ponds and凶cesin other 
countries (Asmund and Kristiansen 1986， 
Durrschmidt 1986， Hall節目 and Hall品目
1988， Nicholls 1988b， Cronberg 1989). 
Some species seem to show relatively 
narrow distribution and they occur in restrict-
ed regions: M. striata and M.ρortae-Jerreae are 
distributed only in the Kinki districts， M. jlora 
in the Chubu and Kinki districts， and M. 
ゆlendensis distributed in the Kinki and 
Chugoku districts (Akiyama 1964， Takahashi 
1978， Ito 1988， this paper). 
Eight Mallomonas taxa recorded for the fi.rst 
time in J apan (Ito 1990) were found in one or 
two sites， and only scales were collected for 
six taxa except M. insignis and M. tilωra f. val-
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Figs. 1 & 2. M. bangladesh同;Fig. 1. a body scalc (Transmission electron microscopy: TEM)， Fig. 2. a body 
scalc (Scanning elcctron microscopy: SEM). Fig. 3. M.日lceolus，a scalc (SEM). Figs令&5. M. rasilis; Figも a
body sca1e (TEM)， Fig. 5. body scales (SEM). Figs. 6-9. M. insignis; Fig. 6. an apica1 scale (TEM)， Fig. 7. a body 
scaJc (TEM)， Fig. 8. body scalcs (SEM)， Fig. 9. a tail scalc (TEM). Figs. 10 & 11. M. ret砕ra;Fig. 10. a body scale 
(TEM)， Fig. 11. a body scalc (SEM). Scalc bar= I pm 

d叩iana(Table 1). The following six taxa 
have previously been reported from more 

than two continents as described below， and 
so they can be regarded as cosmopolitic 

specles 

M. bangladeshica: Nonh America， South 
America， As民 Africa(Asmund and Krist阻止
sen 1986， Cronberg 1989) 
M. calceolus: Europe， North America， 
South America， Australia (Asmund and 
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Figs. 12 & 13. M. pillura f叩 ldiviana;Fig. 12. a who1e mount cell (TEM)， Fig. 13. a dome1css body scale 
(TEM). Fig. 14. M. oullala， a body scalc (TEM). Fig. 15. M. mangoJtra var. SI/(COIO， a body scale (TEM). Figs 
16&17.M.sμ四 dtns;Fig. 16. a body scale (TEM)， Fig. 17. body sca1es (SEM). Fig. 18. Mallomorlas sp. No. 1， a 
scalc (TEM). Fig. 19. Mallomonas sp. No. 2， a scalc (TEM). Scale bar= 1μm 

Kristiansen 1986， Hallfors and Hallfors 1988， 
Cronberg 1989， Hartmann and Stcinberg 
1989) 

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

tmann and Steinberg 1989) 

M 問signis:Europe， North America， As叫
Australia (Asmund and Kristiansen 1986， 
Croome and Tyler 1988， Kristiansen 1989) 
M. retifera: Europe， South America (As-
mund and Kristiansen 1986， Hartmann and 
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Steinberg 1989). 

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

M. calceolus and M. insignis are eurythermal 

because they have been collected from subarc-

tic， temperate and tropical regions. They 
could be widely distributed in ]apan and 

further investigations treating many more 

ponds and lakes may confirm their common 

occurrence. M. hangladeshica has mostly been 
repo口edfrom the tropics with an exception of 

its occurrence in Kansas， U.S.A. (Wujek and 
Timpano 1984)， suggesting that the species 
prefers warm water. In this study a few 

scales were collected only in August in Sen-

gari Reservoir. M. hangladeshica may be 

found only in summer in] apanese ponds and 

lakes. The present author suggests that M. 
ocellata and M. mangψra var. sulcata are rare 
species. M. ocellata was described from a 

shallow pond in Malaysia (Durrschmidt and 

Croome 1985) and M. mangojera v訂 .sulcata 
was described from a meadow pond in Chile 

(Durrschmidt 1983). They had not been col-
lected ever since they were first described un-

til the present author found them in Doro-ike 

Pond 叩 d Yasuba-ike Pond， respectively. 
The fact that only a single scale of M. man-

gojera var. sulcata and a few scales of M. ocella-

ta were collected during the period of study 

may resects their rare occurrence. 

References 

Akiyama， M. 1964. Verzeichnis der Suswasseralgen in 
San-in Region， Japan. Bull. Shimane Univ. (Natu-
ral Sci.) 14: 92-121. 

Asmund， B. and Kristiansen，J. 1986. The genusMallo・
moruzs (Chrysophyceae). Opera Botanica 85: 1-128. 
Cronberg， G. 1989. Scaled chrysophytes from the trop-
ics. Beiheft zur Nova Hedwigia 95: 191-232 
Croome， R. L. and Tyler， P. A. 1986. Mallomonas sabulo・
sa (Chrysophyceae)， a new species from Australia. 
Br. phycol. J. 21: 93-96. 

Croome， R. L. and Tyler， P. A. 1988. Further obser-
vations of silica-scaled Chrysophyceae 
(Paraphysomonadaceae and Mallomonadaceae) 
from Australian freshwaters. Nova Hedwigia 46: 
481-489. 

Durrschmidt， M. 1983. A taxonomic study of the 
Mallomonas mangojera group (Synuraceae， 
Chrysophyceae) including the description of four 
new taxa. PI. Syst. Evol. 143: 175-196. 
Durrschmidt， M. 1986. New species ofthe genusMallo・
monas (Mallomonadaceae， Chrysophyceae) from 
New Zealand. p. 87-106. In J. Kristiansen and 
R. A. Anderson [eds.] Chrysophytes:部 pectsand 
problems. Cambridge University Press， Cambridge. 
Durrschmidt， M. and Croome， R. 1985. Mal-
lomonadaceae (Chrysophyceae) from Malaysia and 
Australia. Nord. J. Bot. 5: 285-298. 

Gutowski， A. 1989. Seasonal succession ofscaled chryso-
phytes in a small lake in Berlin. Beiheft zur Nova 
Hedwigia 95: 159-177. 

Hada， Y. 1959. The flagellata of the fresh water 
plankton in Hokkaido. Bull. Suzugamine Women's 
College (Nat. Sci.) 6: 21-69. 

H辺Ifors，G. and Hallfors， S. 1988. Records of chryso・
phytes with siliceous scales (Mallomonadaceae and 
Paraphysomonadaceae) from Finnish inland waters. 
Hydrobiologia 161: 1-29. 

Harris， K. and Bradley， E. 1957. An examination ofthe 
scales and bristles of Mallomonas in the e1ectron 
microscope using carbon replicas. J. Roy. 
恥ficroscop.Soc. Ser. 3， 76: 37-46. 
Hartmann， H. and Steinberg， C. 1989. The occurrence 
of silica-scaled chrysophytes in some central Europe-
an lakes and their relation to pH. Beiheft zur Nova 
Hedwigia 95: 131-158. 

Ito， H. 1988. Scale-bearing chrysophytes in the south 
basin ofLake Biwa， Japan. Jpn. J. Phycol. 36: 143-
153. 

Ito， H. 1990. Chrysophytes in the southern part of 
Hyogo Prefecture， Japan (1). Chrysophyte flora in 
three ponds and a reservoir. Jpn. J. Phycol. 38: 
327-332. 

Ivanov， L. 1899. Beitrag zur Kenntniss der Mor-
phologie und Systematik der Chrysomonaden. Bull. 
Acad. Imp. Sci. St.-Petersbourg 11: 247-262. 

Kristiansen， J. 1989. Silica-scaled chrysophytes from 
China. Nord. J. Bot. 8: 539-552. 

Momeu， L.卸dPeterfi， L. S. 1979. Taxonomy of Mallo-
monas based on the fine structure of scales and 
bristles. Contr. Bot. Cluj-Napoca 1979: 13-20. 

Nicholls， K. H. 1987a. Form variation inMallomonasas-
mundiae and a description of Mallomonas sthagnφhila 
sp. nov. (series Cornconticae， Mallomonadaceae). 
Can. J. Bot. 65: 627-634. 
Nicholls， K. H. 1987b. The distinction between Mallo-
monωacaroides var. acaroides and Mallomoruzs acaroides 
var. muskokana var. nov. (Chrγsophyceae). Can. J. 
Bot. 65: 1779-1784. 
Nicholls， K. H. 1988a. Descriptions of three new spe・
cies of Mallomonω(Chrysophyceae): M. he.時 o



262 Ito， H. 

(Chrysophyceae) sora of Ontario， Canada， and a 
checklist of North American Mallomonas species. 

Can. J. Bot. 66: 349-360. 

Nicholls， K. H. 1989. Descriptions offour new Mal/omo-
nas taxa (Mallomonadaceae， Chrysophyceae). J. 
Phycol. 25: 292-300. 

Perty， M. 1851. Zur Kenntnis kleinster Lebensformen. 
Bern. 228 pp. 

Roijackers， R. M. M. 1986. Development and succes-
sion of scale-bearing Chrysophyceae in two shallow 
freshwater bodies near Nijmegen， The Netherlands. 
p. 241-258. In J. Kristiansen and R. A. Andersen 
[eds.] Chrysophytes: aspects釦 dproblems. Cam-
bridge University Press， Cambridge. 
Siver， P. A. 1988. Mallomonas retrorsa， new species ofsili-
ca-scaled Chrysophyceae with backwards orientated 
scales. Nord. J. Bot. 8: 319-323. 

Takahashi， E. 1959. Studies on genera Mallomonas and 
品川ra，and other plankton in freshwater with the 
electron microscope 1. Bull. Yamagata Univ.， Agri. 
Sci. 3: 117-151. 

Takahashi， E. 1963. Studies on genera Mallomonas and 
・Synura，and other plankton in freshwater with the 

electron microscope IV. On two new species of Mallo-

monas found in ditches at Tsuruoka in the North-

East ofJapan. Bull. Yamagata Univ.， Agri. Sci. 4: 
169-187. 

Takahashi， E. 1977. Class Chrysophyceae. p. 181-195. 
In H. Hirose and T. Yamagishi [eds.] Illustrations 
oftheJapanese fresh-water algae. Uchida・rokakuho・

shinsha， Tokyo (in Japanese). 
Takahashi， E. 1978. Electron microscopical studies of 
the Synuraceae (Chrysophyceae) in Japan-tax-
onomy and ecology. Tokai Univ. Press， Tokyo. 
vi+194 pp. 

Vigna， M. S. and Kristiansen， J. 1989. Mallomonas 
corymbosa var. in伽 uttanov. var. (Synurophyceae) 

from Argentina. Nord. J. Bot. 8: 553-555. 

W吋ek，D. E. and Bland， R. G. 1988.争inijeromonasand 
Mallomonas: Descriptions of two new taxa of 

Chrysophyceae. Trans. Amer. Microsc. Soc. 107: 

301-304. 

W吋ek，D. E. and Timpano， P. 1984. The genus Mal-
lomonotsis in the United States. Trans. Kansas 

Acad. Sci. 87: 73-82. 

伊藤裕之:兵庫県南部産黄金藻 (11).Mallomonas属

兵庫県南部に位置する泥地，星野池，千苅貯水池，安場池から出現した43種類のMal/omonas属について季節

変化を調査した。また日本で以前に記載のなかった11種類について，電子顕微鏡を用いた記載を行った。本調査

結果と従来の記録から，これらの種類の日本における分布を考察し， 29種類は日本に広く分布するが，M. stria-

凧 M.ρortaeゾmeae，M. sora， M. stlendensの4種類は限られた地域に出現することを示唆した。 (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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Huang， S.・F.1991. Additions to the marine algal sora of Taiwan. Jpn. J. Phycol. 39: 263-269. 

The occurrences of one species of Chlorophyceae and eight species of Rhodophyceae are newly 
reported in Taiwan: Ventn'caria ventricosa， Kallymenia perJorata， Sehdenia agardhii， Botryocladia skottsbergii， Cryp-
taracnne okamurai， Crouania minutissima， Griffithsia subcylindrica， Wrangel，必句P伽・ana 釦 d Tolypiocladia 
glomerulata. Annotations on出eirmorphology， other features of taxonomic interest， habitat and wor1d 
distribution are provided. 

Key Index Wor，ι Chlorophyceae-distribution-marine algae-new recordsーRho品川yceae-Taiwan. 

The algal flora of the main island of Tai-

wan has been well investigated (Yamada 
1925a， b， 1938， Shen and Fan 1950， Chiang 
1960， 1962， 1972， 1973a， b， Chou and 
Chiang 1981， Chiang and Chen 1982， Yang 
and Chiang 1982， Chiang and Wang 1987， 
Lewis and Norris 1987)， but those of offshore 
islands are still insufficiently known. This 

paper deals with a collection of marine algae 
from Hsiao・Liuchiu island (120021'55''E， 
22019'48"N)， a small island located southwest 
of Taiwan (Fig. 1). Hsiao・Liuchiuisland in 
an uplifted coral reefwhich is covered with re-

cent soil， forming a plateau not higher than 
70 m (Yang et al. 1975). Immersed in the 

clear warm water from the branching 

Kuroshio Current， Hsiao-Liuchiu has an 
annual average water temperature above 

260C， with yearly fluctuation within 600C 
(Chu 1971， Yang et al. 1975). The salinity 
ranges between 32%(; to 34.5鉱.
The algal flora of Hsiao-Liuchiu has been 

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

16 m around the island. It was found that a 

number of algal specimens were distinctly 
different from the previously recognized spe-
cies in Taiwan. Data on the composition， dis-
tribution and seasonal succession of seaweeds 

of Hsiao・Liuchiuwill be published in the 

future. In this paper， nine species of marine 
aglae are studied， including one species of 
Chlorophyceae and eight species of 
Rhodophyceae. These species have not been 
previously reported for Taiwan. Ventricaria， 
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Fig. 1. Map ofTaiwan， showing the location 

of Hsiao・Liuchiuisland. 
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Kallymenia， Sebdenia， Botワ，ocladia，Crouania， 
Wrangelia and Tolypiocladia are also new 
genera for Taiwan. All the specimens men-
tioned here are deposited in the herbarium of 
the Taiwan Museum. 

List of species 

Chlorophyta 

Valoniaceae 

Ventricar匂 ventricosa(J. Ag.) Olsen et 
West， Phycologia 27: 104， 1988. 
-Valonia ventricosaJ. Ag.， Algern. Syst. part 8: 
96， 1887. 
Collection: H・943(May 21， 1988)， H・1343
(March 10， 1989). The plants are found 
growing on coral fragments or the reef flat at 
the sublittoral zone. 
Geographical distribution: This is a wide1y 
distributed species in tropical seas. 

Rhodophyta 

Kallymeniaceae 

Kal，砂men白peげorataJ.Ag.， Species Genera 
et Ordines A1garum 3: 219， 1876. 
Collection: H・1024(Jan. 19， 1989). The 
specimens were all tetrasporophyte. They 
were found growing on rocks only in deep 
water (about 10-15 m). 
Geographical distribution: Japan， Ceylon， 
West Indies， New Hollon (Irian Jaya)， Tas-
mama. 

Sebdeniaceae 
Sebdenia agardhii (De Toni) Codomier in 
Tseng et al.， p. 66， 1980. 
-Halymenia agardhii De Toni， Syll. alg. pa口4:
1542， 1905. 
These tetrasporic specimens show the taller 
thallus (up to 45 cm) and roundness of the 
axi1us as in Sebdenia polydac伊la(Boergesen) 
Balakrishnan (Balakrishnan 1961) on one 
hand， and the blunt-ending ultimate 
branches as in Sebdenia agardhii (De Toni) 
Codomier on the other. Both species have 
several features common to each other and 
seem to be scarcely distinguishable (Tseng et 

al. 1980). The relationship between these 
two species needs further anatomica1 study. 
Collection: H・684(March 19， 1988)， H・
1514 (July 9， 1989). It was occasionally 
found growing on the rocks of sublittoral zone 
at the depths of←16 m. Tetrasporic plants 
have been gathered in March. 
Geographical distribution: Japan， Hong 
Kong， Bermuda， North Carolina， Florida， 
West Indies (Guade1oupe， Tobago). 

Rhodymeniaceae 
Botryocladぬ skottsbergii(Boerg.) Levring， 
Meeresalgen der Juan Fernandez-Inseln， 
p. 645， 1941. 
-Chヮヮmeniaskottsbergii Boerg.， Mar. A1g. 
Easter Isl. p. 307， 1924. 
-Chrysymenia kuckuckii W. v. B.， Monogr. Sibo・
ga Exped. p. 446， 1928. 
-Botヮocladiakuckuckii (W.v.B.) Yamada et 
Tanaka， Sci. Pap. Inst. A1ga1. Res. Hok-
kaido Univ. 2: 77， 1938. 
Collection: H・998(Jan. 17， 1989). This 
plant appears to be rate and of erratic occur-
rence on the coast of Hsiano-Liuchiu， having 
only been found on two occasions， but then in 
abundance， growing on shaded sides of rocks 
or under surfaces of coral c1umps in the calm 
area of the sublittoral zone 3-5 m deep. 
Plants with cystocarps were found in Janu-
ary. 
Geographical distribution: Indonesia， 
Solomon Islands， Japan (Ryukyu Islands)， 
China (Xisha Islands)， Marshall Islands， 
Easter Island and Mauritius. 

Cり伊tarachneokamurai (Yamada & Segawa) 
Zhang & Xia， Stud. Mar. Sinica 20: 133， 
1983. 
ーChrysymeniaokamurai Yamada & Segawa， 
Rec. Oceanogr. Works Japan 1: 110， 1953. 
-Chrysymenia kaernbachii Okamura (non 
Grunow)， Nippon Kaiso-si， p. 669， 1936. 
Collection: H・1345(March 10， 1989). It 
was found growing as a creeping mat on rocks 
or coral fragments at depths of 3-6 m. 
Geographical distribution: Japan (Ryukyu 
Islands)， China (Xisha Islands). 
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Fig. 2. Outline of Ventricaria ventricosa. Fig. 3. Surface view of Kallymenia pe柿rata，showing tetrasporangia 
in the epidennal layer of thallus. Fig. 4. Transverse section of the thallus of Kallymenia perforata. Fig. 5. 
Transverse section of ultimate branch of Sebdenia agardhii， showing ramified filaments with glands (g). Fig. 6. 
Transverse section of the vesicle of Botヮocladiaskottsbergii， showing gland cells (g) grouping on the innennost layer 
of vesicle. Fig. 7. Transverse section of a sterile frond of Cてyptarachneokamurai， showing gland cells (g) and rhizoid-
like臼ament(r) from the innennost large cells. 
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Fig. 8. Part ofaxis of Crouania minutissima， showing tetrasporangium on the basal segment of a determinate 
branch. Fig. 9. Cross section of Crouania minutissima， showing three determinate branch systems in whorl on axial 
cell. Fig. 10. Part of branches of G.ゆths;・asubcylindrica. Fig. 11. Part of whorl-determinate branch of Wrangelia 
ゆ'lonana. Fig. 12.肋 angelia句lonana;a compact cluster of spermatangial head with involucral filaments and 
stalk cells (s). Fig. 13. sasal part of Wrangelia tayloriana. Fig. 14. A small upper pa口ofTolypiocladia glomerulata; 
note the rhizoid initials (r). 
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Ceramiaceae 
Crouania minutissima Yamada， Sci. Pap. 
Inst. A1gol. Res. Hokkaido Univ. 3: 40， 
1944. 
The specimens appear to demonstrate that 
the primary branchlets do not occur in groups 
offour as described by Yamada (1944)， whi1e 
in the material repo口edby other authors 
above， the branch systems were in whorls of 
three. 
Collection: H-858 (May 20， 1988)， H・1609
(Sept. 11， 1989). These were epiphytic and 
found on the reef rock rim. Tetrasporic 
plants have been gathered in May. 
Geographical distribution: ]apan (Ryukyu 
Islands)， Phi1ippines， Marshall Islands. 

Gr拶thsia subcylindrica Okam.， Records 
Oceanogr. Works ]apan， 2: 99， 1930. 
Collection: H・1346(March 10， 1989)， H・
1498 (July 3， 1989). They were found grow-
ing epiphytically on Mesophyllum mesom01舛y-
um or on shady side of rocks in the sublittoral 
zone at 2-3 m depths. 
Geographical distribution: Mauritius， 
]apan， China (Hainan Island). 

W rangeliaceae 
"ノヤangeliatayloriana Tseng， Lingn. Sci. 
Jour. 20: 264， 1942. 
-Wrangelia argus Okamura (non Mont)， Icones 
of ]apanese algae， vol. 7， p. 46， 1935. 
-Wrangelia japonica Noda， Sci. Rep. Niigata 
Univ. ser. D， p. 17， 1964. 
These specimens agree fairly wel1 with the 
descriptions of Tseng (1984)， having the 
dense cortication of the main axis， the taller 
thallus， and 2-3 cells in each involucral fila-
ment. The curvature of the involucral fila-
ment around the sporangium is generally 
loosely applied， sometimes strongly curved; 
they approach W. argus (Mont.) Mont (Boer-
gesen 1916， Dawson 1954， Taylor 1960). 
Collection: H・254(Jan. 20， 1988)， H-1289 

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

]uly. 
Geographical distribution: Malay Ar-
chipelago， Stevens Island， Philippines， 
]apan， China (Xisha Islands， Among). 

Rhodomelaceae 
Tolypiocladia glomerulata (C. Ag.) Schmitz 
in Zhang & Xia， Stud. Mar. Sinica 15: 38， 
1979. 
-Hutchinsia glomerulata C. Ag.， Systema Aga-
rum， p. 158， 1824. 
-Roschera glomerulata (C. Ag.) W.v.B.， 
Monogr. Siboga Exped. 59: 359， 1ω92幻3.
Collection: H王-549(Ma訂r油 1η7，1988)， H・
1507 (July 5， 1989). It was found growing 
on the sandy bottom of tidal pools in the littor圃

al zone. 
Geographical distribution: Indo-West 
Pacific region， such as Philippines， Indone-
sia， Solomon Islands， etc. 
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Fig. 15. Habit of Kallymenia peφrata. Fig. 16. Seb伽liaagardhii; a slightly reduced pl釦 t. Fig. 17. 
FlabeUate-like branching of Sebdenia agardhii. Fig. 18. Habit of Botryoclatlia skollsbergii; note the vesicles with 
cystocarp (Cys). Fig. 19. Habit of carposporic plant of Cryttarachne okamurai. Fig. 20. Habit of Wrangelia 
tayloriana. Fig. 21. Vertical view of a cystocarp of Wrangelia tayloriana. Fig. 22. Tetrasporangia with involucral 
filaments on stalk cel1s. 
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S.-F. Huang :台湾の海藻フロラへの追加

台湾本島の南西部沖に位置する HsiaoLiuchiu島で採集した海藻の中から新たに次の9種(緑藻 1種，紅藻8

種)を台湾の海藻フロラに加えた.すなわち，オオパロニア Ventricariaventricosa，ツカサアミ Kal.肋MηiateザifJrata，

ヌラクサSeb伽ziaagardhii，アツカワハナノエダBotryocladiaskottsbeなii，CT)¥戸arachneolcsmurai，ヒメヨツノサデCro凶-

nia minutissima，キヌイトカザシグサ Grijfithsiasubcylindrica，ランゲリア Wrangelia向jlloriana，イトクズグサ

To仰iocUJdiaglomerulataである。これらの海藻について，その形態，分類的特徴，生育場所，世界における分布な

どについて説明を加えた。 (Departmentof Botany， Taiwan Museum， No. 2， Siangyang Road， Taipei， Taiwan 

10014-， Republic of China) 
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木崎湖および諏訪湖底泥中の溶藻性微生物の分布
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Yamamoto， Y.， Kanno， N. and Hayashi， H. 1991. The distribution of alga-Iysing microbes of sediments 
in Lake Kizaki and Lake Suwa. Jpn. J. Phycol. 39: 271-276. 

Seasonal and vertical distributions of alga-Iysing microbes and pigment contents (chlorophyll a and 
phaeophytin a) in the sediments of Lake Kizaki and Lake Suwa were determined. The number of alga-
Iysing microbes in the upper sediment (0-2 cm) was 103-104 cells.g-1 dry wt in Lake Kizaki and 104-106 

cells. g-l dry wt in Lake Suwa. The pigment contents were high in the upper layer and decreased rapidly 

wi由 depth. In the upper sediments of both lakes higher proportions (40-70%) of the total carbon were 
estimated to have originated from phytoplankton. A c10se relationship between the microbial number and 
the carbon content originated from pigments was obtained in Lake Suwa. 

Key lndex 陥 rds:・ alga-lysingmicrobes-lake sediment-chlorop勿1/1.

Yoko Yamamoto and Naruhiko Kanno， Faculty of Agn"culture， Metji University， H~旨'ashimita 1-1-1， 
Kaωωaki， Kanagawa， 214 Japan (Present address 01 N.K.: Toyo Ushiku Senior High sc加01，Miyano血i
136.叫 Kashiwada-cho，Ushiku， lbaraki， 300-12 Japan) 
Hidetake Uのlash，:Faculty of Science， Shinshu Univers砂"Asahi 3-11-1， Matsumoto， Nagano， 390 Japan 

湖沼の底は，湖水中の懸濁物が沈降し堆積する場で 実験方法

あり，また，この堆積物を分解して栄養塩として水中

に放出する役割を果たしているところでもある。富栄

養化の進んだ諏訪湖や中栄養湖の木崎湖では湖内で生

産された有機物の大半が植物プランクトンであり，湖

水柱内での分解(植物プランクトンの 5-22%が分解

される， Matsunaga 1982，垣本・加藤1984)や湖外へ

流出する量を除けば，沈降懸濁物のほとんどが植物プ

ランクトンで，しかも富栄養化の進んだ湖ほどこのよ

うな堆積量が多いとされている(西条1956)。このよう

な内生有機物の多くは主に従属栄養生物により分解さ

れるが，湖水と底泥中に数多く存在する溶藻性微生物

もその一つである。この徴生物は湖水中では植物プラ

ンクトンの消長と深い関わりを持っている

(Yamamoto 1981，山本1988)。本報告では，富栄養化

のレベルの異なった木崎湖と諏訪湖の底泥における溶

藻性徴生物の分布を調べ，さらに，植物プランクトン

起源の底泥有機物量と溶藻性微生物量との関わりにつ

いて検討を試みた。

材現所属:東洋大学付属牛久高 (300-01茨域県牛

久市柏田町宮台1360-2)

木崎湖および諏訪湖の概要をTable1に示す。調査

した底泥試料は，両湖のほぼ湖心でコアサンプラーを

用いて1988年 4月から10月にかけて月 1回の割合で採

取した。採取試料は直ちに表層より 2cm間隔で分割

し以下の分析を行った。

底泥中の溶藻性徴生物数は，石と大型動物を除いた

のち，ワーリングプレンダー (500ACD，マルサン製)

を用い 0.01M トリス緩衝液(pH7.2)中で均一分散

(16000中m，3 min)させ希釈後，寒天重層法に従って

計測した(山本1978)。嫌気培養は好気培養と同様に

Table 1. Characteristics of Lake Kizaki 
(Horie 1962) and Lake Suwa (Okino 1988). 

L. Kizaki L. Suwa 

Altitude (m) 764 759 

Surface area (km2) 1.4 13.3 

Volume (m3) 2.51 X 107 6.5 X 107 

Depth (m) Maximum 29.5 6.8 

Mean 17.9 4.7 

Residence time (days) 186 38.8 
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Fig. 1. Seasonal changes of the vertical distributions of chlorophyll a (ロ)， pheophytin a (・)and aerobic 
( 0) and anaerobic (・)alga-lysing microbes in the sediment of Lake Kizaki in 1988. 

ら1988)が1988年にも発生し，北部農具川河口部では

表層水(0m)中に最高 1m/あたり 1.5Xl伊が計測さ

れた。諏訪湖では，春季にはの'C/otellaspp.， Fragi/aria 

crotonen巾.， Melosira granulata，地 viculasp.などの珪藻が

優占し，夏季にはMicrocystisspp.が60-80%を占め，

ここ数年来ほぼ同じ様な富栄養化状態を示す。沖野

(1988および私信)によれば，諏訪湖では下水道設置

(1979年11月)前に比べると Microcystisは後退し，Ana-

baenaが多くなる傾向にあるとL、う。

Fig.lに木崎湖底泥中のクロロフィルaとフェオフ

ィチンa量(a)および溶藻性徴生物数(b)の鉛直分布

を示す。クロロフィルaおよびフェオフィチンa量は，

それぞれ 60-75μg.g-tおよび 200-550pg. g-tで 9

月には最も高濃度に存在し，何れの季節でも0-2cm

以深で急激に減少している。湖水中の溶藻性徴生物数

は年聞を通じて 1mlあたり数個から十数個と少ない

が，底泥(0-12cm)では 103--104・g-tの値を示し，秋

季には増加の傾向を示すが諏訪湖(Fig.4a; 104-106 • 

g-t)のように大きな変動はみられなL、。嫌気性溶藻

性徴生物数は10月を除き好気性溶藻性徴生物に比べて

やや高い値を示した。

Fig.2に，木崎湖底泥中の全炭素と全窒素量および

C/N比の鉛直分布を示す。全炭素量は4-5mg.g-t， 

全窒索量は 0.2-0.45mg.g-t，C/N比は10-20であっ

処理したのちガスパック内の暗所で250Cで3週間行

い溶解斑を計測し底乾土 1gあたりの菌数として表

した。

クロロフィルの定量は蛍光法(西条1975)で行った。

抽出は湿底泥(0.1--0.5g)から WhatmanGF/Cフィル

ターにより水分を十分除去したのも， 90%アセトン

10m/を加え，密栓して冷暗所に 1昼夜おいて抽出し

(Hansson 1988)，抽出液について目立蛍光分光光度計

F・4000により 430nm励起の蛍光を 663nmの波長で

測定してクロロフィルa量を求め，またこの抽出液に

lN塩酸を数滴加えて室温で5分間振温したのち同じ

波長で蛍光を測定し，フェオフィチンa量を求めた。

クロロフィル a標準試薬には和光純薬の市販品

(命iru/ina)を使用し，あらかじめ酸性係数を求めてお

き，この値を用いて底泥中のクロロフィルaとフェオ

フィチン aを算出した。

底泥中の全炭素および全窒素の分析は，住友製

NC・80高感度炭素・窒素分析器により行なった。

木崎湖では， 1988年には， 1982年および1983年の初

夏にみられたAnabaenamacrospora (渡辺ら1985)はみら

れず， 1987年秋から出現したPeridiniumbipesの赤潮(朴

果結
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Fig. 2. Seasonal changes ofthe vertical distributions oftotal carbon (A)加 dnitrogen (ゐ)and C/N ratio (ロ)
in the sediment of Lake Kizaki in 1988. 
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Fig. 3. Distributions of ch1orophyll a (ロ)， pheoph戸ina (・)， total carbon (的， nitrogen (b.) and C/N ratio 
(ロ)in the sediment of Lake Suwa in September 1988. 

た。全炭素および全窒紫量とも 0-2cm層で最も高濃

度で存在しそれ以深では急激に減少する。

Fig.3には1988年9月における諏訪湖底泥中の全炭

素と全蜜索量， C/N比，クロロフィルaおよびフェオ

フィチンa量の鉛直分布を示す。全炭素と全窒素量お

よびC/N比はそれぞれ2.5-4%，0.2-0.4%， 8-12であ

った。クロロフィルa量は，表層では30pg.g-1で，

深さにともなって急激に減少し， 40cm以深では検出

できなかった。フェオフィチンa量は表層で 119μg.

g-Iで深さ 50cmまでは急激に減るが， 55-60cm層で

やや増え，それ以深では徐々に減少した。

Fig.4には諏訪湖底泥中の溶穣性徴生物数の季節変

動(a)と鉛直分布(b)を示す。溶藻性徴生物数は表層

0-2cm 層では 104--106 •g-Iで夏季から秋季にかけて

高い値を示し，深さにともない減少し， 1m層におい

Z皇2
252 

M J J A S 0 N Month 

Fig. 4(a). Seasonal changes of alga-Iysing 
microbes in the surface sediment (0-2 cm) at the 
center of Lake Suwa in 1984 (図)and 1988 (図).*: 
not determined. 

ては僅かに存在したに過ぎなL、。また諏訪湖における

好気的溶諜性徴生物数については， Fig.5に示すよう

に光合成色素由来の炭素量と相関関係が認められた

(r=0.8507， n=9， p<0.005)。しかし，木崎湖の底泥表

層(0-12cm)においては，このような関係は認められ

なかった。

植物プランクトン中の光合成色素含有量は光や栄養

Alga"ly蜘 grr恥robes

L句No・g"

2 3 4 5 6 

or・
♂ o. 
c， 
0・.. 
~ 

O • 
72 • 
80 

。.

104 

Fig. 4(b). Vertical distributions of alga-Iys-
ing microbes at the center of Lake Suwa in 
November 1984 (0) and September 1988 (・).
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Fig. 5. Relationship between the number of 
alga-Iysing microbes and the content of pigment-C 
in Lake Suwa in September 1988. 

Table 2. Chlorophyll a content and carbonl 
Chl. a ratio of λ6・'crocystisspp. and Bacillario・
phyceae. 

Chl.a 
% dryweight 

C/Chl. a 

Microcystis spp. (Lake Suwa) 

Aste:巾nellaformosa 

Fragilaria crotonensis 

M'elosira granulala 

* After Reynolds (1984). 

0.5 89.4 

0.68*、
0.74ホ I0.76 52.63 
0.87*) (mean) 

塩濃度等の環境要因によって著しく変化するが，各湖

に優占する藻株のクロロフィル aおよび全炭素量

(Table 2)から底泥における植物プランクトン起源の

炭素量の推定を試みた。なお小山ら(1969)は諏訪湖

底泥中の全炭素量のうちで無機態炭素の占める割合は

2%にもならずその大部分が有機炭素であると報告し

ているので，有機炭素の値を全炭素の測定値をもって

代用した。また両湖とも植物プランクトンの種組成は

季節により変動するが，木崎湖では珪藻ASlerionella，

Fragiralia， Melosiraが，諏訪湖ではMicroりIslisが，優占

% 
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50 

o 
A M J J A S 0 N DMonth 

Fig. 6. Seasonal changes of the ratio of pig-
ment-C to total organic carbon in the surface sedi-
ment (0-2 cm) of Lake Kizaki. *: not determined. 

o 、・
l ・
8 i・
- _. I・
~ 32~. 
-8 40 

d 48 ~・
56 • 64 

72 

88 

鵠

Fig. 7. Vertical changes of the ratio of pig-
ment-C to total organic carbon in the sediment of 
L必ωSuwain September 1988. 

していると仮定して，それぞれの植物プランクトン中

に含まれるクロロフィル量の平均値から計算すると，

木崎湖の底泥(0-2cm)では有機炭素量中の35-70%

(Fig.6)が，諏訪湖の底泥(0-2cm)では有機炭素中の

40% (Fig. 7)が植物プランクトン由来の炭素となった。

考察

Koyama et al. (1968)の1965年 7月に行った木崎湖の

調査によると，底泥中のクロロフィルaおよびフェオ

フィチンaの量は底泥表層(0-2cm)で最も高く，深く

なるにつれて急激に減少している。本報告の1988年の

結果(Fig.1)も同様の傾向を示すが，各色素の含有量

はKoyamaet al. (1968)のおよそ112である。木崎湖は，

1965年以降徐々にではあるが，富栄養化が進み湖水中

のクロロフィル量も増大してきている(林ら1988)。

それにもかかわらず1988年の底泥中のクロロフィル量

が1965年より少いのは，湖水中の植物プランクトンの

分解速度が1965年よりも上回り沈澱量が減少したか，

あるいは測定法の違いが原因と考えられる。湖水中の

植物プランクトンの分解速度が大きく変化したとは考

えにくく(倉沢ら1976，坂本・加藤1984)，本報告と

Koyama el al. (1968)とクロロフィル量の差は，測定法

の違いによるものと考えられる。即ち， Koyama et al. 

(1968)は吸光法により測定しているが，吸光法は蛍光

法に比べ，他成分の影響を受けた場合，著しく高い値

を示す (Flovacekand Hannan 1977，芳竹ら1988，谷
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野ら1988)。諏訪湖におけるクロロフィル (Fig.3)も

同様に吸光法により測定した値より小さくなっている

(山本未発表)。また本報告で使用したアセトンによる

クロロフィル抽出についても再検討する必要があるが，

Mantoura and L1ewellyn (1983)によればアセトン抽出

法は他の方法に比べ良好な値を示す。

本報告で示したクロロフィルaおよびフェオフィ

チンa量の年間の変動をみると，両湖とも夏季から秋

季にかけて増加するが，木崎湖では年聞を通じて諏訪

湖より高い値を示している。諏訪湖における一次生産

量は， 1986年には651g.C ・m-2.yr-1(沖野1988)であ

ったが，沖野(私信)によれば1988年もほぼこの値に

近い。一方，木崎湖では一次生産量が 0.2-

0.23 g.C.m-・day-I(坂本・加藤1984)と諏訪湖より

小さいにもかかわらず，底泥中の色素含有量は高くな

っている (Fig.1)。木崎湖の沈澱量は諏訪湖に比べて

大きいわけではない(西条1956)。木崎湖の水深約

30mの底泥は 1年を通じて低温(5-60C)で且つ酸素

が不足しているため， -.e.沈澱した植物プランクトン

は容易に分解が進まない状態にあるのであろう。

Sudo et al. (1978)およびOhtsukiand Hanya (1972a， b) 

は，嫌気的状態下での植物プランクトンの分解は好気

状態に比べ極端に遅いことを報告している。 Fig.6， 7 

に示すように，両湖の底泥表層中の炭素は，植物プラ

ンクトン由来の炭素が大部分を占めている。この値は

抽出されたクロロフィルaとフェオフィチンaから推

定したものであり，未抽出のクロロフィル由来の色素

を考慮に入れれば，底泥中の植物プランクトン由来の

炭素量はさらに多くなると考えられる。

諏訪湖底泥中のクロロフィルおよびフェオフィチン

色素，全炭素および全窒素量の鉛直分布(Fig.3)では

50-60cmにピークがみられる。このピークは林

(1984)の報告した有機態炭素と有機態窒素の鉛直分

布，また渡辺ら (1982)による全リンの鉛直分布とも

一致する。フェオフィチンaは，木崎湖の場合には表

層(0-2cm)に対して約 10cmの深度では50%以上が，

諏訪湖の場合には表層に対してlOcmの深度で'140%

が， 50cmの深度では80%以上が分解されている。植

物プランクトンの生産量の高い印撫沼においても同じ

ように深さにともない色素の急激な減少がみられてい

る(小林・字国J111975)。

溶藻性徴生物は，植物プランクトンやこれに由来す

る有機物を分解する徴生物群であり，湖水中では植物

プランクトン量と密接な関係があり (Yamamoto1981， 

山本ら1988)，夏季から秩季にかけて増えることが判

明している(山本1988)。諏訪湖の底泥では，溶藻性

徴生物数と全炭素ならびに植物プランクトン由来の炭

素との聞に相互関係が認められたが，木崎湖ではこの

ような相関関係は認められなかった。この点に関して

は，さらに検討をおこなっているが，諏訪湖底泥の溶

藻性微生物はアメーパと細菌が大部分を占めているの

に対し，木崎湖ではほとんどが細菌であった。
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P. Ampili， M. V. N. Panikkar and V. D. Chauhan: Studies on spore 
germination and early growth in Sarconemafiliforme (Sonder) 

K ylin (Rhodophyta， Gigartinales) 

IGりIlndex11ノ'ords: Gigartinales-5arconema filiforme-spore gennination. 
P. Ampili and V. D. Chauhan， Mari・'neAlgae Discipline， Central Salt and Marine Chnnicals Research 
Inst山久 Bhavnagar-364002， Gujarat， India 
M. V. N. Panikkar， Depar伽entザBotaり"S. N. Col，匂e，Quilon-691 001， Kerala， India 

Sarconema.filiforme (Sonder) Kylin belongs to 
the family Solieriaceae in the order Gigar-

tinales. It is a tropical carrageenophyte 
found extensively on the coast of Red Sea 

(Ethiopia and Somalia)， lndian Ocean， coasts 
of Africa (Kenya， Tanzania， Mozambique 
and Zanzibar)， Arabian Sea (Karachi， Bombay 
and Cape Comerin) and also on the coasts of 

Australia (BOrgesen 1937， 1938， Papenfuss 
and Edelstein 1977). From the order Gigar-
tinales， spore germination has been studied in 
a number of species like Chondrus cri，ゆus(Dar-

bishire 1902， Kylin 1917， Rosenvinge 1931， 
Chemin 1937， Bums and Mathieson 1972， 
Tveter and Mathieson 1976)， Gracilaria 
foliifera (McLachlan and Edelstein 1977)， G. 
verrucosa (Jones 1956， Oza and Krishnamur-
thy 1967)， Gigartina stellata (Chen et al. 1974)， 
め仰a musciformis (Mshigeni and Lorri 
1977). 
ln this paper we describe the spore germina-
tion pattern and early growth of Sarconema 
.filiforme from lndian waters. 
Tetrasporophytic plants of Sarconema 
.filiforme was collected at Porbander on the 
western coast of lndia on December 12， 
1982. The tetrasporangia were found in the 
swollen areas of the branchlets (Fig. 1). The 

pattern of division of the tetrasporangia was 
zonate (Fig. 2). 
The plants collected were carried to the 

laboratory in seawater and kept ovemight at 

200C. The fertile branches were excised and 
washed several times with sterilized sea-
water. The fertile pieces were spread over 
glass slides in Pertri dishes (10 cm diam.) con-
taining 50 ml of sterilized seawater. The cul-

ture dishes were then placed in a constant tem-
perature of 20::t 20C with a light intensity of 
1500 lux provided by suorescent tubes and a 
photoregime of 14:1百hours. Spore libera-

tion occurred overnight and the spores settled 
onto glass slides. Following tetraspore libera-

tion， the fertile pieces were removed and the 
glass slides were washed with a jet of sterilized 
seawater and placed into Petri dishes contain-
ing 50 ml of PES medium (Provasoli 1968). 
The medium was renewed at 2 day intervals 
for a week and thereafter at 7 day intervals. 

After attaining a length of 5 mm， the sporel-
ings were detached from the slides and kept in 
crysta1lizing dishes (8 cm X 12 cm) containing 
100 ml medium and unialgal cultures were 

maintained. 
Tetraspore liberation was observed after 8-
10 hr of incubation. The liberated spores 
were firmly attached to the glass slides by a 

sticky secretion. They are spherical and light-
yellow in colour with a diameter of 16.5-

22.5μm (Fig. 3). They sta口edgermination 

without a resting period and the first division 
resulted in the formation of two cells of equal 
size (Fig. 4). On the second day a subse-
quent division occurred at right angles to the 
first， produced a four-celled sporeling (Fig. 5) 
and it turned reddish due to the development 
of more pigmentation. Further divisions 
produced a 16-32 celled sporeling with a di-

ameter of 26.5-30.0μm (Fig. 6). Some of its 
peripheral cells produced rhizoid like struc-
tures for firm attachment (Fig. 8). Addition-
al divisions occurred in the peripheral cells 
and an expanded disc-like structure was 
formed with a diameter of 125-150μm. The 
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Figs. 1-11. Sarconnna Jiliforme. 1. A tetrasporic plant. 2. A part of the section of fertile branchlet. 3. 
Liberated tetraspore. 4. One-day old sporeling. 5. Two-day old sporeling. 6. Four-day old sporeling. 7. Two 
coalesced sporelings. 8. Sporelingwith rhizoidal outgrowth. 9. Disc-like sporeling. 10. Fourte四l-dayold sporel-
ing. 11. Forty-two-day old sporeling. bd， basal disc; es， er官ctshoot; fb， fertile branch; ts， tetrasporangium. 
Scale is common for all Figures 3-8. 

central cells of the disc were oval or spherical 

in shape， while the peripheral cells were cylin-
drical with acute apices. From the central 
cells， a conical apex of the cylindrical shoot 
was produced. Within two weeks， an erect 
cylindrical shoot was produced with a group 

of apical cells (Fig. 10). The basal disc ex-
panded as a circular holdfast for the develop-
ing shoot. The young upright shoot was 
terete and unbranched. Within 6 weeks ofin-
cubation the sporelings reached a length of 
45:t5 mm (Fig. 11). 
After 4 days ofincubation the sporelings ex-
hibited coalescence， resulting in the fusion of 
two or more sporelings and they were bound-
ed by a common layer (Fig. 7). 

The general pattern of spore germination 

of Sarconema .filiforme was simi1ar to that of the 
other members of the order Gigartinales. As 
in Gracilaria verrucosa (Oza and Krishnamur-

thy 1967)， the tetraspore of S. .filiforme， after 
repeated divisions， resulted a multicellular 
mass which produced rhizoids from the 
peripheral cells for firm attachment. A mul-
ticellular disc with radiating cells was ob-

served which also gives a firm support for the 
developing shoot. Similar structure has also 
been observed in Gracilaria sp. (Bird et al. 
1977) and Chondrus cristus (Tveter and Mathei-
son 1976). In S. .filiforme the disc was more 
conspicuous， radiating from a common centre 
with a large number of smaller cells. It seems 
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that coalescence of the sporelings is a common 

feature found during the germination of 

both carpospores and tetraspores in red algae 

(J ones 1956). The fusion of the developing 
sporelings of the intertidal algae may help in 

attaching them to the substratum in spite of 

mechanical disturbances. 
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(紅藻スギノリ目)の胞子発芽と初期成長

Sarconema .fil扮rmeはミリ γ科に属し、熱帯産のカラゲーナン原藻である。本報では、インド西岸の Porbander
で採集した四分胞子体から四分胞子を採り、その発芽パターンと初期成長を観察した結果をまとめた。(ホMarine
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Hiroshi Yabu: Occurrence of associated four minute chromosomes at 

meiotic metaphase 1 in the tetrasporangia of Laurencぬ intγicata

Lamouroux (Rhodophyta) 
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During the study of cytology on the materi-
als of Laurencia intricata Lamouroux (Cer-
amiales， Rhodophyta) which is commonly 
grown in summer season on the flat shore of 
Moheji (near Hakodate， Hokkaido) and its vi-
cinity， 1 recently noticed the presence of as-
sociated 4 minute chromosomes in the chro-

mosome complements at meiotic metaphase 1 

in the tetrasporangia. Therefore， the 
tetrasporic plants collected from Moheji in 
September 1989 were examined again to ob-
tain the data for the chromosome comple-
ments， after fixed in aceto alcohol (1 : 3) and 
stained with aceto-iron-haematoxylin-chloral 
hydrate solution (Wittman 1965). 
Similarly to the other Laurencia species 

(Yabu 1978， 1985)， the present species has 
diffuse stage before diakinesis at meiosis 

1. Until late diakinesis， such associated 
4 minute chromosomes could not be discern-
ible. The count of chromosomes and oc-
currence of such associated 4 minute chromo-
somes are shown in Table 1 and Figs. 1-8. 

The data in the table indicates that the chro-
mosome number of the present species is 

n=30， and two karyotypes， namely (1) n=30 
regular chromosomes only and (II) n = 29 
regular chromosomes with 1 grou p of 
4 minute chromosomes， exist in the 
tetrasporangia， and the tetrasporic plants 
comprise three varieties having tetrasporan-

gia with karyotype (1) only， with karyotypes 
both (1) and (II)， and with karyotype (II) 
only. From the above results， one of the regu-
lar chromosomes seems to have relation to the 
associated 4 minute chromosomes. 
Up to the present time， the chromosome 
numbers in the genus Laurencia have been 
given for the following 10 species; L. arhiscula 
(n=29， Cordeiro-Marino et al. 1983)， L. 
catarinensis (n = 28， Cordeiro・Marino 釦 d
Fujii 1985)， L. hyhrida (n=ca. 20 2n=ca.40， 
Westbrook 1935)， L. nipponica (n=28， Yabu 
1978)， L. ohtusa var. majuscula (n=20 2n=40， 
Yabu and Kawamura 1959)， L. okamurai 
(n=32， Yabu 1985)， L. papillosa (n=20， 

Table 1. Chromosome count and occurrence of associated 4 minute chromosomes at meiotic metaphase I in 
the tetrasporangia of Laurencia intricata collected at Moheji in September 1989. 

Individual Number of examined 
havNinug m3b0 erreogfutleatr racshproormaonsgoia mes no. tetrasporangta 

8 8 

2 9 9 

3 10 10 

4 8 8 

5 8 4 

6 9 5 

7 10 

8 10 

9 10 

10 10 

Number oftetrasporangia having 29 
regular chromosomes together with 
associated 4 minute chromosomes 

4
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n
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Figs. 1-8. Latc diakincsis .11 meiosis 1 in thc tetrasporangia of Laurencia inlricala Lamouroux. X 1，280 
1-3. Sporangia having 30 regular chromosom四 4-8.Sporangia having 29 regular chromosomes logelher川 th
associaled 4 minute chromosomcs (arrow). In 1叩 6-8，onc of the 4 minulc chromosomcs is out of focus. In 
Fig. 4， cclls of trichobaJst are sccn mixed in a part ofthc squashcd sporangia. 1 '-4'. Drawings of Figs. 1-4， rcspec-
tiveJy 

2n=40， Yabu and Kawamura 1959; n=26， 
Cordeiro-Marino et al. 1974)， L 戸l1lnata
(n=32， Yabu 1985)， L. pinnati.fida (n=ca. 20， 
Kylin 1929; n=  15-16， Grubb 1925; n=ca 
20 2n=ca. 40， Westbrook 1928， 1935; n=29 
2n=58， Austin 1956; n=29， Magne 1964) 
and L. undulata (n=30， Yabu 1985) 
The chromosome number of n=30 count-

ed in the present species is so far the same 

with that in Laurencia undulata among the 

above species 

Such a group of the associated minute chro-

mosomes observed in the present species has 

never been reported in any of the above 

specles 
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簸 !摂:紅藻モツレソゾの四分胞子嚢内減数第一分裂に集合して出現する 4個の微小染色体

北海道函館近郊の茂辺地で採集した紅藻モツレソゾの四分胞子嚢内減数第一分裂を観察した結果，本種の染色

体数はn=30と見倣された。その分裂像から四分胞子嚢内の核型には， (1) 30の正常な染色体を有するものと，

(11) 29の正常な染色体と 4個の徴小染色体の一群を有するものとの 2型があり，四分胞子体にはその四分胞子

嚢に(1)型のみ有するもの， (1)と (11)の型を有するもの， (11)の型のみを有するもの，以上3種類が存在

することを認めた。このことから 4個の微小染色体の 1群は30の正常な染色体のうちの 1個と関係があるものと

推察された。 (041函館市港町3-1-1 北海道大学水産学部)
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無節サンゴモは藻体に炭酸カルシウムを沈着し，化

石として残り易いので系統進化学的に興味深いだけで

なく，サンゴ礁や磯焼け等に関連する生物として生態

学的にも重要な存在である (1ぷder1972， Johansen 

1981，正置1984，Steneck 1986)。最近わが国でも様々

な観点から無節サンゴモに興味を持つ人が増えてきて

いるようで，その分類や性質について問い合わせを受

けることが多くなった。

無節サンゴモについて諸実験を行おうとする際に大

きな障害となるのは，種の同定が困難なことである。

日本産無節サンゴモの同定には日本海藻誌(岡村

1936)及びMasaki(1968)が大いに参考になるものの，

未記載種や日本における未報告種もたくさんあるほ

か，タイプ標本との比較が十分に行われていないなど

の理由で，種のレベルの分類には問題が多い。しかし，

実際には種名とまでL、かなくても，せめて属名がわか

れば，それなりに研究成果を公表できる場合も多L、。

ところが，無節サンゴモの場合，これまでに設立され

た属が多過ぎ，各属の概念が暖昧で，研究者によって

も捉え方がまちまちであったため，専門家でも悩むこ

とが多かった。

このような状況の中で，最近オーストラリアの La

Trobe大学の Woelkerling教授が中心となって，無節

サンゴモの属レベルの本格的な見直し，特に各属の基

準種のタイプ標本の詳細な観察に基づく大幅な整理統

合が行われた。その成果はTheCoralline Red Algae-

An Analysis of the Genera and Subfami1ies of 

Nongeniculate Corallinaceaeーと題する労作(Woelkerl-

ing 1988)に集大成され，一応の区切りがついた感が

ある。まだ未整理の部分(日本産のものではレプトフ

ィツム属Lψtop砂tum)も残されているほか，属によ

っては基準種を中心とした少数種についてしか調べら

れていない場合もあるので，今後更に多くの種につい

て知見を得てL、く必要があるが，著書の中の亜科及び

属レベルの検索表は現時点において非常に重宝なもの

である。ただ無節サンゴモの形態を表す用語には特殊

なものが多く，私自身がこの類の研究を始めた頃，本

誌に紹介された解説(千原1969)が大変容考になった

経験もある。そこで，借越ながら Woelkerling教授に

彼が作製した検索表を日本語で紹介させていただける

ようにお願いしたところ快くお許し下さった。

この検索表は四分胞子体または二分胞子体の内部形

態に基づくもので，成熟した胞子体が得られれば属レ

ベルの同定は可能である。以前は内部構造の観察のた

めに面倒な脱灰処理を経た切片作製を行わなければな

らなかった。最近では自然乾燥させた標本を走査型電

子顕徴鏡(SEM)によって観察すれば良くなったので

随分と楽になったものである。なお， Woelkerling教

授は無節サンゴモ類の内部構造を，これまで伝統的に

用いられてきた組織の層(すなわち，基層，中層及び

表層)としてではなく，細胞糸の集合体として理解す

ることを提唱し，いくつかの用語を新たに導入して検

索表にもこれらを用いている。ここでは検索表の理解

に必要な最小限度の説明を加えるが，著書の中では豊

富に写真が取り入れられ，こまめに引用されていて非

常にわかりやすくなっているので，是非直接手にとっ

て参照していただきたL、。検索表の中で，チタノデル

マ属 Titano，伽ma(=ノリマキ属Dematolithon)はその

後Campbelland Woelkerling (1990)によってイシゴロ

モ属Lithot勿Illumの同物異名 (synonym)とされたので

ここでは 4bの項を Woelkerling教授に御教示いただ

いたとおりに修正し，それ以下の番号もずらしてある。

W oelkerIing教授が提案した用語の説明

1.背腹性のある藻体の内部構造について

①一組織性 (monomerous)

単一の擬柔組織系で，繰り返し分岐する細胞糸で構

成され，各細胞糸は，藻体表面に多少とも平行に走っ
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て中核構造(core)を形成した後，外側に屈曲して周綾

部域を形成する。中核構造は細胞糸の配列状態によっ

て羽状(plumose)，単一方向性(unidirectional)及び共

軸 (coaxial)の三様式が区別される (Fig.1A-C)。

②二組織性 (dimerous)

互いに多少とも直角に配列する明際な二種類の細胞

糸(すなわち初生的細胞糸及び後生的細胞糸)から成

り，中核構造と周辺部域の区別はない (Fig.10)。

ほとんどの属では一組織性または二組織性のいずれ

か一方の性質を示すが，イシゴロモ属Lithop，わIllum及

びスポンギテス属Spongitesでは同一藻体の中で両方の

性質を持ち合わせることがある。また突起 (pro-

tuberance)を生じる種では，本体が一組織性であって

もニ組織性であっても，突起の部分は常に一組織性と

なっている。

2.ニ組織性藻体の細胞糸について

①初生的細胞糸 (primigenous臼ament)

二組織性藻体を構成する細胞糸のうち，背腹性のあ

る藻体の場合には藻体の最も腹側に位置するー細胞層

(メタマストフォラ属Metamastψhoraの老成体では体

軸内部に埋まる)，左右相称の藻体(テナレア属

Tenarea)の場合には中央のニ細胞層を成す細胞糸群で，

発芽中の胞子から直接生じると考えられる。いずれの

場合も一つの平面を成して存在し，藻体の横方向ある

いは縦軸方向の成長に寄与する。属によっては，初生

的細胞糸を構成する全部あるいは一部の細胞が細長く

なっていることがある。このような細胞は柵状細胞

(palisade cell)と呼ばれ，第一次原形質連絡孔を有する

細胞壁が側壁よりもはるかに長く(通常2-4倍)な

っている (Fig.2)。

②後生的細胞糸 (postigenous制ament)

二組織性藻体を構成する細胞糸のうち，初生的細胞

糸の各細胞から二次的に多少とも直角に生じる細胞糸

群で，議体の厚さを増す方向の生長に寄与する。ふつ

う，初生的細胞糸の背側にのみ生じるが，メタマスト

-pof 

フォラ属の老成体では腹側にも生じる。植物着生性の

種ではあまり発達しない。

3.円柱状細胞 (columnarcell) 

検索表の中には直接用いられていないが，藻体の大

部分を構成する細長い細胞に対してこの名が付けられ

Fig. 2. Composite diagram of cells and 
filaments as seen in longitudinal sections/fractures of 
dimerous plants. No one species or genus contains 
all of these structures. c， columnar cell; cf， cell 
fusion; e， epithallial cell (single， with sared rim， 
組 d multilayered， respectively from the left); 
h， haustorium; i， vegetative initial; pa， palisade 
cell (elongated primigenous cell); pr， (usual) 
primigenous cell. Arrows show primary pit-con-
nections， and lines between contiguous filaments， 
secondary pit-connections. 
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た。円柱状細胞は第一次原形質連絡孔を有する細胞壁

よりも側壁の方がはるかに長く(通常2-4倍)なっ

ているものである (Fig.2)。円柱状細胞は細胞糸の伸

びる方向に細長いのであり，初生的細胞糸に見られる

揃状細胞とは細長くなる向きが異なる。

四分胞子体/二分胞子体に基づく無節サンゴモの亜科

及び属レベルの検索衰(これまでに日本に分布するこ

とが知られている属については属名の後ろに*印をつ

けた)

1 a.四分胞子/二分胞子生殖器巣は単孔の匿根(Fig.

3A-C)をもっ

2 a.隣接細胞糸聞では各細胞は主として第二次原

形質連絡孔 (Fig.2)によって連絡する

(Lithophylloideaeイシゴロモ亜科)

3 a.藻体は扇平な枝で構成されるが，枝の内部

構造は左右相称で，その中央には柵状細胞

(Fig.2)から成る 2列の初生的細胞糸が存在

する………………...・H ・"Tenareaテナレア属

3 b.藻体は様々な形態をとるが，内部構造では

細胞糸が背腹性(dorsiventral)をもっている

か，または放射状(radial)に配列しており，

中央に柵状細胞から成る 2列の初生的細胞

糸が存在することはない

4a.吸根(haustoria，Fig. 2)が存在し，細胞糸

のうち最も腹側の層の細胞から生じて宿

主細胞に侵入する;藻体は(色素を欠く

ために)白色;イシゴロモ属の種に「寄

生Jしていると言われている;ふつう成

熟個体は最大径でも lmm以下である

............・H ・Ezoシズクイシゴロモ属*

4b.吸根は存在しなL、;藻体は生時には(太

陽光で色あせた標本を除き)ふつう色棄

を有する;植物体は独立栄養植物;ふつ

う成熟個体は最大径で2mm*以上になる

・H ・H ・-・……・・Lithoμ〆lumイシゴロモ属*
2 b.隣接細胞糸聞では各細胞は主として細胞融合

(cell fusion， Fig. 2)によって連絡するか，連絡

構造を欠くように見える

5 a.各四分胞子襲/二分胞子嚢は頂端栓(apical

plug， Fig. 3B)を有し，これらがまとまって

*原著では 5mmとなっているが，小型種の多いチ
タノデルマ属が含まれたことにより 2mmと訂正され

た。

胞子嚢放出前に生殖器巣孔を塞ぐ;生殖器

巣の屋根は一層の細胞層から成る;細胞聞

の連絡構造を欠く(Choreonematoideaeイ

シイボ亜科)....・H ・.Choreonemaイシイポ属女

5 b.四分胞子嚢/二分胞子嚢は頂端栓を欠く;

生殖器巣の屋根は二層またはそれ以上の細

胞層から成る;隣接細胞糸聞では各細胞は

細胞融合によって連絡する (Mastophoro・

ideaeイシノハナ亜科)

6a. 栄養組織は植物内生性で，表層細胞

(epithallial cell)を欠く;吸根を有する

・・ H ・H ・"'Lesueuriaレスエウリア属

6b.栄養組織は基質着生性または非着生性で，

(稀に例外はあるが)表層細胞を有する;

吸根を欠く

7 a.体全体にわたって柵状細胞から成る顕

著な初生的細胞糸の層を有する(注1)

8a.藻体は生殖器巣付近や分岐点のよう

な特別な場合を除けばほとんど2-

3 (-5)層の細胞から成る;偏在ま

たは局在する細胞粘質物及び，また

は仮根によって基質に固着するか非

着生性

9 a.四分胞子/二分胞子生殖器巣は中

央部に小柱(columella)を有し(Fig.

3C)，屋根は周縁部の細胞糸から

形成される;胞子嚢は生殖器室の

周縁部に限られて生じる

…. Mastophoraイシノハナ属*

9b.四分胞子/二分胞子生殖器巣は中

央部の小柱を欠き，屋根は胞子嚢

原基聞に散在する細胞糸から形成

される;胞子嚢は生殖器室の床全

体に散らばって生じる

…・・Lit，加'Porellaウロコイシ属

8b.藻体は少なくとも古くなった部分で

は多数の細胞層で構成される;限ら

れた付着器によって一点で基質に固

着し，明瞭な柄を生じる

…MetamastoPhoraメタマストフォラ属

7 b.体は柵状細胞から成る初生的細胞糸の

層を欠くが，細長い細胞がパッチとな

って局在することがある(注1)

10a.藻体は多少とも体表面に平行にE列

する細胞糸の共軸構造(弓なりに曲
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Fig. 3. Tetrasporangial/bisporangial conceptacles (representatively drawn as tetrasporangial here) of 
nongeniculate Corallinaceae. A-C， conceptacles with uniporate roofs; D-E， conceptacles with multiporate 
roofs. Note that tetrasporangia possessing apical plugs (ap) in B， existance of central columella (co) in C， and 
groups of clacified filaments (caf) in E. 

がった細胞の層から成る部分， Fig. 

lC)を有する

…Neogonio/ithonイシノミモドキ属*

10b.藻体は細胞糸の共軸構造を欠く

lla.藻体の栄養組織はふつう表面から

見える(注2) 

12a.発芽盤の中心要素は4細胞から

成る;初生的細胞糸に毛生細胞

(trichocyte)が存在する場合は細

胞糸の末端に位置する

・・・H ・H ・"Fos/ie//aイボモカサ属*

12b.発芽盤の中心要素は8細胞から

成る;初生的細胞糸に毛生細胞

が存在する場合，正常なものは

細胞糸に介生的に生じる

...・H ・Pneoph)仇 m モカサ属*

llb.藻体の栄養組織は成熟時にはふつ

う10細胞層もしくはそれ以上厚く

なる;細胞糸の腹側最下層は藻体

縁辺部を除けば表面から見えない

(注2) 

...・ H ・..争ongitesスポンギテス属女

1 b.四分胞子/二分胞子生殖器巣の屋根は多孔(Fig.

3D-E)である (Melobesioideaeサビ亜科)

13a.蔀体は樹木状で扇型;平たく分岐したりポン

状の上昇または直立する軸から成るが，この

軸は明瞭な付着器，扇平もしくは偏圧した柄

から生じる

…MasゆhOTOpsisマストフォロプシス属

13b.藻体は樹木状にも扇型にもならない;様々な

形態を呈するが，分岐したりボン状の軸を生

じることがなく，明瞭な付着器から立ち上が

ったり扇平もしくは偏圧した柄を持つことも

ない。ただい付着柄(attachmentstalk)を生

じることヵ:ある

14a.藻体構造は二組織性(Fig.lD) ;縦断面では

初生的細胞糸の単一層があってこれから後

生的細胞糸が背側へ向かつて立ち上がるよ

うに見える……・…...・H ・'Me/obesiaサピ属*

14b.藻体構造は一組織性;縦断面では分岐した

細胞糸の単一系から構成されているように

見え，細胞糸のうちのある部分が中央ある

いは腹側に位置する中核構造を形成し，残

りの部分が藻体表面へ向かつて外側に屈曲

して周禄部を形成する

15a.末端の表層細胞の外側の細胞壁は平らで

フレア状の縁 (flaredrim， Fig. 2)をもっ

16a.四分胞子/二分胞子生殖器巣は明らか

に局在する;成熟した胞子襲は 1生殖

器室あたり複数個生じ，永続性のある

石灰化した細胞糸によって互いに仕切

られることはなL、;細胞融合が存在す

る;第二次原形質連絡孔は知られてい

ない

…・・Lithothamnionイシモ属*

16b.四分胞子/二分胞子生殖器巣は散在す

る;生殖器室には胞子嚢の聞に一群の

石灰化した細胞糸(Fig.3E)がある;細

胞融合が優越して存在するが，第二次

原形質連絡孔も存在する

…• 'SpoTo/ithonスポロリトン属*

15b.末端の表層細胞の外側の細胞壁は丸くな

るか平坦で，フレア状の縁をもつことは

ない。

17a.吸根が存在し，基底の細胞糸層の細胞

から生じて宿主の細胞に侵入する;藻

体は色素が欠落しているために白い;

植物体は他の無節ザンゴモ上に「寄生」

すると言われている;成熟個体はふつ

う最大径でも lmm以下…Kva/eyaクヴ

ァレヤ属

17b.吸根はなし、;藻体はふつう生時には(太
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陽光で色あせた標本を除き)色素を有

する;植物体は独立栄養植物;成熟個

体はふつう最大径で 5mm以上となる

18a.藻体は細胞糸の共軸構造(弓なりに

屈曲した細胞の層)が顕著である

…Mesophyllumエダウチイシモ属*
18b. 藻体は細胞糸の羽状(plumose)構造

(Fig. lB)もしくは単一方向(unidirec-

tional)構造 (Fig.lA)が顕著である

養分裂細胞の分裂後に，これに由

来する細胞が栄養分裂細胞よりも

長くなる;このため栄養分裂細胞

はこれから生じて伸長が起こった

細胞よりも短L、生殖器巣原基

は通常の栄養細胞から不定に生じ

る

.............1'1りmatolit加n

フィマトりトン属*

19a.細胞伸長は大部分が栄養分裂細胞 (原注の要約)

(vegetative initial， Fig. 2)内で起こ

る(すなわち栄養分裂細胞が伸長

してから分裂が起こる;このため

栄養分裂細胞は通常これから直接

生じた細胞と同じ長さであるか，

これらよりも長くなっている); 

生殖器巣原基 (conceptacleprimor-

dia)は表層細胞の下の栄養分裂細

胞から直接生じる

20a.中核構造の隣接細胞糸間では細

胞の融合にはふつう隣接する細

胞壁のほんの小部分だけが関与

している;融合は藻体縦断面の

注スボンギテス属では初生的細胞糸を構成する柵

状細胞の大きさや形に大きな変異が見られ，種

によっては冊状細胞層が藻体全体に及んでいる

場合もあるので，未記載の別属である可能性も

踏まえて，今後さらに検討が必要である。

注2 イポモカサ属とスポンギテス属，モカサ属とス

ポンギテス属の区別は今後さらに検討が必要で

ある。特に藻体の厚さは変化に宮むもので明瞭

な境界はない。

注3 キタイシモ属とシンアルトロフィトン属は必ず

しも表層細胞の層数で区別できるとは限らない

ので，今後さらに検討が必要である。

走査電子顕徴鏡観察では容易に 謝 辞

認めることができるが，藻体縦

断切片の光学顕微鏡観察では認 La Trobe大学の Woelkerling教授には著書中の検索

めることが非常に難しし、;細胞 表について日本語訳を許可し，その後の研究成果をふ

糸はふつう体表面で表層細胞を まえた修正案を御教示していただいたほか，図及びそ

1個ずつ生じて終わっている(注 の説明文に目を通していただいた。また北海道大学の

3 ) 吉田忠生教授には本稿の御枝問を賜り，海洋生物環境

・……Synarthrophyton 研究所の馬場将輔博士には貴重なご意見をいただい

シンアルトロフィトン属 た。上記の方々に深く感謝の意を表する。

20b.中核構造の隣接細胞糸問では細

胞の融合にはふつう隣接する細

胞壁の大部分が関与している;

融合は藻体縦断面/切片の走査

電子顕微鏡及び光学顕微鏡のい

ずれの観察によっても認めるこ

とができる;ほとんどの種では

各細胞糸はふつう体表面で2ま

たはそれ以上の表層細胞を生じ

て終わっている (Fig.2，注3) 

…Clathromorphumキタイシモ属*
19b.細胞の伸長は大部分が栄養分裂細

胞の下方で起こる(すなわち，栄
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高坤山:海水の流速が褐藻ホンダワラの光合成による酸素発生に及ぼす影響

Kunshan Gao: Effects of seawater current speed on the photosynthetic oxygen 

evolution of Sargassum thunbergii (Phaeophyta) 

The photosynthetic oxygen evolution of Sargassum thunbergii adult plants was measured with changing 

seawater current speeds (0.5-1.2 cm S-I) using a flow-through system. It was found that the rate of oxygen 

evolution increased with increasing seawater current speed. No significant difference between S. thunbergii 

adult and juvenile plants was found in Iight-saturated photosynthetic oxygen evolution rates at a constant 
seawater current speed (0.7 cm S-I). 

Key lndex Words: d!俳sionboundary lのler-Phaeothyata-thotosynthesis-Sargassumthunbergii-
water current. 

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

沿岸海域で一次生産者として重要な役割を果たして

いる海藻は，海水の流れにさらされている。そのよう

な流れが海藻の一次生産の基礎となる光合成にどのよ

うな影響を及ぼすかは極めて興味深い問題である

(Wheeler， 1980). 

海水の流速は，海水が海藻の表面近くを通る際にそ

の表面との摩擦抵抗によって諜体面に向かつて低下

し，境界層ができる。これは流速境界層と呼ばれる。

一方，光合成の進行に伴う炭酸や栄養塩の取り込みと

酸素の発生は，呼吸による酸素消費と CO2の発生を

伴うが呼吸速度は同化速度より遥かに小さいので，藻

体面に近づくにつれて炭酸濃度が低くなり酸素濃度が

高くなるような拡散境界周が存在することになる

(Fig. 1)。海水の流速と拡散境界層との関係は次のよ

うな式で表される。

流速境界層の厚さ
拡散境界層の厚さ

Schmit数

Schmit数は定数であるから，拡散境界層の厚さは流

速境界層の厚さに比例し，流れが速くなればなるほど

流速境界層が簿くなるので拡散境界層は薄くなる。し

たがって，梅水の流れは炭酸や栄養塩の取り込みと酸

素発生・消費に影響を及ぼすと思われる。淡水産ミズ

ハコべでは，光合成時にCO2輸送抵抗の80%以上が

境界層によるものと推定されている (Madsen1984)。

本実験は1987年2月に舞鶴湾で採集したウミトラノ

オの生体(長さ 30-50cm)の主枝を用いて行い，海

水の流れが光合成による酸素発生速度に及ぼす影響を

調べた。内径3cm，長さ 70cmの同化パイプの中に

サンプルを固定し，流入海水と流出海水の溶存酸素

(D.O.)濃度の差から酸素発生速度(P)を次式により求

めた (Gao1989)。

P=(A-B)XFX60X 1/W 

ここに， A とBはそれぞれ流出海水と流入海水の

D.O.濃度であり， Fは流量(lmin-').Wはサンプル

の乾燥重量 (850C.24時間)である。海水は舞鶴湾

から浪み上げた天然海水を砂と活性炭で溜過したもの

を使用し，その水温は海と一致し 100Cであった。光

合成による酸素発生は， 960μEm-2S-1の光強度下(発

熱電球. 110 V， 150 W)で測定した。ウミトラノオ

HC03ー

ツ〆

OUTPUT 
DIFFUSION 

BOUNDARY 

LAYER 

Fig. 1. IIIustration of input and output dif-
fusion boundary layers near the surface of 
seaweeds. The width between the oblique Iines 
indicates the thickness of input or output diffusion 
boundary layer. 
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Table 1. Photosynthetic oxygen evolution 
[m/ O2 g (d.W.)-lh-

l] at varied seawater current 
speeds and D.O. saturations in S. thunbergii adult 
plants. 

D.0. saturation， % 
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Table 2. ANOVA of oxygen evolution as a 
function of seawater current speed (CS) and D.O. 
saturatlon. 

F 

2.38 

7.23* 
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% 
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弘_____
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SS 

0.773 

3.518 

0.975 

5.266 

* Significant at 0.05 level. 

は流速の増加に伴って流出海水の酸素飽和度は直線的

に低下したが，ウミトラノオの光飽和酸素発生速度は

ほぼ直線的に増加した。流速が2倍になると酸素発生

速度は30--4-0%増加した。また，酸素発生速度はサン

プルの量が少ない場合(Fig.2A， B)には 10cm S-I以上

の流速で飽和するような傾向がみられた。酸素飽和度

並びに海水の流速の変化によるウミトラノオの酸素発

生速度の変動について分散分析(ANOVA)を行ったと

ころ (Table1， 2)，酸素発生速度に対する酸素飽和度

の変化の有意な影響は認められなかったが，海水の流

速の影響は有意であった (P<0.05)。

ウミトラノオの幼体と成体(主枝)について同じ時

期 (1987年2月)に同じ光源を用い，同じ測定手法(流

速0.7cm S-I)で測定した光飽和酸素発生速度を比較

したところ (Table3)，平均値では成体の主枝の方が

df 
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Table 3. Comparisons of light.saturated 
photosynthetic oxygen evolution rates [m/ O2 g 
(d.W.)-lh-l] between juvenile and adult plants of 
Sargassum thubeなii.

Fig. 2. Relationships oflight-saturated photo-
syn出eticoxygen evolution of Sargassum thubergii 
adult plants如 dD.O. saturation of outsowing 
seawater to the current speed in the pipe wi出
different amounts (dry weight， D.W.) ofsamples (A: 
4-， B: 6， C: 8 plants). Measured on Februarγ6， 
1987. 

5.5土0.5 5.87:t0.70 

(n=3， Feb. 4-)a (n=6， Feb.的b

D町 weightof samples (a， 6; b， 18 individua1 plants) 
used in the pipe: a， 0.797 g; b， as indicated in Fig. 2. 

Adults plants (main branch) J uvenile plants 

の光合成は，この光強度下で飽和し，強光阻害は見ら

れなかった (Gao1989)。

Fig.2に示すように，流速0.5--1.0cm 5-1の範囲で
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幼体より高かったが， t-testの結果では有意差は認め 謝 辞

られなかった(P>0.05)。暗所での酸素消費速度につ

いても比較したが(流速約0.5cm S-I)，幼体と成体 本報告の原稿は東京水産大学の有賀祐勝教授に読ん

の差は認められず，約0.4ml02 g (d.W.)-1 h-Iであっ で頂いた。本文のデータは博士論文の一部であり，京

た。 都大学大学院農学研究科博士課程において同大学の梅

Wheeler (1980)によれば，ジャイアントケルプ 崎勇教授と有賀祐勝教授にお世話になった。ここに

Macroψtis pyriferaの光合成による酸素発生速度は，密 厚くお礼を申し上げる。

閉容器内の海水の回転速度の増加に伴って増加した。

また，藻体の表面に乱流か層流が存在することによっ 文 献

て境界層の厚さも大きく変化し，それによって光合成

速度も変化することが指摘されている (Wheeler

1980)。藻体の表面に乱流か層流が形成されるのは，

海水の流況だけでなく海藻の形態にも左右されると考

えられる。前報(Gaoand Umezaki 1989)ではウミトラ

ノオの幼体(10月)を用いて測定したが，本実験と同

じ流速範囲では流速の変化に伴う酸素発生速度(1000

pE m-2 S-I， 160C)の変化は認められなかった。ウミ

トラノオの幼体は広皮針形の初期葉を持つが，成体は

線形の葉を主枝また側枝にいっぱい付けている。この

ような成体と幼体の形態的な違いによって海水の流れ

に差が生じ，それがウミトラノオの光合成による酸素

発生速度に異なるインパクトを与えたものと考えられ

る。

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

Gao， K. and Umezaki， 1. 1989. Studies on diumal 
photosynthetic performance of Sargassum thunbergii 1. 
Changes in photosynthesis under natural sunlight. 

Jpn. J. Phycol. 37: 89-98. 
Madsen， T. V. 1984. Resistance to CO2 fixation in the 
submerged aquatic macroph戸eCallitricM stagnalis 

Scop. J. Exp. Bot. 35: 338-347. 

Wheeler， W. N. 1980. Effect of boundary layer 
transport on the fixation of carbon by the giant kelp 

Macrocystis pyrifera. Mar. Biol. 56: 103-110. 

(530大阪市北区中崎西2丁目3-39

関西総合環境センター)
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新刊紹介

阪井興志雄:マリモの科学

202頁，北海道大学図由刊行会.1991. 1854円.

本書の著者は，北海道大学理学部在学当時からマリ

モを含む縁藻シオグサ属の分類の研究を行ない，学位

論文 (1964年)で，マリモの分類と分布を明らかにし

た.その後も，マリモの生態の研究，マリモ調査団に

加わるなど，生涯マリモに興味を持ち続けたマリモ研

究の第一人者である.

本書は，古くから神秘な謎の多い植物とされてきた

マりモを，著者の現在迄の幅広い知識と内外の学術論

文，さらに一般に余り目に触れられない調査報告書を

紐解いて，現在知られるマリモのすべてを平易に解説

した一般向きの啓蒙宮であるが，また，マリモ生物学

を幅広く扱った内容が豊富で充実した学術書としても

高く評価できる.

本書は， リンネ氏によってマリモの学名が付けられ

(1753)てから，また日本の阿寒湖での発見と種名の同

定(1894年)の経緯，マリモが北半球のみに分布する

という地球上の分布，生育地の水質，生育状況，阿寒

湖の垂直，水平及び場所毎の分布・生育状況，光合成，

または比重からみたマリモの浮き沈みの現象，耐凍性

が高いが，耐乾性の弱L、性質など，その生理・生態が

平易に説明されている.また，所調マリモ球形

体(ビロード状盆団)の他に種々な形状のマリモ糸状

体が湖底に生育していること，その湖底のマット状に

生育する糸状体から盤団への発達，逆に盤団の破損か

ら種々な糸状体集団への生成の推定，糸状体が極性を

変えることによって起こるマリモ強固形成の西村真琴

氏 (1923年)の説，実験室の培養結果からマリモの直

径と年齢との関係を計算し，直径15cmのマリモが19

年生(1式)または22年生 (2式)と推定した著者ら

(阪井・山田 1961年)の研究が紹介され，マリモの謎

解の現状を知ることが出来る.日本の淡水産マリモは

シオグサ属マリモ亜属に所属し，マリモとヒメマリモ

の2種があり，それぞれの品種の特性と分布がスケッ

チと写真で説明されている.最終章では，阿寒湖のマ

リモの被害と保護対策の現状を説明し，年毎の水質・

底質の悪化と水位の底下，盗採などの被害を憂慮して，

適切なる保護対策の必要を述べている.

著者が希望しているように，本留がマリモの研究・

調査に役立てられるとともに，多くの愛読者がマリモ

の保護対策・保存に理解を示され，一層協力されて，

この美しいマリモを永久に阿寒湖の宝として残したい

ものである.

(福井県小浜市飯盛128-6 梅崎勇)
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ニュース

第4回「有用海藻の分類学に関する国際ワークショップ」報告

有用海藻の分類学に関する国際ワークショップ

Workshop on Taxonomy of Economic Seaweeds は

Hawaii大学の1.A. Abbott教授がConvenerとして組

織し， California Seagrant College Programの後援によ

って開催されている.太平洋を中心として有用海藻の

種レベルでの分類を国際的に安定させ，他の分野で海

藻の正しい名前を利用してもらえるようにすることを

目的としている.各国の研究者が集まり，それぞれ標

本と資料を持ち寄って検討するもので，ひじように実

質的な討議とそれに基づく報告書ができる.最終的に

はそれぞれの分類群の検索表と記蛾や図を伴って，種

類を同定する手引きを作ることを目指している.

第 1回のワークショップは1984年 6月15-20日に

Guam大学で開催され，ホンダワラ類，テングサ類，

キリンサイ類，オゴノリ煩が取り扱われた.日本から

は北海道大学の山本弘敏氏と私が審加した.

第2回は1986年 9月22-25日，中国背島市の中国科

学院海洋研究所で行なわれ，ホンダワラ類，テングサ

類，オゴノリ類，キリンザイ類，ソゾ類を対象とし，

日本からは私一人の参加となった.報告書は少し遅れ

て印刷された(藻類37巻144ページ参照). 

第3回目は1989年8月7-11日にCaiifornia，LaJolla 

のScrippsInstitution ofOceanographyで実施された.

ホンダワラ類，テングサ類，オゴノリ類を対象とし，

日本からの参加者は京都大学の鯵痕哲郎氏と私の2人

で，ホンダワラのグループに入った.報告書は近く出

版される予定で，印刷を急いでいる.

このとき，参加者から次回は札幌でとL、う声が強く，

私もそれを承諾せざるをえなかった.北大植物分類学

講座に集積された資料を多くの人に利用してもらう機

会でもある.そこで会期を1991年7月22・27日として

準備に入った.このワークショップは旅費の一部と印

刷費をCaliforniaSeagrant College Programが負担し，

開催を引き受けた地元機関が滞在費用などを負担する

習慣なので，その点の困難があったが，多くの方々の

ご協力で実施することができた.

今回はこれまで続けてきたホンダワラ・テングサ・

オゴノリのグループにオキツノリ類を加えた4グルー

プとし，それぞれ日本側研究者に参加してもらうこと

にした.構成はつぎのとおりだった.

ホンダワラグループ

曽呈圭 Tseng，C. K.・陸保仁 LuBaoren (中

国)，江永綿Chiang，Y. M. (台湾)， Gavino C. 

Trono (Philippines) 

鯵坂哲朗・野呂忠秀・吉田忠生(日本)

テングサグループ

Bernabe Santelices (Chili)，李海福Lee，H. B. (韓

国)

安田昌彦(日本)

オゴノリグループ

Isabella 1. Abbott (U .S.A.)， Khanjanapai 

Lewmanomont • Anong Chirapart (Thailand)， 

Phang Siew Moi (Malaysia) ，夏邦美 Xia

Bangmei (中国)， Alan T. Critchley (South 

Africa) 

大野正夫・山本弘敏(日本)

オキツノリグループ

Richard E. Norris (U.S.A.)，張俊甫ZhangJun-

fu (中国)

増田道夫(日本)

オブザーパー

JamesJ. Sullivan (U.S.A.) 

馬場将輔・藤原秀一・岩田一幸・川久保明弘・

今野猛彦・松本正喜・中嶋 泰・中瀬浩太・二

宮早由子・太田雅隆・寺脇利信・山田俊郎・山

本正之(日本)

期聞を通じて各自持ち寄った標本と資料に加えて北

大理学部標本室の標本も全面的に利用して問題点を検

討し，連日活発な意見交換が続いた.特定の地域のみ

を対象とした個人的な研究では解決が難しい問題点に

ついて，共通な見解がえられた.グループ内に限定さ

れず，さまざまな交流を通じて情報の交換も盛んだっ

た.これらの結果は今後相互の密接な連係のもとで分

担して纏められ，近い将来 Taxonomyof Economic 

Seaweeds Vol. 4として CaliforniaSeagrant College Pro-

gramから印制公表の運びとなる.

このワークショップの実施にあたって， California 

Seagrant College Program，北大国際交流事業基金，海

外協力事業団，その他多くの企業と個人のご協力を得

た.厚くお礼申し上げる.

(北海道大学理学部吉田忠生)
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第14期最後の総会終わる

平成3年6月 日本学術会議広報委員会

日本学術会議は，去る 5月29日から31日まで第 111回総会を開催しました。今回の日本学術会議だよりでは，その総会

で採択された勧告を中心に. rii]総会の議事内容等についてお知らせします。

日本学術会議第111回総会報告

日本学術会議第 111回総会(第14期・第 7圃)は.平成

3年 5月29日-31日の 3日間開催された。

総会目頭に逝去された大谷茂雄，石原智男両会員の冥福

を祈り黙磁を捧げた。会長からの経過報告の後各自I~ ・各委

員会の報告があった。続いて脱則の一部改正 l件.国際対

応委貝会の設立等運営内規の改正 1件.申し合わせ2件.勧

告 l件.要望 l件.対外報告等3件.計9議案の提案があ

った。これらの議案については，同日午後の各部会での審

議を経て.第2日自の午前に掠決された。

なお，総会前日の午前には迎合部会を開催し，これらの

議案の説明，質疑を行った。また.総会に平行し，第 1日

目の夕方には第 771国運営審議会が開催されて.これら議

案についての各部の審議状況が報告された。

第2日目の午後はポスト湾岸をめぐる諸問題」につ

いて自由討議が行われた。

第3日自の午前には各特別委員会が，午後には各常置委

員会が開催された。

今回の総会では大学等における人文・社会科学系の

研究基盤の整備について(勧告).Jと「公文書館の拡充と

公文世等の保存利用体制の確立について(要望).Jが採択

され，同日 (30日)午後.内閣総理大臣に提出され，関係

各省に送付された。

日本学術会議としての国際対応組織の問題は，前期から

の懸案事項であったが，今期においてもこの間聞は新たに

増幅され.国際対応委員会を当分の開設立することが決ま

り，それに伴い運営内規の一部を改正することとなった。

対外報告としては人間活動と地球環境に関する日本

学術会識の見解」を〔人間活動と地球環境に閲する特別委

貝会〕が rr医療技術と社会に閲する特別委員会報告ー脳

死をめぐる問題に関するまとめー」について』を〔医療技

術と社会に関する特別委貝会〕がまとめ採択された。また，

会長提案のバイオテクノロジ一国際科学委員会及び国際微

生物学迎合への加盟も採択された。

「ポスト湾岸をめぐる諸問題」についての自由討議は，

大石泰彦副会長の司会で.はじめに話題提供として第 2部

の西原道雄部長.第 2常置委貝会の星野安三郎委員長，平

和及び国際摩擦に関する特別委貝会の川田 侃委員長がそ

れぞれ部・委員会の審議状況を報告した。それに基づき.

会民間での意見交換が行われた。

大学等における人文・社会科学系
の研究基盤の整備について(勧告)

国家・社会の健全な発展は.人文・社会科学と自然科学

のバランスのとれた学術研究の成果が常にその土壌となっ

ている。ところが，戦後の我が国では，自然科学の急速な

進展に比して，人文・社会科学がそれに対応できない状況

にある。それは，大学等における人文・社会科学系の研究

基盤が艶備されないまま放置されていたことに起因する。

その上，これからの我が国は.国内的には広〈生涯教育を

推進し.国際的には各国との研究交流や留学生の受け入れ

などを-1面積極的に行うことを喪摘されている。すでに日
本学術会識は，第13期において「大学等における学術予算

の増額について(要望).Jなどを要望しており，これを踏

まえて第14期では，さきに，主として自然科学系の「大学

等における学術研究の推進についてー研究設備等の高度化

に関する緊急提言ー(勧告).Jの勧告をした。それに統いて.

ここに人文・社会科学系の大学等における研究基盤を早急

に改善し.艶備するよう勧告する。

まず，人文・社会科学系の研究基盤を改善し.艶備する

ためには.研究に関わる人的構成の強化を必要とする。し

たがって，なによりも研究者の増員がi必要であり，それに

関連して，特に若手研究者の養成と研究補助者の楠貝が求

められる。今日.人文・社会科学も自然科学と同様に.研

究分野が細分化されるとともに総合化も図られ，それに応

じて新しい分野が開発され，それぞれの分野において総合

的かつ多面的な研究方法が採られるようになったからであ

る。

また.国内外でのフィールド・ワーク等の研究調査や外

国人研究者の招へいなどがより活発に行われるためには.

研究費の大幅な増額を必要とする。なお，国公立大学等に

おける研究費の実験系と非実験系による区分は適正な基準

により是正する必要がある。

さらに，人文・社会科学系の研究基盤の整備には，図書

や資料の収集・保管など学術情報の充実が要求される。そ

れを充たすには，それぞれの研究室における情報処理機器

を整備・充実するとともに.図書館・情報センターなどの

学術情報機関の拡充を図るべきである。その際.情報処理

機器の購入と維持のために相対的に図書購入に当てる費用

が圧迫されてはならず，図書費全体についても特段の増額

が必要である。
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以上のように人文・社会科学の人的・物的な研究基盤の

速やかな軒備が.IEI公私立大学のみならず.すべての研究
機関におも、て今1:1切実に要望されている。なj.~.大学等に

おける研究基盤の幣備に役立つ民間からの寄付等の従助に

は.それに対する包抗的かつ柔軟な免税fliin等が講じられ
るよう配慮すべきである。

公文書館の拡充と公文書等の保存利用
体制の確立について(要望)(要旨〕

わが国の公文咋等の保存体制は，公文i!?館法が公:{Jj・施
行されて大きく iiij進したが.その体制はなおl1il際的にみて

大きく立ち遅れた状況にある。公文書等はきわめて重要な

学術情報であり.かつ.国民共有の文化的・雌史的資産と

して段重であることから，その保存・手IJm体制を陣立する
ために以下の抽出を早急に講じられるよう要望する。

1.国立公文書館の拡充とその権限の強化

現右:の国立公文:;~FfiÍíはその設備・人u等がきわめて貧弱

であり.また，権限が著しく弱小である。 [1ilの公文舟等の

保存利用体制lの雌立のために，まず同立公文ilFfiiiの権限を
強化し.その設f'i ・人 u を大幅に拡充t，H~iiする必攻:がある。
2.地域文書館の股立・整備のための国の支撮の強化
公文書館法の公布以後.地方公共団体において公文書館

を設立する動きがあるが.まだ.その動きは限られている。

設立を促進し機能を強化するために，同の財政的舵助を拡

充すると共に，地方公共団体の自主性を尊lmしつつ[:EIの技
術的な指導・助弓を強化する必要がある o あわせて，公文

書等の保存にl期して.文書館の権限を強化する必要がある。
3.公文書館専門職員聾成制度と資料学・文書館学研究体
制の整備

公文詐館専門職Hの義成・確保は緊急.な課題であり.わ
が国にふさわしい押-門職養成制度を早急に確立すべきであ

る。この確立のためには.資科学・文i咋館学の研究者を確

保し研究を推進するための体制を整備する必要がある。

4.公文書館法の整備
以上のような措置を講じる上で，現拍:の公文内館法は，

公文書館の設置義務とその権限，専門職員の資怖と地位，

地域文書館への凶の支援などについて不十分な点が多くみ

られるので.これを早急に整備して.公文ilF等の保存利用
体制の確立を推進する必要がある。

人間活動と地球環境に関する日本学
術会織の見解〔要旨〕

日本学術会議は.人間活動と地球環境にl則する問題に強
い関心を持ち.特別委H会や多数の研究i主総委H会におい
て学術情報を集め，問題を総括し，研究体制の検討等を行

ってきた。これらを基礎として見解を表明する。

日本はその自然環境の多様性や，近年の人IllJi，丹動の急速
な進展により環境問題に対して厳しい見方が必要である。

この関連の研究は従来必ずしも十分ではなかった。国際協

力の下に多岐にわたる学問分野がこれまでの枠を拡大し，

多分野の学協会が融合化して活動し.新しい分野の研究活

動の強力な推進を図るべきである。また，地球環境問題は

グローパルな問題であるが，個々の人間!の対応から出発す

る問題でもあるから教育や啓蒙活動が急務である。

わが国では多数の省庁が研究を行っているが，相互関係

や全体を見雌した有機的・体系的な研究推進政策が必要で

ある。日本学術会議はこれらのための肋EI，i坐給. ;i1~1鰐等

にその組織と能力を生かして活動し努力する。

医療技術と社会に関する特別委員会報告
一脳死をめぐる問題に関するまとめ一

医療技術は不断に進歩するが.その進歩が許しければ著

しい f~lt，医療伎術と人々のものの考え Jîや社会的な判慣と

の聞に調布lを欠〈状況が生じている。脳死の取肢をめぐる

問題はその一つである。今JtJlの本特別委u会では「脳死は
人の托か」についてのj{(接的な審議は保悦しもし脳死

をもって人の叱とすると，あるいは臓時移tli(を悦点にいれ
ると.何が1U1~になり，それを如何に巧・えるか」などにつ

いて論議した。*朝iiitはその結果を務理したものである。
(原文のまま.以下項目のみ)

l 脳叱忠者の!医療J~.の取扱

2 立思の例別的確認について

3 死亡時刻の巧・え方に関して

4 医蝦悦fJl~fWJの問題点

5 [民療刊のl収般について

日本の学術研究環境-研究者の意識調
査から一(第3常置委員会)刊行され
る

第3'jお;re委H会は.第13期の「学術研究動的JJ調先を踏
まえ. 21世紀に向けて我が国の学術研究の141心的存在とし
て活躍をJUI侍される30歳代から40歳代の若手研究者(約20
00人)を対照に，学術研究の基礎となる「研究環境」につ

いてのアンケート調布(調査事項は，大別して「学術研究

の組織・体1I~1. 研究者の養成・確保と []I際化.研究伐の調

達・ illfHJと研究設備、情報の収集・保存)を行い，その結
果を基礎に報l~.lJfを作成した。なお，本~/fは日学資料とし

て刊行している。

日本学術会議主催公開講演会「日本の
学術研究環境は21世紀に対応できるか
開催される

「日本の学術研究環境」の刊行を記念し.平成3年 6月

6日(水)13時30分-17時00分に日本学術会議講堂におい

て開催された。近藤会長の開会のあいさつの後. ?軍主主第2

部会日の司会により.①「日本の学術研究成境ー研究者の

意識調先から一J (森第7部会民)②純粋基礎研究は大学

しかやらない(有馬第4部会員)③私立大学の立場から

(松本部 2部会H)④「産業の立場から J (内田第 5部会
員)の講i~(の後.総合討論を経て. i度遁第7部会員(第3
常世委H会委H長)の閉会のあいさつをもって盛況のうち
に終了した。なお.本公開講演会の内容は.追って日学双

書で刊行する予定である。

平成3年 1月以降，委員会等別の
対外報告

部 l件 特別委員会 4 ('1: 

常罰委n会l件 研究連絡委員会23件

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東京都港区六本木7-22-34 

u 本学術会議広報委貝会 'iltiìi~03( 3403 )6291 
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賛助会員 北海道栽培漁業振興公社 060札幌市中央区北3条西7丁目

北海道第二水産ピル4階

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

協和醸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

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

弘学出版株式会社森田悦郎 214川崎市多摩区南生田6-16-12

田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宮城県多賀域市宮内 2丁目 5番60号

日本ロシュ株式会社微生物部 247鎌倉市梶原200



海藻を総括的に論じた待望の書グ

徳、田 廃大野正夫 小河久朗著
{東京大学院学部高知大学院学部京北大学院学ia;)

海海の資源や養般について初めて総情的

に取揚げた待望の書。ノリを.始めとする側

々の海泌養嫡の現状と将米展望から、 i車場

造成、利用法、海外での養先，((、新しい海藻

の養航法、新品符{形成の呪状まで、実に幅

広い観.a!.i.から論じ尽した海泌人門の決定版。

研究お・学生・養硝業 lj'の熱い~望に応え

て遂にflJ行.グ

B5 ・I~J 1-_製口絵4ft
*文354(( 1・t-.JIJ.llt!JS
定価5，500円(送350円)

主要目次

1 .地球生態系と海海 11.海藻の

生育環境 問.海藻の利用 IV.世

界のHii:泌資源と生産量 v .~見在の
Hiî:泌 ~9il立 IV . i業場造成四.海外

の海泌養舶の別状V1II. ~毎泌養般の

将来と展望

11青幸毘 里里印席。
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ワープロ・データベース フロッピー・磁気テープが印刷へ直結

中西印刷株式会社
取締役社長中西 亮

京都本社 602京都市上京区下立売通小川東入ル
tel.075・441・3155fax.075・441・3159

東京連絡所 113東京都文京区本郷一丁目21-5
tel.東京03-815 -7465 
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福代康夫・高野秀昭担 85判(上製函入)424頁

千原光雄・松岡数充 山 定価13.390円(〒360円)

赤i朝の発生を防除するだめlこは， 赤湖の発生原因と怠る種をできるだけ正確に分類，同定する，

ことガ必要である。本留は，主に日本近海および日本の海水績に出現する200植の赤潮生物を収

録しだものであり，その質量な顕微鏡写真，録画， 解説，文蝕等と共に，赤潮生物の分類 同

定lこ~\擁の密である。本密のえとなった「赤潮生物シート J (水産庁1979-1984)1<1:6年間にわだ

って集めたものを，舎回改めて分類群5lUに編集し，近年の新知見を加えて現状にあう曹とした。
〔特色〕収録種は，藍藻8種，クリブト漂2種.渦胞毛濠7日程.1王藩80種.ラフィド藻9極，
黄金色藻6種，ハブト藻41重，ユ ゲレナ藻8種，ブラシノ藻5種，緑藻T種原生動物2種の
言十20011重。 *1種見開き2頁にまとめられており，まず写真・図ガあり，続いて写真説明，和

文記載，英文記鍛，文献ガ記述されている。 *写真は研究者秘鹿のもの，および本書のため|こ

新しく製作した。 *写真・図1<l:A.B.C と記号ガ{寸けられ，利文説明ガ記されている。 *利

文記践は以下の特徴ガ配されている。 @細胞の性状，外形と大きさ @細胞縄造 @生殖法，

生活史 O生態と分布 @類似種との比較，分類学的位置，学名の変遷 @その他 〈皇内容男本〉
日

の生態日開共編 A5判(上製函入)640頁
定価13.184円(干410円)

1水界生態系における藻類の役割育費箔勝*2水界環演と涜類の生理藤田醤彦*3藻類の

生活圏一秋山優*4沼津値物ブランクトンの生産生態ー育資箔勝*5湖沼における値物ブラン

クトンの生産と動態坂本充*6自然界における藻類の窒素代謝 和田英太郎*7植物ブラン
クトンの異常漕殖飯塚昭二本8海藻の分布と環廃要因横浜康継*9河川底生藻類の生態一

小林弘*10汽水威の藻類の生態 大野正夫*刊主国軍藻類の生態 秋山優*12酒氷中の藻類の生

態星合孝勇*13濠類と水界動物の相互作用成田哲也*14藻のパソジン山本鐙子*15藻

類の細胞外代謝生産物とその生態的役割J 大和団結ー *16蕩類の生活史と生態 中原紘之*17

藻類群集の偶造と多嫌性 宝月政二

各童襲来に掲餓の多数の文献は読者にとって貴重な資料となろう。
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シートでみ~種の周定・分類

淡水藻類写真集
山岸高旺・秋山優編集

Photomicrogrophs of the Fresh-water AJgae 

B 5判 ・岳100シート・ルーズリーフ式
第1巻・第2巷書4.120円

送料360円
車3巻~第10巻書5.150円
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日本淡水藻図鑑
虞瀬弘幸 ー山岸高旺編 白本ではじめて創られ疋
本絡的怠図鑑。淡水漬類の研究者や7.1<に関係する

方々にとっては貴重な文献である。定価37.080伺
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植物組識学
措野俊平吾煩吻組級学の定義内容発達史から
研究万活在幅広く群述し疋唯一の書。

定価15.450円
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東京文京区大塚3-34-3TeI03-945-6781 FAX 03-945-67即 (価格は税込)



学会出版物

下記の出版物をご希望の方に頒布致しますので，学会事務局までお申し込み下さL、。(価格は送料を含む)¥

1. r藻類」パックナンバ一 価格，会員各号 1，750円，非会員各号3，000円， 30巻4号(創立30周年記念¥
増大号， 1-30巻索引付)のみ会員 5，000円，非会員 7，000円，欠号:1-2号 4巻 1，3号， 5巻 1-2号，らー9

巻全号。

2. r藻類」索引 1ー10巻，価格，会員 1，500円，非会員 2，000円， 11-20巻，会員 2，000円，非会員3，000
円，創立30周年記念「藻類J索引， 1-30巻，会員3，000円，非会員4，000円。

3. 山田幸男先生追悼号 藻類25巻増補. 1977. A 5版， xxviii + 418頁.山田先生の遺影・経歴・業績一覧・

追悼文及び内外の藻類学者より寄稿された論文50編(英文部，和文24)を掲載，価格 7，000円。

4. 日米科学セミナー記録 Contributions to the systematics of the benthic marine algae of the North Pacific. 

I. A. Abbott・黒木宗尚共編. 1972. B 5版， xiv + 280頁 6図版.昭和46年8月に札幌で開催された北太平洋産

海藻に関する日米科学セミナーの記録で， 20編の研究報告(英文)を掲載。価格4，000円。

5. 北海道周辺のコンブ類と最近の増聾殖学的研究. 1977. B 5版， 65頁。昭和49年9月に札幌で行なわれ

た日本藻頬学会主催「コンブに関する講演会Jの記録。 4論文と討論の要旨。価格 1，000円。

Publications of the Society 

Inquiries concerning copies of the following publications should be sent to the japancsc Socicty of Phycology， 
Shimotachiuri Ogawa Higashi， Kamikyoku， Kyoto， 602 japan. 
1. Back numbers of the japanese journal of Phycology (Vols. 1-28， Bulletin of japanese Society of 

Phycology). Price， 2，000 Yen per issue for member， or 3， 500 Yen per issue for nonmember; pricc of Vol. 30， No. 4 
(30th Anniversary Issue)， with cumulativc index (Vols. 1-30)， 6，000 Ycn for member， or 7，500 Ycn for nonmembcr 
(incl. postage， surface mail). Lack: Vol. 1， Nos. 1-2; Vol. 4， Nos. 1， 3; Vol. 5， Nos. 1-2; Vol. 6-Vol. 9， Nos. 1-3. 
2. Indcx ofthe Bulletin ofjapanesc Society ofPhycology. Vol. 1 (1953)-Vol. 10 (1962)， Price 2，000 Yen for 

member， or 2，500 Yen for nonmember; Vol. 11 (1963)ーVol.20 (1972)， Price 3，000 Yen for membcr， or 4，000 Yen for 
nonmember. Vol. 1 (1953)ーVol.30 (1982)， Price 4，000 Yen for member， or 5，000 Yen for nonmember (incl. postage， 
surface mail). 
3. A Memorial Issue Honouring thc late Professor Yukio Yamada (Supplement to Volume 25， the Bulletin of 

japanese Society of Phycology). 1977. xxviii + 418 pages. This issue includes 50 articles (26 in English， 24 in 
japanese with English summary) on phycology， with photographs and Iist of publications of the late Professor Yukio 
YAMADA. 8，500 Yen (incl. postage， surface mail). 
4. Contribution to the Systematics of the Benthic Marine Algae of the North Pacific. Edited by 1. A. ABBOTT 

and M. KUROGl， 1972. xiv + 280 pages， 6 plates. Twenty papers followed by discussions are included， which were 
presented in the U .S.-japan Scminar on the North Pacific Benthic Marine Algae， held in Sapporo， japan， August 
13-16， 1971. 5，000 Yen (incl. postage， surface mail). 
5. Recent Studies on thc Cultivation of Laminar句 inHokkaido (in japanese). 1977. 65 pages. Four papers 

followed by discussion are included， which were presented in a symposium on Laminaria， sponsored by the Society， held 
in Sapporo， September 1977. 1，200 Yen (incl. postage， surface mail). 
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