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In the south basin of Lake Biwa, 42 taxa of scale-bearing chrysophytes belonging to Mallomona-
daceae and Paraphysomonadaceae; 14 species of Mallomonas, 5 of Synura, 1 of Chrysosphaerella, 5 of
Spiniferomonas and 15 species, 1 subspecies and 1 forma of Paraphysomonas were found. Among them,
17 taxa; Mallomonas portae-ferreae, M. pseudocoronata, M. striata var. striata, Spiniferomonas takahashii,
Paraphysomonas caelifrica, P. capreolata, P. circumvallata, P. coronata, P. corynephora, P. glandiata, P. poteriophora
ssp. manubriata, P. punctata, P. quadrispina, P. runcinifera, P. stelligera, P. subquadrangularis and P. undulata

were new to Japan.

Key Index Words: Chrysophyceae—Chrysosphaerella—Lake Biwa—Mallomonadaceae—Mallo-
monas—Paraphysomonadaceae—Paraphysomonas—Spiniferomonas—Synura—Synurophyceae.

Lake Biwa, with the surface area of 674
km? and the maximum depth of 104 m, is
the largest lake in Japan and classified as
the mesotrophic lake (Tezuka 1984). Itis
composed of two parts; a large and deep
north basin, and a small and shallow south
basin.

Of the scale-bearing chrysophytes only 3
species; Mallomonas fastigata, M. helvetica and
Synura uvella have been recorded by a light
microscopical study (Mor: 1945; NEGoro
1968). The scale-bearing chrysophytes
such as Mallomonas and Synura (Mallomona-
daceae) and Paraphysomonas (Paraphysomo-
nadaceae) possess their charactaristics of
species on their minute scales and bristles
as well as their lorica form, therefore the
electron microscopy is the most useful
method to identify them accurately. Of
the scale-bearing chrysophytes 55 taxa have
been recorded from about 100 lakes and
ponds excepting Lake Biwa in Japan by
TakanuasuI (1978). Ito et al. (1981) found
12 taxa of scale-bearing chrysophytes by the
electron microscopical investigation of one

water sample which was collected from the
south basin and they concluded that further
study must give more new knowledge on
the chrysophyte flora of this lake. There-
after the author has carried out the floristic
study on the scale-bearing chrysophytes in
Lake Biwa. This paper deals with results
of survey in the south basin of Lake Biwa
during the period from 1980 to 1984.

Materials and Methods

Twenty five water samples were collected
in 1 [ bottles from the surface at 10 stations
of the south basin of Lake Biwa (Fig. 1) in
four seasons between January 1980 and July
1984 (Table 1). The water temperature at
sampling sites ranged from 3.0 to 30.6°C
and the pH from 7.0 to 9.5 throughout the
study period. 0.5! of each unfixed water
sample was centrifuged at 3,000 r.p.m. for
10 min. and then concentrated to 1ml.
For transmission electron microscopy, 10 ul
of each concentrated water sample was
mounted on collodion-carbon coated grids,
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Fig. 1. Map showing Lake Biwa and ten
sampling stations in the south basin.

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

Stations Dates

Sta. 1 May 26, 1981 May 25, 1982
Jul. 2, 1982 Aug. 20, 1982
Sep. 3, 1982 Jan. 21, 1983
May 20, 1983 Aug. 19, 1983
Sep. 16, 1983 Oct. 21, 1983

Apr. 2, 1984

Sta. 2 Jul. 6, 1984

Sta. 3 May 29, 1981

Sta. 4 Jan. 25, 1980 Oct. 24, 1980
Jan. 23, 1981 Mar. 26, 1981
Jan. 22, 1982 Mar. 19, 1982

Sta. 5 Oct. 16, 1981

Sta. 6 Aug. 21, 1981

Sta. 7 Sep. 22, 1981

Sta. 8 Sep. 22, 1981

Sta. 9 Sep. 22, 1981

Sta. 10 May 29, 1981

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

diameter, 0.4 um in pore size) and some-
times millipore filter (47 mm in diameter,
0.45 pm in pore size), desiccated in an oven
and then coated with gold. These samples
were examined with a scanning electron
microscope (JEM-T200).

Results and Discussion

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

Total 42 taxa; 14 species belonged to
Mallomonas, 5 to Synura, 1 to Chrysosphaerella,
5 to Spiniferomonas and 15 species, 1 sub-
speci€s and 1 forma to Paraphysomonas (Table
2). The species whose distribution is not
shown are widely distributed in the world.

Family Mallomonadaceae Diesing (1866)
Genus Mallomonas PErTY (1851)

Three species; M. portae-ferreae, M. pseu-
docoronata and M. striata var. striata were
new to Japan.

M. acaroides PERTY emend. Ivanov (1899)
Figs. 2, 3

Cells and scales were found in summer.
This species generally occurs in summer
(CronNBERG and KRisTIANSEN 1980).

M. akrokomos RUTTNER in PascHER (1913)
Fig. 4

Cells were found in winter and spring,
and scales in summer. Although this spe-
cies is classified as eurythermal (TAKAHASHI
1978), it has a preference for a low tem-
perature (HArr1s 1958; KrisTiansEn 1985;
Rorjackers 1986; TakaHasHI 1978).

M. alpina PascHER et RUTTNER in PASCHER
(1913) Fig. 5

Syn. M. monograptus HARRIS et BRADLEY
(1960).

Cells and scales were found in spring.
This species has also occurred during Feb-
urary and April in a pond in The Nether-
lands (Rorjackers 1984).

M. annulata (HARRIS et BRADLEY) HARRIS
(1967)

Cells were found in winter, and scales in
spring.

M. caudata Ivanov emend. KrRIEGER (1930)
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Table 2. Scale-bearing chrysophytes collected from the south basin of Lake Biwa (1980-1984).
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Fig. 6
Syn. M. fastigata ZacHArIAs (1903).
Cells were found in winter, and scales in
autumn. This species has been recorded
as M. fastigata in the previous papers (ITo,
Yano and Harimmava 1981; Morr 1971;
Necoro 1968). Mor: (1971) reported
that it was a dominant species in the north
basin of Lake Biwa in Feburary 1968.
M. crassisquama (AsmunDp) ForT (1962)
Scales were found in winter and spring.
M. elongata REVERDIN (1919)
Cells were found in winter and summer,
and scales in spring.
M. heterospina Lunp (1942) Fig. 7
Scales were found in winter.
M. parvula DUrrscamiDT (1982) Fig. 8
Scales were found in spring.
M. portae-ferreae PETERF1 et Asmunp (1972)
Fig. 9
Scales were found in spring and autumn.
M. pseudocoronata PrescotT (1944) Fig. 10
Cells were found in summer.
Distribution: Canada, USA (Asmunp
and KRisTianseN 1986), Panama (Wujek
1986).

M. punctifera KorsHikov (1941)

Syn. M. reginae TEILING (1946).

Scales were found in winter and spring.
This species has been recorded as M. reginae
in the previous paper (ITo, Yano and
Harmava 1981).

M. striata Asmunp (1959) var. striaia Figs.
11, 12

Cells were found in spring. Var. striata
differs from var. serrata in having smooth
bristle. Var. serrata has been recorded
from NE Japan (Takanasui 1978).

M. tonsurata TEILING emend. KRIEGER
(1959)

This species occurred in four seasons.
Cells were found in winter, spring and
summer, and scales in autumn. This spe-
cies has also occurred almost all the year
round in a pond in Tsuruoka Park, Yama-
gata Prefecture, Japan (Takanasm 1978).
Genus Synura EHRENBERG (1835)

S. curtispina (PETERSEN et HANSEN) AsMUND
(1968) Fig. 13

Scales were found in spring and autumn.
S. glabra H-PEstarozzi (1941) Fig. 14

This species occurred in four seasons.
Cells were found in winter and spring, and
scales in other seasons.

S. petersenii KorsHIkOV (1929)

Scales were found in winter and spring.
S. sphagnicola (KorsHIKOV) KORSHIKOV
(1929)

Scales were found in autumn.

S. spinosa KorsHikov (1929)

Scales were found in winter.

Family Paraphysomonadaceae PRE®IG et
Hisserp (1983)

Genus Chrysosphaerella LAUTERBORN (1896)
C. brevispina KorsHikov emend. HARRIS et
BrabrLey (1958) Fig. 15

Dissociated cells were found in summer,
and scales in winter and spring.

Genus Spiniferomonas TakanAsHI (1973)

A species; S. takahashii was new to Japan.
S. bourrellyt Taxanasur (1973) Fig. 16

This species occurred in four seasons.
In a pond on Mt Rokko, it has also occurr-
ed all the year round (ITo and TAKAHASHI
1982).

S. cornutus BaLonov (1978)

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

S. coronacircumspina (WUJEK et KRISTIANSEN)
Nicuorrs (1984) Fig. 17

Syn. Chrysosphaerella coronacircumspina
Wujek et KrisTiansen (1977), C. solitaria
Premsic et TakanasHr (1978).

Scales were found in spring, summer and
autumn.

S. takahashii Nicuorrs (1981) Fig. 18

Cells were found in summer, and scales
in winter and spring.

Distribution: Canada (NicHorLs 1981;
Kring and KRrisTianseN 1983), Norway
(SkogsTap 1986).

S. trioralis Taxanasu1 (1973) Fig. 19

This species occurred in four seasons.
Cells were found in winter and spring, and
scales in other seasons.

Genus Paraphysomonas DE SAEDELEER (1929)
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Thirteen taxa; P. caelifrica, P. capreolata,
P. circumvallata, P. coronata, P. corynephora,
 P. glandiata, P. poteriophora ssp. manubriata,
P. punctata, P. quadrispina, P. runcinifera, P.
stelligera, P. subquadrangularis and P. undulata
were new to Japan.

P. bandaiensis TaxanasH1 (1976) Fig. 20

This species occurred in four seasons.
Cells were found in spring, summer and
autumn, and scales in winter.

P. caelifrica Premsic et HiBBERD (1982) Fig.
21

Scales were found in spring, summer and
autumn.

Distribution: Denmark, England (Prer-
sic and HiBperp 1982a).

P. capreolata Preisic et HiBBErD (1982) Fig.
22

Scales were found in autumn.

Distribution: England (Premsic and His-
BERD 1982a), Greece (KrisTiansen 1983).
P. circumvallata TroMseN (1981) Fig. 23

Scales were found in spring, summer and
autumn.

Distribution: Canada (Kring and Kri-
STIANSEN 1983), Denmark (THOMSEN et al.
1981), England (Presic and HiBBERD
1982b), Greece (KRrisTIANSEN 1983).

P. coronata MOESTRUP et ZIMMERMANN (1981)
Fig. 24

Cells were found in winter.

Distribution: Canada (NicHoLLs 1984),
Denmark (KrisTianseN 1985; THOMSEN el
al. 1981), England (Preisic and HIBBERD
1982b), Greece (KRrisTIANSEN 1983).

P. corynephora PrEIsiG et HiBBERD (1982) Fig.
25

Scales were found in winter and summer.

Distribution: Canada (NicHorLs 1984),
England (Premsic and HiBBErRD 1982a).

P. diademifera (TakanasHI) PrEmsic et HiB-
BERD (1982) Fig. 26

Syn. Ochromonas diademifera TAKAHASHI
(1972), Lepidochromonas diademifera (TAKAHA-
sur) Kristiansen (1980).

Cells were found in autumn, and scales
in spring and summer.

P. glandiata PrEISIG et HiBBERD (1982) Figs.
27, 28

Scales were found in winter and spring.

Distribution: Canada (Nicuoris 1984),
Denmark (KristianseNn 1985), England
(PrEmsiG and HiBBErD 1982a).

P. imperforata Lucas (1967) forma No. 2

sensu TakanasHur (1978) Fig. 29
This species occurred in four seasons.

Cells were found in winter, spring and au-

tumn, and scales in summer. This forma

differs from the type in having the spine
with acutely pointed tip, and Premsic and

HisBerp (1982a) and Takanasur (1987)

suggested that it may be a separate taxon.

P. poteriophora ssp. manubriata PREISIG et

Hiseerp (1982) Fig. 30
Cells were found in winter and spring.
Distribution: Denmark (THOMSEN et al.

1981), England (Premsic and HIBBERD

1982b), Greece (KRrisTIANSEN 1983).

P. punctata ZtMMERMANN (1981) Fig. 31
Scales were found in winter.
Distribution: Canada (NicrHoLLs 1984),

Denmark (THOMSEN et al. 1981), England

(Pre1sic and HisBerD 1982b).

P. quadrispina  THOMSEN et KRISTIANSEN

(1981) Fig. 32
Scales were found in spring and summer.
Distribution: Denmark (THOMSEN et al.

1981), England (Premsic and HiBBERD

1982b), Greece (KRISTIANSEN 1983).

P. runcinifera Presic et HiBBerp (1982)

Fig. 33
Scales were found in autumn.
Distribution: Denmark, England (Preisic

and HisBerD 1982b).

P. stelligera PrEsIG et HiBBERD (1982) Fig.

34
Cells were found in spring, and scales in

winter.

Distribution: Denmark (THOMSEN et al.
1981), England (Premsic and HiBBERD
1982b), Greece (KristianseN 1983), The
Netherlands (Rorjackers and KESSELS
1981).

P. subquadrangularis PrEsic et HIBBERD

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

summer.

Distribution: England (Preisic and His-
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BERD 1982b), Greece (KRISTIANSEN 1983).
P. undulata PresiG et HisBERD (1982) Fig.
36

Cells were found in autumn, and scales
in summer.

Distribution: Denmark, England (PrEisic
and HiBeerp 1982b).
P. vestita (STOKES) DE SAEDELEER (1929)
Fig. 37

This species occurred in four seasons.
Cells were found in winter, spring and
autumn, and scales in summer.

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

Almost all taxa of scale-bearing chryso-
phytes previously recorded in Japan are
widely distributed in the world (Asmunp
and KRISTIANSEN 1986; Preisic and His-
BERD 1982a, 1982b; StarmacH 1985; Ta-
KAHASHI 1978). Among 17 taxa new to
Japan, 2 species of Mallomonas; M. poriae-
Sferreae and M. striata var. striata have been
recorded from many countries of the world
(Asmunp and KRisTIANsEN 1986), whereas,
M.  pseudocoronata, Spiniferomonas takahashii
and 13 taxa of Paraphysomonas from a few
countries of Europe andfor N America.
Recently 22 new taxa of Paraphysomonas
were discovered in the Cambridge area,
England by Presic and Hieerp (1982a,
1982b). This fact shows that these taxa
have been overlooked for a long time be-
cause their cells are very small and easily
broken by fixatives. Finding of these 17
taxa new to Japan which is far away from
Europe, N America, SE Asia (Bangladesh)

and W Africa (Cameroun) indicates that
they are widely distributed in the world
as well as other scale-bearing chrysophytes.

The north basin of Lake Biwa has less
eutrophic waters and volume about 140
times larger than the south one (IcHISE
and WakaBavasur 1985; Trzuka 1984).
The species composition and the seasons of
occurrence of scale-bearing chrysophytes in
the north basin has not yet been clarified,
therefore such floristic study in this basin is
necessary and will produce many interest-
ing results.

PALMER (1959) has pointed out that naked
and scale-bearing chrysophytes are the most
significant cause of the fishy odor in waters.
As Lake Biwa is the most important water
resource for 13 million people living in four
prefectures; Shiga, Kyoto, Oosaka and
Hyogo, the multiplication of these chry-
sophytes in this lake is a great concern for
waterworks at present. Actually a bloom
of Uroglena americana (Ochromonadales,
Chrysophyceae) has appeared during the
period from late spring to early summer in
both south and north basins since 1977 and
done much damage to both the water supply
and fresh-water fishery (Yosuipa et al.
1983). Recently, a great bloom, not so
great, of Mallomonas tonsurata has appeared
in the south basin and produced fishy odor
(NEGorO and Takacr 1985). Accordingly
it is an important and urgent subject to
elucidate their quantitative seasonal fluc-
tuation as well as to make clear the chry-
sophyte flora in this lake.
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Figs. 2-13. Scales and bristles of Mallomonas and Synura: Figs. 2, 3. M. acaroides. Fig. 4. M.
akrokomos. Fig. 5. M. alpinn. Fig. 6. M. caudata. Fig. 7. M. heterospina. Fig. 8. M. parvula. Fig. 9.
M. portae-ferreae.  Fig. 10. M. pseudocoronata. Figs. 11, 12. M. striata var. striata. Fig. 13. S. curtispina.
(Scales: 1 um).
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Figs. 14-25.  Scales of Synura, Chrysosphaerella, Spiniferomonas and Paraphysomonas: Fig. 14. S. glabra.
Fig. 15.  C. brevispina. Fig. 16. S. bourrellyi. Fig. 17. S. coronacircumspina. Fig. 18. S. takahashii. Fig.
19. S. trioralis.  Fig. 20. P. bandaiensis. ~ Fig. 21.  P. caelifrica.  Fig. 22. P. capreolata. ~ Fig. 23. P.
circumvallata. — Fig. 24.  P. coronata. ~ Fig. 25.  P. corynephora. (Scales: Figs. 14-19, 1 z#m; Figs. 20-25,
0.5 pm).
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Figs. 26-37. Scales of Paraphysomonas:  ¥ig. 26.  P. diademifera. Figs. 27, 28.  P. glandiata. Fig. 29.
P. imperforata forma No. 2. Fig. 30. P. poteriophora ssp. manubriata.  Fig. 31.  P. punctata. Fig. 32. P.
quadrispina. ~ Fig. 33.  P. runcinifera.  Fig. 34 P. stelligera. Fig. 35. P. subquadrangularis. ~ Fig. 36. P.
undulata. Fig. 37. P. vestita. (Scales: 0.5 #m).
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FEAZ EENEMOBR £HT5HEEE

19804 1 B» 5 19844E 7 A T, EEHmEMN0MEHD 525: 02107, T DI KD S Mallomonas [F145i,
Synura [& 5%, Chrysosphaerella |& | §E, Spiniferomonas |& 5%&, Paraphysomonas J&158 | HfE 1 8, 428X
BR AT AELESRIE &N, Z2OhTITREY (Mallomonas portae-ferreae, M. pseudocoronata, M. striata var.

striata, Spiniferomonas takahashii, Paraphysomonas caelifrica, P. capreolata, P. circumvallata, P. coronata, P. corynephora,

P. glandiata, P. poteriophora ssp. briata, P. punctata, P. quadrispina, P. runcinifera, P. stelligera, P. subquadrangularis,
P. undulata) \ZAKFRETH ~7co (652 MFHREXEANS7-1 HFM/KERKERR)





