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The Closterium calosporum Complex from the Ryukyu Islands

— Variation and Taxonomical Problems —
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Since WiTTROCK (1869) found a small curved species of Closterium with spiny zygo-
spores in Sweden and established a new species, C. calosporum, similar or slightly deviated
forms have been found in other countries, England (West & WEsT, 1896), France (Bour-
RELLY & MANGUIN, 1952), Germany (KAISER, 1929; HOMFELD, 1929), South Africa (Hob-
GETTS, 1925), the Soviet Union (Skuja, 1928; Kossinskaja, 1960), and the United States
(TaFT, 1945; Cook, 1963), as well as in Sweden (Skuja, 1964). In spite of the consider-
able variation in degree of curvature and shape of the apices of vegetative cells, which are
generally believed to be important characters for specific distinction in the genus Closterium,
all the small curved forms of Closterium with spiny zygospores in question are at present
included into one species with three varieties, calosporum, maius (West & WEsT, 1896), and
brasiliense (BORGESEN, 1890). These varieties are distinguished on the basis of different
dimensions of vegetative cell.

The project of Natural History Researches of the Ryukyu Islands organized by the
National Science Museum, Tokyo, offered us a favorable opportunity to study the soil
samples of the islands (Okinawa and Iriomote-jima), from which we have obtained five
sexual strains of algae belonging to the C. calosporum complex. The complex is considered
to be characterized by small curved vegetative cells and spiny zygospores. The strains
have appeared quite variable in vegetative and sexual morphology, as well as in cell size.
We have assumed that the strains are suitable materials for the taxonomical study of the
complex. Therefore, a comparative study based on modern culture techniques and statis-
tical analyses has been carried out on the strains from Okinawa and Iriomote-jima. Strains
from some other areas have been studied for comparison.

Materials and Methods

All the data reported in this paper were obtained from clonal axenic cultures in the
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synthetic culture media under the difined culture conditions. The following soil samples
and designations were used for the sources of the clones from the Ryukyu Islands.

R-5 ; paddy filed, Ginama, Okinawa, collected by H. HaGiwara in June, 1973.

R-9 ; rush field, Yonaha-dake, Okinawa, collected by H. Haciwara in June, 1973.

R-11; paddy field, Hoshitate, Iriomote-jima, collected by H. Koyvama in March,

1973.
R-12; abandoned paddy field, the lower reaches of the Pinai river, Iriomote-jima,
collected by H. HAGIWARA in June, 1973.

Clone A-2-22 was isolated in axenic culture from population samples obtained at a
small pond, Tahara, Tsukude-mura, Aichi-ken in October, 1972. Clone Akan—46 (WATA-
NABE, 1974) was isolated in axenic culture from population samples collected at a bog water
near Lake Akan in September, 1973. Clones C-318 (Coox 1193, IU 1146), C-319 (Coox
1204, 1U 1086), and C-320 (Cook 1440, IU 1087) were obtained from the Culture Collec-
tion of Algae, Institute of Applied Microbiology, University of Tokyo, and these clones were
originally isolated in uni-algal culture from the soil samples collected in the United States
by Cook (1963). Cook’s clones had been maintained in PRINGSHEIM’s soil-water medium
at the Culture Collection of Algae, Department of Botany, Indiana University, Bloomington,
Indiana, until Prof. R. C. STaRrr kindly transferred the cultures to one of us in 1969 and
they were purified into axenic cultures in the synthetic culture media for the present study

Table 1. Synthetic culture media for Closterium.

Salt VT® CA MI
Ca(NO3).*4H,0 11.78 mg 2.00 mg —
KNO; — 10.00 —
NH,NO; - 5.00 —
£-Na, glycerophosphate5H,0 5.00 3.00 5.00 mg
MgS0,-7H,0 4.00 2.00 4.00
KCl 5.00 — —
CaCl;-2H;O — - 10.00
Vitamin B,, 0.01 ug 0.01 pg 0.01 ug
Biotin 0.01 0.01 0.01
"Thiamine HCl 1.00 1.00 1.00
P IV metals® 0.30 ml 0.10 ml 0.30 ml
Fe (as EDTA; 1:1 molar)® — 0.10 mg —
Glycylglycine 50.00 mg — —
HEPES® — 40.00 40.00 mg
Distilled H2O 99.70 ml 99.90 ml 99.70 ml
pH adjusted with NaOH 7.5 7.2 6.8-8.0

(1) ProvasoL! & PINTNER’s volvox medium (1959); 1 ml of P IV metals contains
Na; EDTA, 1 mg; Fe (as C17), 0.04 mg; Mn (as C17), 0.01 mg; Zn (as Cl7),
0.01 mg; Co (as C17), 0.001 mg; Mo (as C17), 0.005 mg.

(2) Dissolve 351 mg of Fe (NH,)2(SO,)2:6H0 and 330 mg Na;EDTA in 500 ml
H,0; 1 ml of this solution=0.1 mg Fe (ProvasoL1, 1966).

(3) 'This salt can be replaced by MES for lower pH (5.6-6.8).
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in February, 1974.

The pipette-washing method was employed for isolation of clonal axenic cultures from
Petri dishes, in which a small portion of air-dried soil was rewetted with distilled water and
it was kept for approximately two weeks under the culture conditions. For statistical
analyses of quantitative variation in vegetative morphology, cells were allowed to grow in
test tubes containing 10 ml of CA for three weeks and they were fixed 8 hours after the
beginning of light period by three drops per tube of formalin solution. Concerning width
and distance between apices, fifty cells per clone were measured under the microscope with
screw micrometer, and as to curvature, twenty cells per clone were measured by the method
of NisHIHAMA & IcHIMURA (1974). The replacement method of IcHiMura (1971) was
employed for induction of sexual reproduction, but the washing procedure was omitted.
The culture media used are shown in Table 1. All the culture experiments were carried
out at 23-25°C. The cultures were illuminated by a bank of cool-white fluorescent lamps
on a cycle of 16 hours light and 8 hours dark. Light intensity was selected at about 4,000
lux for vegetative growth and at about 10,000 lux for sexual reproduction.

Strains from the Ryukyu Islands

Heterothallic strains from R-5 and R-11 A total of 25 clones of small curved Closterium
(Pl. 13-A) were obtained from R-5 and 10 clones from R-11. All the clones grew well in
CA, but scarcely in VI. No sign of sexual reproduction was observed in clonal culture
in any medium tested (including MI). In strain R-5, heterothallism was easily recog-
nized, since many zygospores were always observed within 5 days when two clones of
opposite mating type in any combination were mixed in MI. It was uncovered that 9
clones were plus and the rest minus. In strain R-11, however, we noticed that sexual
reaction did not occur even when two clones of opposite mating type, in certain pairs,
were mixed under the same conditions. The results of several trial crossings among the
clones of R-11 and test crossings of them with plus and minus clones of R-5 and of R-11
are shown in Table 2. In the cases when zygospores were observed, zygospores formed
in pairs of R-11 were considerably smaller in number than in pairs of R-5. Especially a
very few zygospores were formed in the pair of R-11-9 and R-11-11. On the other hand,
a rather large number of zygospores were formed in the pair of R-11-5 and R-11-6. Then
the pair was tested at various pH of MI. A considerable number of zygospores were
formed in the range from 6.8 to 8.0, but the number decreased at lower pH (5.5-6.5).
Concerning the effect of pH on the sexual reproduction, the same sort of results were
obtained in the pair of R-5-2 and R-5-3. The results of intercrossing between plus and
minus clones of R-5 and R-11 are shown in Table 3. This table shows only the presence
or absence of zygospores in test tubes when observed by a stereomicroscope 10 days after
mixing two clones in MI at pH 8.0. It should be noted that a very few zygospores were
present in crosses between R-11-9 and R-11-6, R-11-10 and R-5-24, R-11-10 and R-5-
26, and R-11-10 and R-11-6. It is suggested that the plus clones of R-11 have only
weak sexual potential, although the cause and the meanings have not yet been thoroughly
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Table 2. 'Trial cross in R—11 clones and test cross of R-11 clones with
plus and minus clones of R-5 and R-11.

Clone number of R-11

No. of MI Test
experiments at pH clone 5 6 7 8 9 10 11 12 13 14
Trial 1 8.0 R-11-5 - Z Z - - - - - — —
2 7.6 R-11-7 z — — — 0 O — — — —
3 7.5 R-11-9 - - = Z - — —
4 8.0 R-11-14 — 0 0 — — — —
Test 1 8.0 R-5-2 z - — — 0 0O — — — —
R-5-3 — Z Z Z — — Z Z Z Z
2 8.0 R-5-2 z - — — o Z2 — - — —
R-5-3 — Z Z Z — — Z 7 Z V/
R-11-6 z — — — 0 O — — — —
R-11-5 — Z Z 0O — — Z Z Z V/

Z, zygospores were observed; 0, zygospore was not observed when two clones of opposite
mating type were mixed; —, zygospore was not observed when two clones of the same
mating type were mixed.

Table 3. Intercross between plus and minus clones of R-5 and R~11.

Minus Plus clone

clone R-5-3 R-5-5 R-5-6 R-11-5 R-11-9 R-11-10
R-5-2 zZ Z Z v 0 zZ
R-5-24 zZ z Z 0 zZ
R-5-26 z zZ z z zZ zZ
R-11-6 z z z zZ z zZ
R-11-7 z z Z Z z 0
R-11-11 z z zZ z 0 z

Z, zygospores were observed; 0, zygospore was not observed. MI, pH 8.0.

investigated. Nevertheless, the results of intercrossing between the two strains seem to
indicate that the two local populations of the small curved species of Closterium in Ginama
and Hoshitate are not reproductively isolated, although the two islands, Okinawa and
Iriomote-jima, are separated by more than 400 km.

The vegetative cells of the two strains have been quite similar in qualitative morpho-
logical characters. Considerable constancy within a clone and also among the clones has
been observed in the following characters; the shape of the apices, which are rounded-
truncate, and the presence of a small dot like wall thickening at the apex. The quantitative
morphological characters have been statistically analyzed on 10 representative clones from
strain R-5 and 5 representative clones from strain R-11 (Table 4.). In these clonal cul-
tures, one standard deviation (SD) of width was in the range from 0.3 to 0.7 , and SD of
distance was from 3.8 to 8.4 u. Coeflicient of variability (CV) of width was in the range
from 2.7 to 5.7%,, and CV of distance was from 4.4 to 9.09,. Thus it can be said that
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Table 4. Variation in vegetative characters among heterothallic clones from R-5 and R-11.

Width (u) Distance between apices ()  Curvature (°) Distance

[width

Clone cv cv
Sex Min Mean Max SD (%) Min Mean Max SD (%) Min Mean Max
(8]

R-5-3 + 12.0 12.7 135 03 2.7 82.0 93.6 110.0 59 6.4 100 116 128 6.5-8.5
R-5-5 + 123 13.0 14.0 03 2.5 76.8 90.5 1023 57 6.3 108 116 128 6.3-7.5
R-5-6 + 11.5 13.0 138 0.4 3.4 79.8 93.8 117.5 7.1 7.6 108 116 124 6.5-7.8
R-5-25 + 11.3 12.0 133 0.5 4.1 78.0 87.6 96.8 3.8 4.4 108 120 132 6.3-7.9
R-5-28 + 12.0 129 153 0.7 54 825 92.3 102.8 4.7 5.1 100 120 132 6.4-8.5
R-5-2 — 115 128 148 0.7 5.7 75.3 93.3 120.0 84 9.0 108 116 124 5.8-8.9
R-5-24 — 113 12,6 13.3 0.5 3.7 79.5 92.1 102.5 53 58 92 116 136 6.5-8.2
R-5-26 — 123 13.7 145 0.5 3.4 72.5 84.7 100.5 54 6.3 104 116 132 54-7.6
R-5-27 — 11.5 12.6 143 0.5 4.2 73.8 88.4 1048 7.0 7.9 104 120 136 6.0-7.8
R-5-30 — 11.8 12.5 140 0.5 3.8 80.0 98.7 113.5 6.6 6.7 100 108 116 7.0-9.6
R-11-5 + 11.8 12.7 14.0 0.5 4.1 72.3 84.0 958 56 6.6 112 116 124 5.7-7.3
R-11-9 + 13.0 14.0 150 0.5 3.4 80.3 91.7 103.5 5.3 5.7 104 116 124 6.0-7.3
R-11-10+ 13.0 14.0 150 05 3.3 74.0 88.7103.0 6.4 7.3 108 116 128 54-7.2
R-11-6 — 11.5 13.3 145 0.7 4.9 82.0 92.6 1053 5.3 57 104 112 128 6.4-7.8
R-11-7 — 12,5 13.6 145 0.4 2.7 848 944 1048 48 50 92 112 120 6.3-7.5

distance is more variable than width. The largest mean value in distance and the smallest
value in curvature were obtained in R-5-30. There seems to be some correlation between
distance and curvature. In other respects, we have not been able to recognize any sig-
nificant difference in statistical values of the characters measured.

The sexual morphology (Pl. 14-A) of strains R~5 and R-11 has not shown any dif-

ference. The characteristic spiny zygospore is formed within a thin tough membrane
between the two conjugating cells. The two semicell walls of a empty gametangium are
partially separated, but they are always joined by a hinge.
Homothallic strains from R-9 A total of 27 clones were obtained from R-9. Vegtative
cells of 20 clones were slender (Pl. 13-D) than those of the other 7 clones (P1. 13-E). Of
these 20 clones with slender cells, four clones were originally isolated with VT, in which
they grew very poorly, but formed zygospores in clonal culture about one month after the
inoculation of single cells. The other 16 clones were isolated with CA, in which they
grew vegetatively to a certain extent, but scarcely formed zygospores. 'The clones cultured
in CA were tested to induce sexual reproduction in MI at pH 8.0. Most clones did not
show any sign of sexual reproduction, but only a few clones formed a very small number
of zygospores.

The clones with slender cells can be successfully induced to form many zygospores in
MI at pH 6.5. 'The clones isolated with VT and those with CA are quite similar in sexual
morphology (Pl. 14-C). The characteristic spiny zygospore is formed within a compara-
tively large vesicle between the two conjugating cells. In some cases, another thin mem-
branous structure can be seen between the outer thin membrane and the zygospore (Pl.
14-C). In most cases, the two semicell walls of a empty gametangium are separated by a
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Table 5. Variation in vegetative characters among homothallic clones from R-9.

Width (u) Distance between apices ()  Curvature (°)
Clone vV cv D/W
Min Mean Max SD g Min Mean Max SD 3 Min Mean Max
(%) (%)
Slender group
R-9-5 16.5 17.3 18.3 0.4 2.1 127.5 148.9 168.3 8.5 5.7 84 96 104 7.5- 9.4
R-9-6 17.0 17.7 18.8 0.3 1.9 127.5 164.2 181.8 10.4 6.4 84 96 116 7.3-10.0

R-9-12 16.0 17.4 17.8 0.4 2.4 1450 154.8 172.8 7.8 5.0 84 96 112 7.9- 9.4
R-9-13 14.5 16.0 17.0 0.7 4.2 117.8 141.6 169.5 11.2 79 88 100 116 7.8-11.1
R-9-22 16.8 17.1 17.5 0.2 1.4 125.0 145.2 165.5 104 7.1 84 96 112 7.4- 9.4
Broader group

R-9-10 24.8 26.0 27.5 0.5 1.9 142.3 178.6 1953 10.0 5.6 124 132 140 6.2~ 7.5
R-9-11 23.8 253 26.8 0.6 2.4 148.3 168.5 193.5 9.4 5.6 120 136 148 6.1- 7.5
R-9-40 24.5 263 28.5 1.1 4.1 160.0 179.9 201.5 10.2 5.6 120 132 140 6.3- 8.1
R-9-42 24.0 253 26.5 0.5 1.9 156.3 177.6 201.8 9.3 5.2 120 132 144 6.6- 8.0

ring of newly formed thin wall, on which a gamete exit pore is opened. Constancy within
a clone and also among the clones with the same sexual morphology has been observed in
the following vegetative characters; the shape of the apices, which are clearly truncated,
and the presence of a dot like wall thickening at the apex. 'The quantitative characters of
the vegetative cells have been statistically investigated on 5 representative clones (Table
5.). 'The statistical values have shown that R-9-13 is deviated to considerable extent from
the other 4 clones.

The seven clones with broader cells grew to the limited extent in CA, but scarcely
in VT. Occasionally a few cells showed the sign of sexual reproduction in clonal culture
when the culture aged, especially in VT'; a few cells conjugated, but they failed to form
zygospores. Induction of the sexual reproduction with MI at pH 7.5 was unsuccessfull.
Many zygospores were observed in MI at pH 6.5 approximately one month after the re-
placement. The sexual morphology of the strain with broader cells is shown in Pl. 14-F.
The characteristic spiny zygospore is formed within a thin vesicle between the two con-
jugating cells. The two semicell walls of a empty gametangium are never completely
separated. The exit pore of gametic protoplast can be seen on the newly formed thin
wall between the two semicell walls. A dot like wall thickening can be seen at the apex
of every vegetative cell of all the clones with broader cells. The apices appear to be slight-
ly truncated in most of the cells, but they may also appear to be acutely rounded in some
cells (Pl. 13-E). 'The quantitative characters of the vegetative cells have been statistically
investigated on 4 representative clones (Table 5.).

Homothallic strain from R-12 A total of 5 clones were obtained from R-12. In CA, all
the isolates did not grow well vegetatively, but they reproduced sexually to form zygospores
about one month after the inoculation of single cells. Two months after the isolation,
however, only clone R-12-2 grew vegetatively to a considerable extent in CA. The vege-
tative cells (Pl. 13-H) of the clone have been observed to be fairly constant in the follow-
ing characters; the shape of the apices which appears to be truncated, and the presence
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of a dot like spot at the apex. Occasionally, giant cells (PL. 13-G) have been observed in
the clone. These giant cells were largely deviated in size from the normal cells, but the
shape of the apices of them did not show much difference from that of the normal cells.
Measurements in width and distance of the giant cells are shown in the following 4 ex-
amples; 12.8 X 80.0, 13.0 X 112.5, 13.5 X 80.0, and 14.3 X 87.5 in U. Thesize of them seems
to be very variable. The statistical analysis of the quantitative characters of the vegetative
cells of the clone, which will be described in the following section, has been done on 50
normal cells. In all the clones from R-12, the zygospores have been observed to have
poorly developed mammillae, but not true spines, on their walls in CA, although most of the
zygospores were matured. Development of mammillae was improved in CA at lower pH
(5.6-6.8). The shape of the “spine”, however, was still rounded protuberances under the
best conditions (P1. 14-I). It has been observed that the two semicell walls of a gametan-
gium are slightly separated by a ring of newly formed thin wall, and that the zygospore is
surrounded by a thin vesicle between the two conjugating cells.

Comparative Studies of Morphology of Strains from Different Localities

A total of 10 strains from different localities have been studied to compare the vege-
tative and sexual morphology. Statistical analyses have been done on the quantitative
characters of the vegetative cells (Table 6.). In order to compare the characters of a local
population with those of other local populations, one hundred cells were randomly chosen
from each of the strains, in which more than two clones had been statistically investigated
in the foregoing section. The strains are arranged in the order of mean values of the
width from the top of the table. In the 10 strains studied, SD of width was in the range
from 0.3 to 0.8 4, and there seemed to be no correlation between the larger value of mean
and the larger value of SD. 8D of distance was in the range from 3.4 to 14.5 4, and SD

Table 6. Variation in vegetative characters among strains from different localities.

o Width () Dlst:gic;;)e(:;tv;een Curvature (°) pli;zn%ﬁ_ w
train D
Min Mean Max SI? &X Min Mean Max SD ((E/:; Min Mean Max gle:sgg,rk

R-12-2 9.3 10.4 11.5 0.6 5.3 47.8 57.1 658 3.4 59 108 120 140 12 4.7- 6.1
C-318 10.0 10.5 11.5 0.3 3.0 72.3 81.5 91.3 4.6 5.6 136 148 164 24 6.9- 8.5
A-2-22 10.8 11.5 12.5 0.5 41 655 757 89.8 58 7.7 92 104 112 1-2 6.0- 7.8
R-5 11.3 12.7 153 0.6 4.9 725 91.5120.0 6.57.1 92 116 136 1-2(3) 5.4 9.6
R-11  11.5 13.5 15.0 0.8 5.6 72.3 90.0 105.3 7.0 7.7 92 114 128 (1)2-3 5.4- 7.8
C-320 133 14.0 14.8 0.3 2.2 113.8 128.1 139.8 6.3 49 68 80 96 2-3(4)8.3-10.1
Akan 46 14.3 152 16.8 0.6 3.9 116.3 150.0 188.5 14.5 8.5 76 96 112  2-5(6) 9.0-13.0
C-319 153 16.0 16.5 0.3 1.8 112.0 121.3 137.5 5.2 4.3 96 108 124 (1)2-3 6.9- 8.2

R-9
slender 14-5 17.1 18.8 0.8 4.5 117.8 150.4 181.8 12.7 8.4 84 96 116 (1)2-5(6) 7.3-11.1
F]‘;r%ader23.8 25.6 28.5 0.6 2.3 142.0 175.0 201.8 13.0 7.4 120 133 148 (2)3-6(5) 6.1- 8.0

* Based on 10 or more cells,
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Fig. 1.

Distance

Graphic analysis of variations in width and distance between apices of vegetative cells.

C. calosporum: b (KRIEGER, 1935), c (Skuja, 1928), d (WIiTTORCK, 1869), f (WEST & WEST,
1904), g, h (HomFeLD, 1929); C. calosporum var. brasiliense: a (HoMmFELD, 1929); C. calo-
sporum var. galiciense: j (Kaiser, 1929); C. calosporum var. maius: k (KRIEGER, 1935), 1
(BourreLLY & MANGUIN, 1952), p (Skuja, 1964), q (TaFt, 1945); C. calosporum f. major:
m (WesT & WesT, 1904), n (West & WesT, 1896), o (Skuja, 1928); C. spinosporum: i
(HopGeTTs, 1925); C. spinosporum var. minus: e (HODGETTS, 1925); crossed square, see the

text.
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was considerably large among the strains which have mean values over 150 U, such as
Akan-46 and the two strains of R-9. CV of width was in the range from 1.8 to 5.6,
and CV of distance was from 4.3 to 8.4%,. It seems that width is less variable than dis-
tance. From mean values of curvature, it can be said that the vegetative cells of C-318
are the most curved and those of C-320 are the least.

Variations in width and distance among the 10 strains, and also among the clones
within a given strain, can be visually compared in Fig. 1. When an attention is given to
crossed squares three groups roughly defined can be recognized. The top group is com-
posed of the four clones of strain R-9 with broader cells. The strain is markedly sepa-
rated from any other strain. The middle group includes 4 strains; R-9 with slender cells,
C-319, Akan-46, and C-320. Within this group, strain R-9 with slender cells is the
largest in width and also in distance. C-320 is the smallest in width, and C—-319 is the smal-
lest in length. When an attention is given to squares, by which SDs of width and distance
are shown, C-319 and C-320 are completely separated from any other strain. There is
also a gap between the group of the four clones of R-9 and the pair of R-9-13 and Akan-
46. R-9-13 is the most deviated clone within strain R-9 with slender cells. However,
ranges in width and distance, which are shown by crosses, overlap each other in these 4
strains. 'The bottom group includes 5 strains; R-11, R-5, A-2-22, C-318, and R-12-2.
Within this group, strain R-11 is the largest in width, and strain R-5 in distance. R-12—
2 is the smallest in width and also in distance. The squares of R-12-2 and C-318 are
clearly separated from others.

Quantitative variation in morphological characters of the sexual cells has not been
able to be studied under the same constant conditions in all the strains, because of differ-
ent pH optima for their sexual reproduction. The measurements of size of zygospores
have shown that there was some correlation between size of zygospore and that of vege-
tative cell (Table 7.). Any significant difference has not been recognized between the two
strains of R-5 and R-11 in their sexual morphology, too.

Table 7. Variation in sexual characters among strains from different localities.

Zygospore without spines

Condition

Strain Major axis (u) Minor axis (u) Length of spine (1)
: . SD . SD - SD
Medium pH Min Mean Max (%) Min Mean Max(%) Min Mean Max(oo)

0
R-12-2 CA 6.8 213 227 253 1.1 20.0 21.8 248 1.5 1.3 20 3.0 04
A-2-22 MI 7.0 248 269 28.0 1.0 23.0 252 270 13 13 22 3.3 0.6

R-11-5
«R-11—¢ MI 8.0 250 27.2 28.8 1.3 23.0 247 273 1.5 1.5 23 33 04

R-11-5
wR-5-27 MI 80 250 27.7 32.0 2.0 23.8 259 275 1.4 23 3.1 38 04

R%s.3 MI 80 243 27.9 300 1.8 238 259 288 1.7 1.8 32 50 07

Akan 46 CA 7.2 315 332 350 1.1 288 30.8 325 1.3 23 31 40 05
R-9-6 MI 6.5 325 361 41.5 3.4 293 339 375 2.5 25 4.0 50 0.9
R-9-11 MI 6.5 425 445 475 1.7 375 413 450 2.5 25 42 6.8 1.2

In each strain, ten mature zygospores, which had been incubated for more than 10
days at the indicated condition, were measured. As to the length of spine, two longer
spines were selected from each of the ten zygospores.
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Discussion

The desmid flora of the Ryukyu Islands has been studied by some Japanese phycologists
(OxkaDA, 1943; HiraNo, 1963; Yamacisul, 1969; Nakano, 1970). Most previous reports,
however, are based on the fixed materials collected from the fields. Such materials rarely
contain zygospores of desmids. Actually, the occurrence of organisms belonging to the
C. calosporum complex in the Ryukyu Islands seems to be confirmed for the first time by
the present work. The characteristic spines on the zygospores observed made it possible
to recognize them with certainty.

The small curved forms of Closterium with spiny zygospores from the islands present
many interesting biological problems including the taxonomical problems in the genus
Closterium.

The common characteristics of them is only that the spiny zygospore is surrounded by
a thin hyaline vesicle formed between the two conjugating cells. The presence of the
vesicle has been observed also in the strains from other geographical areas. In his original
description of C. calosporum, WITTROCK (1869) has described that the conjugation vesicle
of the new species gradually disappears by the time of zygospore maturation, in contrast
with the vesicle of C. parvulum which is comparatively tough and remains throughout
the zygospore maturation. Under the axenic culture conditions, the vesicle is constantly
present in all the strains, around the matured zygospores, although there seems to be some
variations in toughness of the membranes.

From the available illustrations, we have assumed that there are considerable varia-
tions in shape and also in length of the spines of zygospores among the small curved forms
which have been reported as C. calosporum and its varieties, and that the shape of the spine
might be a useful criterion for distinction of taxa. Actually it has been observed that
there is a marked difference in the spines between the heterothallic strains (P1. 14-A) and
the homothallic strains (Pl. 14-I). However, it has also been observed that development
of the spines is strongly influenced by the environmental factors such as pH of the medium.
In A-2-22, the zygospores formed in MI at pH 7.0 had poorly developed mammillae on
the wall or had smooth walls (PL. 14-H). Development of the protuberances on the
zygospore walls was largely improved to form true spines in MI at pH 5.6 (PL. 14-G). In
most of the strains studied, occasionally formed parthenospores bore the same character-
istic spines as those of the normal zygospores at the optimal pH range (Pl. 14-B & D).
Before the usefulness of the spines as a taxonomic criterion can be properly evaluated, it
is necessary, first of all, to determine optimal conditions for sexual reproduction of each
strain.

The available informations on the organisms, which can be positively identified as
the C. calosporum complex from the descriptions with illustration of the characteristic
spiny zygospores, show that dimensions of the vegetative cells considerably vary among
the local populations (Fig. 1). Same small letters in this figure indicate ranges in width
and distance which have been described by a given author. The dimensions of C. cal-
osporum which have been described by WirTROCK (1869) are indicated by the four letters
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of d. The ranges of C-318 are entirely surrounded by the four letters. This means that
the vegetative cells of the clone agree well in dimensions with the original description.
In addition, judging from his illustration, the vegetative cells of the clone agree fairely well
with WITTROCK’s material in curvature and also in the shape of acutely rounded apices.
However, the ‘“‘spines” on the zygospores of C-318 are merely poorly-developed mam-
millae, in contrast with the well-developed spines on the zygospores of WITTROCK’s ma-
terial. We have observed the sexual morphology of C-318 (Pl. 14-E) in uni-algal cultures
using PRINGSHEIM’s soil-water medium so far. The vegetative cells of A-2-22 agree con-
siderably well in dimensions with the original description of C. calosporum, but, in curvature,
they greately differ from it. 'The dimensions of C. calosporum which have been delimited
by WEesT & WEsST (1904) and by KRrIEGER (1935) are indicated in Fig. 1 by the four letters
of f and b, respectively. The vegetative cells of R—12-2 agree well in width, but not in
distance, with the diagnoses of the species in the two major monographs.

The apices of the vegetative cells appear to be truncated in A-2-22 and also in R-12-
2. By this nature of the apices, the two strains may be considered to belong to different
taxa from C. calosporum. HoDGETTS (1925) has described two taxa of Closterium with
spiny zygospores, C. spinosporum and its variety minus, of which vegetative cells closely
resemble a small form of C. dianae and the apices are obliquely truncated. According to
him, HODGETTS’ materials appear to resemble closely C. paradoxum, but to differ from it
only in the nature of zygospore spines. We have not been able to consult with WILLE’s
(1880) description of C. paradoxum at this time. As to the taxonomic value of the nature
of the spines, however, we have the opinion, as discussed above, that the evaluation should
be awaited for the time when we will have enough knowledge of the environmental modi-
fication or phenotypical plasticity of the shape of the spines. Therefore, we can not decide
at this moment whether C. paradoxum and C. spinosporum are conspecific or not. In any
way, the vegetative cells of A-2-22 agree well in width and almost in distance with those
of C. spinosporum var. minus, but the former appears to be slightly shorter and less curved
than the latter.

Dimensions of the vegetative cells of the middle group of the strains are almost all
included in the space indicated by the four letters of & in Fig. 1, which shows the ranges
of the dimensions of C. calosporum var. maius described by KrieGer (1935). Although
considerable variations in the dimensions can be seen, the apex of the vegetative cell is
more or less clearly truncated and has a dot like wall thickening in all the strains, and the
descriptions of the variety by KrIEGER (1935) and by several other authors (Skuja, 1928,
1964; HomreLp, 1929; Kaiser, 1929; Tart, 1945; BoURRELLY & MANGUIN, 1952) agree
well at this respect. WEsT & WEsT (1896, 1904), however, have not mentioned on the
nature of apices of vegetative cells in their descriptions of C. calosporum f. major.

The two heterothallic strains of R-5 and R-11 can be regarded to belong to the same
single species, since members of the two strains are potentially linked with each other
through the sexual reproduction. The vegetative cells of the two strains are intermediate
between those of C. calosporum and its variety maius. We have not found any known taxon
to which we can properly identify the species, although it is supposed to be the organism
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more or less closely related to C. calosporum.

From dimensions and curvature of the vegetative cells, we may be able to identify
the broader cells of R-9 as C. dianae or C. parvulum var. maius. However, the spiny
zygospores such as seen in the strain have never been observed in both of the two species.
Therefore, the strain is considered to belong to the species which has never been described
so far. 'The diagnosis of the new species will be published elswhere.
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ML/ N TESFIC X DH B I A1/ F € Closterium calosporum complex (3 E TiIcit REHHS
HEEN T3, Kriecer (1935) 325 % C. calosporum &% DZERE maius & brasiliense & 1A
HLk., TOBREDOAZERZZOEF SOOI DPHEOFTERICHE > TR, DLOIBHRIIEDF ) =8
D70 7%RETHHEET, LLOSTHRHICETIESE, W OrDEETENLLRLBIEDEH D/ 0
— VEREMICOBET 2 CENT &, TNODWIKES 0 — v EARERE, ALiEEE BEREEOME
00—y EEOWVT, —ERET TRE LK AEEZ O TRBICERS KOESEEOREE L, C. calos-
porum complex O % idH 7, KRR L O REOAYHEZ BB ICHKEALTLE~k& Bbh 3
Kriecer (1935) OS¥EROBHRITO—ERE L TiTRbNI.

MR IR SOEZE E SBHELES JOBEEREOTIL ECFH A )ITHD 4 4 Fro/KE -1 & b
fgemy, BHEEFNE XUCAREOLEL OSSN, TNHD 70— VITEEE EMEEICEDI0R
HicXElahi, 8, AEEEOR®ER P. W. Cook Tk - THEE XN, PriNGSHEIM O _AFk:H% FH
WTIOEL] ERIZR SN D TH 5. AR TR ZN S Z QBRI CHRBERICHEZEL /2. Cook (1963)
OUEMEAFEOREMBEALET 5 &, BEASEENTDONIBD. LW ->TARETHEET S
HEHRMAERCBOTRELILDDTH B EBLTEINEEDbN S,

REEICI AR (Table 1) 2z, BER 23-25°C, 2R3 AESCTE2BY, BEOF(16:8)
DT T, FHEIEITIZHK 4000 lux, HEFRICITH 10000 lux OB TR L 12,

FRROME 3 BRFEIE L SE ML THICA > TR 8 M7 x v =) YiIckDBEELT
fTisotc. CORBTRAREADOHZASNT, BZEALDLOTRILMEMSIHEMBERUE s
BETL T, HROES JOEREHOERIC OO TREZ 0 — v CSOEREAIER L v X2 HOTHIE
Lic, BRIOEHEICOVWTRERBEHHEER XD K7 0 — Y TEREZREL /.
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BEAMREOA EREARTFEREDIEL L0 EZRIMICOVTIT I »/c. BFORRLEERORE
BEZHRTIEARAZESVHDOTHY, MEERKE Y EETHTVRL. FFOESRERFIEOWVT
HEHEVSD 2 @AEZRS, 10EOKRFICO>VTRIEL .

BEHECDVTIREARE B/IME FHE EERE ZEREREDS &7 (Tables 4-7).

PTICAZINACEMNOBHRO S R 2570 —>), B0l Rk (170 —), LiBE0 1%
% (17a—v), AREDO3IHE (370—) KEISOTWAS.

Sexuality IT 2V TE 2 ¥ ICE T heterothallism A5, {hid 8 R¥EICH T homothallism H3H & e,
C. calosporum complex T3} % heterothallism DFliZ 2hF THM SN T, heterothallic @ 2 R
RIEAELERELVBONLDOTHEY, MRKEMETLESRTFOERSER SN .

10%56307 0 — VIEBWTR 7 0 — VOERBEE FEMEOBICB NT1.4-5.7%, Soimfd O Eltick
NT4.39.0%Th ~1z. BHEZEE (R-5) D107 o — viZ heterothallic ThH D, REDFERE—D "4#
W KRBT AEARENE, LD1070— kDT vF AIGRIEN/ 100 ERKOERBHITIECBNT
4.9%, SSHOEMETIR7.1%ThH 1. Tho ORBESRFMCE T 2 EIRE OB 217185 B O KjE
Bkt &85,

ERFHELEE (R 09 7o—viIFEBEEE BEAEESIUEELDT, =0 /KEICE W THRIC
KMz 2RELDE. 2O bRBMOMIEER 2 RE R FEMROBICE DTHO 9 R/t & I3RS
%% (Fig. 1 BR). ORI HXEMBOILEDS C. dianae EHReNBERG & C. parvulum NaEG. var.
maius WEST &ICESITNDS, MEOEETFHEETHE I EPOMBELIRLIAYICETI DEALL
xh3. NEOMKE B O RE I FEEMRO O KICE VT C-319, C-320, Akan—46 & k{—%L,
TRk ESEEMEOATHENVCERLTWS, AL C-320 K2V Tid #ifOIE & Eii DA T/NID
MRA B ORE, Akan-46 O 2 ZEEPPRERTH Y, C-319 Lid kil 2 Aofth, 18 & e ks
DOHITBWTKRE LRI > T3, D4 %kiE Krecer (1935) i k3 C. calosporum var. maius T8
Tha.

%3 5%k R-5, R-11, A-2-22, C-318, R-12-2 ® 51, C-318 3 FEARICEL VT C. calosporum
WrirTRocK (1896) T UL, fhdD 4 RFELEHMBICB VW TREFTH S, KELRE, HEEEREDS RS
L R-11 LORMICRERZRDONIEYV. CNRTEOHRE—ET S, Lic 2 REIEBAIROK & i
LTk A-2-22 &EERT 2%, SEHOMEEATERICEB O TREENEDONS. R-12-2 Tk
EXICHOTED 9 R E A HEERETH 5.

AFETHOETER I AVFED LD BEBOLIBEOEROFIHEDORBICERN L HETHL LEZL S,
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Explanation of Plates 13-14
Plate 13
(Vegetative morphology )

A, C-319; B, C-320; C, Akan—46; D, strain R-9 with slender cells; E, strain R~9 with
broader cells; F, strain R-5; G and H, R-12-2, G, giant cell; I, A-2-22; J, C-318.

Plate 14
(Sexual morphology )

A and B, strain R-5, MI at pH 8.0, B, abnormal zygospore with spines; C and D, strain R-9
with slender cells, CA, D, parthenospores with spines; E, C-318, uni-algal culture in PRING-
SHEIM’s soilwater medium; F, strain R-9 with broader cells, MI at pH 6.5; G and H, A-2-22,
G, MI at pH 5.6, H, MI at pH 7.5; I, R-12-2, CA at pH 6.8.
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