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Taxonomic studies on Ulva pertusa (Ulvophyceae). 

1. Morphological study 

Mitsunobu KamiyaてKojiDoi*， Yoshiaki Hara* and Mitsuo Chihara** 

* lnstitute of Biological S，臼iences，Un即日ityof Tsuk!血:， Tsukuba， lbaraki， 305 Japan 

一JapaneseRed Cross College of Nu口ing，Hiro叫 Sh仇rya，Tokyo， 150 Japan 

Kamiya M.， Doi K.， Hara Y.組 dChihara M. 1993. Taxonomic studies on Ulva pertωa (Ulvophyceae). 
I. Morphological study. ]pn.]. Phycol. 41: 191-198. 

Ulva pert山 aKjellman (Ulvales， Ulvophyceae) is abundant at Ebisujima (=Ebisu IsI阻 d)，Shimoda， 
Shizuoka Prefecture， and at曲目localityplants with a distinct stalked appearance， but otherwise similar to 
U. perlusa， occur with a limited distribution on the southern side of the island. The gross morphology and 
the distribution of rhizoidal cells between cell layers differ at extremes， but intermediate forms exist and 
neither of these characters proved to be taxonomically useful. In addition， test crosses showed出atthere 
was no reproductive isolation among any combinations of U. pert前 aand“stalked-Ulva". It is concluded 
that U. P町tusais morphologically variable species and forms with a petiolate morphology are included 
within this taxon. 

Kり lndexWordr: crossing experi・ment，moゆhologicalvariation， stalked-Ulva， taxonomy， Ulva pe口usa.

Ulva species are common components of 

the marine intertidal flora of J apan and at 
least 10 species are reco伊 ized in J apan 
(Yoshida et al. 1990). Among them， U. 
pertusa is abundant throughout the year and 

widely distributed. The gross morphology of 

the thallus can be highly variable， making 
specific assignment of individual specimens 

di伍cult.

Blades of Ulva pertωa found at Ebisujima， 
Shimoda， Izu Peninsula， are light to dark 
green， irregularly orbicular or broad， and 
often perforated. The blades are flat and 

sheet-like with a short stipe and small discoid 

holdfast. 

They are seasonally abundant from early 

spring through summer. However， some of 
the plants have narrow， extended stipes， 
which branch one to several times and are 

sometimes twisted; the terminal blades are 

fan-shaped. Such plants are referred to here 

as“stalked-Ulva" . 

Plartts with this morphology have been 

Contribution from Shimoda Marine Biological 
Research Center， University of Tsukuba， no. 552 

placed in the genus Letter.政 dtia(Areschoug 

1851). He distinguished Letlerstedtia from 

Ulva on the basis of the gross morphology and 

the existence of the so-called hyphae forming 

a medulla-like layerin the stipe， similar to the 
rhizoidal cells at the base of the thallus in 

Ulva. Papenfuss (1960) considered that the 

gross morphology was too variable for such a 

distinction to be valid and further noted that 

the “hyphae" could also be seen in some Ulva 
species. He therefore transferred the 3 spe-

cies formerly ascribed to Letlerstedtia to Ulva. 

The aim of the present study was to com-

pare the morphology of “stalked-Ulva" with 
typical U. pertusa and to clarify their relation-
ships. Test crosses were also performed to 

investigate potential reproductive isolation 

between the two morphological entities. 

民1aterialsand Methods 

Several plants were intermittently collected 

from each of 8 sites at Ebisujima (Fig. 1) from 

1989 to 1992 in order to observe their mor-
phology. The size of vegetative and reproduc-

tive cells of Ulvaρertωa and “stalked-Ulva" 
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Fig. 1. The !ocation of Ebisujima (a; sca1e 
bar=50km， b; sca1e bar=5km) and the sampling 
sites (c; sca1e bar=50 m). A broken line indicates 
o meter sea !evel. 

were measured in the specimens collected in 

Ebisujima on August 7， 1992 and October 21， 
1992. Ten plants were randomly collected 

from each site for measurement of thallus 

thickness during April， May， July， November 
and December， 1989. The thickness of thal-

lus was measured in the center of the ex-

panded thallus， using freezing microtome 
sections and light microscopy. 
To test for reproductive isolation several 

fertile thalli of Ulva pertusa from site B and of 

“stalked-Ulva" from site D were collected (see 

Fig. 1c)， and placed in filtered sea water in the 
laboratory. A pair of male and female 
gametes of “stalked-Ulva" was selected by pre-

liminary crosses between biflagellate gametes 
released from each fertile thallus， because it 
was difficult to distinguish definitely male and 

female gametes from their討zeand color. 

Five individuals of U. pertωa and M stalked-

Ulva" were examined to cross with each mat-

ing type of “stalked-Ulva" on sterilized glass 

slides. When positive crossing was judged 

by observing aggregation and conjugation， 
the zygotes were isolated by using their nega-

tive photoaccumulation and cultured in small 

plastic vessels containing PES medium (Starr 

and Zeikus 1993). 

Results 

Morphology 
The following morphological characters of 

Ulva pertωa and “stalked-Ulva" were consi-
dered to have taxonomic significance and 

recorded: (1) gross morphology， (2) shape 

and size of cells in surface and sectional view 

and the number of pyrenoid in a vegetative 

cell， (3) thallus thickness， (4) the internal 
structure ofthe stipe and the basal region， (5) 
shape and size of reproductive cells. 

Gross morphology. “Stalked-Ulva" speci-

mens were typically medium green， perfo・
rated， 3-15 cm in height and with long and 

narrow stipes (5-25 mm  long and 0.5-3.5 mm  

wide) branching one to several times (Fig. 

2f). Plants with a morphology intermediate 

between U. pertω'a and “stalked-Ulva" were 

collected at the south of the island where both 

forms existed together (Fig. 1c， sites D， E and 

F). Fi伊 re2 shows a range of plants of the 

intermediate type. The thalli of these plants 

were similar in height to those of “stalked-
Ulva". The stipes of the plants were rela-

tively wide and scarcely differentiated from 

upper blades. The expanded fronds of the 

plants were partially interconnected. 

Shape and size 01 cells in su抑ceand sectional 

vzeωand the number OJ pyrenoid in a vegetative cell. 

Cells in middle and apical regions in surface 

view were irregularly polygonal， with 3-5 
corners that were a little rounded. These 

cells were arranged in indistinct groups， or 
formed short straight to curved rows with 
diverse orientations. Ordinary cells in the 

basal regions were relatively round， arranged 
in short curved rows. The abundant dark 
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Fig. 2. Typical and intermediate morphologies of U. tertusa and “stalked-Ulva" with various forms from 
sites D-F in Fig. 1. Scale bar (2 cm) in Fig. 2a applies to all the figures. a. Typical U. tertusa. b-e. Intermediate 
form between U.μrtusa and “stalked-Ulva". f. Typical “stalked-Ulva" 

colored or colorless rhizoidal cells were slight-

ly larger than the ordinary cells. In cross-sec-

tion， cells were subrectangular to cylindrical 

in shape with rounded corners. The number 

of pyrenoids was mostly 1 or 2 in a vegetative 

cell and rarely more than 3. These charac-

teristics of “stalked-Ulva" were quite similar 
to those of U ρertusa， and the cell size in the 

middle region showed no significant differ-

巴nce(P>O.5) between them (Table 1). 

Thallus thickness. The thallus thickness in 

the middle region of blades was compared 

throughout the year (Table 2)， but there was 

no significant difference between specimens 

assigned to Ulva pertusa and “stalked -Ulva" 

The only significant difference (P<O.Ol) 

among specimens from different sites was 

that the plants at site H were thinner than 

elsewhere. 

The internal structure 01 the stipe and the basal 

region. Algae in the genus Ulva are com 

pos巴d of two layers of the cells， with 

numerous cells having rhizoidal extensions 

between the celllayers in the basal region that 

are direct巴dtowards the base of the plant. 

Figure 3 shows the distribution of rhizoidal 

cells of U ρertusa (a) and “stalked-Ulva" (b) 
In typical U pertusa several chlorophyllous 

rhizoidal cells (Fig. 4a-c) appeared at the posi-

tion in Fig. 3a， and the abundance of 

rhizoidal cells increased toward the holdfast 

(position 2 in Fig. 3a， Fig. 4d-f). Numerous 

colorless rhizoidal cells (Fig. 4g-i) wer巴 seen

only near the holdfast (position 3 in Fig. 3a). 

In “stalked-Ulva" several chlorophyllous 

rhizoidal c巴IIs(Fig. 5a-c) appeared in the thal-

lus near the stip巴 (position1 in Fig. 3b) 

Many rl山 oidalcells (Fig. 5d-i) were seen 

throughout the stipes (position 2 and 3 in Fig. 

3b). Rhizoidal cells 0丘enoccurred in nar-

rowed parts of the upper thallus of the 

“stalk巴d-Ulva"as indicated in Fig. 3b. The 

distribution of the rhizoidal cells of typical 

“stalked-Ulva" differed from typical U. pertu-

sa. However， this character could not be 

used to separate clearly “stalked-Ulva" from 
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Table 1. The size (μm) of vegetative and reproductive cells of U. pe村山a却 d“stalked-Ulva>>. Each datum 
indicates range and (mean). 
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stalked-Ulva 

8.8-23.8 (15.6) 

10ル22.5(15.9) 

10.0-27.5 (18.3) 

6.3-15.0 (10.4) 

7.5-18.8 (11.4) 

7.5-20.0 (12.8) 

6.3-16.3 (11.1) 

7.5-18.8 (11.7) 

6.3-20.0 (13.0) 

22.5-42.5 (30.0) 

27.5-45.0 (34.2) 

17.5-47.5 (27.7) 

22.5-35.0 (27.3) 

25.0-45.0 (33.9) 

18.8-47.5 (31.2) 

celllength in surface view (20 plants， 10 cells/plant) 

apical region 

middle region 

basal region 

cell breadth in surface view (20 plants， 10 cell吻lant)

apical region 

middle region 

basal region 

cell height in cross section (20 plants， 5 cells/plant) 

apical region 

middle region 

basal region 

10.0-20.0 (14.2) 

10.0-22.5 (15.7) 

12.5-27.5 (19.4) 

U. pert山 a

male g制 ete(50 cells) 
6.0-8.0 ( 7.0) 

2.0-3.7 ( 3.1) 

6.0-8.0 ( 6.6) 

2.0-3.0 ( 2の
celllength 

cell breadth 

7.0-9.0 ( 7の
2.3-4.0 ( 3.2) 

6.0-8.2 ( 6.7) 

2.0-4.0 ( 2.9) 

celllength 

cell breadth 

female gamete (50 cells) 

zoospore (50 cells) 
7.5-12.0 ( 9.6) 

4.0-7.0 ( 5.5) 

6.8-10.8 ( 9め

3.3-6.8 ( 4め
celllength 

cell breadth 

• 、‘.，
J

4
E
A
 

Reproductive isolation 

Different mating types of “stalked-Ulva 
(Dl and D2 in Table 3) confirmed by prelimi-

n訂 ycrosses were selected. This pair was 

used for test crbsses with gametes from each 

of 5 individuals of U. pertusa and“stalked-
Ulva"， including Dl and D2. Almost all ga-

metic swarmers crossed between different mat-

ing types showed aggregation and conjuga-

U. pertusa because specimens were often ob-
served with intermediate morphologies. 

Shape and size 01 reproductive cells. In all sea-

sons， most plants in the collected materials of 
both Ulva pertusa and “stalked-Ulva" were 

gametophytes， which produced slightly nar-
rower swarmers of male gamete or slightly 

broader swarmers of female. These differ-

ences could be found by careful observations 

a氏ercrossing tests. Sporophytes produced 

larger quadriflagellated zoospores (Table 

Table 2. Mean thallus thickness (似Fμlrr叫I
each 5討it旬e. Bars indicate出atplants were missed the chance to be collected from the sites 

December 26 

68.95::t: 5.80 

94.06::t: 11.4 

104.5 ::t: 12.2 

84.45::t: 14.0 

88.95::t: 1.20 

91.50::t: 7.47 

84.05::t:20.2 

62.20::t: 15.7 

November 11 

81.15::t: 7.57 

85.15::t:11.6 

81.10::t: 17.1 

83.30土 9.35

80.90::t: 11.6 

77.25::t: 7.70 

78.65土 4.18

63.30::t: 8.48 

July 1 

102.9 ::t: 11.4 

100.5 ::t: 10.1 

70.30士10.5

67.15::t:12.7 

57.25::t: 4.40 

May 5 

90.30::t: 11.5 

75.10::t: 9.20 

61.45::t: 11.3 

72.35::t: 3.93 

81.28::t: 5.04 

61.38土10.4

71目30::t:6.18 

April 5 

87.08::t: 9.38 

70.01::t: 6.28 

93.20::t:23.0 

61.88::t: 4.35 

64.40::t: 5.40 

79.45土 9.50

78.23::t:12.9 

62.68土 16.7

Sites 

A

B

C

D

E

F

G

H

 47.90::t: 7.80 
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Fig. 3. The distribution ofrhizoidal cells of U. tertusa (a) and “stalked-Ulva (b) is indicated by higher dense 
dots. Rhizoidal cells are also seen in a na口 owedpart of the upper thallus (arrowhead) 
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tion with those of D1 or D2 (Table 3) and the 

zygotes germmat巴d，except for B4， D3 and 

D4， which crossed with neither D1 nor D2. 

The germlings are developing to the thalli， 
however， releasing zoospores have never been 
observed. 

Table 3. The result of test crosses between U 
tertusa and “stalked-Ulva". Each number desig-
nates one plant， and B and D indicate U. tertusa 
from site B and “stalked-Ulva" from site D， respec-
tively.十 showsthat gametes crossed and the zygotes 
germinated， and -shows not crossed. 

-園田開

Habitat 

Ulva tertusa was widely distributed around 

Ebisujima except on the north巴rn shore， 
while “stalked-Ulva" was restricted to the 

southern shore which consists of a broad flat 

rock platform with strong wave action. U 

tertusa grew inshore of “stalked-Ulva" at the 
southern shore， but there was no clear bound-
ary between the populations 

Discussion 

B1 B2 B3 B4 B5 Dl D2 D3 D4 D5 Ulva tertusa was described by Kjellman 

Dl + + + + 一一 (1897) on the basis of specimens from ]apan 

D2 一一一一 + +一一 + According to the description， thalli are 15-
20 cm high， perforated by many roundish or 



Taxonomic studies on Ulva pertusa 1. 197 

irregularly shaped foramina， at least 125μm 
thick in the lower part and about 40μm thick 

in the marginal region. Kjellman's descrip-

tion was augmented with habit photos of five 

specimens and illustrations of thallus struc-

ture. He cited Hakodate， Enoshima and 
Yokohama as their localities， with a comment 

that the species seemed to be widely distribut-

ed. In the present study， the Ulva species 
growing abundantly at Ebisujima had thalli 

up to 17 cm high， and a thickness of middle 

and basal regions of 40-130μm and 80-

400μm， respectively. These plants agree 

well with the description and illustrations of 

ι pertωa given by Kjellman. Incidentally， 
8himoda is near the TYPE localities of 
Enoshima and Y okohama. 

When typical Ulva pertusa and “stalked-
Ulva" are compared， their gross morphology 
is quite distinct. However， the existence of 
plants with morphology intermediate between 

U. pertusa and “stalked-Ulva" makes it 

di伍cultto distinguish them. 8imilar di伍cul-

ties are reported in distinguishing Australian 

plants of U. ~旨ida C. Agardh， which is a most 

common species in southem Australia (Phil-

lips 1988). U. spatulata Papenfuss (previously 
referred to Letterstedtia) has long stipes like 
those of “stalked-Ulva"; and U. australis 

Areschoug shows transitional stages of the 

gross morphology between ιゅatulataand ι 

r伊~da. Phillips (1988) regardedι australis 

and U. spatulata as synonyms of U. rなidabe-

cause the two taxa were identical to U. ngz，ぬ

in diagnostic characters and developmental 

patterns. 

Rhizoidal cells in“stalked-Ulva" were more 

highly developed than those in U. pertusa， but 
the distinction of rhizoidal cell development 

was not clear. The rhizoidal cells were found 

near the base of the plants as well as in narrow 

parts ofthe upper thallus (Fig. 3b). 80 the de-
velopment of rhizoidal cells may simply relate 

to the width of the thallus. 

The process of the formation of the stipes 
has not been observed， but it is possible to in-
fer the process by comparing plants with inter-

mediate morphologies between Ulva戸rtωa
and“stalked-Ulva". The holes of the thalli 

become larger and join with one another near 

the holdfast (Fig. 2b， c). The thalli divide 

into several main portions by the further en-

largement ofthe perforations (Fig. 2d， e) and 
the upper expanded thalli are then attached by 

narrow stipes (Fig. 2f). This process may oc-
cur throughout the thallus so that “stipes" c組

be observed in upper thallus pa口s(Fig. 3b). 

80me workers (Bliding 1968; Koeman叩 d

van den Hoek 1981; Hoeksema and van den 

Hoek 1983) considered pyrenoid number， 
thallus thickness， and size and arrangement 
of vegetative cells to be useful taxonomic 

characters， whereas others (TitIyanov et al. 
1975; 8teffensen 1976; Phillips 1988) reported 

that， in some Ulva species， thallus thickness， 
cell size and pyrenoid number were too varト

able for taxonomic use. In this study the cell 

size ofmiddle and apical region， measured in 
surface view and cross-section， exhibited con-
siderable variations and overlapped between 

U. pertωa and “stalked-Ulva" (Table 1). It 

was obvious that there was no critical differ-

ence between them in the shape and arrange-

ment of their vegetative cells and the pyrenoid 

number in a cell. The thallus thickness was 

also highly variable in the individual plants 

and there was no significant difference be-
tween those of U.ρertωa and “stalked-Ulva" . 

It may be attributed to thallus size， season 
and/or habitat in U. pertωa. 

The crossing of gametes between Ulva per-
tusa and “stalked-Ulva" and germination of 

the zygotes were observed， but the progeny 
development has not been observed yet. Now 

zygotes， gametes and zoospores of “stalked-
Ulva" and zygotes between U. pertωa and 
“stalked-Ulva" are continued to culture， so 
it will become clarified in the near future 

whether the gross morphology of“stalked-
Ulva" is genetically stable or not. 
Gametes of several plants (B4， D3 and D4 

in Table 3) crossed with neither D1 nor D2， 
but it is not clear whether the results were 

caused by the absence of their crossing ability 

or some difference of the experimental condi-

tlons. 
Plants of the stalked form were also seen 

with Ulva tertusa on relative1y flat rock plat-
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forms with strong wave action in Arashima， 
Miyagi Prefecture， Tanesashi， Aomori Pref. 
and Ooarai， lbaraki Pref. The formative 

process of the morphology of “stalked -Ulva" 
has not been observed， but it may be related 

to environmental factors. However， the pos-
sibility remains that genetic differences exist 

between the ecological forms. Consequently， 
a molecular taxonomic analysis using iso-

Z戸neswas initiated. Results of this inves-

tigation will be reported separately. 
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神谷充伸*・土井考輔*・原 慶明*・千原光雄**アナアオサ(アオサ藻綱)

の分類学的研究.1.形態学的研究

恵比須島(静岡県下回市)の周囲の潮間帯にはアナアオサが繁茂するが，この島の南側のアナアオサの集団に，

柄を有するアオサ(エツキアオサと仮称)がみられる。本研究では，形態学的研究および交配実験を行い，両藻

の分類学的な関係を検討した。エツキアオサは外部形態や基部付近の仮根細胞の分布においてアナアオサと明ら

かに異なるが，南側の集団の個体を詳細に調査すると，両者の中間の形態を示す個体も存在し，形態的特徴から

は両者を区別できないことが判明した。交配実験ではアナアオサとエツキアオサの配偶子は交雑し，その接合子

は正常に発芽することが確認された。これらの結果から，アナアオサは形態的に変異に富んだ種であり，エツキ

アオサはこの分類群に含まれると考えられる。 (*305つくば市天王台1-1-1 筑波大学生物科学系，柿150渋谷

区広尾←1-3 日本赤十字看護大学)

(Received Ma町'h18， 1993， Acc，ψtedJune 22， 1993) 
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Taxonomic studies on Ulva pertusa (Ulvophyceae)・

11. Preliminary isozyme analysis 

Koji Doi*， Mitsunobu Kamiya*， Yoshiaki Har♂ and Mitsuo Chihara判

* lnstitute of Biological Sciences， University 01 'n却kuba，Tsukuba， lbaraki， 305 Japan 
**Japanese Red Cross College 01 M叩 ing，Hiro叫 Shibりa，To紗0，150Japan 

Koji Doi， Mitsunobu Kamiya， Y oshiaki Hara and恥1itsuoChihara. 1993. Taxonomic studies on Ulva 
pertusa (Ulvophyceae). 11. Prelimin町 isozymeanalysis. Jpn. ]目 Phycol.41: 199-206. 

Preliminarγcomparisons of isozyme banding patterns were carried out between Ulva pertusa Kjellman 
and U. arasakii Chihara， and between U. pertusa佃 d“stalked-Ulva" . Several electrophoretic differences 
were detected for enzyme-species including GDH， IDH and GOT between specimens of U. pert即 'aand U. 
aTasakii. Otherwise， no differences for any of assayed enzymes were detected between specimens of U. 
pert出 'aand“stalked-Ulva" at the same population in Ebis吋ima(Shimoda， Shizuoka Pref.)ー

Overall electrophoretic patterns among specimens of U. pertusa from fourteen localities from Hokkaido 
to Yamaguchi were almost identical in spite of their wide morphological variability. However， a varia-
tion in GDH was found for the typical form of U. peTtusa in populations on the eastern side of Ebisujima 
Other variations in GDH and IDH were reco伊 izedin the populations of Kabushima (Hachinohe， Aomori 
Pref.). 

Cross experiments of the gametes from two electroforms of GDH from Ebisujima revealed that they 
are interfertile. 

J瓦乙匂りりI lndex Wo町rds: 口仰'oss吋 test一geneti，化cvaTlaωbi，μli砂-勺勺)'一山'zym問ea間n叩aのl;砂)'戸仰Pほ明叩'Sl
Ulva a訂ra回sakii一UI恥vape口usa.

The plants of the genus Ulva (Ulvales， 
Ulvophyceae) are among the most common 

coastal seaweeds in ] apan. Classincation of 

the numerous species assigned to this genus 

is based on gross morphology of the thallus. 

However， shape， size and thickness of Ulva 
thalli generally vaηr with age and habitat. 

Specimens of U. perlωa show significant 

morphological variation， ranging from an U. 
conglobata-type to an U. arasakii-type. The 

previously reported “stalked-Ulva" represents 

an additional morphological form assigned to 

this species (Kamiya et al. 1993). 
Genetic data of isozyme analysis have been 

applied to taxonomic studies of red algae 

(Lindstrom and South 1989)， dinoflagellates 
(Hayhome et al. 1987)， charophytes (Grant 
and Procter 1980)， and desmids (Francke and 
Coese11985; Coesel and Menken 1986， 1988; 

Contribution from Shimoda Marine Research Center， 
University of Tsukuba， No. 553. 

Jurgenson and BiebeI1989). In the Ulvales， 
Innes and Yarish (1984) and Innes (1987， 
1印98邸8)μserve句ye吋di加nt住r悶a出sp戸e舵cificg伊en町et出ti批icvariabili-

ty in Enterom01ψph加alinza (L.)]. Agar 
tively fewer isozyme studies have been con-

ducted on algae c∞ompared tωo higher plants， 
and the techniques suitable for algae tissue 

have not been satisfactorily established. Con-

sequently， the number of enzymes examined 
in most studies of algae has been insu伍cient，
making precise genetic interpretation 

di伍cult. In addition， the intra-and inter-

specific taxonomy of many algal species in-

vestigated has not been established by means 

of crossing tests or morphology and genetic 

analysis. 

In this paper， the prelimina町 interspecific

comparison of isozyme patterns between U. 

pertωa and U. arasakii growing sympatrically 

was carried out. It was followed by in-

traspecific comp町 isonof U. pertusa among 

allopatric populations， and between typical 
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U. pertusa and“stalked-Ulva" . The effective-
ness of isozyme analysis for the taxonomy of 
these algae is discussed. 

Peninsula， (Kamiya et al. 1993) from March， 
1989 to May， 1991. At the same time， speci-
mens of the typical U. pertusa were collected 
from various localities in Hokkaido and Hon-
shu (Fig. 1) for comparison. Specimens of 
U. arasakii were collected from Ooarai 
(Ibar北iPref.) and Kimigahama (Chiba 
P問 f.)as well. 

Materials and Methods 

Collection and preservation oj algae. Specimens 
showing the typical appearances of both Ulva 
pertωa and “stalked-Ulva" were collected 
from populations in Ebisujima， Shimoda， Izu 

Morphologically typical Ulva pertusa 

Living specimens from which surface sea 
water was removed were placed into individ-

1. Monbetsu (Monbetsu-shi， Hokkaido) 
2. Ougonmisaki (Rumoi-shi， Hokkaido) 
3. Zenibako (Otaru-shi， Hokkaido) 
4. Haruka (Otaru-shi， Hokkaido) 
5. Aomori (Aomori-shi， Aomori) 
6. Kabushima (Hachinohe-shi， Aomori) 
7. Areshima (Shizugawa-cho， Miyagi) 
8. Ooarai (Ooarai-machi， Ibaraki) 
9. Kimigahama (Choushi-shi， Chiba) 3 

10. Kominato (Amatsukominato-machi， Chiba) 
11. Ebisujima (Shimoda-shi， Shizuoka) 
12. Nabeta (Shimoda-shi， Shizuoka) 
13. Tokiwa (Ube-shi， Yamaguchi) 

Ul va arasaki i 
8. Ooarai (Ooarai-machi， Ibaraki) 
9. Kimigahama (Choushi-shi， Chiba) 

"stalked-U1va" 
11. Ebisujima (Shimoda-shi， Shizuoka) 

Fig. 1. Localities of Ulva tert制組drelated taxa collected in J apan. 
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ual vinyl bags， maintained at approximately 
100C and transported rapidly to University of 
Tsukuba. 

Motile cells released from matured speci-

mens were observed to identi今gametophyte

and sporophyte thalli. Gametes determined 

to have compatible mating types were used 

for the crossing tests. For isozyme analysis， 
fresh specimens were ground In liquid nitrogen， 
組 dstored at -800C until being assayed. 

Iso.のImeanalysis. Crude extracts were ob-

tained by grinding material (at least 500 mg 

wet weight) in 1.0 ml of cold extraction 

buffer; 0.5 M Tris-HCI buffer， pH 8.0， con-
taining 70 mM  2・mercaptoethanol，26 mM  

sodium metabisulfite， 0.5 mM  EDTA， 5 mM  

sodium ascorbate， 0.1% Tween 80 and 4% 

soluble polyvinylpyrrolidone with叩 average

molecular weight of 40，000. Extracts were 

centrifuged at 6，200 G for 10 mIn. The super-

natants were immediately filtered through a 

simplified gel filtration method (Kato 1987) 

for purifying isozyme samples. 

For electrophoresis， starch gel (12.8% w/v) 
made up with the system 5 and 10 buffers of 

Soltis et al. (1983) was used. Samples were 

absorbed onto rectangular wickes of Advantec 

51B chromatography paper， inserted into a 

slice made across the gel ca. 5 cm from the 

cathode. Electrophoresis was done at 40C 

and 150 volts (constant voltage) for 3-5 hours， 
until the bromphenol blue marker， which was 
inserted in the gel with the samples， had 
migrated 10 cm from the origin. 

The following fifteen enzymes were 

preliminarily tested: esterase (EST)， gluta-
mate dehydrogenase (GDH)， isocItrate de-
hydrogenase (IDH)， malate dehydrogenase 
(MDH)， malic enzyme (ME)， gluco総 -6-phos-

phate dehydrogenase (G6PDH)， hexokinase 
(HK)， phosphoglucoisomerase (PGI)， phos-
phoglucomutase (PGM)， triphosphate isom-
erase (TPI)， 6・phosphogluconatedehydro-

genase (6-PGD)， acid phosphatase (ACPH)， 
glutamate oxaloacetate transaminase (GOT)， 
superoxide dismUtase (SOD)， and shikimate 
dehydrogenase (SKDH). The protocol of 

staining was followed by Soltis et al. (1983) 
with some modifications (Table 1). 

Table 1. The staining protocol of enzymes 
employed in this study. 

Enzyme ReactantlStain 

GDH 100 ml 0.1 M Tris-HCI， pH 8.0 
2.94 g L-glutamic acid 
20mg NAD 
10mg MTT 
2mg PMS 

IDH 100 ml 0.1 M Tris-HCI， pH 8.0 
100 mg isocitric acid， trisodium salt 

5 m11.0 M MgCI2 
20mg NADP 
10mg MTT 
2mgP恥1S

GOT 100 ml 0.1 M Tris-HCI， pH 8.0 
100 mg L-aspartic acid 
100 mg a-ketoglutaric acid 
5 mg pyridoxal-5'-phosphate 
90 mg Fast blue BB salt 

G6PDH 100 ml 0.1 M Tris-HCI， pH 8.0 
200 mg glucose-6・phosphate
20mg NADP 
10mg MTT 
2mgPMS 

Abbreviations: ATP， adenosine-5' -triphosphate; 
EDTA， disodium ethylenediamine tetra-acetic acid; 
MTT，(3・[4，5・dime出ylthiazol・会1)・2，5-diphenyltetrazo・
lium bromide; NAD， s-nicotinamide adenine dinucleo・
tide; NADP， s-nicotinamide adenine dinucleotide phos-
phate; PMS， phenazine methosulphate. 

Crossing tests. Crossing tests were carried 

out between gametes from different elec-

troforms of morphologically typical ι例制a

at Ebisujima. The technique was outlined in 

the previous paper (Kamiya et al. 1993). 

Results 

Preliminary observations using typical 

Ulva戸rtωa(Fig. 2) for the fifteen enzymes 

listed above showed that stable bands could 

be obtained from four enz戸nes;IDH， GDH， 
G6PDH， and GOT. 

U. arasakii (Fig. 3) was provided to analyze 
its isozymes in comparison with those of U. 
pertusa. Clear differences were recognized 

for three of four enzyme species examined 

(Fig. 5)， whereas no difference was found for 
G6PDH between two entities (Table 2). 

When the banding pattems of morphologi-

cally typical U. pertusa and “stalked-Ulva" 
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， 

/ 

⑧ 

④ ⑧ 
Fig. 2. Specimen of typical Ulva tertusa collected at Ebisujima in December， 1989. Scale bar=5.0 cm 
Fig. 3. Specimen of typical Ulva arasakii collected at Kimigahama (Chiba Pref.) in May， 1990. Scale 

bar=5.0 cm 
Fig. 4. Specimen of “stalked-Ulva" collected at southern population in Ebisujima in December， 1989. 

Scale bar=5.0 cm 

(Fig. 4) in Ebisujima were compared， no 

spec凶cbandi時 patternswere found (Fig 

6). Otherwise， two banding patterns for 

GDH were found in typical U. tertusa from 

different populations in Ebis吋ima(Fig. 7) 

Specim巴nsof the populations on the eastern 

side ofthis island (sites A， B and C in Fig. 10f 

Kamiya et al.， 1993) exhibited one banding 
pattern， labelled “GDH-B"， whereas speci-
mens ofthe other sites had a banding pattern， 
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Table 2. The summarized results of elec-
trophoretic patterns of U. tcrtusa， U. arasakii and 
"stalked-Ulva". Letters designate the elec-
trophoretic forms in each enzyme recognized within 
each population 

S.U. U.p. 

GDH -時晴

Enzyme speCIes 

GDH GOT 
Populations 

』、-同'

IDH 

G6PDH 

G6PDH 

U. tcrtusa 

Ebisujima A 

Kabushima A， B 

Other populations A 

U. arasakii B'* 

“Stalked-Ulva" A 

A

A

A

A

A

 

A

A

A

B

A

 

A，B 

A，C 

A 

C'* 

A 

IDH 

* Migration distance of these electromorphs not com-
pared directly with specimens from Kabushima. GOT 

Fig. 6. Representative zymogram patterns 
for Ulva戸crtusaand “stalked-Ulva" in Ebisujima 
U.p.， U. tcrtusa. s.U.， "stalked-Ulva" 

tusa from Kabushima (Fig. 7). Some specimens 

show巴dunusual banding patt印ernsfor GDH 1 
and IDH (lab巴elle巴d“GDH-C"and “"IDH-B" 

while the others in the same popu叫lla試t1ωons1凶s 

showed the pa試ttぼernof “GDH-A" and “IDH-A" 

which were widely spread. No characteristics 

of gross morphology were associated with this 

genet1c vanatlOn. 

No differ巴ncein the electrophoretic behav-

ior specific to sporophytic and gametophytic 

a
 

H
U
 

u. p. 

“GDH-A'¥common to populations of all 

other J apanese localities investigated (Fig 

1). The specimens showing “GDH-B" were 

similar to other populations for oth巴r巴nzymes

examined (Table 2)， and could not be d“iお出s幻tm

♂1丘lS油h巴dmor叩pholog♂icallyy F 

Other variations of GDH and IDH were 

also found in the population of typical U. per-

GDH 

B
 

H
 

D
 

G
 

A IDH 

A 

IDH 
GOT 

Fig. 7. Representative zymogram patterns 
for Ulva tcrtusa in Kabushima. Letters designate 
electrophoretic forms (see Table 2) 

Fig. 5. Representative zymogram patterns 
for Ulva tcrtusa and U. arasakii. U. p.， U ρcrtusa 
U.a.， U. arasakii 
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Table 3. The results of test crosses between 
typical specimens of Ulva tertusa showing “GDH-A" and 
“GDH-B" banding patterns. A1phabets designate 
populations (see Kamiya et al. 1993). Numbers repre-
sent specimens examined 

“GDH-B" “GDH-A" specimens 
speclmens B-1 B-2 B-5 B司6 C・1 C-2 

B・3 + + + + 
B・4 + + + 

+: conjugation observed. 一 conjugationnot 
observed. 

plants was observed in this study. Eight 

sporophytic specimens of typical U. pertusa 
from Ebisujima were tested， and all of them 
showed the same banding pattern found in 

the gametophytes， i. e. they were homozy-

gous for “GDH-A" or“GDH-B" genotypes. 
On the basis of isozyme data obtained in 

this study， crossing tests were performed be-
tween specimens representing different elec-

troforms of U. pert仰 fromEbisujima show-

ing“GDH-A" and “GDH-B" respectively. 
Conjugations were observed among gametes 

of compatible mating types， except for the 
cases that experimental errors happened 

(Table 3). 

Discussion 

Previously， we reported that Ulva pertω'a IS 

morphologically variable， and that petiolate 
forms are included within this taxon (Kamiya 

et al. 1993). Molecular taxonomic analysis 

with isozymes was initiated to determine if 

genetic differences exist among these forms. 
We initially tried to clarify the intra-and inter-

specific variability of isozyme banding pat-

terns for U. pertusa and U. arasakii. Results 

indicate the presence of main bands for four 
enzyme-species mentioned above. The band-

ing pattern of G6PDH was common for the 

two species. However， as summarized in 
Table 2， a clear difference ofbanding patterns 

was recognized between these two species for 

at least three enzymes: GDH， IDH and GOT. 
In contrast， intraspecific variability was 

found in only one enzyme， GDH， from two 
populations of U. pertusa. 

For all of the examined enzyme-species， no 
differences in isozyme banding patterns were 

detected between specimens of “stalked-Ulva" 
and typical U. pertusa growing at the same 

locality. These results suggest that the two 

forms are not genetically isolated. 

Kamiya et al. (1993) showed clear morpho-

logical differences between typical U. pertusa 
and “stalked-Ulva". However， the presence 
of numerous intermediate forms made assign-

ment of individual specimens to either species 

problematic. Also， sexual reproduction was 
shown between gametes from typical U. per-
tusa and “stalked-Ulva" under laboratory cul-
ture condition. Consequently， it was con-

cluded that“stalked-Ulva" could not be treat-
ed as an autonomous entity of U. pertωa. Iso-

zyme data from the present study suppo口sthis 

previous thesis (Kamiya et al. 1993). In addi-

tion， it indicates that isozyme analysis is effec-
tive for observing genetic structure of algae 

such as “stalked-Ulva"， and possible to use for 
evaluating these intraspecific relationships. 

It is noteworthy that two electrophoretic 

forms of typical U. pertusa，“GDH-A" and 
“GDH-B"， were found in Ebisujima. 

Through interpopulational comparison ofiso・

zymes in this island， it was found that clear 

electrophoretic difference existed between 

specimens separated by less than one hundred 

meters. We have not observed thalli with het-

erozygous banding pattern between “GDH-

A" and“GDH-B" in any sites ofthis island， 
so far. 

If each population is fixed to the single form 
of “GDH-A" or “GDH-B"， certain ecological 
factors which prevent hybridization of the two 

electroforms， or cross incompatibility could 
be responsible. In either case， it is supposed 
that gene flow between these two electroforms 
is absent， even though they grow sympatri-
cally， and that sporophytes wi也 theheterozy-

gous banding pattern do not occur in any of 

these populations. Although conjugation 
between gametes with "GDH-A" and “GDH-

B" has been demonstrated by crossing tests 

under laboratory culture condition， the viabil-
ity of these hybrids has not been evaluated. 
Efforts continue to identify heterozygous 
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sporophytes from the natural populations 

from Ebisujima. However， probability of 
success is slight because populations of U. 
tertusa are considered to have a high 

gametophyte/sporophyte ratio since gameto-

phytes can be reproduced by their own par-

thenogenesis and through zoospore formation 

of the sporophytes， whereas the sporophytes 
can be reproduced only by conjugation of the 

gametophytes. 

Innes (1987) described genetic differentia-
tion for Enteromoψha linza among localities 

separated by less than a few hundred meters. 

He suggested that the genetic differentiation 

was maintained by some environmental fac-

tors such as difference of salinity. It is possi-

ble in our case that the difference of environ-

mental factors such as the amount of solar 

radiation relates to the genetic differentiation 

between these populations. The eastern 

population with “GDH-B" is considerably 

shaded by the steep cliff and canopies of trees 

in contrast to the southern population inhabit-

ing broad Hat rock platform with no shadings. 

Further examination is necessary to study 

their physiological differences induced by the 

environmental factors. 
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土井考商*・神谷充伸*・原 慶明*・千原光雄**.アナアオサ(アオサ藻綱)

の分類学的研究.11.アイソザイムの分析

アナアオサ，ナガアオサ，及び通称エツキアオサのアイソザイムを解析し比較した。アナアオサとナガアオサ

の聞では 4種類のアイソザイムのうち 3種類にパ γ ドパターンの明瞭な差異が認められたが，エツキアオサは

アナアオサと同じパターンを示した。一方，全国14地点のアナアオサ集団関では，静岡県下回市恵比須島および

青森県八戸市蕪島を除き，バンドパターンは共通であった。恵比須島のアナアオサの集団を調査したところ，典

型的なバンドパターンを示す個体と共に，他のどの集団にも見られないパンドパターンを示す個体がみられた。

両パターンを示すタイプの個体聞では，配偶子が接合し，正常に交雑が起こることが確認された。 (*305茨城県

つくば市天王台1-1-1 筑波大学生物科学系，糾150東京都渋谷区広尾4-1-3 日本赤十字看護大学)

(Received Ma叫 J8， 1993， Acc，ψtedJune 2乙1993)
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The inHuence of ultraviolet radiation on the photosynthetic activity 

of several red algae from dul・erentdepths 

Miyuki Maegawa *， Masayo Kunieda林組dWashiro Kida * 

* Laboratory OJ Phycol，ψ" Fo倒的10/Bioresources， Mie University， kamiluzma 1515， Tsu， M.九514Japan 
**Toukai Technology Center， lnokoishi 2-710， Meitou-ku， Nagoya， ~65Japan. 

Maegawa， M.， Kunieda， M. and Kida， W. 1993. The infiuence ofultraviolet radiation on也.ephotosyn-
thetic activity of several red algae仕omdifferent depths. Jpn. J. Phycol. 41: 207-214. 

Infiuence ofUV (ultraviolet) radiation on the photosynthetic acti吋tyof several red algae collected from 
the shallow and deep waters was studied. Additionally， light environment in the co踊 talwaters was deter-
mined. Direct sun light including PAR (photosynthetically active radiation)組 dUV radiation had a litde 
effect on the photosynthetic activities of shallow-water species. They seem to be adapted to s位。ngsolar 
radiation and resist UV radiation. Direct sun light for only 30 minutes at noon on a fine day was a serious 
obstacle to也ephotosynthesis of deep-water species from the depth of about 25 m. UV radiation amount-
ing to only 1-5% of solar radiation may seriously inhibit the photosyn血eticactivity of deep-water species 
used in this study. UV radiation from the sun can be regarded as one ofthe most important factors limiting 
the vertical distribution of red algae. 

Keyln伽陥rrJs: PAR-photosynthesis-Rhodophyta-solar radiation-UV radiation-vertical distribu-
tlon. 

It is generally believed that red algae are 

adapted to the deep waters. However， there 
are many species of red algae growing in the 

shallow waters. The previous studies (Y oko・

hama 1973， Murase et al. 1989) indicated a 

kind of chromatic adaptation among red al-
gae. The shallow-water species seem to be 

adapted to white light and the deep-water spe-

cies to green and blue light. The difference 

of photosynthetic characteristics between shal-

low-and deep-water species is dependent on 

phycoerythrin content， which was closely 
related to the light conditions in growing 

site. However， several problems have been 
remained. One of the most important 

problems is “Why the deep-water species can 
not grow in the shallow waters?" The deep-

water species adapting to dim and blue or 

green light might be able to grow in high and 

white light condition. 
In this study， our attention was focused on 

ultraviolet (UV) radiation affecting the algal 

photos戸ltheticactivity. Interest in the im・
pact of UV radiation on marine organisms 

has recently increased because of the possible 

elevation of UV radiation to the earth' s sur-

face， which is caused by thinning ofthe ozone 
layer in the upper atmosphere (Hofmann 

1989). UV radiation is shorter出血 400nm

in wavelength， and it is divided arbitrarily 

into three groups; UV-A (400-320 nm)， UV-

B (320-280 nm) and UV-C (280-200 nm). In 

the outer space UV radiation occupies 9 to 10 

%， and on the water surface it occupies only 1 to 

5% depending on the weather (Fleishmann， 
1989). UV-C is absorbed by ozone layer and 

oxygen in the atmosphere， so UV-C does not 

reach to the sea surface. UV-A and UV-B 

are 吋uriousto organisms on 也eearth 

(Calkins 1980). We have a hypothesis that 
UV radiation from the sun acts as one of the 
factors limiting the vertical distribution of red 

algae in the coastal ecosystem， i.e. shallow-
water species have an ability to resist strong 

sun light and UV radiation， in contrast deep-
water species do not have such an ability. 

There are several studies which have ex-

amined the sensitivity for phytoplanktons to 
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UV radiation (Lorenzen 1979， Smith and 
Baker 1980， Hobson and Hartley 1983， Buhl-
mann et al. 1987). There was no doubt that 

increasing UV radiation could depress the 

photosynthetic activity by bleaching or alter-

ing the composition of photosynthetic pig-

ments (Hader and Hader 1988， El-Sayed et al. 
1990). However， there have been no infor-
mation on the effects of UV radiation on mac-

roalgae， which play an important role in the 
coastal ecosystem. 1n the present paper we 

have conducted a measurement of UV flux in 

the coastal water， and estimation of the 

influence of various intensities of direct sun 

light， photosynthetically active radiation 

(P AR) and UV radiation from the sun on pho-

tosynthetic activity of red algae from different 

depths. 

Materials and Methods 

UV radiation above the water surface and in 

water was measured by Maycum underwater 

UV sensor (UV103AB). The detection band 

of this sensor is from 250 nm to 410 nm， and 
have high sensitivity more than 80% at the 

range of UV-A and UV-B. PAR above the 

water surface and in water was measured by 
LI-COR LI-192SB. These light data were 

stored in LI-COR LI・1000data logger. The 

energy spectrum above the water surface and 

in water from 300 nm to 1000 nm was mea-

sured by LI-COR LI-1800UWC. The light 

measurements were carried out near the 

mouth of Ago Bay as shown in Fig. 1. 

Five species of the Rhodophyceae were 
used in this study. Three of them were col-

lected from the shallow waters and the other 

species were from the deep waters. The form-

er three are regarded as shallow-water species 
since they can not be found in the deep 

waters， while the latter two as deep-water spe-
cies since they can not be found in the shallow 

waters. The shallow-water species were Chon-

drus verrucosa Mikami and Phyllymenia sparsa 
(Okamura) Kylin collected from near the low 
water level at the coast of Hamajima and 

Gracilaria textorii Sringer from floating buoy 
used for pearl oyster cultivation near Zaga 1s-

⑨.・@
o 3km 
'--L一一L-...J

138"50・E

Fig. 1. A map showing the stations where the 
materials were collected. Chondrus verrucosa and 
P勿!llymeniasparsa were collected from near the low 
water level at the point A， and Gracilaria textorii合'om
a floating buoy from the point B. Meristotheca 
papulosa and P.りssonneliacaulifera were collected at 
the depth of about 25 m at the point C. At the point 
D the vertical profile of solar energy spectra were 
determined. 

land in Ago bay. The deep-water species 

were Meristotheca papulosa (Montague) J. 
Agardh and Peyssonnelia caulifera Okamura col-

lected from the depth of about 25 m off 

1waizaki. 

Collected samples were transported to the 

Fisheries Research Laboratory ofMie Univer-

sity in Zaga 1sland and were rinsed with 

filtered sea water to make them free of obvi-

ous epiphytes with careful handling not to 

wound the fronds and were protected from 

direct sun light. Sample pieces of 15 cm2 

(3 cm X 5 cm) were cut off fronds， and were 
kept in running sea water overnight to avoid 

abnormal results caused by c凶 ing(Sakanishi 

et al. 1988). 

Fig. 2 shows schematic diagrams of ex-

posu町 examinationunder direct sun light 

and P AR for shallow-and deep-water spec-

ies. A piece of sample was set in the water 

bath in which fresh sea water was poured con-
tinuously. Samples were separated into the 

two groups， which were exposed to direct sun 
light and P AR respectively. The P AR ex-

posure was made by shielding the sample with 

anac町licplate of 3 mm  thick， cutting the UV 
band less then 350 nm in wavelength as 

shown in Fig. 3. Regulations of the light in-
tensity were served by the sheets of black 

mesh nets covered in piles. One sheet of the 
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Fig. 3. Transmission spectrum of acηrlic 
plate of 3 mm thick合'om250 to 700 nm in 
wavelength used in出eexposure examinations. 
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at 400μEm-2s-1 with the Productmeter， an 
improved type of differential gas-volumeter 

(Yokohama et al. 1986， Yokohama and Mae-
gawa 1988). 

Further exposure examination was designed 
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Fig. 4. Schematic diagram of exposure ex-
amination under direct sun light， PAR副 ldUV 
radiation. Acrylic filter cuts UV radiation and UV 
filter cuts PAR and transp町 entonly UV radiation. 
Bo也 ofshallow-and deep-water species are put in 
each water bath. 

Fig. 2. Schematic diagram of exposure 
examination under the various intensity of direct 
sun Iight and P AR for shallow and deep-water 
species. Acrylic filter cuts UV radiation and 
tr組 sp釘 'entonly PAR. Dosage of direct sun light 
組 dP AR were regulated by the number of black 
mesh nets covered in piles and by the exposure 
period. Relative values of出elight intensity are 
a1so shown 

net transmitted the light of 58.4%. Samples 

of Meristotheca papulosa and Phyllymenia sparsa 
shielded with 0-5 sheets of black mesh nets 

were exposed to direct sun light and P AR for 

1 and 2 hours， respectively. The samples of 

Chondrus verrucosa shielded with the black 

mesh nets were exposed for 2 hours， and only 
the samples under direct sun light and P AR 

Wl也 noblack mesh net exposed for 6 hours. 

This examination was carried out at noon on 

a fine and sometimes cloudy day in J une 19， 
1989. During this examination photon flux 
density (μEm-2s一1) was monitored and 

conversed to the unit of integrated photon 

flux density (Em-2). Therefore， the dosage 
of photon flux density was regulated by chang-

ing the exposure period and the number of 

black mesh nets. After exposure examina-

tion， photosynthetic activities were measured 
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as shown in Fig. 4. Solar radiation was divid-
ed into the two bands of UV radiation and 
PAR by using a UV transmittance filter 

(Coming 7-54) and the acrylic plate. The 
Coming 7-54 filter almost cuts PAR longer 
也an400 nm， and transmitted only UV radia-

tion of 240-400 nm. Three sets of the ex-
posure experiments， direct sun light， PAR 

and UV radiation， were served by the same 
way as mentioned in Fig. 2. Each set in the 
examination included two species of red al-
gae， Gracilaria textorii as a shaUow-water species 
and Peyssonnelia caulifera as a deep-water spec・

ies. Each of samples was exposed for 
30 minutes at noon on a fine day. During 
this examination photon flux density and UV 
radiation were monitored. The amounts of 
dosage were 200 Whm -2 for direct sunlight， 
1.5 Em-2 or 100 Whm-2 for PAR and 9 

Whm-2 for UV radiation. The radiometric 
units (Whm-2) of direct sun light and PAR 
were conversed by the manual of LI-COR 

(1979). This exposure examination was car-
ried out in June 21， 1990. 

After exposure examination， photosynthe-
sis and respiration were measured by the 
Productmeter at 8 different intensities from 0 
to 400μEm-2s-1 of artificial light and at 

24.50C， which was near the in situ sea water 
temperature of sampling紅白. The light 

source was a projector lamp (Kondo 100 V-

300 W) and the light intensity was adjusted us・

1.5 

(
F
E
C

主
主

E30.5 
0 
E 
凶

ing neutral density創ters(Toshiba TND・50，
・25，・12.5). Photon flux density was mea-
sured with a quantum meter system (LI-COR 

LI・1925B，LI-1000). UV radiation from the 
projector lamp is assumed to be cut by the bot-

tom of the water bath made of acrylic plate. 
Photosynthetic and respiratory rates were 
measured in the same manner as we used in 
our previous experiment (Murase et al. 1989). 

Results 

Fig. 5 shows a vertical pro創eof solar 
energy spectra from 300 nm to 1000 nm in 

wavelength at a point near the sampling sta-
tion of deep-water species off 1 waizaki at noon 
on a fine day inJuly 22，1992. When the sun 
light penetrates the ocean it is altered in bo也

quality and quantity. Water itself absorbs 
strongly the component above 600 nm includ-

ing red light， f:町 redand infrared radiation. 
UV radiation below 400 nm and blue light in 
shorter part were attenuated strongly by the 

water and suspended matters. So， in the 
deep waters blue to green light from 450 nm 
to 600 nm occupied a large p町 tof light 
energy. The maximum transmittance can be 
seen at around 500 nm in this紅白.

Fig. 6 shows a typical vertical profile ofUV 
radiation below 400 nm and PAR from 400 nm 

to 700 nm calculated from the data of Fig. 5. 
Attenuation rate of UV radiation was higher 

900 1000 

Fig. 5. Vertical profile of solar energy spectra from 300 nm to 1000 nm in wavelength at a point near the 
sampling station for deep-water species. 
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Fig. 6. Vertical profile of UV radiation and 
PAR calculated from the data in Fig. 5. Each line 
shows御前er，噌 valueof 30ル400nm( ....... ). 
400-500 nm (-1ト).500-600 nm←A-)佃 d600-
700 nm (-0-). 

也anPAR from 400 nm to 600 nm， and was 
lower也anred light from 600 nm to 700 nm. 
UV radiation decreased to about 11% at 10 m 

and to below 1% at 20 m in depth. 
Effects of the pre-exposure to different 

amounts of direct sun light and PAR on the 
photosynthetic activity of shallow-and deep-

water species were shown in Fig. 7. Chondrus 
verrucosa from the lower level of intertidal 
zone decreased in photosynthetic activity 

gradually with increasing in direct sun light 

and PAR， and maintained about 50-65% af-
ter exposure to 9 Em -2 of PAR or direct 

sun light， which corresponded to exposure to 
direct sun light for 6 hours about noon on a 
fine day in summer. The photosynthetic ac-

tivity of Phyllymenia sparsa from the upper level 
of sublittoral zone decreased to 30% and 22% 
after exposure to 6 Em -2 of PAR and direct 
sun light， respectively. Shallow-water species 
were a litde more sensitive to direct sun light 

containing UV radiation也anP AR. As compa-

red with the shallow-water species， enhanced so・
lar radiation greatly reduced the photosynthe-

tic activity of a deep-water species， Meristotheca 
papulosa， collected from 25 m in depth. After 
exposure to 1 Em -2 of PAR， the photosynthe-
tic activity ofM. papulosa maintained 78% un-

der PAR， and decreased to only 16% under 
direct sun light. After exposure to about 2 
Em -2 of PAR， the photosynthetic activity of 
this species was lost. 

Figs. 8 and 9 show the photosynthesis-light 
curves of a shallow-water species， Gracilaria tex-
torii， and a deep-water species， Peyssonnelia 
caulifera， respectively， after 回 posure to 
direct sun light， PAR and UV radiation for 
30 minutes as shown in Fig. 4. The photosyn-
thetic activity of each sample showed relative 
value to the control samples， which was ex-
posed neither to direct sun light nor to UV 
radiation. Saturated photosynthetic activity 

of G. textorii after exposure to sun light 
decreased to 75-80% of control samples as 
shown in Fig. 8. There is also no marked 
difference in the photosynthetic-light curves 
among samples exposed to direct sun light， 
PAR and UV radiation， besides a slighdy gen-

tle initial slope ofthe sample exposed UV radi-
ation. As for the deep-water species Peyssonne-
lia caul抑ain Fig. 9， decreases in the saturat-
ed photosynthetic activity and the angle ofin-

tial slope in the photosynthesis-light curve of 
the sample exposed to direct sun light， P AR 
or UV radiation were more pronounced than 
those observed in the shallow-water species. 
Direct sun light was the most injurious to 
deep-water species， and depressed the saturat-
ed photosynd凶 icactivity to only 5-10% of 
that in the control after exposure to 1.5 Em-2 

of PAR. Enhanced UV radiation and PAR 

alone also affected the photosynthetic activity 
of P. cauゆra，and depressed the saturated 
photosynthetic activity of this species to 50-
60% and 20-30%， respectively. 

Discussion 

Numerous studies have shown that increas-

ing levels of UV exposure result in reducing 
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prirnary production of phytoplanktons (Stee-

man-Nielsen 1954， Calkins 1980， Worrest et 
al. 1980， Hobson and Hartley 1983， Buhlman 
et al. 1987). Bulmann et al. (1987) pointed 

out出atthere was no photoinhibition without 

∞
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Fig. 8. Photosynthesis-Iight curves of Graci-
laria 1，四'Iorii，a shallow-water species determined， 
after押 osingto direct sun light (-A-) ， PAR 
(-1ト)and UV radiation (ベ)-)for 30 minutes at 
noon on a fine day in summer (cf. Fig. 4). Photosyn-
thetic activity was shown in relative values against 
data obtained wi也也econ位。1sample's data kept in 
a running seawater bath without exposing to direct 
sun Iight (ー・ー). Dosage of direct sun Iight for 
30 minutes at noon on a 釦leday corresponded to 
1.5 Em-2 or nearly 100 Whm-2 of PAR，飢d
9 Whm -2 of UV radiation. 

9 

UV  or under weak UV radiation， and under 
moreth組 70μEm-2s-1ofUV radiation pho-

toinhibition is always observed to a certain 

degree depending on the combination of PAR 

and UV  ray on phytoplanktonic C-assimila-

100 200 300 4∞ 
Photon FI山 Density (μE m -2 S・， ) 

Fig. 9. Photosynthesis-Iight curves of Peysson-
nelia caulifera， a deep-water species determined after 
exposing to direct sun Iight (ー晶一)， PAR (-1・ー)and 
UV radiation (-0-) for 30 minutes at noon on a fine 
day in summer (cf. Fig. 4). Photosynthetic activity 
was shown in the relative values against data ob-
tained wi白出econtrol sample kept in a running 
seawater bath without exposing to direct sun Iight 
(→・一). Dosage of direct sun light for 30 minutes at 
noon on a且neday corresponded to 1.5 Em-2 or 
about 100 Whm-2 of PAR，阻d9Whm-2 of UV 
radiation. 
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tion. Also， Jokiel and York (1984) observed 
that photosynthetic activities of phyto・

planktons in the shallow waters had an ability 

to resist strong UV radiation， and deep-water 
species did not have such an ability. The 

results obtained in the present study on macro-

algae were essentially similar to those ob-

served in phytoplanktons. 

The photosynthesis of the deep-water spe-

cies was seriously inhibited by the exposure to 

direct sun light for only 30 minutes at noon 

ona 血児dayin summer， while that ofthe shal-
low-water species was little affected. A con-

siderable paロofthe inhibition on the pho-

tos戸 thesisof the deep-water species seems to 

attribute to UV radiation， which amounts to 
only 4-5% of direct sun light at noon on a day 

in summer. However， the effect of PAR on 

the photosynthesis of the deep-water species 

was larger than that of UV radiation as shown 

in Fig. 9. This fact suggests that the mecha-

nism of the photoinhibition on deep-water red 

algae is different from that of the photoinhibi・

tion on phytoplankton since Buhlmann et al. 
(1987) pointed out出atthere was no photoin-

hibition without UV radiation in phyto-

plankton. 

Although the total effect ofPAR in the inhi-
bition on the photosyn曲目isof the deep-water 

species was larger than也atof the UV radia-
tion， the specific effect of UV radiation was 
much larger than that of PAR. In出ecase of 

the shallow-water species， the specific effect of 
UV radiation was not so larger than that of 
PAR. It can be assumed that shallow water 

red algae possessed strategies to cope with 

UV radiation. Several authors pointed that 

UV absorbing substance contained in some al-
gae played an important role as a biofilter 

against the solar UV radiation (Shibata 1969， 
Sivalingam and Nisizawa 1990). In fact， this 
substance is contained in almost of all groups 
in algae， particularly much in red and blue-
green algae. Whereas， the deep-water red al-
gae used in this study had little ability to resist 

the surplus direct sun light and UV radia-

tion. This fact suggests that the deep-water 

species have a little or no UV absorbing sub-
stance. Further investigation on the UV ab-

sorbing substance will be carried out in a next 

research. 

The previous papers (Yokohama 1973， 
Murase et al. 1989) indicated that one of the 

most important factors limiting vertical distri-

butions of red algae was the vertical variation 

in light intensity and spectral properties. 

From the results of the present study， 
however， it is assumed that the intensity of 

UV radiation is another most important fac-
tor limiting vertical distributions of red al-

gae. About 11% ofUV radiation at the water 

surface penetrated to the depth of 10m at a 

point near the station where the deep-water 

species were collected (Figs. 5組 d6). This 

fact indicates that the photos戸lthesisof the 

deep-water species is seriously inhibited by 

the exposure to under-water light at the depth 

of 10m for 4.5 hours at noon on a fine day in 

summer. The excessive UV radiation in the 
shallow waters may function as the most也1・

poロantfactor determining the upper limit in 

the vertical distribution of a red alga. 
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前川行幸*・国枝昌代紳.喜田和四郎*.紫外線が生育深度の異なる紅藻の光合成におよlます影響

浅所から採集された3種の紅藻および深所(水深約25m)から採集された 2種の紅藻について， UV (紫外線)

が光合成活性におよぼす影響を調べた。また，沿岸域での光環境も合わせて測定した。 PAR(光合成有効波長

域)や紫外線を含む太陽からの直射光による前照射は，浅所産紅藻の光合成活性をほとんど低下させることがな

かったのに対し，深所産紅藻は夏の晴天の正午前後30分間の直射光，その PAR成分よびuv成分のいずれの照

射によっても著しい光合成活性の低下が見られた。海面上で太陽放射の1-5%を占めるすぎない紫外線が深所産

紅藻の阻害作用に占める割合はかなり大きいものといえるが， PARとUVの相乗効果は深所紅藻の光合成活性

をさらに大きく低下させるものと考えられる。水中の光環境の測定から， 5-10mの水深に到達する UVの量は

深所産紅藻の光合成に障害をおよぼすに十分であるとみなされ，したがって，本研究に用いられた深所産紅藻は

このような浅所では生育できないものと考えられる。紫外線は紅藻の垂直分布を規制する大きな要因の一つであ

ると言えよう。 (*514三重県津市上浜町1515 三重大学生物資源学部藻類増殖学研究室，紳465名古屋市東区猪

子石2-710 側東海技術センター)
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Occurrence of heterotrophic bacteria causing lysis of cyanobacteria 

in a eutrophic lake 
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Yamamoto， Y.， Niizuma， S.， Kuroda， N. and Sakamoto， M. 1993. Occurrence ofheterotrophic bacteria 
causing lysis of cy阻 obacteriain a eutrophic lake. Jpn. J. Phycol. 41: 215-220. 

192 strains of heterotrophic bacteria were isolated仕om出eeutrophic Lake Suwa and examined for 
their ability to lyse cyanobacteria. Approximately 40% of the strains were able to lyse at least one strain of 
cy釦 obacteria.The ratio of cyanobacteria-lytic to total isolates in each month was highest in September， 
when Microcystis blooms began to disintegrate. The genera Alcalなenes，Flavobacterium/匂tophagagroup and 
Pseudomonas accounted for the great m司jorityof strains capable of lysing cyanobacteria. 

K~y lndex Uゐrds: alga-lysing bacteria-cyanobacteria-lake water 

The distribution and production of hetero-

trophic bacteria in natural aquatic ecosystems 

depend on the supply of organic matter from 

primary producers， particularly phytoplank-
ton. For instance， Coveney et al. (1977) and 
Straskrabova組 dKomarikova (1976)， report-
ed that an increased abundance of hetero-

trophic bacteria follows the development and 

decline ofphytoplankton in reservoirs. Kuro-

da and Sakamoto (1986) studied seasonal 

changes of the heterotrophic bacterial com-

munity in the eutrophic L刻印 Suwaand 

found changes in the composition of the bac-

terial and phytoplankton community. Pseudo-

monas spp. accounted for a larger percentage 

of the isolates during ] une and ] uly when 

cyanobacterial blooms were present， whereas， 
Alcaligenes spp. dominated in September when 

the cyanobacteria bloom disintegrated. 

They suggested that the change of organic 

matter supply caused the observed changes in 

the bacterial flora. 

Much information has accumulated on the 

*** Present adress: ZEN-NOH Agricultural Tech-
nical Center， Higashi-Yahata， Hiratsuka 254， Japan 
**** Present address: Aichi Fishery Research In-

stitute， Miyacho， Gamagori 443， Japan 
Correspondence: Yoko Yamamoto 

potential role of cyanophages and other lytic 

agents for regulating cyanobacterial blooms 

(Burnham et al.1976， Cannon et al. 1976， 
Daft and Stewart 1971， Daft et al. 1975， Gran・

hall and Berg 1972， Mitsutani et al. 1988， 
Rein et al. 1974， Shilo 1969， 1970， Yamamo・

to 1981， Yamamoto and Suzuki 1977， 1990， 

Yamamoto et al. 1991). 

The present study examines the ability of 

bacteria from Lake Suwa to lyse cyanobac-

tena. 

Materials and Methods 

1. Stuφarea 

Lake Suwa， located in Nagano Prefecture， 
central ]apan (3603N， 1380E)， is a eutrophic 

lake in which cyanobacteria， Microcystis spp.， 
are dominant every ye訂 fromMay to Septem-

ber. The lake is about 13.3 km2 in area with 

a maximum depth of 6.8 m and a mean depth 

of 4.6 m. 

2. Heterotrophic bacteria 

The heterotrophic bacterial strains used in 

this study were 192 isolates obtained from the 

surface water of Lake Suwa in 1981 and 1984 

(Table 1). The isolates were maintained on 
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Number of heterotrophic bacterial strains isolated from Lak.e Suwa during the study. Table 1. 
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4. Assay method of似た activity

Each strain of bacteria was streaked onto 

basal medium containing 200 mg tηptocase 

(BBL)， 100 mg yeast extract (Difco)， 50 mg 

glucose (Wako) ， 12 g agar in 11 of distilled 

water at 200C. 
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3.匂仰obacteria

The cyanobacteria employed as test organ-

isms for lytic activity were grown in media 

(Table 2) under continuous cool-white fl.uores-

Media for algal culture. Table 2. 

Micr町宮lis即 ugl・'nosaKutzing (NIES 99*) 

M.aer昭.附afaenぜin町 'aKutzing (NIES 44) 

M.卸 uginosa(M・11)

M.aer噌inosa(F-F) 

M.jlos吋 uae(IAM・M-178榊)

M.jlos匂 uae

M. viridis Lemrnermann 

M.即'esenh，噌iiKomarek (NIES 108) 

M. wesenh，噌 iiKon曲 ek(NIES 112) 

Ana伽加 tdJinisLemmermann (NIES 40) 

A. circinalis Rabenhorst (NIES 41) 

A. soli・'laTIaメsoli・伽iaK1ebahn 

A. cylin仇 Lemmermann(IAM品 1)

Am明 lisnidulans (IAM・M・6)

* NIES=Microbial CuIture Collection at National 
Institute for Environmental Studies. 

紳 IAM=Instituteof Applied Microbiology， Univer-
sity of Tokyo. 
*** CT， MA and CB medium: Ichimura (1979) 
M-ll medium: Hagiwara et al. (1984) 
MDM medium: Watanabe (1960) 
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Fig. 1. Seasonal changes in cyanobacteria-
Iytic heterotrophs， dominant species of phyto・
plankton and ChI a content in 1981. Symbols;ロ，
number of bacterial strains tested;・， number of 
Iytic strains;・， percentages of Iytic strains; 0， 
chIorophyl1 a content in the surface water. Bar 
indicates 95% confidence interval. 

o 
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1% agar plates ofthe basal medium and incu-

bated at 250C. When there was detectable 
growth， streaks were cut into small blocks and 
placed on mats of cyanobacterial cells spread 

onto the surface of Whatman GF/C filters. 
The results were determined by the appe町・

ance of a cle町 zoneformed on the cyanobac-

terial mats after several days (Yamamoto and 
Suzuki， 1990). When a tested strain showed 
lytic ability for at least one strain of cyanobac-

teria， it was judged to be lytic. 

Results 

Seasonal changes in the ratios of cyanobac-

teria-lytic bacteria， the dominant species of 
phytoplankton， the Chl a content (Fig. 1) and 
environmental p町 'ameterswere measured in 
surface water ofthe lake from May to Septem-

ber in 1981. The pH of the water ranged 
from 7.1 to 9.6 and the temperature range be-

Genus 

Alcaligenes 

Flavobacterium -Cytophaga group 

Pseudomonas 

Enterobacter 

Xanthomonas 

Moraxel/a -Acinetobacter 

Acinetobacter 

Agromobacterium -Alcaligenes 

Micrococcus 

Vibrio 

Unidentified 

o 

O 

tween 15.5 to 25.60C. Cyclotella meneghiniana 

Kutzing and Asterionella g即 illima(Hantzsch) 
Heiberg appe訂 edin April and dominated 
throughout May. In July Microcystis spp. 

(Aoyama， 1985) were dominant. The chlo-
rophyll a content was maximum on August in 
1981. The ph戸oplanktonresponsible for an 

increase in the chlorophyll during this period 
were M. wesenbergii and M. viridis. These 
populations declined in September. The con-

tribution of lytic bacteria was low (16%)， in 
May， when the water temperature was low. 
Subsequently， it increased to 20-25%， but 
did not show significant variation in the 

period from June to August. In September 
when Microcystis spp. began to decline， more 
than 50% of the hetI叫 rophswere lytic. 

The cyanobacteria-lytic spectrum ofhetero-
trophic bacteria and the ratio (as percentage) 
of the cyanobacteria-lytic heterotrophs to出e

total number of isolates tested are shown in 

No of strains tested 

20 40 60 

20 40 60 80 100 

Ratio of Iytic bac. to total bac. (%) 

Fig. 2. Occurrence ofheterotrophic bacteria lysing cyanobacteria. S戸nbols;ロ，number ofba~t.eriaJ strains 
tested;風 numberof lytic strains;・， percentages of strains lysing cy姐.obacteria. Bar indicates 95% confidence 
intervaJ. 



218 Yamamoto， Y.， Niizuma， S.， Kuroda， N. and Sakamoto， M. 

Table 3. Lytic potential of heterotrophic bacteria. 

Heterotrophic bacteria 
Cyanobacteria strains 

2 3 4 5 6 7 8 9 10 11 12 13 14 

Alcaligenes a41/6b 41/2 40/0 37/3 4113 41/3 4117 41/1 41/0 4112 4116 41/0 40/0 36/0 

Flavobacterium-Cytophaga group 50/3 53/0 42/0 48/1 51/1 48/4 50/3 53/0 47/2 5012 52/1 52/0 52/0 54/0 

Pseudomonas 44/0 42/0 42/0 44/0 44/0 41/3 41/3 44/0 42/2 44/0 42/2 42/0 44/0 43/0 

Enterobacter 9/0 9/0 9/0 6/2 8/1 8/1 9/0 8/1 9/0 9/0 8/1 9/0 8/0 8/0 

Xanthomonas 9/0 9/0 9/0 7/2 9/0 8/1 9/0 9/0 9/0 9/0 9/0 9/0 9/0 9/0 

Moraxella-Acinetobacter group 4/1 5/0 5/0 5/0 5/0 5/0 4/1 5/0 5/0 4/1 5/0 5/0 5/0 5/0 

Acinetobacter 3/0 3/0 3/0 2/1 2/1 3/0 3/0 3/0 3/0 2/1 3/0 3/0 3/0 3/0 

Agromobacterium-Alcalなenes 110 1m 1m 1m 1m 1m 1m 1m 1m 1m 1m 1m 110 1m 

M icrococcus 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 

Vibrio 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 2/0 

U nidentified 12/1 14/0 14/0 10/1 12/0 13/1 1111 12/0 12/0 8/4 12/0 12/2 1110 1110 

1) Micro明白 aeru，抑 osaKutzing (NIES 99); 2) M. aenぽinosaj即時間saKutzing (NIES 44) = 176; 3) M. aeruginosa 
(M・11);4) M. aeruginosa (F-F); 5) M. elabens (NIES 42); 6) M. .flos吋帥e(IAM-M・178);7) M. .flos句脚;8) M. 
viridis (A. Brown) Lemmermann (NIES 102); 9) M目出esenb町:giiKomarek (NIES 108); 10) M.即esenbeなiiKomar味
(NIES 112); 11) Anabaena circinalis Rabenhorst (NIES 41); 12)A. solitariaj solita巾悶ebahn;13) A. cylindrica Lemmer-
mann (IAM・M-1);14) Ana明 tisnidulans (IAM・M・6).

a The total number of heterotrophic bacteria strains tested. 
b The number ofheterotrophic bacteria strains that were active against the test substrate organisms (cyanobacteria). 

Fi伊 re2 and Table 3. Alcal伊nes，Flavobac-

teriumlCytophaga group and Pseudomonas 

spp. accounted for the great part of strains 

showing lytic activity against cyanobacteria 
(Fig. 2). Of 41 strains of Alcaligenes， 19 
showed lytic ability (46%); 17 strains con-
stituting the 59 Flavoba伽 iumlCytophagagroup 

(29%)， and 9 of the 44 Pseudomonas spp. 
(20%) were capable of lysing cyanobacteria. 
The others did not cause lysis. Although the 
number of cyanobacteria-lytic heterotrophic 

bacteria differs from strains to strains， there 
were almost always at least a few heterotroph-

ic bacteria lytic for Microcystis spp. (except 

strain M・11)，Anabaena circinalis and A. solitar-
ia which occur abundantly in hypereutrophic 

lakes such as Lake Suwa. No bacterium lytic 

for soil (Anabaena cylindrica) or mesotrophic 

(Anacystis nidulans) isolates was detected. 

Discussion 

In the present study， a considerable num-

ber of bacteria showed lytic activity for 
cyanobacteria， which occur abundantly in eu-
trophic lakes， but no bacteria showed it for 
cyanobacteria originating from the other 

habitats. Cyanobacteria-lytic heterotrophic 

bacteria in a eutrophic lake， may perhaps be 
active only against cyanobacteria occuring in 

such lakes. 

According to Fallon and Brock (1979)， the 
abundance of cyanobacteria-lytic heterotroph-

ic bacteria was correlated positively with 

cyanobacterial biomass in Lake Mendota， 
Wisconsin. However， in Lake Suwa surface 
water and other eutrophic lakes in ]apan， 
cyanobacteria-lytic organisms appear to coin-

cide with the disintegration of cy如 obacterial

blooms in the fall (Yamamoto 1981， 1988， 
Yamamoto and Suzuki 1990， Yamamoto et 
al. 1988). This was also confirmed by the 

present study; abundant heterotrophs lysing 

cyanobacteria were also observed when the 

bloom of Micro伊 tisdeclined (Fig. 1). The 

cause of the sudden decline of cyanobacterial 

blooms is not well understood. Increases of 
cyanobacteria lytic-heterotrophs may play an 
important role in this process. 

As shown in Figure 2， most of the cyanobac-
teria-lytic bacterial strains consisted of Al-

caligenes， the Flavobacterium/I匂tophaga group 
and Pseudomonas spp. These genera are be-

lieved to be widely distributed in marine 

and freshwater environments (Konda 1982， 
1985， Starr et al. 1981). Alcaligenes spp. 
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(Day and Withers 1985， Martin et al. 1978) 
and Pseudomonas spp. (Ramasamy and Ver-

achtert 1980) produce exoenzymes such as s-
glucosidase， and many Cytophaga can produce 
protease (Christison and Martin 1971)釦 d

s-lactam antibiotics (Re品 ead and Wright 

1980) capable of lysing cyanobacteria. s-
Glucosidase is one of the broad-specificity en-

zymes that catalyze the hydrolysis of s-linked 

glucose carbohydrates組 dis widely distribut-

ed in aquatic environments. Chrost (1989) 

showed that s-glucosidase activity was low 

during spring when phytoplankton grew 

rapidly， began to increase gradually during 
the bloom break-down and reached the 

highest values during the late stage of 

phytoplankton col1apse; a similar study has 

been done in brackish water (Somville， 
1984). These enz戸nesand antibiotics may 

play a role in the breakdown of organic mat-

ter including cyanobacteria. 
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genus Chrysochromulina (Prymnesiophyceae = Haptophyceae) 
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Kawachi， M. and Inouye， 1. 1993. Chrysochromulina quadrikonta sp. nov.， a quadriftagellate member of也e
genus Chrysochromulina (Prymnesiophyceae=Haptophyceae). Jpn. J. Phycol. 41: 221-230. 

An unusual quadriftagellate species of Chrysochromulina， Chrysochromulina q制 dri・'lwntasp. nov. 
(Prymnesiophyceae = Haptophyceae) is described based on observations of cultured material isolated from 
sea-water 拙 nplescollected from Tokyo Bay. The four ftagella are equal and homodynamic and only one 
ftagellum shows a green autoftuorescence. The cells were cove民dwi也twotypes of scales， a plate-like scale 
and a spiny scale， which a閃 morphologicallysimilar to也oseof a previously desαibed species， Chry-
sochr開 拙liJ回 erI&ina.This indicates the close a血nityof血.esetwo species. However， C. quadrilamta is dis出 guished
from C. ericina in v訂 iousrespects， including scale sizes， cell shape and the peculiar distribution of也e
spiny scales. 

Key index wo油 Chrysochromulina-jlagellum-haptonema一Haptophyceae.ー均刷nesiophyceae-
q凶 drijlagellate.

The genus Chrysochromulina is a member of 

the Prymnesiophyceae， and is characterized 

by both a well developed haptonema that 

emerges between the two flagella and un-

mineralized organic scales that cover the cell 

surface (G問 en et al. 1989). Species of 

Chrysochromulina are widely distributed in the 

oceans， and the genus contains ca. 50 species 
(Estep et al. 1984; Estep and MacIntyre 
1989). 

Recently， we discovered a quadriflagellate 

species that exhibits a prymnesiophycean na-

ture， including a long haptonema and many 

spiny scales that cover the cell surface. The 

organism was observed in Tokyo Bay，Japan， 
August to October 1988， September 1989 and 
September and October 1990. This alga was 

also observed in oyster farms in Kesen-numa， 
Miyagi Prefecture (the northem part of Hon-

shu Island)， Japan， in October and Novem-
ber 1991， where it formed a bloom and caused 

a brown coloration of oyster gills， although 
no toxin was detected (M. F吋託a，pers. 
comm.). The same species was recently 

observed in Melbourne， Australia (D. Hi1l 
pers. comm.) and in Nelson， New Zealand 

(L. Rhodes， pers. comm.). Obviously， this 
unusual pηmnesiophyte species is widely dis-

tributed in the Western Pacifi.c. 
In this paper， light microscopy and exter-

nal cell morphology訂 epresented， arid based 
on these results we discuss the taxonomy of 

this organism and we propose a new name， 
Chてysochromulinaquad:ηikonta sp. nov. for it. 

Materials and Methods 

ChワIsochromulinaquadrikonta occurred in en-

riched seawater cultures ofwater samples col-

lected at the surface in the po此 ofYokohama

(34028'N; 139009'E)， Tokyo Bay， Kanagawa 
Prefecture， Japan， on 11 September 1988. 

Some other species of Chヮ'sochromulina，C. hir-
ta Manton (Manton 1978)，ιspinifera (Four-

nie吟Pienaaret Norris (Piena紅組dNorris 
1979)， C. pringsheimii Parke et Manton 

(P紅 keand Manton 1962)， C. alifera Parke et 
Manton. (P町 keet al. 1956) and several un-

described species， were also present in the 
same samples. The unialgal culture was es-

tablished by single cell isolations using 
micropipettes and dilution techniques. For 
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both enrichment and unialgal cultures， an 
ESM medium (Okaichi et al. 1982) was used 
and cultures were grown at 200C， and about 
46μmol m-2 S-1 were provided from cool-

white f1.uorescent tubes for 14: 10h. 1 mg 
1-1 Ge02 was added to the enrichment cul-

tures to inhibit diatom growth. 

To observe the living and fi.xed specimens， 
we used a Nikon Optiphoto microscope with 
differential interference contrast (DIC) optics 
as well as an Olympus BH-2 epifl.uorescence 
microscope. A high-speed (200 frames S-I) 

video (NAC MHS-200， NAC Inc.， Tokyo 
106， Japan) mounted on a Nikon Optiphoto 
br培ht-fieldmicroscope was used to observe 

the cell behaviour， especially the f1.agellar 
movement. The video system was carried 
out in the negative mode. 

Whole mount specimens (Moestrup and 

Thomsen 1980) were prepared for observa-
tions ofthe cell coverings. A drop of the cell 
suspension was placed on formvar-coated 

grids and exposed for 30 s to OS04 vapour 
provided from drops of a 4% solution. The 

grids were then dried， rinsed in distilled 
water， and dried again prior to shadowcasting 
with platinum/palladium at an angle of about 
300 or staining with 2% uranyl acetate for 
15 min (McFadden et al. 1986). The uranyl 
acetate-stained specimens were rinsed in dis-

tilled water so that the positively stained speci-
mens could be obtained. The specimens 
were examined with aJEOL 100 CX II trans-
mission electron microscope. 

The following two prymnesiophytes were 
examined to compare scale morphology with 
the quadrifl.agellate alga. A bifl.agellate or-
ganism也atresembles C. quadrikonta in cell 
shape and scale morphology produced a 
bloom on 20 J uly 1986 at the same location 
in Tokyo Bay， where C. quadrikonta had been 
collected in 1988. A unialgal culture of this 
organism was established in the same way 
as indicated above. ChワIsochromulinaericina 
Parke et Manton (Parke et al. 1956) was 
present in enriched cultures of the water 
samples collected at the surface in the po此
of Nagoya (35002'N; 136048'E)， Aichi 
Prefecture， Japan， on 3 April 1989. These 

were also used to observe the scale morpholo・

gy. 

Results 

Chヮ'sochromulinaquadrikonta sp. nov. (Figs. 1-
17) 
DIAGNOSIS: Cellula subsphaerica， 10-25μm 

longa， 10-18μm lata， appendicem caudata， 
2-5μm longa; f1.agella 4， aequalia， 30-40μm 
longa. Haptonema， 25-30μm longa. Chlo-

roplasti， 2 vel 4， parietales， lobis pofundes， 
quisque pyrenoides unicum immersum 
fovens. Periplastus et basis haptonemae 

squamais dimorphis obtectus. Squama strati 

exteriori cylindrica， 4-6μm longa， 0.35μm 
lata， basis conico， 0.8-1.2μm lata. Squama 
strati interioris laminaris， suborbicularis， 
1.2-1.6μmX 1.4-2.0μm， margine paulum in-
crassato， ora inconspicua 0.1μm lata， cristis 
radiantibus et fibris inconspicuis. A伍nls

ChりIsochromulinaeericinae， sed numero f1.agelli， 
forma cellulae， magnitudine squamae et dis-
tributione squamae diversa. 

HOLOTYPUS: Fig. 1 

Cell subspherical， 10-25μm long and 10-
18μm wide， with a caudate appendage， 2-
5μm long; f1.agella 4， equal， 30-40μm long. 
Haptonema， 25-30μm long. Chloroplasts， 2 
or 4， parietal， deeply lobed， each wi也組

immersed pyrenoid. Periplast and hap-
tonematal base coated with two different 

types of scales. Outer scales， cylindrical， 4-
6μm long and 0.35μm wide， with a conical 
base， 0.8-1.2μm wide. Inner scales plate-

like and subcircular， 1.2-1.6μmX1.4-
2.0μm， with a slightly thickened margin and 
an inconspicuous rim， 0.1μm wide， with a 

pattern of radiating ridges and inconspicuous 
fibrils. Chヮ'sochromulinaquadrikonta is a close 
relative of Chrysochromulina ericina， however， 
there are differences in the number of f1.agella， 
cell shape， scale sizes and distribution pattern 
of scales. 

HOLOTYPE: Fig. 1， from the culture estab-
lished from a water sample collected on 11 
September 1988 at the po此 ofYokohama， 
Tokyo Bay， Kanagawa Prefecture， J apan 
(34028'N; 139009'E). 
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Figs. 1-5. Chrysochromulina quadrikonta sp. nov. Figs. 1-4. High-speed video images of the celJs. Fig. 1. A 
typical cell during forward swim即時，showing four flagella (F)， a haptonema (H)， spiny scales (SS) and a caudate 
appendage (CA). Fig. 2. Anterior part ofthe cell. Note the distribution ofthe spiny scales (SS) around the base 
of the haptonema. Fig. 3. Backward swimming of the cell. Fig. 4. Proximal view of the cell， showing flagella 
radiating in a cruciform pattern. Fig. 5. Light micrograph of a fixed cell， showing the four flagella， a coiled 
haptonema (arrowhead) and a deeply lobed chloroplast (arrow)ー

DISTRIBUTlON: Y okohama， Kanagawa 
Prefecture， Kesen-numa， Miyagi Pref，巴cture，

J apan; Melbourne， Austral叫 Nelson，New 

Zealand. 

ETYMOLOGY: quadrikonta (Latin)， meaning 
four-flag巴lla.

The cells are subspherical and usually pos-

sess a posteriorly projecting caudate append-

age (Figs. 1， 17). Each cell has four flagella 

and a haptonema that arise from the anterior 

side of the cell， opposite the caudate append 
age， and the entire surface of the cell is cov-
ered by spiny scales (Figs目 1，17). The cau-

date appendage is distinctive in actively grow-
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Figs. 6 and 7. Video images of Chヮsochromu/inaquadrikonta sp. nov.， showing sagellar autosuorescence 
Fig. 6. Phase contrast image. Fig. 7. Fluorescent image. Note autosuorescence in one sagellum (arrows) 

宅三
~，..I 

Figs. 8-11. High-speed video images of Chてysochromulinaquadrikonta sp. nov.， showing the successive 
processes of sagellar coiling (Fig. 8， 9) and uncoiling (Fig. 10， 11). Arrows in Fig. 10 show the自rstuncoiling 
sagellum. Time elapsed (milli-second): Fig. 8 (0)， Fig. 9 (20)， Fig. 10 (160)， Fig. 11 (260) 
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ing cells， however， it is lost or disappears in 

both the fixed cells (Fig. 5) and the living cells 
in the old cultures. 

Intemally， two or four lateral chloroplasts 
are visible under the light microscope. Each 
chloroplast is deeply lobed into two sections 
and possesses an embedded pyrenoid (Figs. 5， 
17). 
Prior to cell division， the flagella and hap-

tonema duplicate and then segregate to oppo・
site sides. 

The four flagella are equal in length， and 
也eyradiate forming a cruciform pattem 
when viewed from above the cell (Fig. 4). All 
由eflagella are homodynamic. There is a 
green autofluorescence in only one of the four 
flagella (Figs. 6， 7). 

The haptonema usually extends straight 

(Figs. 1， 2， 17). It is capable of coiling 

(Fig. 5)， although coiling occurs only 
occasionally. Cells usually swim extending 
也ehaptonema ahead， with出eflagella beating 

alongside the cell body， extending their distal 
ends backward (Fig. 1). Sometimes flagellar 
coiling was also observed. It coils into a helix 
with two or three gyres (Figs. 8-11). Coiling 

occurs simultaneously in all four flagella 
when the cells cease swimming and stop flagel-

lar beating (Fig. 7). In a few seconds after 
coiling， one flagellum uncoils (Fig. 10)， and 
then other three flagella follow (Fig. 11). 
Then the cells start to swim again. The hap-
tonema is extended and never coils during the 
time period也atflagellar coiling and uncoil-

ing occur. Backward swimming was also ob-
served. The cells extend all the flagella for-
ward and generate enough propulsive force to 

swIm backward (Fig. 3). The haptonema 

was usually kept stretched during backward 
SWlmmlng. 

Haptonematal activities such as prey cap-
turing， transportation and aggregation of 
prey pa此iclesthat occurs in the mixotrophic 

species， Chヮ'sochromulina hirta Manton 
(Kawachi et. al. 1991)， have never been ob-
served in C. quadrikonta. C. quadrikonta does 
not take up any food particles， and food vacu-
ole have not been detected. 

Individual spiny scales can be easily ob-

served with the light microscope. They are 
distributed not only on the cell body but also 

around the proximal p町 tof the haptonema， 
having a dome-like appearance (Fig. 2). 
Shadowcast whole mounts revealed that C. 
quadrikonta has two types of unmineralized 
scales， spiny scales and plate-like scales (Figs. 
12-14). The spiny scale consists of a cylindri-
cal upper part and a conical base (Fig. 14). 
The conical base bears a pattem of concentric 

and radiating ridges (Fig. 14). The proximal 
surface of the conical base has obvious radiat-
ing ridges at the edge (Fig. 14). The inner 
plate-like scale is subcircular and the margin 
is slightly thickened (Fig. 13). Each surface 
of the plate-like scale shows different pattems 
(Fig. 13). The distal surface (Fig. 13， A) 
bears a pattem of fine fibrils， and there is a 
rim at the edge (Fig. 13， arrows). The prox-
imal surface (Fig. 13， B) is characterized by a 

pattem of radiating ridges. 

Discussion 

Regardless of possessing four flagella， it is 
obvious based on the presence of the haptone-

ma and the characteristics of the scales that C. 
quadrikonta belongs to the genus Chrysochromuli-

na (Prymnesiophyceae)， i.e. the haptonema is 
wel1 developed and the scales are different 
types. Ultrastructural observations of the 

scales indicate that出isorganism is closely 
related to the previously described species， 
Chψochromulina ericina Parke et Manton 
(Parke et al. 1956). ιericina has two differ-

ent types of scales， spiny scales and plate-like 
scales (Fig. 16) (Parke et al. 1956; Manton 
and Leedale 1961) that resemble those of C. 

quadrikonta， i.e. the shape and surface pat-
tems are almost identical. However， there 
are obvious size differences (Table 1). The 
plate-like scale of C. quadrikonta is considera-
bly larger th佃 thatof C. ericina. The cylindri-
cal pa口 ofthe spiny scale of C. quadrikonta is 
wider than that of C. ericina， while both the 
length of the spiny scale and the width of the 
conical base of C. ericina are much longer than 
those of C. quadrikonta. These differenc田町e
so clear that C. quadrikonta is distinguishable 
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Fig. 12-14. Uranyl acetate-stained whole mount specimens of Chrysochromulina quadrikonta sp. nov. Fig. 12. 
A cell showing flagellum (F)， spiny scales (SS) and plate-like scales (PS). Fig. 13. Two plate-like scales bear口nn日In
differe叩ntpatterns. The upper plat匂e十叫-li川ik叩escale (A) shows the pattern of the dis坑talsurface. Fine fibrils and a rim (ar-
rows) are visible. The lower plate-like scale (B) shows the pattern of the proximal surface. The margin of plate-
like scales is slightly thickened (arrowheads). Fig. 14. A spiny scale. The pattern of the conical base is visible 
Note the proximal surface of the conical base bearing radiating ridges (arrows) 

from C. ericina based only on the morphology 

of the scales. The dome-like distribution of 

spiny scales is also a characteristic feature of 

C. quadrikoπta which has never been observed 

in other Chりなochromulina. Moreover， there 
are many distinctive differences between C. 

quadrikonta and C. ericina such as the shape and 

size of the cell， and the length of both the 

fiagella and haptonema (Table 2). The coil-

ing ability of the haptonema and prey capture 

also appears to be a difference between these 

two species. Parke et al. (1956) reported a 
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Table 1. Comparisons of scale size between 
Chワ'sochromuli・'naquadrikonta sp. nov.佃 dC. CTlcma. 

C. q叩 drikonta

plate-like scale 

width 1.2-1.6μm 

length 1.4-2.0μm 

spiny scale 

length ←6fLm 

width of cylinder 0.35 fLm 

width of conical base 0.8-1. 2μm 

* Parke et. a1. (1956) and p町田ntstudy. 

C. ericina* 

0.5-0.8μm 

0.6-1.0μm 

8-15μm 

0.2-0.3 fLm 

1.0-1.4μm 

phagotrophic ability in C. ericina; whereas， no 
food capture and uptake was even observed in 

C. quadrikonta. However， C. quadrikonta is a 

close relative of C. ericina; therefore， based on 
these differences， we can conclude that the 

quadriflagellate prymnesiophyte is a natural 

taxon and should be recognized as an indepen-

dent taxonomic entity. 

The majority of prymnesiophytes possesses 

two flagella， and only Chヮsochromulinabirgeri 

Hallfors et Niemi (Hallfors and Niemi 1974) 

has been described as a species possessing 

four flagella. However， it should be noted 

that the population of C. birgeri in the natural 

sea water sample consisted of not only quad-

riflagellate but also biflagellate forms， i.e. the 
number of flagella of this species are not so 

strict. 1n contrast， in the culture of C. quad-
rikonta， biflagellate cells have never been ob-
served. Therefore， the presence offour flagel-
la is one of the most characteristic and stable 

features of C. quadrikonta， hence the species 
epithet. 

1n green algae， the number of flagella is 
often regarded as a diagnostic feature of gener-

ic rank (e.g. Chlamydomonas vs. Carteria in the 

Chlorophyceae). However， there are exam-
ples of algae that possess different numbers of 

flagella that are taxonomically treated as mem-

bers of the same genus. For example， in the 
genus 乃Iramimonas (Prasinophyceae)，出e

majority of the species have four flagella; 

however， species possessing eight (e.g.乃ramz-

monωoctopωMoestrup， Hori et Christeusen， 
Moestrup et al. 1987) or 16 flagella (e.g. 

乃ramzmonω cyrtopteraDaugbjerg et Moes-

trup， Daugbjerg and Moestrup 1992) were 
also found in乃ramimonas. 1t is postulated 

that these species originated from the quad-

riflagellate species in the subgenus 乃ramz-

monas， because of the similarities in the mor-
phological characteristics such as scales and 

intracellular ultrastructures， (Moestrup et al. 
1987; Daugbjerg and Moestrup 1992). On 

the other hand， in the life cycle of various spe-
cies of the Ulvophyceae， quadriflagellates 
often occur as zoospores， while gametes are 
biflagellates. As mentioned above， the 
phenomenon of duplication of the number of 

flagella is not very unusual in green algallin-

eages. However， it is most unusual and has 
never been recorded in chlorophyll c-contain-

ing algae. Of these， only p可mnesiophytes

have nearly equal and homodynamic flagel-

la. Other chlorophyll c-containing algae 

have heterokont and heterodynamic flagella 

so that functional differentiation of flagella 

may be much larger than that of pηmnesio-

phytes. Therefore， the situation of p可m-

Table 2. Comparisons of cellular characters between Chヮ'sochromuli・叩 quadrikonta sp. nov. and C. ericina. 

cell size 

sagellar length 

haptonemal I四割1

cell shape 

distribution of spiny scales 

coiling ability of haptonema 

phagotrophy 

cell form 

* Parke et. a1. (1956). 

C. qu沼drikonta

10-25μm 

30-40μm 

25-30μm 

subspherical血 dcaudate 

periplast， haptonemal base 

yes (but rare) 

probably no 

motile 

C. ericina* 

5-12 fLm 

20-30 fL皿

40-50μ皿

spherical to oblong 

periplast only 

yes 

yes 

motile， amoeboid， walled 
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Fig. 15 and 16. Shadowed whole mount specimens allied algae. Fig. 15. Scales of a biflagellte organism 
collected in 1986 from Tokyo Bay. Fig. 16. Scales of ChヮIsochromulinaericina 

nesiophytes is almost the same as in green al-

gae. Hence， it tempts us to speculate that the 

doubling of flagella is apt to happen in the evo-

lution of organisms that possess equal and 

homodynamic flagella and whos巴 functions

are more or less the same. 

Despit巴 itsdistinct morphology and its abil-

ity of forming a bloom， it is strange that C. 

quadrikonta has not been described before. It 

may have been overlooked in previous floris-

tic studies; however， its rather sudden emer-

gence in various parts of the Western Pacific 

during the last several years may require 

other explanations. One possible postulation 

is that C. quadrikonta may be a species recently 

established from a biflagellate species of 

Chてysochromulinaby the “doubling" of the 

flagella. It should be noted in relationship to 

this interpretation that a biflagellate organism 

ex凶 tswhich has a cell form and scales (Fig 
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Fig. 17. Diagram of Chrysochromulino. quodrikonta 
sp. nov. 

15) almost the same部 C.quadrikonta. We  col-

lected this alga from Tokyo Bay inJuly 1986， 
two years before the first record of C. quadri-

konta. In the natural sea water samples and a 

culture of the biflagellate， we did not notice a 

quadriflagellate form. At that time we iden-

tified the biflagellate alga as Chrysochromulina 

ericina and provided it as a material for a pre-

vious work on flagellar autofluorescence of 

chlorophyll c-containing algae (Kawai 組 d

Inouye 1989， Figs. 16， 17). Since 1988， 

however， only the quadriflagellate form has 
been collected from this location. It is interest-

ing to know how the quadriflagellate species 

was established， and what t匂yp戸eofcy戸tolog訴icall 

l changes made such a drastic transfig伊u山11汀r司 iぬon

pos凶SIゐble. Careful investigations on the flagel-

lar-haptonematal apparatus町 chitectureand 

morphological changes during cytokinesis 

may provide clues to answer these questions. 
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河地正伸・井上 勲 :4本鞭毛をもっハプ卜藻，Chヮ'sochromulinaquadγikontaの新種記載

東京湾から分離，培養した 4本鞭毛をもっハプト藻を記載した。本種の鞭毛は等長で，同調した運動を示し，

I本のみが自家蛍光をもっ。 2種類の鱗片形態は Chrysochromulinaericinaのそれに類似するが，サイズは異なり，

容易に区別される。更に，本種と C田 町!cznaは細胞形態や刺状鱗片の分布様式も異なる。これらの差異に基づい

て，本種を Chりなochromuli叩 quadrikontaと命名した。 (305茨城県つくば市天王台1-1-1 筑波大学生物科学系)

(Received March 25， 1993， Acc，ψtedJzゆ12，1993) 
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U se of suorescent staining to monitor the temporal pattern 

of cell wall resynthesis in Ulvafasciata (Ulvales， 
Chlorophyta) protoplasts 

Yean-Chang Chen* and Chung-Sing Chen 
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Chen， Y. C. and Chen， C. S. 1993. Use ofsuorescent staining to monitor the temporal pattern ofcell wall 
resynthesis in Ul，四 f師 iata(Ch1orophyta: Ulvales， Ulvaceae) protopl副 ts.Jpn. J. Phycol. 41: 231-236. 

Fluorescent brightener agent (FBA) was used to continuously check the development of new cell walls 
of an Ulva fasciata protopl田 tpopulation. Cell wall回 syn血esisbegan within 6 hrs after the isolation 
of protopl踊 ts. Maximum cell wall formation was reached at血e8出 dayof incubation， when about 
81% of the protopla蜘 hadformed new cell walls. Resynthesis of cell walls was delayed when也eywe問

stained earlier出血 4hrs after isolation. However， after 24 hrs， the insuence was small. 

Key lndex陥 rds: Chlorophyta-jl出 rescenthrigh帥 eragent-new cell凶 all-protopl，酎お-stain-Ulva

fasciata. 

Algal protoplasts have considerable poten-
tial for use in physiological investigations. 

Practical applications are varied. Protoplasts 

can be subjected to genetic modification， used 
for mass. production of protoplast-fusion 

hybrids (Saga et al. 1986) or for establishment 

of cell suspensions (Chen， L. C・M.1989). 

However， since they lack a cell wall， pro-
toplasts are fragile， and in culture也eyare

particularly susceptible to changes in the os-

motic concentration of the medium. Thus， 
protoplasts regenerate only when incubated 

in a medium with suitable and well-regulated 

osmotic oncentration (Ahuia 1982; Evans 

and Bravo 1983; Chen， L. C・M.1989). Also， 
when protoplasts form new cell walls， they 
must be transferred from the hyperosmotic 

medium and incubated in enriched seawater 

(i.e. Provasoli 1968). This counteracts the in-

cr，官邸ein turgor pressure resulting from the 

r句:enerationof the cell wa1ls (Kirst and Bis-

sion 1979， Berliner 1981). In a previous 

study ofthe green alga Ulvafasciata (Chen and 

chen 1991). It was found出atprotoplasts 

命 Presentad岨ress:Institute of Ocean岬graphy，Na-
tional Taiwan University， Taipei， Taiwan， Republic of 
Chおla.

grow best at hyperosmotic concentrations， 
but出atthe osmotic concentration shoud be 

gradually decreased as cell-wa1l res戸lthesisoc-

curs to obtain a high number of regenerated 

protoplasts (Chen， Y. C. 1989). However， 
neither the optimal time to begin decreasing 

the osmolarity of the medium nor the rate at 

which the reduction should occur are known 

and no doubt differ with taxon姐 dculture 

conditions. If there was a way to identify 

those protoplasts that had already formed cell 

wa1ls， and these protoplasts were directly 
transferred to enriched seawater， then it 

might be easier to obtain a high yield of 

regenerated protoplasts. This paper inves-

tigates one possible method. 

FBA was used to follow the course ofresyn-

thesis of cell wall in protoplast cultures. This 

agent specifically binds with cell wall materi-

als (Maeda and Ishida 1967). Fluorescent 
staining， to distinguish whether or not the pro-
toplasts have regenerated new cell wa1ls， can 
be used to address these problems in batch cul-

ture to which FBA has been added. Fluores-

cent staining has often been used to observe 
the biosynthesis of cell walls with an electron 

microscope (Berliner et al. 1978， Haigler and 
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Brown 1980， Herth 1980， Galbraith 1981， 
Itoh et al. 1984)， and to distinguish whether 
or not protoplasts have retained remnants of 
the mother-cell walls. However， they have 
rarely been used to follow， in vivo， the develop-
ment of the new walls of protoplasts during 
incubation. 

The purpose of this paper is to describe a 
method of fl.uorescent staining which can be 
used with protoplasts of Ulvafasciata and simi-
lar Chlorophyta to determine the temporal 
pattern of cell wall resynthesis in a process of 
culture procedure， with less negative side 

effects. 

Materials and Methods 

Fronds of the marine macroalgae Ulva fas-
ciata Delile were collected at Keelung， Tai-
wan on May 5， 1989. Immediately after the 
collection， plants were washed with au-
toclaved seawater several times， and trans-
ported to the laboratory. 

Protoplasts were obtained by digestion of 
the cell walls with enzymes as decribed by 

Chen and Chen (1991). Selected pieces of 
healthy fronds (approx. 2 cm2) were thorou-
ghly cleaned in filtered seawater. Then they 
were incubated for 24 hrs in 100 ml of au-

toclaved Provasoli's enriched seawater (PES) 
medium (Provasoli 1968) containing 10 ml of 

antiboitic mixture (Polne-Fuller and Gibor 
1987). The culture room was 240C and had 
a 12: 12 L: D regime with irradiation of 20 
μEm-2s- 1 • Fronds of U. fasciata were cut to 
0.5-1 mm square pieces on a clean bench with 

a sterile knife blade. To obtain protoplasts 
0.1 g of pieces was incubated on a rot町 y
shaker (50中m)for 12 hrs in darkness at 
240C， in 10 ml of sorbitol-enzyme solution 
(1.2 M sorbitol， 4% cellulase， Onozuka R・

10， 2% marcerozyme， Onozuka R・10).
Then the protoplast-enz戸nesuspension was 
layered onto the top of a 35% (w/v) density 
buffer (Ficoll-400， Si伊 a) solution， 
and centrifuged at 200 X g (or 1200 rpm， 
HERMLEZ 320) for 30 min， to remove detri-
tus. Protoplasts were separated (purified) 
from the interface between the density buffer 

and the enzyme solution with a sterile Pasteur 

pipette. Pur姐edprotoplasts of U. fasciata 
were cultured in mannitol・PESmedium. Os-
motic concentration was adjusted to 0.84 M 

mannitol. Fluorescent brightening agent 

(FBA) (C北 ofl.uorWhite ST， Si伊 a)was 
used to stain the new cell wall of protoplasts. 

One-tenth of a ml of stock 1% FBA per 
10 ml of culture medium was added to six cul-

tures of purified protoplasts at 0， 2， 4， 8， 12 
and 24 hrs after isolation. After staining， pro-
toplasts with resynthesized cell walls appe訂

yellow or green when viewed with a fl.uores-

cent microscope. The protoplasts without 
cell walls appear red. Changes in the num-

ber of fl.uorescent protoplasts in each culture 
were monitored continuously until the 8th 
day of incubation. At each monitoring 
period， five fields (ca. 100-500 cells in a field) 
were randomly sampled from each of the six 
cultures. In addition， another seven cultures 
of purified protoplasts were incubated in 
FBA-free media until stained wi也 0.01%

FBA at days 2， 3， 4， 5， 6， 7， and 8 after isola-
tion， and the average percentages wi出 new

cell walls were determined immediately. 
These groups provide comparative informa-

tion to determine whether or not FBA 
infl.uences the process of cell wall formation. 
They are considered to be control groups. 
An inverted fl.uorescent microscope (Nikon， 
Diaphot-TMD with TMD-EF) was used to 
examine protoplasts for cell wall synthesis. 

Except for protoplast isolation all laboratory 
procedures were carried out under 12: 12 

L : D regime and irradiation of 166 
μEm-2s-1 at 240C in a culture room. 

Results and Discussion 

Newly synthesized cell walls of algal pro-

toplast are difficult to observe under a normal 
optical microscope. Fluorescent complexes， 
resulting from the binding of FBA with amor-
phous cellulose， facilitate the observation of 
the cell wall resynthesis. With FBA as the 
staining agent， protoplasts with new cell walls 
exhibit either green or yellow fl.uorescence， de-
pending on the stage of formation of the cell 
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Table 1. Percentage of appearance of new cell wall in FBA-stained U. fasciata protoplasts at hrs 0， 2， 4， 8， 
12 and 24 after isolation. 

prAo(thgoe rpslo) af sts 
Percentage* of protoplasts with new cell walls 

Ohr 
Hours after isolation fbr pro8tohprlsastS Staining 1 

2 hrs 4 hrs 8 hrs 12 hrs 24hrs 

6 0.46 0.48 
8 0.29 0.62 0.66 0.50 

10 0.38 0.94 1.16 1.56 
12 0.48 1.48 1.65 0.62 
14 0.57 1.06 1.53 1.85 0.82 
16 0.67 0.12 1.57 5.08 1.97 
18 0.76 1.18 1.62 8.13 9.06 
20 0.86 1.23 1.66 11.18 16.46 

24 1.05 1.35 1.75 17.28 20.19 
48 16.89 16 19.34 46.63 49.26 37.91 

72 21.97 33.78 39.36 52.92 53.96 47.21 

96 28.16 38.21 45.63 59.01 58.83 64.83 

120 32.6 42.17 59.09 63.62 63.72 68.34 

144 43.01 49.05 62.84 66.82 68.72 73.28 

168 49.67 51.27 64.05 68.65 73.49 78.52 

192 49.67 51.42 64.24 72.46 74.83 80.85 

Culture conditions: 166μEm-2s-ヘ12: 12 L : D at 240C. 
*The percentage is expressed as the average value of five randomly se1ected fie1ds under an inverted microscope with 

suorescent equipment. 

wall. In protoplast populations of U. fasciata， 
cell wall resynthesis in FBA-enhanced medi-

um does not proceed synchronously， due to 
恥 variantphysiological conditions of cells. 

The resynthesis of cell walls of ιfasciata 
protoplasts由atwere stained at 2 hrs after iso-
lation， was initiated at hour 6 after isolation 

(Talbe 1). At this time about 0.5% ofthe pro-
toplasts had cell walls. This could be due to 

the remaining old cell walls. However， the 
percentage of regenerated cell walls increased 

at hr 8， verifying that出eprotoplasts had 

formed new walls. The highest percentage 

(81%) was reached a丘町 8days of incubation 

in the group of protoplasts that was stained 

a丘er24 hrs of isolation. 

Through eight days of monitoring， the 
number of green fluorescent protoplasts 

(those with a cell wall) increased in every ex-

perimental group irrespective of the time of 
staining (Fig. 1). Protoplasts stained at 0， 2 
and 4 hrs after isolation took the longest time 

a食erstaining (ca. 48-44 hrs) for evident ap-
pe釘 ance(11-16%) of green fluorescent pro-

toplasts. Protoplasts stained at 8， 12 and 
24 hrs after isolation took 8， 6 and 3 hrs， 
respectively. This indicates that there is con-

siderable inhibition of cell wall resynthesis 

in protoplasts stained earlier than 4 hrs after 

isolation. 

Initiation of cell wall resynthesis in Boergese-
nia forbesii protoplasts occurs within 2 to 3 hrs 

of incubation (Itoh et al. 1986). The tem-

poral differences in res戸lthesisof cell walls be-

tween the studies of B. forbesii and this study 
of U. fasciata could 児島ctthe considerable tax-

onomic differences between the species， or 
differences in the techniques used to obtain 

the protoplasts， the osmotic concentration， 
pH， the physiological status and growth stage 
ofthe plant material. Itoh et al. (1984， 1986) 
physically cut the coenoc戸icplant of B. for-
besii to obtain protoplasts. However， the pro-
toplasts from Ulva which is not coenocytic， 
were obtained through the digestion of the 
original cell wall and subsequent centrifuga-

tion to separate the protoplasts from the 

debris. The protoplasts of Ulva were， there-
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Cell wall formation of the protoplasts that 

were stained at 24 hrs after isolation showed 

no apparent negative infl.uence. In fact cell 

wall resynthesis was almost the same between 

this group and the control groups (Fig. 2). 

The rates of increase in presence of cell walls 

are similar， indicating that the delay in cell 
wall synthesis occurs only in the early phases 

of resynthesis. Although early staining with 

FBA delays the resynthesis of cell wall， the 
method described here has proved faster組 d

less harmful to the protoplasts th組 other

methods， such as those which distinguish the 

fore， subjected to considerably more stress 
than were those of B. forbesii. Such stresses 

are known to affect the physiology of the pro-

toplasts (Galun 1981). 

Itoh et al. (1984) also reported that cell wall 

synthesis can be negatively affected by FBA in 

studies of the green alga B. forbesii. They 

found that 95μM FBA (ca. 0.01%) was the 

highest concentration which was not toxic to 

terminal complexes. However， even at these 
concentrations， FBA disfigured the micro-

fibrils. This presumably also infl.uenced cell 
wall resynthesis. 
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new cell walls through the use of electron 

microscopes (Burgess et al. 1978， Itoh et al. 

1984) and protein-synthesis inhibitors (Itoh 

et al. 1986). The information provided here 

should encourage use of the FBA staining 

technique in continuously recording the num-

ber (per.centage) of protoplasts with new cell 

walls of Ulva fasciata and of other marine mac-

roalgae. 

Information on the time of cell wall resyn-

thesis will allow us to transfer protoplasts 

from a hyperosmotic concentration to normal 

enriched seawater with optimal timing. This 

should lead to more e伍cientpropagation of 

marine algae. 
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陳街昌・陳忠信:リボンアオサ(緑色植物門，アオサ目，アオサ科)のプロトプラスト

の細胞壁再成を経時的に調べるための蛍光染色

リボンアオサのプロトプラストを蛍光染色(FBA)を含むメディウム中で培養し，細胞壁の再生を経時的に追

跡した。細胞壁再生はプロトプラスト単離後6時間以内に始まった。細胞壁の形成率は8日後に最大となり，約

81%のプロトプラストが細胞壁を再生した。細胞壁の再生は，プロトプラスト単離後4時間以内に染色した場合

には遅れたが， 24時間後に染色したものでは，染色による阻害は小さかった。この方法は，細胞壁再生状態を知

るための簡便法として利用できる。 (Instituteof Aquaculture， National Taiwan Ocean University， Keelung Taiwan， 

Republic of Chaina) 

(Received Novemb，町 19，1992， Acc，ψtedJune 14， 1993) 
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Morgan L. Vis and Robert G. Sheath: Distribution and systematics of 

Chroodac秒lonand勾，ziniella(Porphyridiales， Rhodophyta) 
from N orth American streams 

Key lndex腕 rds: Chroodactylon-Cladoþkora&eae-~仰kyte-fresk制官 strea附-Kyliniella-Nortk

America. 
Morgan L. Vis and Robert G. Skeatk， Dψ'ar，抑制ザBiology，Memorial Universi，砂ofNewj切ndland，
St.Jo似て$， NewfoundUJnd， Canado. A1B 3X9. 

The freshwater pseudofilamentous mem-
bers of the rhodophyte order Porphyridiales， 
Chroo伽例nandめliniella，have been reported 
from North American streams but there has 
been no detailed study of their geographic 
distribution or taxonomic status. Hence， this 
study was undertaken as pa口 ofa survey of 

1，000 stream segments in North America 
(Sheath and Cole 1992). 

a) Chroodac例 n

Populations of Cladophoraceae (151) were 

collected from streams throughout North 
America from the Northwest Territories 
(680N) to Costa Rica (100N) (Sheath and 
Cole 1992). The samples were fixed in 2.5% 
gluteraldehyde and maximum depth and 

width， pH， specific conductance， temperature 
and mean current velocity were measured 
from each stream segment as described by 

Sheath et al. (1989). 
From each cladophoracean population， 

branches were randomly sampled組 dat least 

0.2 g fresh weight of material was thoroughly 

searched for Chrooぬのlon. The length and 
diameter of the middle cell from the main 
filament of Chroodactylon was measured using 
an ocular micrometer. The number of false 

branches was enumerated， total filament 
length was measured and number of Chroo-
ぬc似on plants g-1 fresh weight of 

Cladophoraceae was calculated. 

Only one type specimen of Chrooぬのlonspe-
cies repo口edfrom freshwaters was available 
for examination. 

Chroodactylon ornatum (C. Agardh) Basson 
1979. Bot. Mar. 22: 67. (Basionym: 

Coψrva ornata C. Ag，訂dh1824. Systema 

A伝'arum:104) (holotype) PC herbarium 
G. Thuret No. 69. in Lacu Malaren. 

The type specimens of Chroodactylon ramosum 
(Thwaites) Hansg. and Asterocytis smaragdina 
(Reinsch) Forti could not be located 

and probably no longer exist (BM， IB， M， 
TCD). A portion of the type specimen 
was moistened and removed for examina-
tion. Each population and也etype specimen 
was measured in replicates of ten with the ex-
ception of ON 65， from which only six plants 
were available. Sample size was determined 
and statistical tests were done according to 

Vis and Sheath (1992). 
Seven populations of Chrooぬctylonwere 

found， one from northern Manitoba， three 
from southern Ontario， two from western 
New York and one from southern Arizona 
(Table 1). The host was Cladophora glomerata 

(L.) Kutz. in each case， with the exception 
of Rhizoclonium hookeri Kutz. in Manitoba. 
The densities of Chroodactylon plants ranged 
from 60 to 570 filaments g-1 fresh weight 

host. The streams containing Chroodac砂lon
tended to be large (maximum width 8-20 m， 
maximum depth 60-> 100 cm)， moderately 
sowing (0-62 cm S-I)， warm (12由 230C)and 

alkaline (pH 6.8-8.5， specific conductance 
220-540μS cm-1). These trends訂 esim辺町
to those previously repo此edfor the occur-
rence of Chrooぬのlonin N orth American 

freshwaters (Sheath and H ymes 1980; Sheath 

and Morison 1982). 
Cell dimensions varied considerably within 

the populations and type specimen， such that 
there was overlap in the ranges of diameter 



238 Vis， M. L. and Sheath， R. G. 

Table 1. Morphome甘icfeatures of 印刷ぬの>Iontypes and populations in North America. Mean and 
standard deviation in parentheses. 

Populationa or type Cell diameter Cel(l μlmen) gth Filament length False branch 
(μm) (μm) number 

a) Populatゐ町 measured

MAN11 5.8-8.7 ( 6.4土1.0) 8.7-14.5 (11.3:t2.1) 47-372 (159:t 117) 0-1 

ON23 5.8-9.3 ( 7.7土1.1) 7.3-11.6 ( 9.5:t1.6) 71-560 (326土178) 0-1 

uN50 6.1-7.2 ( 7.1:t0.9) 7.2-11.9 (10.2:t 1.5) 118-1，180 (294:t320) 0-6 

ON65 8.8-11.6 (10.2:t0.9) 8.8-11.9 (10.7:tlめ 53-442 (204:t 178) 0-4 

NY113 6.5-11.6 ( 8.6土1.6 7.1-10.2 ( 9.9:t2.3) 2←974 (188:t324) 0-2 

NYI14 8.7-11.6 (10.8:t 1.0 10.2-14.5 (11.9:t 1.9) 59-295 (142土 77) 0-3 

AZ5 7.←10.2 ( 8.4:t0.9) 10.3-16.0 (12.2:t2.4) 88-643 (362:t 199) 0-4 

b)乃opes

omatum 4.9-7.4 ( 6.4:t0.9) 8.6-14.8 (10.9:t 1.7) 345-1，240 (817:t332) 1-4 

rlJ.1Tlosumb c. 17 c.28 

smaragdinumC 4.1-8.4 9.7-11.2 700-1，100 max.5 

a MAN=Manitoba， ON=Ontario， NY=New York， AZ=Arizona 
b from Plate 213 in Harvey (1848) as Horm岬 oraramosa 
c from protologue of Reinsch (1875) as Callonema STnIJ時 di:間 m

andlen仲 (Table1). In addition， d削 ypeof

c. omatum did not statistically differ from 

three populations in cell diameter and all 

seven populations in cell length (p<0.05). 

The cell sizes from this study (5.8-11. 6 x 7.1-

16.6μm， Table 1) are also similar to other 
freshwater studies (4.0-16.0 x 6.4-17.8μm) 

(Daily 1943; Prescott 1962; Taft and Taft 

1971; Sheath and Hymes 1980; Sheath and 

Morison 1982) and some marine accounts 

(3-8 x 8-20μm) (Taylor 1957; Schneider and 

Searles 1991). However， cell sizes of marine 
populations from J amaica and Califomia are 
larger (13-28 x 9-19μm) (Chapman 1961; 

Abbott and Hollenberg 1976). 

Filament lengths of Chroodactylon also vary 

considerably and the number of false bran-

ches was significantly correlated to this fea-

ture (p<0.05， Table 2). The maximum 

fi.lament length measured was an order of 
magnitude smaller than that reported for some 

marine populations (Taylor 1957; Schneider 

and Searles 1991). 

Based on the similarity in morphometry 

among the N orth American populations of 

Chroodaのlonand the type specimen of C. oma-

tum and the protologue of C. smaragdinum 

(Table 1， Reinsch 1875)， we consider them to 

be synonymous. The oldest specific epithet is 

C. omatum and the North American popula-

tions are referred to this taxon. The fact that 

the cell dimensions of C. ramosum determined 

Table 2. Morphometric characteristics of母l仇iellalatv問 populations. Mean and standard in paren-
theses. Measurements from Skuja (1926) and Flint (1953) below. A11 measurements in μm. 

Populationa 
Cell diameter Celllength Rhizoid diameter Rhizoid length Filament diameter ortype 

K. latvica type 9.9-14.8 9.9-17.3 7.4-9.9 17.3-24.7 17.3-29.6 
(12.7土1.8) (13.4:t2.6) (8.4土1め (19.8:t3.1) (20.8:t4.7) 

(10-19) (10) (150) (16) 
NH 7.4-14.8 4.9-11.1 7.←9.9 17.3-24.7 12.←32.1 

(11.3:t2.1) ( 7.7:t2.1) (8.5士1.2) (20.3土2.5) (25.7 :t6.9) 
(c. 15) (豆50)

RIA3 8 -11 5 -9 7 -10 18 -25 24 
( 9.7:t1.0) ( 6.1:t1.4) (8.3土1.5) (21.3土2.9)

a NH=New Hampshire， RI=Rhode Island 
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from the original plate differ consid巴rably

from those of C. omatum (Table 1， Harvey 

1848) is in disagreement with previous studies 

which have synonymized these two taxa 

(John et al. 1979; Entwisle and Kraft 1984). 

Descrψtion 

Pseudofilaments with variable number of 

false branches (0-6) composed of rectangular 

to巴llipsoidalcells loosely arranged in a linear 

fashion within a broad gelatinous matrix 

(Figs. 1-2). Cells with dxial blue-colored 

chloroplast containing a prominent central 

pyrenoid (Fig. 3). Cell diameter 5.8-11.6 

μm， cell length 7目ト16.6μm and filament 

length 24-1，240μm (Table 1). Occasional 

component of the t:piphyton of CladoPhora 

and Rhizoclonium in warm， alkaline streams 

of North America. 

b)めliniella

真yliniellawas collect巴dfrom the only two 

sites in North America known to contain this 

alga， Rhode Island (Sheath and Burkholder 

1985) and New Hampshire (Flint 1953) 

(Table 2). Th巴 typesp巴Cl口悶1of K. lμatωvl山1κC

was obtained as follows: 

めliniellalaωica Skuja 1926. Aω Horti 

Bot. Univ. Latv. 1: 4 (holotype) RIG. in 

Latvia in Lacu Usma (Sinus Bruzdanga) 

epiphytic on Phragmites， Aug. 20， 1925 
The populations and type were measured 

for cell diameter and length， rhizoid diameter 

Fig. 1-3. Chroodactylon ornatum (NY114). Scale bar=20μm except in Fig. 3 where it is 5μm. 1， complex 
of pseudofilaments with false branches (arrowheads). 2， linear arrangement of cells in a broad gelatinous matrix 
w凶 afalse branch (arrowhead). 3， Two cells showi時 theax凶， stellate chloroplast with prominent， central 
pyrenoid (arrowhead). Figs. 4-5. Kyliniella latu叩 (fromSheath 1984 with permission). Scale bar= 20μm. 4， 
Pseudofilament arising from discoidal base (arrowhead). 5， Densely packed cells with parietal， discoidal 
chloroplasts (double arrowhead); some cells produce rhizoidal outgrowths (arrowheads) 
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and length， and filament diameter. Each 

population was examined in replicates of ten 

with the exception of RI A3 from which only 

←8 measurements could be made. 

The two populations and the type specimen 

had similar ranges of morphometric features 

except for a significandy larger cell length in 

the type (p<0.05). However， this feature is 
quite variable and cannot be used alone to dis-

tinguish taxa. Therefore， we conclude that 

the North American populations are synony-

mous with K. latvica. 
めliniellalatvica appears to be quite rare in 

that it has been found in only two streams out 

of 1，000 surveyed from North America 

(Sheath and Cole 1992). Worldwide， it has 
also been reported from Austria， France and 
Latvia， but it is infrequent1y collected (Bour-

relly 1985). 

Description 
Pseudofi1aments arising from a discoidal 

base composed of rectangular cells tight1y ar-

ranged in a linear fashion in a broad 

gelatinous matrix (Figs. 4-5). 貼 izoidalout-

growths arise from cells for attachment. 

Cells with several parietal， blue-colored， dis-
coidal chloroplasts. Cell diameter 7.4-

14.8μm， cell length 4.9-17.3μm， rhizoid 
length 17.3-24.7μm and filament length 

12.4-32.1μm (Table 2). Rare component of 

the littoral zone of streams in the deciduous 

fo問 stregion of North America. 
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Morgan L. Vis • Robert G. Sheath : Chroodacり伽zと均，ziniella(紅藻;ヒナノリ目)

の北アメリカの河川における分布と系統分類

北米の1000地点にわたる淡水藻の分布調査の結果に基づき，紅藻Chrooぬの伽とめ，1，初白llaの分布と形態学的観

察の結果につき報告する。 Chrooぬの'lonomatumはマニトパ北部，オンタリオ南部，ニューヨーク西部，アリゾナ

南部から 7つの個体群が採集された。北米の材料とタイプ標本の観察から印刷ぬの伽omatumとC.smaragdinum 

は同種であると結論した。めliniellaはロードアイランドとニューハンプシャーの 2地点でのみ採集された。

(Department of Biology， Memorial University of Newfoundland， 8t. John's， Newfoundland， Canada A1B 3X9) 

(Received J anz町 y28， 1993， Acc.ψtedJune 4， 1993) 
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Taku Misonou， Mamiko 8eto and Takeshi Nitta: Phylogenetic 

relationship of three Bryopsis species (Derbesiales， Chlorophyta) 
based on 168 ribosomal RNA sequences 

Keylndex W.拍 Bryopsis(ChlorophyltJ)-chloroplast 16S rRNA-molecular evolution-.灼 logeny-
seq邸 前'ediveてgence.
TaIcu Misonou and Mamiko se，ω" DeparlmentザBiology，F.仰妙ザEdi附 tion，Yaman酎'hiUniversity， Kゆ，
Yama聞紙 400Japan
Takeshi Nitta， Laboratory of Biology， Tok)岬 Universiゆ01Agriculture and η'chnology， Fuchu， To.砂'0，
183 Japan 

We attempted a molecular phylogenetic 
approach based on small-subunit rRNA 
(ribosomal RNA) sequences in three mem-
bers of genus Bヴopsis. In this study， we tar-
geted the chloroplast 16S rRNA molecule for 
the partial sequencing. Their phylogenetic 
relationship previewed by organeUe DNA 
RFLP (Restriction Fragment Length Poly-
morphism) analysis (Misonou et al. 1989) and 
some characteristics of B:ヮopsis16S rRNA 
were discussed. The algae used were BヮIOpsis
maxima Okamura， B. plumosa (Hudson) C. 
Agardh， and B. sp. (Misonou et al. 1989). 

The first was col1ected at Choshi in Chiba， on 
the Pacific coast， the secpnd at Y okosuka in 

Kanagawa， and the third at Futtsu in Chiba， 
from November 1986 to May 1990. The 
second and third sites are on Tokyo Bay. 
Chloroplasts were isolated from algal thaUi 

in an alkaline buffer containing EDT A (Mis-
onou et al. 1989， Ishihara et al. 1992). Total 
nucleic acids were extracted by the chlo-
roform/phenol method from this fraction and 
RNAs were purified with the DNase 1 treat-
ment. 16S rRNA p町 tialsequences of each 
species were determined directly with dide-
oxynucleotide chain termination method using 
reverse transcriptase accrding to Lane et al. 
(1985). The three primers used are com-
plimentary to the Escherichia coli 16S rRNA 
highly conserved region. Their positions 
and sequences 町 e 1: 357-342 
(5'CTGCTGCCTCCCGTAGOH3')， II: 1242-
1227 (5'CCA TTGTAGCACGTGTOH3') 
and III: 1510-1495 (5也GCTACCTTGTTA-
CGAOH3') according to E. coli nomenclature 

(Sawada et al. in press). 
The sequences read with each primer were 

466 bases and aligned wi也 thehomologous 
sequence of Chlo働時的'sstrain 211-11b 
16S rRNA (Neefs et al. 1990) as姐 outgroup
in Fig. 1. Bryopsis 16S rRNAs show intra-
generic sequence divergence between each 
species (Fig. 1). It might be considered也at
the speciation of these organisms is an ancient 
incident or the rate of 16S rRNA molecule 
evolution in this genus is faster than that of 
higher plant. 
Ofthe total466 bases， 443 bases were com-

parable to each other in sequence. The 
remaining of 23 bases could not be identified 
by anomalous bands across the lanes on the 
gel owing to the nucleotide modification. 
While the sequences wi也 primerII were 
homologous， the p出ner1 region of B. plumosa 
has 1 deletion (No. 103 in Fig. 1 1)， and se-
quences with primer III were heterogeneous 
(Fig. 1). In this region， the chain termination 
reaction continued only up to 100 bases with 
19 anomalous bands. It seems that primer 
III complimentary to E. coli sequence anneals 
to BヮopsisRNAs in low extent due to the se-
quence heterogeneity， and/or this region is 
abundant in modified nucleotides. 
The genetic distances of these three regions 

were calculated according to Kimura's 2 
P町 ameter method (Kimura 1980) 組 d
presented in Table 1. The primer III region 
of 3 Bヮ'opsisis not only heterogeneous each 
other but also shows low homology with Chlo-
rella sequence. Moreover， no homologous se-
quence with this region was found in GEN-
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1 
CCGGCACAGA GUCAGGGUCA CACCAACUAG UAGGAGAGUC UGGUUGAUGA CUAGCUGCGG 
CCGGCACAGA GUCAGGGUCA CACCAACUAG UAGGAGAGUC UGGUUGAUGA CUAGCUGCGG 
CCGGCACAGA GUCAGGGUCA CACCAACUAG UAGGAGAGUC UGGUUGAUGA CUAGCUGCGG 
CCGGCACAGA GUCAGGGUCA CACCGACUAG UAGGAGAGUC UGGUCGAUGA CUAGUAACGG 
毒事事事事事事事#牢 事事#事事事事事事事 事事事事・毒事事事事 事事事事事事事事事事 事事事事・事事事事事 事事事事・・・事事事

71 
AACCAUUCGG UAAUGGAGUG GUUGAUCGAU UAGUCUGCGU UCGAGUAAAA AUCCGUCUAG 
AACCAUUCGG UAAUGGAGUG GUUGAUCGAU UAGUCUGCGU UCGAGUAAAA AUCCGUCUAG 
AACCAUUCGG UAAUGGAGUG GUUGAUCGAU UAGUCUGCGU UCGAGUAAAA AUCCGUCUA-
AACCAUUCGG UAAUGGAGUG GUUGUUCGAU UAGUCGGCGU UCGGGUAGAU AACCGCUAAA 
宇#事事事事事#事事 事牢事事事事事事事事 事事事事・事#事事事 事事事事事・事事事事 事事事・宇事事・事・ キ・キキキ・・・事

131 
UCUGGAAACU GAAAAGUCG-AAUAUUUCAU AAUCGUUAGC AAAGGUUAAC AAUAAGGAGU 
UCUGGAAACU GAAAAGUCG-AAUAUUUCAU AAUCGUUAGC AAAGGUUAAC AAUAAGGAGU 
UCUGGAAACU GAAAAGUCG-AAUAUUUCAU AAUCGUUAGC AAAGGUUAAC AAUAAGGAGU 
AGUAGAAAGU GAAGAGUCGU UAUGCUCCAU AAUCGGUAGC AAAGGUUACC AAUAGGGAGA 
-・#・#害事事・# 事事事・事事事事宇 ・事事・・#・事事事 事事事事事・#孝章事 事事#事事事事事・事事**事・毒事事事・

191 
GGAUUUACAU CUAAGAAUGC GCAAUGAGUGG 
GGAUUUACAU CUAAGAAUGC GCAAUGAGUGG 
GGAUUUACAU CUAAGAAUGC GCAAUGAGUGG 
GGUUUUCCAU CCAAGAAUGC ACAAUGAGUGG 
事事・宇#事・事事事 事・害事牢事事牢事事 ・事事事事事事宇事事事

1 
CCCGAAUUCC CCGUACGACU GAACUGCAGU AGGAGUGGAA GGAGGCCAAA UAGUGGCGGU 
CCCGAAUUCC CCGUACGACU GAACUGCAGU AGGAGUGGAA GGAGGCCAAA UAGUGGCGGU 
CCCGAAUUCC CCGUACGACU GAACUGCAGU AGGAGUGGAA GGAGGCCAAA UAGUGGCGGU 
CCUGCAUUCC CCGUACGACU GAACUGCAGU AGGAGUGGAA GGAGGCCGAA CAGUGGCCGU 
事事・事・**事事事 **事事事事事事事事 事事事事事事事事事事 事事事事事事事事事事 事牢#牢事事事・** ・***牢寧#・#事

71 
CAGAGAGAUC UAU---UAAU -ーー--UGA-UUUCUGUUCCC AACGCGAGCA ACXCC-UGAX 
CAGAGAGAUC UAU---UAAU -----UGA-U UUCUGUUCCC AACGCGAGCA ACXCC-UGAX 
CAGAGAGAUC UAU---UAAU -ーーー-UGA-UUUCUGUUCCC AACGCGAGCA ACXCC-UGAX 
CAGAAAACUU AAAGGGUAAU GACCGUUAAG UUUUGUUCCC AACGCGAGCA ACGCCCUGAA 
事事宇宇・事・・事・ ・宇・ 事事事事 事・事・申#・幸孝章#事#事事**事事事宇宇牢#牢牢**キキキ

131 
UUGGGUUGUA GAGUGCUGUX XUCGACUGCU GUCGGUACGU GGUGGA 
UUGGGUUGUA GAGUGCUGUX XUCGACUGCU GUCGGUACGU GGUGGA 
UUGGGUUGUA GAGUGCUGUX XUCGACUGCU GUCGGUACGU GGUGGA 
UUGGGUUGUA GAGUUCUGUG CUCGACUGCU GUCGCUACGU GGUGGA 
事事事事事事#事事事 事事事事・事事事事 事事事事事章毒事事 事事事事・事事事事事 牢#事事事事

1 
GGCUXAGCUG GUUCCGGUGG CCUCXACCXU UXGGCCGGCC CUCCGUCCCC CGGUUXCGXX 
GGCUXAGCUG GUUCCGGGGG CCUCXACCXU UXGGCCGGCC CUCCGUCCCC CGGUUXCGXX 
GGCUXAGCUG GUUCCGGUGG CCUCXACCXU UXGGCCGGCC CUCCGUCCCC CGGCUXCGXX 
GGAUCAG-UG AUCGAGACGG AAUCCGCAG--GGGGAGGAU UUCCAACCCC --AUUGCUGA 
事事・事 事宇・** ・事・・・事・ 事# ・・牢寧 ・事・ ・ ・ 事#・・事事・・ ・字申#・・事事** ・・・ 事#・

71 
XACUCXCCCC --UCAGXAUX GCXACGGXGU GXGX---ACA XXXXC 
XACUCXCCCC --UCAGXAUX GCXACGGXGU GXGX---ACA XXXXC 
XACUCXCCCA --UCAGXAUX GCXACGGXGU GXGX---ACA XXXXC 
AACCCGUAUC GGUCGAGGGU ACCACACUGC CCGCCACACA UGUUC 
毒事・#・・・ **・・・・ ・事事事・・事・・事 事事# 事



Phylogeny of Bryopsis 168 rRNA sequence 

Table 1. Genetic dist組問 (X10-3 KnUC) of 
three regions between each of three Bryopsis and 
Chlorella 168 rRNA. 

region M-8 M-P 8-P M-C 8-C P-C 

0.0 0.0 0.0 171.4 171.4 166.1 
11 0.0 0.0 0.0 113.5 113.5 113.5 
III 12.5 25.1 12.3 681.5 673.0 756.5 
total 2.3 4.5 6.8 213.9 213.7 217.4 

M: Bryopsis maxima; 8: B. sp.; P: B. plumosa; C: 
Chlo何'llavulgaris. 

BANK database. These results show that 

Bヮopsis168 RNA sequences around the posi-
tion 1400-1500 are not conservative even in 

the primer III region considered homologous 

from bacteria to higher plant chloroplast. 

This may suggest that these algae occupy a 

unique position in plant kingdom. 

From these genetic distances， a phylogene-

tic tree was inferred in Fig. 2 by UPGMA 

(8okal and Michener 1958)， and NJ method 

(8aitou and Nei 1987) with bootstrap confi-

dence limits using the Clustal V computer 

program (Higgins 1991). In both trees， B. 
sp. is distinguished from other 2 species. It is 
shown that this alga， having regarded as an in-
traspecific variation of B. plumosa， is an in-

dependent species and has rather far relation-

ship wi也 B.plumosa. In the UPGMA tree， 
B. sp. is clustered with B. maxima as previous 

RFLP analysis (Misonou et al. 1989). On the 

other hand， although the bootstrap confi-
dence interval is not su血cientlyhigh， B.. sp. 
is separated from B. maxima-B. plumosa 

cluster in the NJ tree. In the case of this 

study， UPGMA tree seems to be more relia-

ble for the close relationship of these algae. 

More sequence informations may be required 

for further phylogenetic analyses of B:ヮopsis.
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御園生拓*・瀬戸麻美子*・新田 毅**: 168リボソーム RNA塩基配列による

3種のハネモ属藻(ツユノイト目，緑藻植物門)の系統関係

大型緑藻ハネモ属の系統を明らかにするために，葉緑体 168rRNA (リボソーム RNA)の塩基配列を比較し

解析することを試みた。逆転写酵素を利用したサンガ一反応のプライマーには 168rRNAに特異的な保存配列を

3種類用い，計466塩基を読んだ。ミナトハネモ (Bryopsissp. )は独立した種であり，ハネモ (B.plumosa)やオオハ

モネ (B.maxima)とは遺伝的に離れていると L、う結果を得た。また，これらのハネモ 168rRNAの塩基 No.

1400~1500に相当する部分は既知の生物の配列との相向性が低く，これらが他の植物と系統的に離れている可能

性が示唆された。 (*400甲府市武田 4 山梨大学教育学部生物学教室，料183府中市幸町3 東京農工大学一般

教育部生物)

(R町eivedAprilえ1993，Acc，ψtedJzゆえ 1993)
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Inderdeep Kaur and M. R. Vijayaraghavan: Histogenesis and conceptacle 

organization in Sarglω'sum vulgare C. Agardh (Fucales， Phaeophyta). 

Keylndex 陥 rds: concψttu:le organization-FI附 les-l'J加 'Ot.わltaー&啄a刷 mvu炉開-Sulthatedtolysac-

chaげdes.

I油油ψKaurand M. R. ~切り'llraghavan， Deparlment of Botany， University of Delhi， Delhi 11000え
India 

Sargωsum vulgare C. Agardh has a three 
sided apical celllodged in the apical groove. 
The derivatives cut by this celllead to the for-

mation of meristoderm， cortex and medulla. 
During the reproductive period， unisexual 
conceptacles are borne in the receptacles. 
The growth of the receptacle takes place by 
means of pyramidal truncate initial that lies 
at the base of a groove. The conceptacles 
develop near the receptacle initial from the 

meristoderm layer of the receptacle and later 
are embedded in the co口exof the receptacle. 
The conceptacle development in Fucales is 

known (Moss 1965， 1967， 1970; McCully 

1966， 1968; Critchley et al. 1991) but a cor-
relative study on histogenesis and histochemis-

try is lacking. The present communication 
in Sargassum vulgare deals with histogenesis 
and histochemistry ofthe apical cell， the recep-
tacle and the conceptacle initials and the hairs 
ln cryptostomata. 

The plants of Sargassum vuな'arewere col-

lected during the low tide periods from Port 
Okha， Gujarat， through由emonths of J anu-
ary， February and November 1987-89. The 

desired plant parts were fixed in 10% v/v 
acrolein at 40C for 24 h， washed thrice in 
distilled water姐 dpostfixed in 1 % HgC12 
for 12 h to stabilize phenolic compounds. 
The material was again washed twice with dis-

tilled water to remove the traces of fixatives; 
dehydrated through methoxy-ethanol (3 
changes， 24 h); e由anol(1 change， 24 h)， 
propanol (1 change， 24 h) and n-butanol (1 
change， 24 h). The material was infiltrated 
and embedded in glycol methacrylate (Feder 
and O'Brien 1968) and sectioned on a Spen-
cer rot訂 ymicrotome fi.tted with a locally 
made adaptor to hold glass knives. Two 

micron thick sections were cut and serially 
transferred to small drops of distilled water 
kept on precleaned and dried slides and later 
stained wi出 PASreagent (Feder組 dO'Brien 

1968) and TBO (McCully 1966). 
For scanning electron microscopy， the 

selected plant parts were fixed in 4% formal-
dehyde， dehydrated in a graded acetone 
series， critical point dried and scanned for 
topographical detailes. 
Apical cellー Organizationof the vegetative 

apex: The pl組 tsgrow by means of a three 
sided apical cell lodged in a groove. This 

cell in transverse section， appe町 'striangular 

(Fig. 1) and in longitudinal section more 
or less biconvex (Fig. 2). The promeristem 

of this taxon is identical in structure and 
behaviour as reported for other taxa of this 

order. The mucilage that fills the apical 
groove stains reddish-violet wi也 TBOand 
magenta with PAS reagent. This indicates a 
mIxture of sulphated and carboxylated poly-

saccharides (Fig. 2). The apical cell walls are 
thin and stain identical to the mucilage. 

The apical cell cuts off derivatives parallel 

to all its sides; these have wavy cell walls and 
undergo divisions and enclose a few intercellu-
lar spaces (Fig. 3). The apical cell cytoplasm 
reveals small vacuoles and few sulphated 
polysaccharides; large， polarized nucleus 

with prominent nucleoli (Fig. 3). The 
meristoderm cells near the cavity are gorged 
with physodes (Fig. 3). 

Receptacle and conceptacle development: 
During the reproductive phase， the plants 
bear abundant receptacles. The growth of 
the receptacle also takes place by means of a 
pyramidal initial that lies at the base of the 
groove (Fig. 4). One of the cells in the 
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meristoderm layer of the receptacle becomes 

large and functions as the conceptacle initial 

(Fig. 5). The cell wall of conceptacle initial 

contains a mixture of carboxylated and sul-

phated polysaccharides but the cytoplasm 

reveals negligible polysaccharides. The in-

itial undergoes an unequal transverse division 

(Fig. 6). The upper small cell elongates and 

points towards the exterior and later becomes 

the tongue-cell which has a distinct cap that is 

rich in sulphated polysaccharides. The ton-

gue-cell eventually degenerates and the lysate 

contributes to the ostiolar plug material (Fig. 

8). The lower large cell is the mother cell of 

the conceptacle wall (Fig. 7) and undergoes 

divisions. 

The young conceptacle is oval to pear-

shaped and has a narrow neck (Fig. 9). As 

the plants reach sexual maturity， oogonia 
(Fig. 9) and antheridia as well as the associat-
ed paraphyses differentiate from the concep-

tacle wall and mature inside the cavity. The 

ostiole further narrows but concomitantly the 

base widens. The receptacles become spheri-

cal and accommodate both developing and 

developed sex organs. 

The mature conceptacle wall cell's 

cytoplasm reveals abundant vacuoles and 

physodes. At the time of gamete release， 
the wall cells are vacuolate. The paraphyses 

rich in physodes are intermingled with 

reproductive organs. 

Cryptostomata: Besides the fertile concepta-

cles， sterile conceptacles (cryptostomata) 

occur both on the vegetative (Fig. 13) and the 

reproductive (Fig. 10) thalli. Cryptostomata 

appear as dots， and are freely scattered on the 
vegetative regions. In the reproductive 

regions， they coexist with the conceptacles. 
The cryptostomata show identical develop-

mental pattern as the fertile conceptacles. 

The cryptostomata have abundant hairs 

which show only tricl附 hallicgrowth (Figs. 

12， 14). During the initial stages， the hairs 
reveal moderate polysaccharides and few phy-

sodes (Fig. 11). The nuclei are large. A ma-

ture hair has three regions. The lowermost 

region has meristematically active basal cell; 

the middle region has four to six recently 

formed short cells which have not yet elongat-

ed and the upper region has hairs which are 

partly within and pa此lyoutside the cavity 

(Fig. 14). The portions of hairs that emerge 

out， are replete with physodes， numerous 
vacuoles and moderate polysaccharides 

(Fig.15). 

In Sarg，ιrsum v咋are，the apical cell and the 
conceptacle initials are deep seated occupy-

ing the base of the cavity that is filled with a 

mixture of sulphated and carboxylated poly-

saccharides which protect the thalli against 

desiccation when the plants are exposed 

Figs. 1-9. Sargassum vu信are，(Figs. 1-9 TBO stained， Scale bars=9.4μm). Fig. 1. Transverse section of a 
vegetative tballus apex showing a triangular apical cel1 (a) wi也 tbreecutting faces. The derivatives (d) result in 
formation of a promeristem. Figs. 2， 3. Longitudinal sections through tbe apical regions showing biconvex 
apical cells (a) lodged in cav町 (c)晶l1edwith polysaccharide plug materials (pl). The apical cell cytoplasm bears 
abundant vacuoles， a few polysaccharides and a prominent nucleus (n). The derivatives (d) undergo divisions 
to form meristoderm (m)， cortex (cr) and medul1a (not seen in figure). Fig. 4. Longitudinal section through apical 
region of the receptacle showing a cavity (c) at the base of which is tbe receptacle initial (ri) witb distinct nucleus 
(むrow).The derivatives (d) possess wavy walls. The meristoderm cel1s (m) are rich in physodes (py). A develop-
ing conceptacle (co) is also seen. Fig. 5. Conceptacle initial (ci) differentiates from制 ongst白脱出toderm
(m) cel1s. The initial is lodged in a cavity削 edwi出 polysaccharides(arrow). Fig. 6. The initial undergoes 
unequal transverse division resulting in tongue-cel1 (tc) and a basal cel1. Figs. 7， 8. The basal cel1 divides result-
ing in conceptacle (co) wall formation. In.!!， a polysaccharide cap covers the tongue-cel1 (tc). Fig. 9. The 
oogonial (arrow)/an出eridialinitials differentiate from出econceptacle wall cel1s. 

Figs. 10-15. Sarg，前四m叩伝are. Figs. 10-11， 14， 15. TBO stained. Fig. 10. Longitudinal section ofa recep-
tacle passing tbrough a c抑 tostoma(cy) showing a profuse grow出 ofhai瓜 Scale愉 =25pm. Fig. 11. Cryp-
tostoma cut in a longitudinal section. The young hairs (h) reveal cel1s tbat are small， rectangular wi也 promment
nuclei (n) occupying tbe m吋orportion oftbe cytoplasm. Scale bar=9.4μm. Fig. 12. In tbe hairs (h) a few lower 
cel1s remain smal1 whereas those towards the ostiole elongate. The cel1 walls (w) stain intense megenta witb PAS 
問 agent. Scale bar=9.4μm. Fig. 13. Scanning electron micrograph of the leaf to show top view of cryptostoma 
with emergent hairs (h). The inset shows仕eelydistributed cryptostomata (arrows) on a leaf portion. Scale 
bar=6.8μm. Figs. 14， 15. Mature cryptostomata showing hairs (h) that have elongated. These reveal cytoplasm 
with a few vacuoles (v) and nucleus (n). The portion of hairs出atemerges out is highly vacuolate (v). Scale 
bar=9.4μm 
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(Vijayaraghavan and Kaur， 1991). 
Tahara (1940) in Sargassum horneri (Turner) 

C. Agardh and Fensholt (1955) in Cystophyl-

lum sp. referred to the formation of a “concep-
tacle-stopper" through the action of a tongue-

cell. Critchleyet al. (1991). in S. heterophyllum 

observed sulphated polysaccharides in the osti-

ole plug， and these are identical to the 

paraphysial secretions. In S.仰をare(present 

work) the ostiole plug of the female concepta-

cle accrues materials from: 1) tongue-cell ly-

sis， 2) paraphyses secretions， 3) conceptacle 
wall cell secretions (see also Vijayaraghavan 

and Kaur 1991). In contrast the male con-

ceptacle lacks ostiole plug and the conceptacle 

closure occurs by adpressing meristoderm 

cells (Vijayaraghavan and Kaur 1992). 

Further， in Sargassum vulgare the ostiole 

closure is a presaged and coordinated 

phenomenon persisting until the oogonia/an-

theridia mature and lyse to pave way for the 

eventual release of respective reproductive 

bodies. 

The distribution pattern morphology of the 

cryptostomata and the conceptacles on the 

thallus surface is noteworthy. The concepta-

cles are more closely placed than the cryp-

tostomata. The young conceptacles occupy 

veηlittle space in出eapex of a receptacle but 

further down the developing， flask・.shaped，
conceptacles require more space. The cryp-

tostomata are scattered on both the vegetative 

and reproductive structures and are bereft of 

plug materials. The hairs in cryptostomata 

show trichothallic growth. This type ofbasal 

meristem is found in many phaeophycean 

taxa belonging to Ectocarpales， Desmares-
tiales， Tilopteridales， Cutlariales， and 

Laminariales. (Fritsch 1945). Thus， the 
hairs in Fucales， as in other phaeophycean 
teは a represent an evolutionary primitive 

mode of growth. The thallus shows more 

advanced apical growth. 

The occurrence of conceptacles in recepta-

cles and the appearance of cηptostomata on 

both vegetative and reproductive branches 

and differential amount of plug materials 

suggest a line of evolution from plants which 

discriminately bear scattered conceptacles over 

the leaf and branch surfaces to those taxa with 

conceptacles localised on special branches. 

Certain branches were set apart to bear con-

ceptacles as these conceptacles in other parts 

of the plant body were rendered sterile and 

thus changed into cryptostomata (Simons 

1906). The present work supports these ob-

servatlOns. 

The authors thank the two learned referees 

for their valuable suggestions. 
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Inderdeep Kaur. M. R. Vijayaraghavan : Sargassum叩 Igar6C. Agardh 

(褐藻;ヒパマタ目)の組織発生と生殖器巣形成

品管制抑制信'areC.A伊 rdhは三稜形の頂端細胞を頂端部のくぼみに有する。この頂端細胞から切り出された細

胞が形成表皮、皮層および髄層を形成する。成熟期には生殖器床に単位の生殖器巣が生じる。生殖器床の発達は

頂端のくぼみの基部に位置する先端を切った三角錐形のイニシャルによって起こる。生殖器巣は生殖器床のイニ

シャルの近くに生殖器床の形成表皮から発達し、後に生殖器床の皮層の中に埋まるようになる。 (Departmentof 

Botany， University of Delhi， Delhi 110007， lndia) 

(R町田ivedJan叩ヴ伐 1993: AcceptedJuly 11， 1993) 
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Ta玄onomyof the family Batrachospermaceae 

(Batrachospermales， Rhodophyta) 
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Kumano， S. 1993. T出 onomyof由efamily Batrachospermaceae (Batrachosperma1es， Rhodophyta). 
Jpn. J. Phycol. 41: 253-274. 

In this review some reappraisa1s of出eclassification system of the family Batrachospermaceae紅 e
introduced. An aspect of morphologica1 relationships among the sections and the genera and a check list 
ofthe hitherto-described 104 taxa ofthe family Batrachospermaceae are given with taxonomic notes. This 
review dea1s wi也 fourgenera， nameiy， genus &tracho，学問 削 (91taxa)， genus Sirod，伽 (9species)， genus 
Tuomeya (1 species) and genus No伽 'U1IJ.US(3 species). The genus Batrach岬 'mnum(91 taxa) consists 
。ftwo subgenera， nameiy， suhgenus Aca和司torothytum(1 species) and subgenus Bat制 ostmnum(90 taxa) 
including 8 section， namely， section Helminthoidea (4 t皿 a)，section Bat即 :hostmnum(18 taxa)， section Setacea 
(3 taxa)， section Tu戸a(5 taxa)， section Vires，倒的 (14t酷 a)，section (時折:do.(3 t位 a)，section Aristatae (8 
t回 a)including 2 subsections， namely， subs回 ionAristatae and subsection Macr，吋 orumand section Conto巾
(35 taxa) including 5 subsections， namely， subsection Intortum， subsection Torridum， subsection Proc，仲間，
subsection Kushiroense and subsection Ambiguum. 

Key In伽防止 Batrachospermum-Ba加 h吋 ，ermaceae-Rhodothyta-Nothocladus-Sirodotia 
-Tuomeya-t，叫:onomy

The family B柑 achospermaceae(as familia 

Batrachospermae) was established by C. 

Agar品 (1824) including four genera， 
namely， the genus Mesogloia， the genus Batra-
chospermum， the genus 1及。reaand the genus 

Draparnaldia. 

Kuetzing (1857) described Baileya americana 

based on the spec出lencollected by Bailey. 

Harvey (1858) established the genus Tuomeya 

and described the same plant under the 

binomial1iωmeyajluviatilis based on the speci-

men collected by Tuomey and Bailey. 

Harvey (1858) treated the family Batracho・

spermaceae as the order Batrachospermeae， 
which grouped into two suborders: suborder 
Batrachospermeae (Batrac，加spermum) and 

suboder Lemanieae (Lemanea and Tu四meya)，
placed in the class Chlorospermeae，“green 
algae". Rabenhorst (1868) first removed 

the family Batrachospermaceae together 

with some other freshwater taxa from “green 
alage" to the Rhodophyceae. 

Kylin (1912) established the genus Sirodotia 

based on the type species， S. suecica， then 
Skuja (1934) established the genus Nothcladus 

based on the type species， N nodosω. 
The above-mentioned four genera are 

delineated primarily on the basis of the de-

velopment of gonimblast filaments， the size 
of carpogonia and the vegetative structures 

of thallus (Kylin 1956). 
Recently， some reappraisals were made on 

the taxonomic frame work of the genus 

Batrachospermum (Necchi 1990a， Compere 
1991) and of恥 familyBatrachospermaceae 

(Necchi & Entwisle 1990). 
The aim of this paper is to review such reap-

praisals， to consider an aspect of morphologi-
cal relationships mainly among the sections of 

the family Batrachospermaceae， and to show 
a check list of the hitherto-described 104 taxa 

of the family with taxonomic notes. 
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Type elements of the genus Batracho-

spermum 

The genus Batrachospermum was established 

by Roth (1797) for an unnamed species， for 
which he cited the synonyms， Conferva nodosa 
L. ， Chara batrachosperma Weiss and Chara 
gelatinosa (L. ) Roth. The first of these 

names is a typographical error by Roth， the 
second name would result in a tautonym， 
not allowed under the art. 55.1 (a) ofICBN 

(Greuter et al. 1988)， and the third name was 
transferred to the genus Batrachospermum by 
De Candolle (1802). Roth (1800) described 

Batrachospermum moniliforme， the first species 

formally assigned to the genus， which in-
cludes Chara gelatinosa and Conferva gela-
tznosa as synonyms. 

As corroborated by Skuja in Farr et al. 

(1979)， Roth did not propose a new species 

but only a new name for Conferva gelatinosa. 
Batrachospermum moniliforme is illegitimate and 

a superfluous name for Batrachospermum 
gelatinosum under the art. 63.1 of ICBN， 
because Roth cited as synonym the earlier， 
validly published Confervagelatinosa L. There-

fore， the correct name of this species is 

Batrachospermum gelatinosum (L.) DC. as stated 
by Necchi (1990a) and Compere (1991). 

The typ戸eelement of Cα01ψ1排戸f戸伽伽量抗加rηvag，μ'el，μωaωt伽11仇仰n仰1ω0仰saL. . 
and of the genus Batrachoψ0初 umRo飢thcould 

be the s叩pecimenfrom Sweden described by 

the phrase “Cα01ザ1ザfm伽z
ar，付ti化culisglobosi，釘sgel，μ'ationosis" (Linnaeus 1753)， 
because the same phrase was used by Linnaeus 
(1755) in Flora Suecica. Unifortunately， the 
specimen labeled Coψrva gelatinosa in the Lin嗣

nean Herbarium would have been included 

since 1753 and therefore can neither be the 

holotype nor the lectotype (Compere 1991). 
Among the other elements cited in the pro-

tologue， an available lectotype could be as司

sociated with the illustration from Dillenius' 

Historia Muscorum for Coψrva fontana nodosa 
spermatis ranarum instar lubrica， major et fucosa 
(Dillenius 1741， pl. 7， fig. 42)， which has al-
ways been associated withωψrva gelatinosa 
and Batrachospermum moniliforme. 

Comp色re(1991) examined the specimen on 

which Dillennius' drawing was based， deposit-
ed in the Dillenius' Herbarium of Oxford 

University (OXF)， and found the characteris-
tic carposporophytes and trichogynes of 

Batrachospermum moniliforme. Therefore， Com-
pere chose the Dillenius' specimen of Coψm  

fontana nodosa spermatむ ranaruminstar lubrica， 
mザ'oretfucosa (Dillenius 1741， pl. 7， fig. 42) 
as the lectotype specimen for Conferva 

gelatinosa [= B. gelatinosum (L.) DC]. 
Another illustration from Dillenius' 

Historia Muscorum (1741， pl. 7， fig. 43) cited 
by Linnaeus is referred by Bory (1808) to his 

Batrachospermum ludibonda stagnilis. Cむmpere

(1991) examined the specimen illustrated by 

Dillenius and found the gonimoblasts inserted 

in the whorls， not exerted as Batrachospermum 
stagnale [= B. ectocarpumJ， so that this speci-
men agreed rather well with the current con-

cept of Batrachospermum gelatinosum [= B. 
moniliformeJ. 

Sirodot (1884) proposed the subdivision of 

the genus Batrachospermum into six sections in 

his monograph，“Les Batrachospermesぺm
which all the section names were not written 

in Latin but French， for example， Helmin-
toides， Moniliformes， Setaces， Tur.ficoles，防rtes
and均Ibriゐ Mostauthors such as Hamel 

(1925)， Israelson (1942)， Bourrelly (1970)， 
Reis (1974) and Starmach (1977) have agreed 

with a somewhat enlarged version of the subdi-

vision of the genus into the sections proposed 

by Sirodot (1884)， generally translating the 
French section names into the Latin names. 

Comp忌re(1991) pointed out that， before 
the publication of “Les Batrachospermes" 
(1884)， Sirodot (1873， 1875) had proposed a 
first sketch of his subdivisions of Batracho-

spermum into sections and subsections and the 

Latin names published there have priority on 
the French names of “Les Batrachospermes" . 

Comp色re(1991) did a reappraisal of section 

names of the genus Batrachospermum and 

showed the correct names. 

Since then， four sections， namely， section 
Contorta Skuja (1931a)， section Aristatae Sku-
ja (1933)， section Claviformia Reis (1973) and 
section CaゆocontortaSheath et al. (1986) were 
successively proposed. 



Taxonomy of family Batrachospermaceae 255 

Moreover， the subgenus Acaψosporophytum 
Necchi (1987) was proposed to accommodate 
B. brasiliense Necchi， a species without 
gonimoblasts and carposporangia but wi也

direct formation of the filaments of Chantran-
sia-phase from the fertilized carpogonium. 

An aspect of phylogenetic relationships 
among the sections of the family Batracho-
spermaceae. 

The carpogonia of the taxa of the section 
Helmintho地aare small and with ovoid or el-
lipsoidal trichogynes. Carpogonium-bearing 

branches are not differentiated from prim町 y

branchlets. Carposporophytes are small and 
numerous often more than ten in each 

whorl. Judging from these characteristics， 
the section Helminthoidea is considered as the 
most primitive section among the family 
Batrachospermaceae. 

Placing the section Helminthoid切 onthe 
main trunk of the phylogenetic tree， other 
genera and sections of the family Batracho-
spermaceae fall into the following six 

evolutional lines: 1) Batrachoゆermumline， 2) 
均brida-Setacealine， 3) Aristatae-Acaψosporo・
phytum line， 4) Virescentia line， 5) Tuφ'sa-
Sirodotia line and 6) Contorta line. 

1. Batrachospermum line. 
One of the most primitive taxa among the 

section Batrachoゆermumis considered to be B. 
stagnale， for which carpogonia are with ovoid 
or club-shaped trichogynes， carpogonium-
bearing branches are differentiated after 
fertilization， carposporophytes are numerous 
and scattered on periphery of a whorl. 

The degree of the differentiation of 
carpogonium-bearing branches from prima町

branchlets is considered to reHect the degree 
ofthe phylogenetic changes. The more highly 
differentiated taxa are regarded as the more 
highly advanced ones. Wi抽t也hthe c∞ompa凶ris叩on
of the d必iffer問'en凶tia叫tio∞n of carpogonia and 
ca釘rpo噌go叩n山iu且1mν油.七b恥ea町ri加ngbra:組nc也he伺sfroml加a創te釘r油 of
the whorl， it may be considered that B. 

stagnale [=B. arcuatum] is rather primitive， B. 
gelatinosum is more advanced (Kumano et al. 

1970). 

Among the section Batrachospermum， B. 
nova-guineense is regarded as such an advanced 
taxon， for which carpogonium-bearing 
branches are short， more differentiated， 
slightly curved. 80me taxa of the section 
Contorta such as B. tortuosum have curved 
carpogonium-bearing branches. Therefore， 
B. novaコguineenseis regarded as one of the 
connecting links between the both sections 
(Kumano & Johnstone 1983). 
There is another trend toward the reduc-

tion of laterals of long carpogonium-bearing 

branches. In the early stage of development， 
long carpogonium-bearing branches of B. 

cylindro圃cellulareclosely resemble those of B. 
Cのlennenseof the section Aristatae. There-
fore， the former is regarded as an intermedi-
ate taxon between the section Batrachospermum 
and Aristatae (Kumano 1984a). 

8heath & Cole (1990) assigned B. hetero・
corticum to the section Batrachoゆermum，because 
of straight carpogonium-bearing branches， 
large lateral whirls and也epresence of 

several c訂 posporophytesin middle to outer 
portion of the whorl. However， the shape 
of trichogyne of this species is similar to 

that of B. sirodotii (section Virescentia). 80 
that B. heterocorticum is regarded as an 
intermediate taxon between the section 
Batrachospermum and the section Virescentia. 

2.均Ibrida-Setacealine 
Carpogonium-bearing branches of B. 

virgato・decaisneanum of the section めbrida
are short and well-differentiated， one or two 
問中osporophytes are semiglobular and 
inserted central within a whorl. Carpogonium-
bearing branches of B. atrum of the section 
Setacea are very short and composed of a few 

cells; a c紅 posporophytedevelops a wa:rt-like 
protuberance on central axis; cortical filaments 
are well-developed like a pseudoparenchyma. 
80 that， B. atrum is regarded as one of the 
most advanced taxa on the均Ibrida-Setacea
line. 

3. Aristatae-Acaψosporophytum line 
As mentioned above， some members of the 
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section Aristatae are thought to be derived 
from some taxa of the section Batrachosperm-
um. In B.めItogynum(Kumano & Ratna-
sabapathy 1982) and B. macrosporum (Kumano 
& Necchi 1990) with large c釘 posporesger-

minating within carposporagia， the proto・
plasmic connections between carpogonia and 

rosette-like hypogynous cells are observed. 
These characteristics of the above-mentioned 

two taxa indicate that both taxa are regarded 
as more advanced taxa. 

B. brasiliense of the subgenus Acaψoゆoro・
phytum (Necchi 1990a)， in which a c紅 posporo-
phyte is reduced only one-celled zygote (Nec-
chi 1987)， is considered to be derived from 

some taxa of the section Aristatae and regarded 
as one of the most advanced taxon on the 
Aristatae-Acaψoゆorophytumline. 

4. Virescentia line 
Concerning to B. sirodotii of the section 

Virescentia， a carpogonium with a cylindrical 
large trichogyne， a carpogonium-bearing 

branch is short and differentiated， one or two 
carposporophytes are inserted centrally 
within a whorl and bigger th姐 thosefound 
in the section Batrachospermum. 
B. bakarense， in which a short CaI予ogonium-

bearing branch is composed oftwo to five cells 

and slightly curved， resembles that of some 
taxa of the section Contorta. This fact sug-
gests也atthere is a close relationship be-
tween the section Virescentia and the section 
Contorta (Kumano & Ratnasabapathy 1984). 

5. Tuifosa品・'rodotialine 

Concerning to B. tuゲosumvar. undulato-
pedicellatum (Kumano & M. Wat佃 abe1983)， 
B. periplocum (Sk吋a1969) and B. orthostichum 
(Sk吋a1931a) ofthe section Tu柿sa，gonimo・
blast filaments spread along the central axis 
and carposporangia are developed in a similar 
mode as in the taxa of the genus Sirodotia 
(Kumano 1982c). Concerning to B. tapirense， 
two types of gonimoblast filaments are ob-
served; one is the erect (Batracho司permum)
type， another is the diffused (Sirodotia) type 
(Kumano & Phang 1987). Because of these 
characteristics， the above-mentioned taxa are 

considered as apparently intermediate taxa 
linking the genus Batrachospermum and the 
genus Sirodotia. 

6. Contorta line 
As mentioned previously， B. tortuosum hav-

ing a slightly curved carpogonium-bearing 

branch (Kumano 1978) is thought to be 

derived from taxa such as B. novaすuzneense
(Kumano & J ohnstone 1983) of the section 
Batrachospermum and B. bakarense (Kumano 
& Ratnasabapathy 1984) of the section 
Virescentia. Among this evolutional line， a 
carpogonium-bearing branch of B. gibberosum 
of the section Contorta is composed of thick-
walled cells and differentiated very much， 
cortical filaments and secondary branchlets 
stick to axial cells and develop into pseudo-

parenchymatous structures (Kumano 1978). 
Therefore， B. gibberosum is regarded as one of 
the most advanced taxa on the Contorta line 
and seems to be an intermediate taxon linking 
the genus Batrachospe'l初 umand the genus 

Tuomeya (Kumano 1978， 1986). 

A check list of the hitherto-described 104 
taxa in the family Batrachospermaceae. 

A check list is compiled of the hitherto-

described 104 taxa with taxonomic notes. 

Family Batrachospermaceae Agardh 1824 

Genus Batrachospermum Roth 1800 

1. Subgenus Acaψosporop勿tumNecchi 1990a 
Type: B. brasiliense Necchi 1987. 

Gonimoblast filaments and carposporangia 

absent. A carposporophyte reduced to only 
one cell， a zygote. Filaments of the Chantran-
sia-phase developed directly from fertilized 
carpogomum. 

1) B. brasiliense Necchi 1987 

II. Subgenus Batrachospermum Necchi 
1990a 
Type: B. gelatinosa (L.) DC. 1802 
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Syn.: genus Batrachospermum Roth 1800 

Carposporophyte， gonimoblast filaments 

and carposporangia， present. Filaments of 
由e Chantransia-phase developed from the 

germination of carpospores. 

1. Section Helminthoidea De Toni 1897 
Type: B. confusum (Boη) Hassal 1845 
[= B. helminthosum Sirodot 1884， non 
Bory 1808] 

Syn.: section Helminthosa Sirodot 1873， 
section “Helminthoides" Sirodot 1884. 

Fronds not saturate green. Carpogonium-

bearing branches not so differentiated， arising 
from the cells of the fascicles or from pericen-
tral cells of prim町 ybranchlets. Laterals 
of carpogonium-bearing branches short. 

Carpogonia small in size， with ellipsoidal or 
ovoid凶chog戸es. Carposporophytes peduncu-

late， small， globular， numerous， scattered in 
the outer half to the whorl. 

Compere (1991) pointed out that the name 
Helminthosa Sirodot (1873) could not be ap-
plied to this section， though it includes the 

same taxa， because Sirodot (1873) cited as 
type B. helmintosum Bory (1808) which was 
included in section“防巾"in 1884， under the 
new illegitimate name B. coerulescens Sirodot 
(1884). The section name“Helminthoidば
first published in a French name by Sirodot 

(1884) could not be taken into account under 
thea此. 18.4 of ICBN. De Toni (1897) was 
the fi.rst to treat this section name as the 
Latin name and has to be accepted as author 
of the name of section Helminthoidea. 
The section Helminthoidea was included in 

the section Batrachospermum by N ecchi and 

Entwisle (1990)， however， 1 prefer to keep 
separated the above both sections. 

1) B. coポlSum(Bo町)Hassal 1845 
[=B. ludibonda Bory var. coがlsaBory 
1808， B. helminthosum Sirodot 1884， 
non B. helmentosum Bory 1808， B. CTOU-

anianum Sirodot 1884] 

According to Compere (1991)， the species 

name proposed by Sirodot (1884) was illegiti-
mate for two reasons， 1) as a supertluous later 
renaming of the previous B. coψlSum Bory 
(1808)， 2) as a later homonym (orthographic 
vari叩 t)of the earlier B. helmentosum Bory 
(1808). 

Compere (1991) found that the Bory's holo-
type specimen had carpogonia with ovoid 
tr油 ogynesand spermatangia occurred on 
the same specimen (monoecious species). 

2) B. boヮlanumSirodot 1884 
[=B. anati:勿'numS剖ir廿r吋 o叫t1884吋] 

3) B. boヮ'anum v町. distensum (Kylin) 
Israelson 1942 

[=B. distensum Kylin 1912] 

4) B. szschwanense Jao 1941 

Jao (1941) stated that d由 specieshas resem-

blances of B. boりlanumSirodot， but differs 
from the latter chietly in having male and fe-

male plants being similar in general appear-
ance， an intemodal filament entirely wanting 
and a curved trichogyne. It should be com-
pared with the monoecious B. distensum Kylin 
(1912) 姐 d the polygamous B. anatinum 
Sirodot (1884). 

2. Section Batracho抑 rmum
Type: B. gelatinosa (L.) DC. 1802 [=B. 
moniliforme Roth 1800] 
Syn.: section Moniliformia Sirodot 1873; 
section Moniliformes Sirodot 1884. 

Fronds not saturate green. Carpogonium-

bearing branches somewhat differentiated， 
usually arising from the cells of the fascicles， 
sometimes from the pericentral cells of the 

primary branchlets. Carpogonia small to 
large， with club-or finally often um-shaped 
trichogynes. Carposporophytes peduncu-
late， globular， small， numerous， scattered 
within the whorl at various distances from 
the center. Laterals of carpogonium-bearing 
branches elongate， usually embracing the 
問中ogoniaand carposporophytes. 
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1) B. gelatinosum (L.) DC. 1802 
[=Coψ伽 gelatinosa L. 1753， B. 
moniliforme Roth 1800， B. corb仰
Sirodot 1884， B. decaisneanum Sirodot 
1884， B. gelatinosum v町. decaisnea-
num (Sirodot) Reis 1969， B. radians 
Sirodot 1884， B. Moniliforme f. 1:争szenszs
Roth 1800， B. moniliforme var. scopula 
Sirodot 1884] 

2) B. gelatinosum f. pyramidale (Sirodot) 
Compere 1991 
[=B. pyramidale Sirodot1884， B. 
m仰 iliforme f. pyrami，帥 (Sirodot)

Israelson 1942， B. pygmaeum Sirodot 
1884] 

3) B. gelatinosum var. obtrullatum Kumano 
et M. Watanabe 1983 

4) B. durum C. A. Agar品 1824
[=B. 伽 sum Sirodot 1884， B. 
moniliforme f. densum (Sirodot) Israel-
son 1942， B. gelatinosum f. densum 
(Sirodot) Compere 1991] 

Starmach (1982) stated that the species 
name B. durum must be used， because the rea-
son given by Sirodot (1884) for rejecting 
C.A.Ag町 dh's specific name and for propos-
ing a new name for this species are not ac-

cepted by ICBN. 

5) B. helminthoideum (Sirodot) Mori 1975 
[= B. moniliform v町 . helminthoideum 
Sirodot 1884] 

6) B.ゆorulansSirodot 1884 

7) B. godronianum Sirodot 1884 

8) B. r.宅ginenseSirodot 1884 

9) B. stagnale (Bory) Hassal 1845 
[= B. ludibonda Bory v町 .stagnalis Bory 
1808， B. ectocaψum Sirodot 1875， 
1884， B. arcuatum Kylin 1912] 

According to Compere's observation 

(1991)， the Bory's specimens (PC)， clearly 
show the exerted gonimoblasts characteristic 
of B. ectocaゆum. Sirodot himself (1884) con-

sidered both names as synonyms but did not 

accept Bory' s epi也et. Reis (1973)， working on 
Portuguese material， distinguished B. stagnale 
as dioecious from the monoecious B. ecto・

carpum. 
Sheath and Burkholder (1983) syn-

onymized B. ectocaψum Sirodot with the dio-
ecious B. boりlanumSirodot because of the 
variability of trichogynes in populations from 
Rhode Island， and included the section 

Helminthoidea into the section Batrachospermum. 
However， Compere (1991) observed a.few 

spermatia on the specimens bearing carpo・
gonia in Bory's holotype (PC) and preferred to 
keep B. boワlanumof the section Helminthoidea 
and B. ectocaψum of the section Batracho-
spermum sep町 atedon the basis of the exerted 

gonimoblasts in the monoecious B. stagnale 
(Bo町)Hassal 1845 [=B. ecωcarpum Sirodot 
1884]. 

10) B. sinense Jao 1941 

Jao (1941) assigned this species to the sec-
tion Tu柿sa. A young trichogyne of this spe-
cies is cuneate， but the mature one becomes 
round or obovate， sometimes inflad like a bal-

loon， and a carpogonium-bearing branch is 
composed of barrel-shaped cells and provides 
many elongated laterals. These characteris-
tics are also observed in the taxa of the section 
Batrachospermum， so that， this species resem-
bles more closely those of the section 
Batrachospermum rather than those of the sec-
tion TuザDsa(Kumano 1984b). 

11) B. arcωtoideum Reis 1973 

12) B. sporiferum Mori 1975 

13) B. japonicum Mori 1975 

14) B. polycarpum Mori 1975 

15) B. cylindro・cellulareKumano 1978 
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The early stage of development of a 

carpogonium-bearing branch of this species 

is similar to也atof B. c，りnnenenseMontagne 

of the section Aristatae. 

1均6町)B. nova ず明UZ:加M仰附e仰仰T別'lSeKumロma佃noetリJohns蜘t
1983 

Johnstone et al. (1980) assigned this species 

to the section均bri・'da，however， 1 prefer to 

assign this species to the section Batracho・
spermum. 

17) B. heterocorticum Sheath et Cole 1990 

Sheath & Cole (1990) mentioned that this 
species was assigned to the section Batracho・

spermum， because of straight carpogonium-
bearing branches， large lateral whorls and 
presence of several ca中osporophytesin mid-

dle to outer portion of the whorl， on the other 
hand， the shape of trichogyne of this species 
was similar to that of B. sirodotii Skuja ex P. 
Reis (1974) of the section Virescentia. 

[Section CaゆocontortaSheath et al. 1986] 

Type: B. caψoconωrtum Sheath et al. 1986 

Sheath et al. (1986) established a mono-

typic section Caψocontorta based primarily on 
也epresence of protrusions and bends in a 

trichogyne，姐don the size and localization of 

C紅 posporophytes. However， other species 
have a similar shaped trichogyne (Sirodot 

1884， Reis 1969， Mori 1975)， and in these 
cases， the shape of the trichogyne has been 
treated as a characteristics at species rank. 
So that， B. caψoωntortum Sheath et al. can be 
readily included in the section Batracho・

ゆermumas pointed out by Necchi and Entwisle 
(1990). 

18) B. caゆ'oconωrtumSheath et al. 1986 

3. Section Setacea De Toni 1897 

Type: B. dillenii Sirodot 1884 [=B. 
atrum (Huds.) Harvey 1841] 
Syn.: section Moniliformia subsection 
Capillacea Sirodot 1873， section Monili-

formia subsection Setacea Sirodot 1875， 
section Setaces Sirodot 1884 

Fascicles reduced and very short. Carpo-
gonia with club-or urn-shaped trichogynes. A 

carpogonium-bearing branch well-differen-

tiated and reduced to a few cells. Car-

posporophytes appearing as w訂 t-likepro-

tuberances on the central axis. 

Compere (1991) stated that the French 
name of也issection given by Sirodot (1884) 

was first treated as the Latin name by De 

Toni (1897). The earlier epithet Capillacea 
Sirodot (1873) has priority only at the subsec-

tion rank; at the section rank， Setacea Sirodot 
(1875) is illegitimate as a later superfluous 
synonym of Capillacea Sirodot (1873) accord-
ing to the art. 63.1 of ICBN and cannot be 

considered as a basionym for the section 

Setacea. At the section rank， however， Setaιm 
is the correct epithet. 

The section Setacea is included in the section 
Viridia [=防附'centia]by N ecchi姐 dEntwisle 

(1990)， however， 1 prefer to keep the above 
both sections sep町 ated.

1) B.伽 m(Huds.) Harvey 1841 

[=Coψrva atra Hudson 1798， B. 
gallaei Sirodot 1884， B. dil，伽ziiSirodot 

1884， B. tenuissimum Bory， B. angolense 
W. West & G. S. West 1897， Sirodotia 
angolensis (W. West & G. S. West) 

Skuja in Reis 1960] 

2) B. puiggarianum Grunow in Wittrock et 
Nordstedt 1883 
[= B. atraum v町 .ρuiggarianum
(Grunow) Necchi 1989， B. schwackea-
num Moebius 1892， B. nな'rescensW. 

West et G. S. West 1897， Sirodotia 
nなrescens(W. West & G. S. West) 
Skuja in Reis 1960] 

3) B. dia砂'chesEntwisle 1992 
[=B. nothogeae Skuja， nom. nud.] 

4. Section Tuφ'sa Sirodot 1873 
Type: B. vagum (Roth) Ag. 1824 [=B. 
turfosum Bory 1808] 
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Syn.: section TuポcolaDe Toni 1897; 
section TuポcolesSirodot 1884. 

Fronds pseudo-dichotoinously branched. 
Carpogonium-bearing branches straight， 
short and arising from pericentral cells of 
fascicles. Carpogonia sessile or indistinctly 
stalked elongate conical trichogyne with the 
largest diameter distal. Carposporophytes 
big， globular or semiglobular， single (some-
times couple， central within a whorl. 
Gonimoblast filaments of two types of erect 
and diffused. 
In the section Tu柿saemended by Necchi 

(1990a)，出efollowing taxa was recognized as 
possessing two types of gonimoblast filaments 
(e問 ctand diffused)， namely B. orthostichum 
Skuja， B. periplocum (Sk吋a) Necchi， B. 
tu柿'sumBo可，B. tapirense Kumano et Phang. 
Originally classified taxa in the section 
Tuφsa such as B. vogesiacum T. G. Schults 
ex Skuja and B. gombakense Kumano et 
Ratnasabapathy must be transferred to the sec-
tion Virescentia， as redefined in Kumano and 
Phang (1987) and Necchi (1990a)， because 
these taxa have only an erect type of gonimo・

blast filament. 

1) B. turfosum Boη1808 
[ = Chara batra伽 spermav紅 .vaga Roth 
1797， Batrac，加Ispermummoniliforme var. 
vagum (Ro也)Roth 1800， B. vagum 
(Roth) Ag. 1824， B. keratoPhytum Bory 
1808， B. vagum var. keratothytum (Bory) 
Sirodot 1884] 

Compere (1991) mentioned that at the spe-
cies rank， the name B. turfosum Bory (1808) 
antedated B. vagum (Ro出)Ag. (1824)組 d
has to be used， even though the epithet vagum 
is older at the variety rank. 
According to Compere' s observation (1991 )， 

也eBory' s type specimen has a few carpo・

gonia with elongated， club-shaped trichogynes 
and spherical spermatia; it belongs to a 
monoecious species， but the reproduction is 
ensured by ovoid or elliptical monospores. 

2) B. tuφsum var. undulato-pedicellatum 

Kumano et M. Watanabe 1983 

3) B. orthostichum Skuja 1931a 

Al出oughSkuja (1931a) ori伊lallyassigned 
this species with atrum-like fascicles to the 
section Setacea， it seems better to assign it to 
the section Tuφsa based on the shape of 
trichogyne and a little long carpogonium-
bearing branch. Skuja (1931a) observed some 
diffused gonimoblast filaments extending out 
from a globul町 carposporophyteof this spe-
cles. 

4) B. periplocum (Sk吋a)Necchi 1990a 
[=B. vagum var. periclocum Skuja 1969] 

Skuja (1969) observed some diffused 
gonimblast filaments extending out from a 
globular carposporophyte of this species. 

5) B. tapirense Kumano et Phang 1987 

This species resembles B. bakarense Kuma-
no et Ratnasabapathy of the section Virescentia 
in having a short carpogonium-bearing 
branch and a carpogonium with club-shaped 
trichogyne. However， the former differs 
from the latter in having the carpogonium-
bearing branch growing toward the same 
direction that cortical filaments訂 eformed， 
moreover， in having both the radia1ly bran-
ched and the diffused gonimoblast filaments. 

5. Section Virescentia Sirodot 1873， 1875 
Type: not designated in 1875， but only 
one species cited by Sirodot 1875， B. 
helmentosum Bory 1808 [= B. coerulescens 
Sirodot 1884] 
Syn.: section Viridia De Toni 1897; 
section防 的 Sirodot1884. 

Fronds saturate green. Carpogonium-
bearing branches differentiated， short， arising 
from the pericentral cells. Carpopogonia 
with distinctly pedunculate， cylindrical 
trichogynes. A c紅 posporophytebig， globu-
lar， single (rarely in couple)， central within a 
whorl. 
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1) B. helmentosum Bory 1808 
[=B. coerulescens Sirodot 1884， non B. 
helminthosum Sirodot 1884] 

Compere (1991) stated that the reason 
given by Sirodot (1884) for rejecting Bory's 
specifi.c name and for proposing a new name 
for this species are not accepted under ICBN 
and也eformer name must be used. The 
Bory' s holotype specimen (PC) is a female 
plant， with a big carposporophyte in the 
center of a whorls and carpogonium with a 
stalked trichogyne. 

2) B. sirodotii Skuja ex P. Reis 1974 
[=B. virgatum Sirodot 1884 nom. 
illeg.， non B. moniliforme v訂 vz宅eatum

Kuetzing] 

According to Compere (1991)， when pub-
lished the species name B. virgatum Sirodot 
(1884) cited也eearlier B. julianum (Memegh.) 
Arc. as a synonym， therefore this species 
name is illegitimate as superfluous according 
to也ea礼 63of ICBN. It cannot be consi-
dered as a new combination based on B. 
moniliforme var. virgatum Sirodot (1884)，部

suggested by Necchi (1989， 1990a) because 
Sirodot indicate by a question mark that he 
was not sure that his name could apply to 
Kuetzing' s t砿 on. Skuja indicated that B. 
vz:ちeatum Sirodot was different from B. 

mon砂 rmevar. virgatum Kuetzing. Conse-
quently， Skuja proposed， but did not publish， 
the new name B. sirodotii for the illegitimate 
B. virgatum Sirodot. This name was accepted 
and validly published by Reis (1974) with a 
full and direct reference to也ereplaced name. 
The lectotype of this species was chosen by 

Compere (1991) among the specimens cited 
by Sirodot (1884)， which was determined by 
Sirodot and examined by Skuja. 

3) B. graibussoniense Sirodot 1884 

4) B. bruziense Sir吋 ot1884 

5) B. testale Sirodot 1884 

6) B. lochmoゐ'sSkuja 1938 

7) B. vogesi・'acumT. G. Schultz ex Skuja 
1938 

[= B. vagum var. .flagelliforme Sirodot 
1884， B. .flagelliforme (Sirodot) Necchi 
1989] 

Compere (1991) mentioned由atthis spe-
cies name was proposed by Skuja (1938a) as a 
new name， at the species rank， for B. vagum 
V町 ..flagelliforme， which was not a nomen 
nudum as stated by Necchi (1989， 1990a)， 
but a nomen novum and validated before 
1953， by the mere reference to the validly 
published B. vagum var. .flagelliforme according 
to the art. 32.3， 33.2 of ICBN. 
According to Compere (1991) the type 

specimen of this species is not the Schultz's 
specimen， not cited in出eprotologue， but 
one of the specimens cited by Sirodot (1884) 
for this variety. Among these specimens， 
Compere (1991) designated the specimen in 
Herbier Thuret (PC) as出electotype of this 
species; this specimen bears the determination 
"B. vagum variete .flagelliforme Sirodot fructifi.e" 
and has been determined by Skuja as“Batracho-
spermum vogesianum F. G. Schultz". 

8) B. gulbenkianum Reis 1965b 

9) B. transtaga間 mReis 1970 

10) B. crispatum Kumano et Ratnasa-
bapathy 
(Ratnasabapathy and Kumano 1982a) 

11) B. bakarense Kumano et Ratnasa-
bapathy 1984 

Although this species resembles some taxa 
such as B. tortuosum of the section Comtorta 
in having a slightly curved carpogonium-
bearing branch， it resembles more closely 
species of the section Virescentia in having a 
short carpogonium-bearing branch and a 
carpogoium with a club-shaped trichogyne. 

12) B. gombakense Kumano et Ratnasa-
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bapathy 
(Ratnasabapathy and K山 nano1982b) 

Ratnasabapathy 組 d Kumano (1982b) 
assigned this species to the section Turfosa. 
However， this species had better to be 
assigned to the section Virescentia based on 

the characteristics; a carpogonium with an 

indistictly stalked and inverted conical 
trichogyne and a single large carposporophyte 
inserted central1y in a whorl. 

[Section Clavijormia Reis 1973] 
Type: B. azeredoi Reis 1967 

The section Clavijormia was established by 

Reis (1973) by having basically a carpo・
gonium with a sessile and club-shaped tricho-

gyne and central carposporophytes. 
According to these circumscription， 1 agree 

with Necchi's opinion (1990a) that the section 
Clavijormia can be merged in the section 
Virescentia， whose members have a stalked or 

sessile， cylindrical or club-shaped trichogyne 
and sessile or central carposporophytes. 

13) B. azeredoi Reis 1967 

14) B. ferreri Reis 1967 

6. Sectionめかぬ DeTni 1897 
Type: B. virgato・decaisneanum Sirodot 
1884 

Syn.: section均 brideSirodot 1884 

Fronds saturate green. Carpogonium-

bearing branches short and arising from the 
basal cells of the primary branchlets. Carpo-

gonia with trichogynes somewhat asymmet-
ric， sessile or indistinctly stalked， ellipsoidal. 
Carposporophytes globular， big， single (or 
couple)， central within the whorl. 

This section name was first treated as the 

Latin name by De Toni (1897). 

1) B. virgato-decaisneanum Sirodot 1884 

2) B. abilii・Reis1965a 

3) B. m肋ogyneFlint et Skuja in Flint 1953 

7. Section Aristatae Skuja 1933 
Lectotype: B. cayennense Montagne in 

Kuetzi時 1849designated by Necchi (1990a). 

Fronds irregularly branched. Carpo-

gonium-bearing branches straight， long and 
differentiated from the fascicles. Carpogonia 
symmetrical. Carposporophytes peduncu-
late， spherical. 

Skuja (1933) proposed the section Aristatae 
to include B. macrosporum Montagne， B. cayen-
nense Montagne， B. aristatae Skuja sp. nov. 

and probably B. breutelii Rabenhorst， 
however， he did not designate the type species 
ofthis section， which presumably would be B. 
aristatum， which was not formal1y described. 
The earliest effectively and valid published 

species in the section Aristatae is B. c，のlennense
Montagne is Kuetzing (1849). Thus， this 
species was disignated as the lectotype of the 

section Aristatae by Necchi (1990a). 

It is proposed that this section is divided 
into the following two subsections based on 

the occurrence of the hypogynous cells form-
ing the rosette-like laterals. 

7-1. Aristatae subsect. nov. 

Typus: B. c，のlennenseMontagne in Kuetz-
ing 1849 

Frons plus minusve irregulariterque 
ramosa. Ramuli carpogoniferi stricti， longi， e 

cellulis pericentralis orientes， sine cel1ulis 
hypogynis rosulatis. Trichogyne indistincte 
pedicellata. Carposporophytum in peri-
pherias verticilli insertum， aux ex verticillis 
exertum. 

Subsection Aristatae 

Fronds more or less irregularly branched. 
Carpogonium-bearing branches straight， 
long， arising from pericentral cells， without 
rosette-like hypogynous cells. Trichogyne 
indistinctly stalked. Carposporophytes 
spherical， inserted within or exerted from 
the periphery of a whorl. 
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1) B. c，のlennenseMontagne in Kuetzing hypogynae rosulatae， lateraliter prolatae， 
1849 magnae. Carpogonia symmetrica， trichogyne 

indistincte pedicellata， urniformis. C町 po・
2) B. tu伊・'dumKumano 1982b sporophytum in peripherias verticilli insertum， 

aux ex verticillis exertum. 
3) B. longiarticulatum Necchi 1990a 

4) B. beraense Kumano 1978 

The taxa of the family Batrachospermaceae 
exhibited the primitive characteristics in the 
absence of any fusion of a fertilized carpo・
gonium with a hypogynous cell and in the 
formation of the gonimoblast filaments 
produced directly仕omthe undivided fertilized 

carpogonium. However， the gonimoblast 
filaments of B. beraeηse Kumano were develo・
ped from the divided carpogonium， the lower 
cell of which did not fuse with the hypogynous 
cell， as in certain members of the family 
Helmintho・cladiaceae(Kumano and Ratnasa-

bapathy 1982). 

5) B. breutelii Rabenhorst 1855 
[=B. dimorphum Kuetzing 1857] 

B. breutelii firstly described without i1lustra-
tions by Rabenhorst (1855) based on the speci-
men collected by Breutel from Gnadenthal 
near Cape of Good Hope in South Africa. 
Kuetzing (1857) described B. di:脚 rphumwith 

illustrations based on the specimen collected 

by Pfarrwe Wenck from the same locality， 
Gnadenthal in South Africa. Sk吋a(1933)ex-
amined the both type specimens of S. breutelii 
Rabenhorst (1855) and B. dimoψ，hum Kuetz-
ing (1857) and pointed out that the latter was 
regarded as conspecific wi出 theformer， 
which was validly published. 

Skuja (1933) examined this species組 d

found the unusual gonimoblast filaments deve-
loped into the large gemmae，“Brutkoerper" . 

7-2. Macrosporum subsect. nov. 
Typus: B. macrosporum Montagne 1850 

Frons plus minusve irregulariterque 
ramosa. Ramuli carpogoniferi stricti， longi， 
e cellulis pericentralis orientes. Cellulae 

Subsection Macrosporum 

Fronds more or less irregularly branched. 
Carpogonium-bearing branches straight， 
long， arising from pericantral cells. 

Hypogynous cell in rosette， laterallyelongate， 
large. Carpogonia symmetrical， trichogyne 
indistinctly stalked， urn-shaped. Carpo-
sporophytes spherical， inserted within or 

exterted from the peripherγof a whorl. 

6) B. equisetifolium 

Based on the examination of type speci-

men， Kumano (1990) stated也atthis species 
resembled B. macrosporum Montagne in hav-
ing hypogynous cells forming rosette-like 
laterals， but differed from the latter in the size 
of the trichogyne. 

7) B. め向ynum Kumano et Ratnasa-

bapathy 
(Ratnasabapathy and Kumano 1982b) 

The rosette-like nutritive hypogynous cell， 
connected with a carpogonium and the under-

lying cells of a carpogonium-bearing branch， 
took pa此 animportant role in the formation 

of a large carposporangia in this species 
(Kumano and Ratnasabapathy 1982). 

8) B. macrosporum Montagne 1850 
[=B. o.砂cladumMontagne 1850， B. 
macro.学orum v訂.。砂cladum (Mon-
tagne) Sirodot 1884， B. excelsum 
Montagne 1850， B. macrosporum var. 
excelsum (Montagne) Sirodot 1884] 

Kumano (1990) examined the type speci-
men of S. o.砂cladumMontagne and pointed 
out that this species was regarded as a syno・
nym of B. macrosporum Montagne. This spe-
cies had nutritive hypogynous cells which 
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formed rosette-like laterals and the largest 
carposporangia among the taxa of the genus 
Batracho.ゆennumRoth. 

8. Section Contorta Skuja 1931a 
Type: B.仰 ωψumSkuja 1931a 

Fronds irregularly or pseudo-dichotomous-
ly branched. Carpogonium-bearing bran-
ches curved or twinsted and coiled， differen-
tiated from the fascicles. Carpogonia s戸n-
metrical. Carposporophytes sessile， semi-
globul町. Gonimoblast filaments of an erect 

type. 
Skuja (1931a) proposed the division of the 

genus Batrachospennum into two subgenera， 
subgenus Eu-Batrachoφermum and subgenus 
Condea， the latter with the single section Con-
torta to accommodate B. procaゆumSkuja 
(1931a). The section Contorta as part of the 
genus Batrachospennum has been widely accept-
ed and numerous species have been assigned 
to this section. 

It is proposed that this section is divided 

into the following five subsections based on 

the occurrences of monosporangia， curved or 
spirally coiled carpogonium-bearing bran-
ches， loosely 0町rc∞ompa舵cは叫dy a噌gg副lome釘r割 e吋d 

carposporophytes. 

8-1. Intortum sect. nov. 
Typus: B. intortumJao 1941 

Frons plus minusve irregulariterque 

ramosa. Ramuli carpogoniferi tortuosi， e 

cellulis pericentralis orientes. Trichogyne 
claviformis， indistincte pedicellata， ad basim 
saepe sexa. Ca叩osporophytumglobosus vel 
semiglobosus， in centro verticilli insertum. 
Monosporangia in ramulis carpogoniferiis， 
secundariis vel primaiis terminalia. 

Subsection Intortum 

Frons irregularly branched. C町 po・
gonium-bearing branches twisted，町ising
from pericentral cells. Trichogyne club-shaped， 
indistincdy stalked， often bent at the base. 
Carposporophytes globular or semiglobular， 

inserted centrally. Monosporangia terminat-
ing laterals of carpogonium-bearing bran-
ches， primary and secondary branchlets. 

1) B. intortumJao 1941 

This taxon hitherto known only from China 

(Jω1941) was found on severallocalities in 
the mountainous eastern part of Cuba， Prov. 
Oriente， by Rieth (1979). 

2) B. pseudocaψum Reis 1973 

3) B.ωoitapense Kumano 1983c 

4) B. lωitanicum Reis 1965a 

8-2. Torridum sect. nov. 
Typus: B. torridum Montagne 1850 [=B. 

E暗 umvar. torridum (Montagne) Sirodot 1884] 

Frons plus minusve irregulariterque 

ramosa. Ramuli carpogoniferi plus minisve 

curvi， e cellulis pericentralis orientes. Tricho・

gyne indistincte pedicellata， claviformis， ad 
basim saepe sexa. Carposporophytum semi-
globosi， breves， centro verticillii inserti. 

Subsection Torridum 

Fronds more or less irregularly branched. 
Carpogonium-bearing branches more or less 

curved， arising from pericentral cells. 
Trichogyne club-shaped， indistincdy stalked， 
often bent at the base. Carpogonia as戸n-
metrical. C arposporophytes semiglobular， 
big， inserted centrally. 

5) B.附 oωumKumano 1978 

6) B.ω抑制umvar. m吻.ωKumano1982a 

7) B. torridum Montagne 1850 
[=B. vagum var. tom.dum (Montagr吋
Sirodot 1884] 

Based on the examination ofthe type speci-
men， Kumano (1990) did not assi伊 thisspe-
cies to the section Turfosa but to the section 
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Contorta and proposed to use Montagne's shapes was found from the basal portion to 

species name. the outer portion of fascicles in the original 

figures by Israelson (1942). However， 1 do 
8) B. doboense Kumano et Borden-Kerby not agree with the opinions of Sheath et al. be-

1986 cause the characteristics of the audouinelloid 

fascicles of this species were different from 

9) B. faroense Kumano et Borden-Kerby those of B. globosporum Israelson (1942). 
1986 

8-3. Procaψum sect. nov. 
Typus: B. procarpum Skuja 1931a 

Frons plus minusve irregulariterque 

ramosa. Ramuli primarii audouinelloidei， 
alteme vel unilaterliter raminificantes. Ram叫i

carpogoniferi tortuosi， e cellulis pericentralis 

orientes. Trichogyne indistincte pedicellata， 
ellipsoidea vel claviformis. Carposporo-

phytum semiglobosi， breves， centro verticillii 
mse口i. Fila gonimoblastorum longa， plus 
minisve laxe agglomerata. 

Subsection Procaψum 

Frons more or less irregularly branched. 

Primary branchletsAudouinella-like， altemately 
or unilaterally branched. Carpogonium-

bearing branches twisted or spirally coiled， 
ansmg from pericentral cells. Trichogyne 

indistinct1y stalked， ellipsoidal or club-shaped. 
Carposporophytes semiglobular， big， centrally 
inserted. Gonimoblast filaments long， more 
or less loosely agglomerated. 

10) B. procaψum Skuja 1931a 

14) B. jゆiN ecchi 1986 

Sheath et al. (1992) considered that this spe-

cies was a synonym of B. globoφorum， because 
ellipsoidal and ovoid cells of fascicles were 

found in the type materials and also in the 

original figures by Necchi (1986). However， 
1 agree with Necchi's opinion (1986， 1990a) 
that this species is classified with B. procaψum 

having audouinelloid fascicles. 

15) B. d，ゐens叩sz勾vertiお;訟czμ:ヨlf，μatωum

8-4. Kushiroense subsect. nov. 
Typus: B. kushiroense Kumano et Ohsaki 

1983 

Frons plus minusve irregulariterque 

ramosa. Ramuli carpogoniferi valde tortuosi， 
e cellulis percentralis orientes. Trichogyne 

indistincte pedicellata， urnformis， ad basim 
saepe flexa. Carposporophytum globosi vel 

semiglobosi， centro verticillii inserti. Fila 

gonimoblastorum longa， laxe agglomerata. 

Subsection Kzιfhiroense 

Fronds irregularly branched. Carpo-

11) B. procarpum v訂 .americanum Sheath et gonium-bearing branches strongly twisted， 
al. 1992 arising from pericentral cells. Trichogyne 

indistinct1y stalked， often bent at the base. 
12) B. equisetoideum Kumano et Necchi Carposporphytes globular or semiglobular， 

1985 centrally inserted. Gonimoblast filaments 

long， loosely agglomerated. 
13) B. c争oenseKumano et Necchi 1985 

Sheath et al. (1992) stated that this species 
was considered to be a synonym of B. globo-
sporum Israelson (1942) because ellipsoidal cells 
were found in the outer portion of facicles of 

the type material and the graduation of cell 

16) B. kushiroense Kumano et Ohsaki 1983 

17) B. gり'anense(Montagne) Kumano 1990 
[=B. vagum var. guyanense Montagne 

1850] 
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Based on the examination ofthe type speci-
men， Kumano (1990) did not assign this spe-
cies to the section Tuφsa but to the section 
Contorta and proposed a new combination. 

18) B. tabagatense Kumano et Borden-
Kerby 1986 

19) B. nechochoense Kumano et Borden-
Kerby 1986 

20) B. nonocense Kumano et Liao 1987 

21) B. iriomotense Kumano 1982a 

22) B. globosporum Israelson 1942 

This species seemed better to be assigned 
to the section Contorta rather也anto the 
section Tuげら'sa(Israelson 1942)， because the 
carpogonium-bearing branch of this species 

was strongly curved and the trichogyne was 
formed asymmetrically (Kumano 1984a). 

23) B. breviarticulatus (Necchi et Kumano) 
Necchi 1990a 
[=B. capense Starmach ex Necchi et 
Kumano var. breviarticulatum Necchi et 
Kumano 1984] 

24) B. capense Starmach ex Necchi et 

Kumano 1984 
[=B. capense Starmach 1975， nom. 
illeg. ] 

25) B. skujanum Necchi 1986 

8-5. Ambなuumsubsect. nov. 
Typus: B. ambψum Montagne 1850 [=B. 

bicudoi Necchi 1986， B. exsertum Necchi 1986， 
B. basilare Flint et Skuja in Flint 1953]. 

Fronds plus minusve irregulariterque 
ramosa. Ram叫icarpogoniferi valde tortuosi， 
e cellulis pericentralis orientes. Trichogyne 
indistincte pedicellata， urnformis， ad basim 
saepe fl.exa. Carposporophytum globosi vel 
semiglobosi， centro verticillii inserti. Fila 
gonimoblastorum langa， confertim agglomer-

ata. 

Subsection Ambiguum 

Fronds irregularly branched. Carpo-

gonium-bearing branches strongly twisted. 
Trichogyne indistinctly stalked， often bent at 
the base. Carposporophytes globular or semi-
globular， centrally inserted. Gonimoblast 

filaments compactly agglomerated. 

26) B. tiomane~山 Kumano et Ratnasa-

bapathy 
(Ratnasabapathy and K田 nano1982a) 

27) B. omodoense Kumano et Borden-Kerby 
1986 

28) B. hirosei Ratnasabapathy et Kumano 
1982b 

29) B. nod，伊orumMontagne 1850 
[=B. vagum var. nod，伊'orum (Mon-

ta伊 e)Sirodot 1884] 

Based on the examination of the type speci-

men， Kumano (1990) stated出atthis species 
was not assigned to the section Tu柿sabut to 

the section Contorta，組 dproposed to use Mon-
tagne's species name. 

30) B. ambiguum Montagne 1850 
[=B. bicudoi Necchi 1986， B. exsertum 
Necchi 1986， B. basilare Flint et Skuja 
in Flint 1953]. 

Based on the examination of the type speci-

men Kumano (1990) stated that this species 
was assigned to the section Contorta， because 
of the occurrence of the spirally twisted 
carpogonium-bearing branch of this species. 

31) B. louisianae Skuja in Flint 1949 

Flint (1949) pointed out出 sspecies was as-
signed to the section Contorta. Based on the 
examination of the lectotype and other speci-
mens， Sheath et al. (1992) confirmed a curved 
carpogonium-bearing branch. 
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32) B. henriquesianum Reis 1972 

33) B. mahlacense Kumano et Borden-

Kerby 1986 

34) B. gracillimum W. West et G. S. West 
emend. Necchi 1989 

35) B. gibberosum (Kumano) Kumano 1986 
[= Tuomeya gibberosa Kumano 1978] 

Kumano (1986) stated出atthis species 
differed from Tuomeya americana (Kuetzing) 
Papenfuss， the type species of the genus 
Tuomeya， in the presence of the secondary 
branchlets and the absence of the gonimoblast 
placenta， the latter of which was characteris-
tic ofthe genus Tuomeya. Because this species 
is similar to the taxa of the genus Batracho-
spermum in the structure of thallus and the 
process of the fertilization， it was transferred 
from the genus Tuomeya to the genus 

Batrachoゆermum.

Genus Sirodotia Kylin 1912 
Type: Sirodotia suecica Kylin 1912 
Syn.: section Sirodotia (Kylin) Necchi et 
Entwisle 1990 

Fronds irregularly branched. Carpo-

gonium-bearing branches short， arising from 
pericentral cells and or cells of fascicles. 
Carpogonia as戸nmetricalwith elongate conical 
or club-shaped trichogynes. Carposporo-
phytes indefinite in shape， extend over along 
the cortical filaments. Gonimoblast 創a-

ments of a diffused type. 
Necchi and Entwisle (1990) treated the 

genus Sirodotia Kylin 1912 as a section Si・rodotia
ofthe genus Batrachospermum Roth， however， 1 

prefer to keep the above both genera separat-
ed， because the taxa of the genus Sirodotia is 
similar to those of the genus Batrachospermum 
in the vegetative structures but differs in the 
reproductive structures， in having a diffuse 
gonimoblast ra也erthan a dense globular 
gonimoblast and a lobed rather than an isodia-
metric carpogonium base. 

1) S. suecica Kylin 1912 
[=B伽 chospermum suecicum (K ylin) 
Necchi et Entwisle 1990， S.斤nmca
Skuja 1931b， Batrachoゆermum斤nmcum
(Sk吋a)Necchi et Entwisle 1990，主

acuminata Skuja in Flint 1950] 

2)丘 huilen.巾 (Welw.，W. et G. S. West) 
Skuja 1931b 
[=Bat即 hospermumhuillense Welwitsch 
ex W. et G. S. West 1897， S. ateleia 
Skuja 1938] 

3) S. delicatula Skuja 1938 
[=Batrachoゆermumdelicatulum (Sk吋a)
Necchi et Entwisle 1990] 

4)丘 sinicaJ ao 1941 

5) S. segawae Kumano 1982c 

This species was reported from J apan 
without the Latin name and description by 
Segawa (1939)， so that， a new species name 

was validly published by Kumano (1982c). 

6) S. yutakae Kumano 1982c 

This species was reported from J apan 
without the Latin name and description by 

Segawa (1939)， so that， a new species name 

was validly published by Kumano (1982c). 

7)丘 tenuissima(Collins) Skuja in Flint 

1948 

[Batrachospermum vagum (Roth) C. 
Agardh var. jlagelliforme Sirodot f. 
tennuiss 

8)丘gardneriSkuja in Flint 1950 

Based on the examination of the type speci-
men， Necchi et al. (1993) mentioned that 
Sirodotia gardneri could not be compared in all 
characteristics with the other species of 
Sirodotia because the type specimen was a 

male plants. 

9) S. polygama Skuja in Flint 1948 
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According to Necchi et al. (1993)， this spe-
cies can be assigned to the section Tu柿'sa
sensu Necchi et Entwisle (1990). 

Genus Tuomeya Harvey 1858 
Type: Tuomeya americana (Harv.) Papen-
fuss 1958 [=Baileya americana Kuetzing 
1857， Tuomeya.fluviatilis Harvey 1858] 
Syn.: section Tuomeya (Harve吋Necchiet 
Entwisle 1990. 

Necchi and Entwisle (1990) treated the 
genus Tuomeya Harvey as a section Tuomeya of 
the genus Batrachospermum Roth， however， 1 
prefer to keep the genus Batrachospermum and 
the genus Tuomeya separated. 

1) Tuomeya americana (Harv.) Papenn国
1958 
[=Ba均aamericana Kuetzing 1857， 
Tuomeya .fluviatilis Harvey 1858， 
Batrachospermum americanum (Kuetzing) 
Necchi et Entwisle 1990] 

Genus Nothocladus Skuja 1934 
Type: N nodosωSkuja 1934 [=N tas伽 nz-

cωSkuja 1934] 
Syn.: section Nothocladus (Sk吋a)Necchi et 
Entwisle 1990 

Necchi and Entwisle (1990) treated the 
genus Nothocladus Skuja as a section Notho-
cladωof the genus Batrachospermum Ro也，
however， 1 prefer to keep the above both 
genera separated， because Nothocladus differs 
from Batrachospermum in diffuse gonimblast 
filaments and from Sirodotia in symmetrical 
carpogoma. 

1) N nodosus Skuja 1934 
"[=N tasmanicus Skuja 1934， 
Batrachospermum nodosum (Skuja) 
Necchi et Entwisle 1990] 

2) N lindaueri Skuja 1944 
[ = Batrachospermum lindaueri (Skuj a) 
Necchi et Entwisle 1990] 

3) N ψ'Oaustralis Skuja 1964 

The taxa of the family Batrachospermaceae 
treated in this paper. 

Family Batrachospermaceae Ag町品11824 
Genus Batrachospermum Roth 1800 
1. Subgenus Acaψosporophytum Necchi 1990a 

1) B. brasiliense Necchi 1987 
11. Subgenus Batrachospermum Necchi 1990a 

[=genus Batrachospermum Roth 1800] 
1. Section Helminthoidea De Toni 1897 
[=sectionH伽仇幼osaSirodot 1873， section 
“Helminthoides" Sirodot 1884] 
1) B. coがtSum(Bo可)Hassal 1845 

[B. ludibonda Bo町 V町 . coがtSaBory 
1808， B. helminthosum Sirodot 1884， 
non B. helmentosum Bory 1808， B. 
crouanianum Sirodot 1884] 

2) B. boryanum Sirodot 1884 
[ = B anatinum Sirodot 1884] 

3) B. boワlanumvar. distensum (Kylin) 
Israelson 1942 
[=B. distensum Kylin 1912] 

4) B. szschwanense Jao 1941 
2. Section Batrachospermum 

[= section Monilifom切 Sirodot1873; sec-
tion Moniliformes Sirodot 1884， section 
Caψocontorta Sheath et al. 1986] 

1) B. gelatinosum (L.) Dc. 1802 
[= Conferva gelatinosa L. 1753， B. 
moniliforme Roth 1800， B. corbula 
Sirodot 1884， B. decaisneanum Sirodot 
1884， B. gelatinosum var. decaisneanum 
(Sirodot) Reis 1969， B. radians Sirodot 
1884， B. moniliforme f. lipsiensis Roth 
1800， B. monil扮rme var. scψula 
Sirodot 1884] 

2) B. gelatinosum f.良yramidale(Sirodot) 
Compere 1991 
[=B. pyramidゆ Sirodot 1884， B. 
monz・liforme f. pyramidale (Sirodot) 
Israelson 1942， B. pygmaeum Sirodot 
1884] 

3) B. gelatinosum var. obtrullatum Kumano 
et Watanabe 1983 

4) B. durum C. A. Ag町 dh1824 
[=B. densum Sirodot 1884， B. 
moniliforme f. d加 um(Sirodot) Israel-
son 1942， B. gelatinosum f. ゐnsum
(Sirodot) COII叩る討r問e1991] 
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5町)B. hルel:加m哩旬Z:耐.

[= B. moniliform var. helminthoideum 
Sirodot 1884] 

6) B. sporulans Sirodot 1884 
7) B. godronianum Sirodot 1884 
8) B. reginense Sirodot 1884 
9) B. stagnale (Bo可)Hassal 1845 

[=B. ludibond包Boryvar. stagnalis Bory 
1808， B. ectocarpum Sirodot 1875， 
1884， B. arcuatum Kylin 1912] 

10) B. sinense Jao 1941 
11) B. arcuatoideum Reis 1973 
12) B.ゆorijもrumMori 1975 

13) B. japonicum Mori 1975 
14) B. polycaψum Mori 1975 
15) B. cylindro・cellulareKumano 1978 

16) B. nova-guineense Kumano etJohnstone 
1983 

17) B. heterocorticum Sheath et Cole 1990 
18) B. caψocontortum Sheath et al. 1986. 

3. Section Setacea De Toni 1897 

[= section Moniliformia subsection Capillacea 
Sirodot 1873， section Moriliformia subsec-
tion Setacea Sir吋 ot1875， section Setaces 
Sirodot 1884] 

1) B.伽 m(Huds.) Harvey 1841 

[=Conferva atra Hudson 1798， B. 
gallaei Sirodot 1884， B. dillenii Sirodot 
1884， B. tenuissimun Bory， B. angolense 
W. West & G. S. West 1897， Sirodotia 
angolensお (W. West & G. S. West) 

Skuja in Reis 1960] 

2) B. puiggarianum Grunow in Wittrock et 
Nordstedt 1883 

[=B. atrum var. puiggarianum 
(Grunow) Necchi 1989， B. schwackea-
num Moebius 1892， B. nigrescens W. 

West et G. S. West 1897， Sirodotia 
F噌rescens(W. West & G. S. West) 

Skuja in Reis 1960] 

3) B. dia汐'chesEntwisle 1991 
[=B. nothogeae Skuja， nom. nud.] 

4. Section Turjosa Sirodot 1873 
[=section Turficola De Toni 1897; section 

Turficoles Sirodot 1884] 
1) B. tuφ'sum Bory 1808 

[= Chara batrachosperma var. vega Roth 
1797， Batrachospermum moniliforme v訂.

vagum (Roth) Roth， B. vagum (Roth) 

Ag. 1824， B. keratophytum Bory， B. 
Z噌umvar. keratoPhytum (Bo可)Sirodot] 

2) B. tuザ'osum var. undulaωψゐicellatum
Kumano et M. Watanabe 1983 

3) B. orthostichum Skuja 1931a 
4) B. periplocum (Skuja) Necchi 1990a 

[=B. vagum v町 .ρericlocumSkuja 1969] 

5) B. tapirense Kumano et Phang 1987 
5. Section Virescentia Sirodot 1873， 1875 

[=section ~制'dia De Toni 1897; section 

防巾 Sirodot1884， section Claviformia Reis 
1973] 

1) B. helmentosum Bory 1808 
[=B. coerulescens Sirodot 1884， non B. 
helminthosum Sirodot 1884] 

2) B. sirodotii Skuja ex P. Reis 1974 
[=B. virgatum Sirodot 1884 nom. 

illeg.， non B. moniliforme var. virgatum 
Kuetzing] 

3) B. graibussoniense Sirodot 1884 
4) B. bruziense Sirodot 1884 
5) B. testale Sirodot 1884 
6) B. lochmodes Skuja 1938 
7) B. vogesiacum T. G. Schultz ex Skuja 

1938 

[=B.時 間 var.flagelliforme Sirodot 
1884， B. flagell扮rme(Sirodot) Necchi 

1989] 

8) B. gulbenkianum Reis 1965b 
9) B. transtaganum Reis 1970 
10) B. crispatum Kumano et Ratnasa-

bapathy 
(Ratnasabapathy and Kumano 1982a) 

11) B. bakarense Kumano et Ratnasa・

bapathy 1984 

12) B. gombakense Kumano et Ratnasa・

bapathy 

(Ratnasabapathy and Kumano 1982b) 

13) B. azeredoi Reis 1967 
14) B. ferreri Reis 1967 

6. Section均bridaDe Toni 1897 
[=section均伽・'deSirodot 1884] 

1) B. virgato・decaisneanumSirodot 1884 

2) B. abilii Reis 1965a 
3) B. mikrogyne Flint et Skuja in Flint 1953 

7. Section Aristatae Skuja 1933 
7-1. Subsection Aristatae Kumano 1993 

1) B. c，のlennenseMontagne in Kuetzing 

1849 
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2) B. turgidum Kumano 1982b 
3) B. longiarticulatum Necchi 1990a 
4) B. beraense Kumano 1978 
5) B. breutelii Rabenhorst 1855 

[=B. dimoψhum Kuetzing 1857] 
7-2. Subsection Macrosporum Kumano 1993 

6) B. equisetifolium Montagne 1850 
7) B. めIpogynumKumano et Ratnasa-

bapathy 
(Ratnasabapathy and Kumano 1982b) 

8) B. macroゆorumMonta伊 e1850 
[=B. o.砂cladumMontagne 1850， B. 
macrosporum var. 0.砂cladum (Mon-
ta伊 e)Sirodot 1884， B. excelsum Mon-
tagne 1850， B. macrosporum var. 
excelsum (Montagne) Sirodot 1884] 

8. Section Contorta Skuja 1931a 
8-1. Subsection Intortum Kumano 1993 

1) B. intortumJao 1941 
2) B. pseudocaψum Reis 1973 
3) B.ωoitapense Kumano 1983c 
4) B. lusitanicum Reis 1965a 

8-2. Subsection Torridum Kumano 1993 
5) B. tortuosum Kumano 1978 
6) B. tortuosum var. majus Kumano 1982a 
7) B. torridum Montagne 1850 

[=B. vagum var. tOTTidum (Montagne) 
Sirodot 1884] 

8) B. doboense Kumano et Borden-Kerby 
1986 

9) B. faroe1四 Kumanoet Borden-Kerby 
1986 

8-3. Subsection Procarpum Kumano 1993 
10) B. procarpum Skuja 1931a 
11) B. procaψum var. americanum Sheath et 

al. 1992 
12) B. equisetoid切m Kumano et N ecchi 

1985 
13) B. c砂oenseKumano et N ecchi 1985 
14) B. jolyi Necchi 1986 
15) 13. densiverticillatum Necchi 1990a 

8-4. Subsection Kushiroense Kumano 1993 
16) B. kushiroense Kumano et Ohsaki 1983 
17) B. guyanense (Monta伊 e)Kumano 1990 

[= B. vagum var. guyanense Montagne 
1850] 

18) B. tabagatense Kumano et Borden-
Kerby 1986 

19) B. nechochoense Kumano et Borden-

Kerby 1986 
20) B. nonocense Kumano et Liao 1987 
21) B. iriomotense Kumano 1982a 
22) B. globosporum Israelson 1942 
23) B. breviarticulatω(Necchi et Kumano) 

Necchi 1990a 
[=B. capense Starmach ex Necchi et 
Kumanov町 .breviarticulatum N ecchi et 
Kumano 1984] 

24) B. capense Starmach ex Necchi et Kuma-
no 1984 
[=B. capense Starmach 1975， nom. 
illeg. ] 

25) B. sk仰 numNecchi 1986 
8-5. Subsection Am均uumKumano 1993 

26) B. tiomanense Kumano et Ratnasa-
bapathy 
(Ratnasabapathy and Kumano 1982a) 

27) B. omodoense Kumano et Borden-Kerby 
1986 

29) B. nod;伊'orumMontagne 1850 
[=B. vagum var. nod;伊'orum (Mon-
tagne) Sirodot 1884] 

30) B. ambiguum Montagne 1850 
[= B. bicudoi・Necchi1986， B. exsertum 
Necchi 1986， B. basilare Flint et Skuja 
in Flint 1953]. 

31) B. louisianae Skuja in Flint 1949 
32) B. henriquesianum Reis 1972 
33) B. mahlacense Kumano et Borden-

Kerby 1986 
34) B. gracillimum W. West et G. S. West 

emend. Necchi 1989 
35) B. gibberosum (Kumano) Kumano 1986 

[= Tuomeya gibberosa Kumano 1978] 
Genus Sirodotia Kylin 1912 

[=section Sirodotia (Kylin) Necchi et En-
twisle 1990] 
1) S. suecica Kylin 1912 

[=Batracho.ゆermum suecicum (Kylin) 
Necchi et Entwisle 1990，広斤nnicaSku・
ja 1931b， Batrachospermum fennicum 
(Skuja) Necchi et Entwisle 1990，広
acuminata Skuja ex Flint 1950] 

2) S. huillensis (Welw.， W et G. S. West) 
Skuja 1931b 
[= Batrachospermum huillense Welwitsch 
ex W. et G. S. West 1897， S. ateleia 
Skuja 1938] 
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3) S. delicatula Skuja 1938 

[=Bat帥仲間umdeli，ωulum (Sk制
Necchi et Entwisle 1990] 

4)丘 sinicaJ ao 1941 

5) S. segawae Kumano 1982c 

6) S. yutakae Kumano 1982c 

7) S. tenuissima (Collins) Skuja ex Flint 
1948 

[=Batrachospermum vagum (Roth) C. 

Agardh v町 . jlagelliforme Sirodot f. 

tenuissima Collins 1895] 

8) S. gardneri Skuja in Flint 1950 
9) S. polygama Skuja in Flint 1948 

Genus Tuomeya Harvey 1858 
[=section Tuomeya (Harvey) Necchi et 

Entwisle 1990] 

1り)Tuω1m仰m吻吻りeyaamerica7仰2ωa(Ha町rv仏吋.)Pa却pe閲n瓜山向fu知1碍s

1958 

[ = Baileya americana Kuetzing 1857， 
Tuomeya jluviati・lis Harvey 1858， 
Batrachospermum americanum (Kuetzing) 
Necchi et Entwisle 1990] 

Genus Nothocladus Skuia 1934 

[= section Nothocladus (Sk吋a) Necchi et 

Entwisle 1990] 

1) N. nodosωSkuja 1934 

[=N. t，ωmanzcωSkuja 1934， Batracho・
spermum no伽 um (Skuja) Necchi et 

Entwisle 1990] 

2) N. lindaueri Skuja 1944 
[=Bat制 oゆermum lindaueri (Sk制
Necchi et Entwisle 1990] 

3) N.祈.oaωtralisSkuja 1964 
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熊野茂:力ワモズク科(力ワモズク目，紅藻植物)の分類

この総説では，カワモズク科の分類に関する最近の改変，形態学的観点から見た属・節聞の類縁関係，及び，

現在までに記載された 104分類群のりストを，分類学的ノートを付して紹介した。この総説で取り扱った分類群

はカワモズク科の4属である，即ち，カワモズク属 (91分類群)，ユタカカワモズク属 (9種)，ツオメヤ属c1

種)，及びノトクラヅス属(3種)。カワモズP属(91分類群)は2つの亜属からなる，即ち，無果胞子体重属c1

種)とカワモズク亜属 (90分類群)。カワモズ?:BE属は次の 8つの節から構成される，即ち，ヘルミントイデア

節 (4分類群カワモズク節(18分類群セタケア節 (3分類群ツルフォサ節 (5分類群ヴィレン

センチア節(14分類群ヒプリダ節(3分類群) : 2つの亜節，即ち，マクロスポルム亜節とアリスタタエ節

亜節からなるアリスタタエ節 (8分類群) : 5つの亜節，即ち，イントルタ亜節， トリヅム亜節，プロカルプム

亜節，クシロエンシス亜節及びアムピグウム亜節からなるコントルタ節 (35分類群)0(657神戸市灘区六甲台1-

1 神戸大学理学部生物学教室)

(Received Apri119， 1993， Ac，ψetedJuly久1993)
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斎藤譲 :janczewskia tokidaeはj.morimotoiの若い大形個体

Yuzuru Saito: janczewskia tokidae is a young and large frond ofJ. morimotoi 

Yuzuru Saito， Facu!'砂ojFisheries， Hokkaido Univeηity， Hakodate， Hokkaido， 041 japan 

janczewskia t出伽 Saitowas e由 blishedfrom material collected on J uly 1， 1965 at Kinaoshi， Pacilic 

coast of southern Hokkaido.τ'he type specimen was remarkably large， with n釦lr此the釘rbranched fi仕re田e 

branches 。叩nb加。t由hmale and f，島e皿 ale g伊ameto叩ph耐lyt旬es民， which occurred only on the t匂悶etraspo凹r加 gi泊凶alfi仕ro叩nd由s 

of janc.町cze却 ski，臼amonm削otoωiTokida. The materials coIlected in August 1975 from the same locality were 
similar in habit to j. morimotoi， in出at也efree br叩 chespossessed branch1ets only on出ete甘田-

porangial fronds. The seasonal observations of the Kinao出 materialsstrongly indicate也atj. toki，血

is synonymous wi出 theearlier described j. morimotoi， and tl凶由ebranchlets represent early seasonal 

forms of the same species. Thus the author now proposes to relegate j. tokidae as a synonym of j. 
monmotol. 

はじめに:筆者 (Saito1971)がjanczewskiatokidaeと

して報告した材料は， 1965年 7月 1日，北海道渡島半

島の太平洋沿岸に位置する木直(きなおし，南茅部町

の一部)で採集したものであった。かつて，筆者の恩

師時田 郷先生が樺太海馬島で森本忠夫氏の1943年9

月採集の材料にもとづいて設立した jancze即'skia

morimotoi Tokida (1947)は，その発出する枝も含める

ならば直径←5mmの球状で，四分胞子体だけが更に

分岐する枝を有する，といった植物だったのに比較す

ると，体は発出する枝まで含めれば直径が約 15mm

と大きく，雄性体や雌性体でも更に分岐する小枝を有

する，等の相違が見られた。

筆者は上の記載を試みた後も，上記した新種の極端

な枝状部の発達，枝や生殖器官の宿主との酷似，等か

ら，宿主のウラソゾとの関係にさえ疑問を抱き， 1975 

年採集の材料で宿主と寄生物の性別の関係を調べたこ

とがあった(斎藤ら 1977)。しかしながら，両者の性

別に特記すべき関係は見出されず，更にその年8月に

同じ木直で採集した宿主，寄生物両者の果胞子と四分

胞子の大きさにもかなりの差異が認められ，結局両者

は別個の植物体，との結論を得た。

この1975年8月に採集した材料は体の寸法を調べた

他，胞子発生についても観察した。そこで8月の材料

はかなり小さく，時田 節先生の報告した樺太の j.

morimotoi との差別を認めるのは無理と知って，その

秋に日本のjanczewskia研究のため北大を訪問した Dr目

A. M. Nonomuraに，当地の材料はj.morimotoiとして

仕事を進めるべき，を助言したので，彼が北大で実施

した研究の報告はすべてその学名を使用している。

ここでは，主として1989年の 4月から 9月までの期

間，同じ木直で採集した材料を計測した値から， j. 

toki伽はj.morimotoiの synonymと見なされるべきも

の，とした結論に就いて記述したい。

1989年の観察 4月29日に木直で 5個体の四分胞子

体を採集したが，発出する校状部も含めた体の直径は

平均で 6.5mmであった。 7月6日には 2個体が得ら

れ，直径の平均は 6.9mm， 7月20日にも同じく 2個

体を採集して平均 7.3mmを得たので，この期間に多

少の生長を示した。なお 7月20日には雄性体，雌性

体もそれぞれ 2個体ずつ採集されたが，前者は

8.5mm，後者は 8.2mmで，岡田採集の四分胞子体よ

りいくぶん大きい。それ以後の採集は 8月30日であっ

たが，最大形だった雌性体でも 19個体の平均が

2.5mm，さらに 9月19日ともなれば最大の雄性体で

1.6mm であった。したがって，目立って体が小型化

したのは 7月20日以降 8月初日の間だったと言えよう。

個々の生殖器官を有する枝や嚢果等の寸法では，雄

性体の末端枝の頂端に形成される精子器托の季節を追

っての小型化が最も目立ち 7月12日に直径 (1011:t 

162)μ皿 (20-50個に就いて計測して平均した。以下同

様)を示していたものが 8月30日に到って (705:t

94)μm， 9月19日には (507:t156)μmと，ほぼ直線的

に小型化が進行した。続いて雌性体上の嚢果の直径も，

7月12日には (683:t114)μm有ったものが 8月30日

には (457土93)μm，9月19日に (380:t152)μmと直線

的ながらも，雄性体の精子器托より幾分ゆるやかな小

型化を示した。それに比して四分胞子体の成実技の直

径は 7月6日に (330:t28)μm，9月19日になって
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も (287:t40)μmと，小型化はさして顕著であったと が明らかになった。この性質は，筆者らが以前から報

は言いがたい。 告して来たハネソゾ(工藤・斎藤 1985)やミツデソ

塊状実質部の周辺に発出する枝の更なる分岐を，ま ゾ(斎藤 1989)の秋の小型化と質的に同様なものと

ず雌性体に就いて見ると 7月20日以前の材料では二 見なすべきものと言えよう。

回分岐も稀でなく，約20%の枝で観察されたし，一回 さらに，木直で9月19日に採集した個体の枝は，ほ

だけの分岐を示したものは半数以上に上っていた。 8 ぼ10%が更なる分肢を示しただけであった。とは言え，

月30日 9月19日採集材料の校では，二回の分伎を示 統計処理を目的とした採集以外は一般に大形個体を目

したものは殆ど無く 8月30日採集材料の枝でー聞の 指して採集するのが普通で，森本忠夫氏の 9月の採集

分肢を示したものは約40%であり 9月19日採集材料 品が比較的大型で，四分胞子体が分岐する枝を有して

の枝では10%以下になった。 7月12日採集の雄性体で いた，と言うのは普通のことで，特記するには当らな

は，一回だけの分肢を示したものが90%以上であった いのでは無かろうか。

のに 8月30日 9月19日採集材料の枝では，殆ど分

岐は見られなかった。しかしながら四分胞子体では，

7月20日採集材料の枝で，ほぼ半数ずつ，が一回分肢

と二回分岐を示した。さらに8月30日 9月19日採集

の材料になると約10%の校が一回の分岐を示し，他は

分岐の見られない枝であった。

考察:以上のように，筆者が最初jancz，削 's/ciatok加

として報告した材料は，季節を追って小型化すること

が明らかで，その小型化の程度も著しいとは言え，変

化はおおむね連続的であり，秋に小型化した材料は時

四先生が樺太から報告した janczewskiamorimotoi モ

りモトソゾマタラて報告された寸法の範囲に納まる事
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標記の国際シンポジウムが1994年9月1日ー 7日にわたって，南イタリーのAquafreddadi Maratea 

(Potenza)の HotelVilla del Mareで(コンピーナーはナポリ臨海実験所植物研究室主任 Donata

Marino教授)でおこなわれます。

このシンポジウムには珪藻に関係のある全ての分野，即ち，形態学，細胞学，遺伝学，生殖生物

学，生理学，生化学，分子生物学，古生物学，系統学，分類学などを含み，また，海産珪藻，淡水

産珪藻，現生の珪藻，化石の珪藻，全てにわたっての口頭発表と展示発表が求められています。

会場にはナポリ臨海実験所から約 200Km南のホテル (HotelVilla del M釘 e)が予定されています

が，このあたりは空も海も青く素晴らしいところと聞いています。興味のある方のご参加を希望し

ます。講演申込，宿泊，経費などについての詳細は後日連絡のあり次第ご案内申し上げますが，詳

細についての問い合わせは下記の現地事務局か，または，東京珪藻研究所宛でお願いします。

現地事務局:Jean Gilder Congressi snc， 13th Int. Diatom Symposium， via G. Quagliariello 35/E， 

1・80131Napoli， Italy. 

Tel: +39 (0) 81-546-3779 or 545-4617. F砿 +39(0) 81-546-4617 

日本珪藻学会:干184東京都小金井市本町3ーふ9-813

東京珪藻研究所小林弘

Tel. & F部.:0423-8←7795. 



278 

一学会 録事ー

1. 学会誌改革実務委員会報告 2. 持回り評議委員会報告

1993年3月の総会で承認された学会誌改革のための 6月11日付けの郵送で次の 2件について審議し，い

実務委員会が有賀祐勝，石川依久子，渡辺信，岡崎恵 ずれも承認された。

視，片山野康，川井浩史，小林弘，田中次郎，原慶明(1)学会誌改革実務委員会要項ならびに委員(上記

出井雅彦，中原紘之，堀口健雄，藤田大介，大野正夫参照)を承認した。

真山茂樹，野崎久義，横浜康継のメンパーで発足し (2)海藻の明日を考えるシンポジウム実行委員会

第 1回の委員会を5月29日，第2回を 6月26日に東京 (伊藤啓二会長)から依頼のあったシンポジ

水産大学資源育成学科会議室で開催した。 ウム「海藻の明日を考えるJ(1993年9月3日)

の後援を承認した。

一会員移動一

新人会
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住所変更
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言ト 報

本会会員 安藤一男氏は去る1993年8月9日逝去されました。謹んで哀悼の意を表します。 日本藻類学会

退 会
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B本学術会議1=""より λro.29 

「学術分野における国際貢献についての

基本的提言」を採択

平成 5年 5月 日本学術会議広報委員会

一…… 岡山田・w... ~・-一一一…ー…

日本学術会議は.1tる4H21Hから231:1まで第 116凶総会を開催しました。今回の日本学術会議だよりでは.同総会の議事

内容及び同総会で採択された Uf:術分野におけるIJiI際賞献についてのJJ;;本的提言」等についてお知らせいたします。

…………………目………………………………揖叫……………、目……………司一……………叫…………………………………同叫………….円……………同日……一一a山……………h目……………‘………………目………………M町…………….問…………一同一………一一h…………一…‘問…………一H…………一目…………………………….……………一……………………目……一輔…一一……一一………………山………………‘問……………H目………一一.山……………H…………………………山……….山…-， … 

日本学術会議第116回総会報告

日本学術会議第 1161!tJ総会(第15lUI・第5凶)が， 4 H 
21 EI -23日の 31:1111Jにわたって|刻{桜された。

総会の初日の午前は.会長からのlìíj~.!1総会以降の経過報

告に続いて.各部.各委u会等の鍬仇・が行われた。次いでレ'

今旬l総会に提案されている 2~長 f'l について，それぞれ縫う従
説明がなされたf弘行疑応nが行われた。

午後からも縫'未来nに対する質疑応終が行われた後.引

き続き各部会がl湖fu!され，午前中に提案説明された総会従

業案件の審議が行われた。

総会2日目の午前1.1:，前H提案された 2案件及び緊急に

従業された 1案件の審議・採決が順次行われた。

まず， r [J!I際対応i:'H会の改車Ilについて(中合せ)Jが採

択された。これは，学術の11<1際化の，包速な進展に伴い， (剖

際学術[刊体&ぴl吋際手術協力事業への対応の重要性がます

ますm大してきており， II牛-，芋術会議としてもその職務を

遂行する.1-.て1 学術の(lil際化に!射する状況の迅速かつ的確

な把lk1が不可欠であるという観点から，よリ広範凶にわた

る凶際学術情報の収集と，それに法づく適切な対応ができ

るよう， lnl際対応組織のずとた強化を凶るために.必要な捕

置を議じたものである。

次いで， r，71術分野における同際武献についての基本的

提言」が採択された。本f'lーについては， EI 4>:学術会術第15
期活動計的iの中の重点目標として錨げられており，また，

一昨年秋の第 113副総会において内閣if房長官から学

術研究の分野で殺が凶がどのようなlc!!1際的武献をなすべき

かについて全学問領域から総合的に検討し.意見をH1すよ

う」求められ，以来，日本マ:術会議におけるF重要案件とし

て鋭意審議してきたものである。

提言lは立ム 1し."f:字:術分聖野fにJむ3ける凶際r武I献の怠義， 2_ザ

術分聖野fにおけるt怪凶E司l際r武正献の.fI:り }j， 3_学術分野における

国際賞献を進めるための従来という構成内谷になっており.

日本学術会議は.今後とも，本提言に基づき，具体的な諸

謀題について検討していくこととしている。

最後に， J-.記の縫i:tに基づき， 日本学術会議は， (詞際J'l

献のための新しいシステムを構築するための具体的方策を

直ちに倹討し.その迷やかな推進を図るという内容の「学

術分野における[1<1際貢献についての底本的提言に関する附

帯決議」が採択された。
またI r~ï"..術分野における l'lil際賞献についての基本的提

言」に関する会長談話を22日付けて'発表した。

午後からは.現1'1:.常置委民会.特別委民会で審議され

ている懸案事項について，自由討議が行われた。

総会3日目は，午前は各特別委員会，午後は各常置委員

会・[:EI際対応委員会がそれぞれ開催された。

なお，近藤会長が 4月22日に伊iI!可'内閣官房長官と，ま

た， riiJ27日に宙滞内閣総理大臣とそれぞか会見し学術

分野における凶際司献についてのJJ;;本的提言」を手渡すと

ともに， I白l提言について報告した。

学術分野における国際貢献についての
基本的提言(抜粋)

(前文略)

1 _学術分野における国際貢献の意義

(本文略)

2 _学術分野における国際貢献の在り方

(本文略。項目のみ)

(1)対等・互lM，の原則に基づいた国際学術協力の強化

(2) 伝l際学術協力の総極的発議等

(3) 人材育成への協力による凶際貢献の推進

(4) 我が国の学術情報の提供・紹介の促進

(5) 学術に関する凶際団体への対応強化

3.学術分野における国際貢献を進めるための提案

前節で述べた我が凶の学術分野における国際貢献の在

り方を踏まえ，これを推進していくために，以下の事演

を提案する。

(1) 我が固からの情報提供機能等の充実・強化

①学会の支援・育成

我が国の学会は，高等教育研究織関や産業界の研

究成果の発表の場として重要な役割を来たしてきた。

また，研究者相互の活発な国際交流等を通じて，情

報の提供に努めているところである。しかしながら，

ほとんどの学会は.資金の不足から，必要ーな活動も

十分にできない状況にある。

学術分野における国際貢献という観点において，

非政府機関 (NGO)としての学会の果たす役割は

極めて大きしそれらが有する情報提供機能を最大

阪に発揮できるよう，学会の支援・育成を図る必要

由ずある。

② アジア地域における学術研究に関する連携の強化

我が閣と地理的・歴史的・文化的な関係の深いア

ジア地域の学術の発展に資するため，アジア地域の

科学者や学術研究機関の聞の学術研究ネットワーク

を鉱充・強化することが必要である。また，将来的

には.アジアの学術振興のための国際的な組織の.a

1) '}jについて，関係各国の科学者と協議していく必
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要がある。

(2) 国際学術交流のための支援の充実

①学術研究機関の笠備等

新しい知識の創造と発展は，優れた研究者が集い，

切確琢磨するところから生まれるものであり，研究

者の未知への挑戦に対して最も適切な施設・資金・

支援システムなどの研究環境を提供することが必要

である。したがって，全世界の研究者が日本で研究

することに魅力を感じ，充実した研究生活が送れる

ように，学術研究機関の慾備及び適切な運営を図る

べきである。

② 来日研究者・留学生への支緩の充実

学術分野における国際貢献の第一歩として，各国

の人材育成への協力，とりわけ来日研究者・留学生

の支援に十分な配慮、がなされなければならない。し

たがって，内外における日本語教育の充実や，来日

研究者・留学生の住居，日本人研究者・学生や地域

の人々との交流を可能とする交流施設など生活・文

化施設の!.~備・充実を早急に図るべきである o
③ 海外派遣研究者への支援の拡充

国際学術交流は，相手国の国情に応じた総合的配

慮の下に行われる必要がある。したがって，その国

の研究者との恒常的な連携・協力を維持するととも

に我が国からの海外派遣研究者が必要とする各純情

報の提供や連絡・調整などもできる人材の当該国へ

の配置など，海外派遣研究者の支媛体制の拡充を検

討する必要がある。

(3) 学術分野における国際貢献のための新しいシステム

の構築

悶際的な学術協力については，我が国においても，

既に多くの機関がその努力を重ねているところである。

しかしながら，投入されている資金等そのための支媛

は，質・量ともに，未だ国際的な要求に応える水準に

まで達しているとは言えない。しかも，現在倒別に推

進されている学術協力の相互の連絡・謝務は.必ずし

も十分ではなし我が国の総力を挙げてこれを推進し

ているとは言えない状態にある。

また，今後ますます増えていくと思われる各種の国

際的な学術協力プロジェクトの立案や協力，参加，推

進については.これまで以上に，科学者の総意を反映

しつつ，総合的かつ適切な判断を機動的になし得る場

を確保しなければならない。

さらに，我が国が国際的な学術協力のための諸施策

を強力に推進するためには.科学者のカのみならず，

政府・産業界の協力，更には国民の理解等総合的な支

援が必要である。

これらの問題点を改善し，学術分野において国際社

会の期待に応える貢献をなし得るように.国民の理解

の下に，諸課題の撃理，必要な資金の確保・配分等を

行う新しいシステム(例えば「学術協力機構J )を構

築するなど，今後真剣に検討を進める必要がある。

総わりに

日本学術会議は，人類共通の資産としての学術の発展

こそが人類の繁栄と世界の平和の礎となるとの見地から，

本提言を取りまとめたものである。

なお， 日本学術会議は，今後とも，本提言に基づき，

内外の科学者を始め，広〈関係各方面の意見を聴きなが

ら，具体的な諸課題について引き続き検討していくこと

を付言したい。

平成5年(1993年)度共同主催国際会議

日本学術会議では，我が閣において開催される学術関係

国際会議のうち毎年おおむね 6件について，学・協会と共

同主催している。

本年もまた， 6 f!j:の匝l際会議を共同主Hl・することとして

おり，その概要は，次のとおりである。

.第 7回太平洋学術中1111会議(6月27日一 7H3日)

太平洋地域の住民の繁栄と悩祉に直接関わる学術上の問

題に関する研究を発展させるため.討論を行い.救新の研

究↑fi報を交換することを目的として宜野湾市 (i中車電コンベ

ンンヨンセンター， i1j'縄昔I1ホテル.メルパルクi中縄)にお

いて開催される。
参加予定人数500人(国外300人.国内200人)参加l予定問

数29か国。

.第 6四国際気象学:大気物理学協会科学会議及び第 4同制

際水文科学協会科学会談合同国際会議(7月11日-23日)

気象学，大気物理学及び陸水・水文科学に関する研究を

発展させるため.討論を行い，最新の研究情報を交燥する

ことを目的として横浜市(横浜国際平和会議場)において

開催される。

参加予定人数1，500人(匡l外700人，国内800人)，参加l予定

国数68か国。

.第15回国際航物科学会議(8月23日-9月3日)

M物科学に|刻する研究を発展させるため，討論を千r~ 、.

最新の研究情報を交検することを目的として横浜市(横浜

国際平和会議場)において開催される。

参加予定人数4，000人(腔l外1，500人，凶内2，500人)，参加l

予定回数81か闘。

.第24回国際電波科学:迎合総会(8月23日-9月3I:l) 

電波科学に関する研究を発展させるため，討論を行い.

最新の研究情報を交換することを目的として京都市(国立

京都国際会館)において開館aされる。

参加予定人数1，200人(闘外800人，園内400人)，参加l予定

国数49か回。

.アジア社会科学研究協議会連盟第10回総会

( 9月5日-11日)

アジア・太平洋地域における社会科学の教育，研究，訓

練及び普及を促進するため，討論を行い.最新の研究情報

を交換することを目的として川崎市(かながわサイエンス

パーク)において開催される。

参加予定人数120人(国外60人，国内60人)，参加予定怪l数
17か因。

.第21回国際純粋・応用物理学連合総会(9月20日-251:1) 

物理学を発展させるため.討論を行い，最新の研究情報

を交換することを目的として奈良市(奈良県新公会堂)に

おいて開催される。

参加予定人数300人([jJ外150人，国内150人)，参加予定国

数41か因。

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。

〒106東京都港区六本木7-22-34

日本学術会談広報委員会 電話03(3403)6291附
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北海道第二水産ビ‘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

株式会社 シロク商会 260千葉市春日 1-12-9-103

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
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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宮域県多賀城市宮内 2丁目 5番60号

株式会社白寿保健科学研究所原昭邦 351朝霞市栄町3-3-7
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議類のライフヒストリーをオリジナルの線図に解説をつけ見聞きで示す.ノ

緑色藻類
褐藻・紅藻類
単細胞・鞭毛藻類

全3巻堀輝三編(送料各巻450円)

(185種)85判・ 4叩頁・定価8240円 B4年E月刊行

(171種)85判・ 4白頁・定価8240円田植罰居間間

(146種)85判・ 372買・定価7210円 93年11月刊行

藻類の研究者115名が自らの研究成果と資料をもとに執筆に当たり，現時点で明らかになっ

ている藻 (502種)の生活史・生活環を線図で集大成した初めての本。

本書の構成は，図を左頁に対面する頁に和英の解説文をつけて， 2ページを 1単住として組

み立ててある。執筆者によるオリジナルの線図は，藻類のライフサイクルを一見して理解させ

それに簡明な解説を付す。さらに教育的配慮から多くの種について分布図を，そして各巻ごと

に同義語を，各巻の巻末に学名総索引・和名索引を収録して読者が使いやすいよう工夫した。

藻類を専門とする研究者や中学・高校の生物の先生，水に関連する研究所や企業の方々を初め，

藻類に興味をもっ人々にとって，長い間出版が望まれていた本である。

刊行は9月に第E巻を:11月に第3巻を:94年E月に第1巻を刊行し完結。[呈内容案内]
中中中=============墨田町四回目白血中中============出血中山中

第2期がスタート一一第11巻刊行のお知らせ一一

写真で見る種の同定と分類/

淡水藻類写真集第11巻
第1期10巻に続き今秋から年 2-3冊を刊行し

巻(1000種)を目標とする。これにより2000種とな

り利用価値も高まる。(12巻進行中)

山岸高旺・秋山優編
85判・ 1凹シート定価7210円
製本様式を下記のようにいたしました。

E穴・並製箱入り干各380円

既刊第1期1日間1・2巻定価4120円/3-10巻定価51印円(干告3凹円)

の生態出関共編部調完結

日本淡水藻図鑑 植物組識学
鹿瀬弘幸・山岸高旺編 日本ではじめて創られた
本格的な図鑑。淡水藻類の研究者や水に関係する
方々にとっては貴重な文献である。

猪野俊平著植物組識学の定義・内容・発達史か
ら研究方法を幅広く詳述した唯一の書。

定価18540円
定価39140円

藻 類学総説 ナマコとウニ
鹿瀬弘幸著 藻類の分類と形態を重点に置いて， 一一民謡と酒のさかなの話一一
克明な図により丁寧に解説する。 定価10300円大島廃著 定価1009円

水の環境科学 生物学史展望
わり は水322らを解幹27 が の議と共に量る?にわたる生 の2価59日

内田老鶴圃 愚 112東京都文京区大塚 3ー 34ー 3
電話(03)3945-6781 FAX (03) 3945-6782 (価格/cl:税込)



Seaweed Ecology & Algal Farming 

図鑑海藻の生態と藻礁
編者=徳田 鹿・川嶋昭二・大野正夫・小河久朗

本書は、天然の;富でづ岳藻がどのような姿で、生えている

のかをつぶさに見てとることの出来る海藻生態図鑑であ

ると同時に、人為的に投入しだ藻礁に如何にして海藻を

生やすか、を紹介し疋世界に例のない図鑑でもある。

生態編では、緑藻42種、宿藻72種、紅藻80種、;百草6

種の総計200種をオール力ラーで紹介。藻礁編では、藻

礁、すなわち藻場造成用人工礁の構造や沈設位置を図示

し、海中での藻礁上の海藻の生育状態、あるいは動物の

鯖集状態を経時的に撮影し疋82点に及ぶカラー写真で示

しだ。

藻場造成にかかわる方々はもちろんのこと、海洋環境

の保全に意欲と関JI1¥をお持ちの一般の方々にも、本書は

幅広く受け入れられるであろう。

.85判上製総ページ 198p
カラ一ページ 179p

定価 14800円 (税込/送サービス)

緑書房
干171東京都豊島区池袋2-14-4

fi'03-3590-4441 
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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」バソクナンバ 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，6-9 

巻全号。

2. r藻類」索引 l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」索引， 1-30巻，会員 3，000門，非会員 4，000門。

3 山田幸男先生追悼号 藻類25巻増補. 197i.A5版， xxv山+418頁 山田先生の遺影・経歴 ・業績一覧・

追悼文及び内外の五菜類学者より寄稿された論文50編(英文26，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 01' the North Pacific 

1. A. Abbott・黒木宗尚共編. 1972.B5版，xiv + 280頁， 6図版.昭和何年 8月に札幌で↑消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養殖学的研究.197i.B5版， 65頁。昭和49年 9月に札幌で、行なわれ

た日本藻類学会主催 「コンブに関する講演会」の記録。 4論文と討論の要旨。 価絡 1，000円。

Publications of the Society 

lnquiries concerning copies of the following publications should be sent lo lhe ]apanese Society of Phycology， 
Sh 

1. Back nu皿 ber目sof the ]apanese ]ournal of Phycology (Vols. J-28， Bulletin 01' ]apanese Society of 

Phycology). Price， 2，000 Yen per issue for member， 01' 3，500 Yen per issue for nonlllelllber; price of Vol. 30， No. 4 

(30th Anniversary Issue)， w油 C山 nulativeindex (Vols. 1-30)，6，000 Yen for Illelllber， 01' 7，500 Yen for nonlllember 

(incl. postage， su1'face Illail). Lack: Vol. 1， Nos. 1-2; Vol. 4， Nos. 1， 3; Vol. 5， Nos. 1-2; Vol. 6-Vol. 9， Nos. 1-3 

2. Index ofthe Bulletin of]apanese Society ofPhycology. Vol. 1 (1953)-Vol. 10 (1962)， Price 2，000 Yen fo1' 

lllelllbe1'， 01' 2，500 Yen for nonlllelllber; Vol. 11 (1963)-Vol. 20 (1972)， P1'ice 3，000 Yen fo1' lllelllbe1'， or 4，000 Yen fo1' 

nonmelllber. Vol. 1 (1953)-Vol. 30 (1982)， Price 4，000 Yen fo1' Illember， 01' 5，000 Yen fo1' nonlllelllber (incl. postage， 

surface Illail) 

3. A Memorial Issue Honouring the late Professor Yukio Yamada (Supplelllent to Volullle 25， the Bulletin of 

japanese Society 01' Phycology). 1977. xxviii + 418 pages. This issue includes 50 articles (26 in Engl凶 ，24 in 

Japanese with Engl凶 sUlllmary)on phycology， w凶 photographsand list 01' publications 01' the late Professor Yukio 

YAMADA. 8，500 Yen (incl. postage， surface mail) 
4. Contribution to the Systematics ofthe Benthic Marine Algae of the North Pacific. Edited by 1. A. ABBOTT 

and M. KUROGI， 1972. xiv + 280 pages， 6 plates. Twenty papers followed by discussions are included， which were 

presented in the U.S.-]apan Semina1' on the Nonh Pacific Ben川t山hi比C 肘MaεaI山n日1問 Algae，held in Sapporo， Japan， August 

13-16，1971. 5，000 Yen (incl. postage， surface mail) 

5. Recent Studies on the Cultivation of Laminαγia in Hokkaido (inJapanese). 1977. 65 pages. Four papers 

followed by discussion a1'e 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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