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The valve diameter (D), marginal width (M) and striae (S) and cell densities of Cyclotella comta popula-
tions together with the nutrient profile of the water were examined by using samples collected from coastal
surface water at thirty-five stations in the Fuji Five Lakes and Lake Ashino-ko in 1987. The natural popula-
tions of C. comta were found to show a statistically significant annual change in the valve diameter and mark-
ings on the valve surface. In a population, M decreases, but S increases and M/D does not change or in-
creases, when D decreases, while the correlation coefficients of D-M, D-S and D-M/D decreases in the
order. D, M and M/D get smaller and S larger from spring to autumn, while keeping at the above
feature. The cell type defined by two variables such as D-M, D-S or D-M/D seems to be present in each
lake. The dependency of cell type on cell density and environmental factors was observed.
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RoBiNnsoN and WALLER (1966) showed
geographically separated populations of the
marine planktonic diatom, Rhizosolenia styli-
formis.  Minor variants recorded in the
planktonic diatom Tabellaria flocculosa of lakes
(Rounp 1965, Rounp and Brook 1959,
KoppeN 1975) seem to be stable (Rounp
1981). At least in small lake, the surface
diatom population is uniform horizontally
(Maruvama 1988). In the case of man-made
lakes such as Lakes Sagami-ko and Tsukui-
ko, the cell size distribution of poulation
changed continuously with location (NAMIKI
et al. 1985). In lakes connected by a river
such as the Nishina Three Lakes, the
differences in cell size among lakes are
slightly larger than those within each lake
(MaruyaMma 1988). The present study focuss-
ed on the differences in form (or shape) ap-
peared and area occupied by infraspecific
variants in C. comta.

** To whom reprint requests should be addressed.

annual cell cycle—niche—Ashino-ko—cell density—cell size distribution—cell type—

Six lakes from northwest to southeast
around Mt. Fuji stand within 50 km. One
old lake was divided into three lakes of
Motosu-ko, Shoji-ko and Sai-ko by a
coulee in 864. Lakes Yamanaka-ko and
Kawaguchi-ko were also formed by a coulee
in 800 (NoBUHARA ¢t al. 1971). Lake Ashino-
ko is a crater lake formed in about 1100BC
(Icou 1980). These lakes are spring-fed lakes
with very little inflow of water from ground
surface (Tanaka 1900, TaNAkA et al. 1982,
Yaar 1974). The details of the Fuji Five
Lakes and Lake Ashino-ko (Suzukr 1982) are
shown in Fig. 1.

Materials and Methods

Thirty-five sampling stations were chosen
along the shore in six lakes, viz. 6 in Lake
Motosu-ko, 2 in Lake Shoji-ko, 4 in Lake Sai-
ko, 7 in Lake Kawaguchi-ko, 6 in Lake
Yamanaka-ko and 10 in Lake Ashino-ko (Fig.
1). Samplings were made on April 12-14,
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Motosu-ko 138°35' 35°28' 900.0 4.78 121.6

Shoji-ko 138°37! 35°29' 900.0 0.51 15.2 L. ASHINO-KO
Sai-ko 138°41' 35°30' 900.0 2.15 n.7

Kawaguchi-ko  138°45' 35°31" 830.5 5.60 14.6

Yamanaka-ko 138°52' 35°25" 980.5 6.66 13.3

Ashino-ko 139°00' 35°13' 724.5 7.04 40.6

Fig. 1. Sampling stations and the locations, areas and maximum depths of the Fuji Five Lakes and Lake
Ashino-ko.

June 14-16, August 9-10, October 14-15
and December 16, 1987. At each station,
triplicate surface water samples were collected
in 250 m/ polyethylene bottles; one was fixed
in 4% formalin (final concentration) for mor-
phological examination and the other two
were used for chemical analyses. The pH
and electric conductivity (EC) were measured
using pocket glass electrode pH (YEW model
PH51) and EC (YEW model SC51) meters.
Water samples of 250 m/ each were centri-
fuged at 2,750 X g for 15 min, the sediments
resuspended in 2.5 m/, and 0.05 m/ suspen-
sions placed on a cover-glass and dried over a
hot-plate at 100°C. Cells were examined by
using a microscope (Nikon model Optiphot

NTF) and a micro-stage (Sapporo Breweries
Ltd. model MS) connected to a computer
(Fujitsu model FM-8). Population estimates
were based on triplicate cell counts and ex-
pressed as number of cells per m/. The valve
diameter (D), the marginal width (M), and
the number of striae in 10 gm of the valve
round (S) were measured in 200 cells in each
population by using a video-writer (FOR.A
model FVW 300) connected to a computer
(Fujitsu model FM-11 and FM R-50FD) and
M/D was calculated as M X 100/(D/2).

Total nitrogen (T-N) and total phosphorus
(T-P) were analyzed by the methods of
JAPANESE STANDARDS AssociATION (1986),
and silica (S8iO;) and COD by the methods of
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NIHONSUIDOKYOUKAI (1985).

Results

Davision into populations with different reproductive
cycles

Each population from Lakes Yamanaka-ko
and Ashino-ko in spring is assumed to consist
of small cells (S) and large cells (L) with
different reproductive cycles (NAMIKI ¢t al.
1985). The population in Lake Yamanaka-
ko was divided into two groups by a rough
estimation at 13.5 gm in diameter and that in
Lake Ashino-ko at 12.0 zm (Fig. 2), and the
populations  obtained were statistically
analyzed.
Dafferences within each lake

Since the distributions of D, M and S of
each population were different from each
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cedure was adopted: the judgement whether
the distribution is normal (1) or not (2) by the
test for detecting the departure from normali-
ty (Kolmogorov-Smirnov one sample test,
KOT) (Table 1); if it is normal, then the
judgement is done whether it is equivariant
(3) or not (4) by the test for homogeneity of
variance (Bartlet’s test, BT) (Table 2). In a
judgement on the distribution of D, when the
distribution was normal and equivariant
[(1)—=(3)], (1) (3) was observed every
season in Lakes Motosu-ko and Shoji-ko,
(1) = (4) or (2) with the season in Lake Sai-
ko, and (1) = (3) or (1) — (4) with the season
in Lakes Yamanaka-ko and Ashino-ko. The
distributions of M and S can be stated mostly
normal (Table 1).

As some of the lakes at some seasons show-
ed the case (2) or (1) = (4), Kolmogorov-

other in form and location, the following pro-  Smirnov two sample test (KTT) was
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Relationship of valve diameter (D) to marginal width (M), number of striae (S), and M/D ratio of C.

comta at station 1 in Lake Yamanaka-ko and station 3 in Lake Ashino-ko in spring in 1987 as examples, indicating
small and large populations divided by 13.5 #m in D in Lake Yamanaka-ko and by 12.0 #m in Lake Ashino-ko.
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Table 1.
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The observed largest differences of Kolmogorov-Smirnov one sample test (KOT) of D, M and S

in the Fuji Five Lakes and Lake Ashino-ko in 1987. The differences beyond the value for 5 per cent significance

are tabulated.

Lakes & Stations Apr. June Aug. Oct.
Diameter (D)
L. Sai-ko 1 0.1385
3 0.1169
4 0.1126
Number of striae (S)
L. Motosu-ko 5 0.1154
L. Sai-ko 1 0.1119
3 0.1192
L. Yamanaka-ko 1 0.0973
L. Ashino-ko 9 0.1073
Width of marginal region (M/D)
L. Motosu-ko 6 0.0979
L. Ashino-ko 4 0.0983

employed for the detection of differences in
population within each lake. The results ob-
tained in many instances with the exceptions
indicated by box in Table 3 can be reasonably
regarded as having the same distribution at 5
per cent level of significance.

Fig. 3A shows the point and interval
estimates of population medians of D, S and
M/D. They are also within a narrow range
at the same season in each lake. The interval
estimates in every other month do not general-
ly overlap with each other and the changes
over the lapse of time can be followed. It is
seen from the figure that differences in the
range and width of D, S and M/D of the an-
nual changes are found among 6 lakes. As
one or both of the variables follow a normal
distribution, the population was analyzed by
the bivariate analysis to check its character.
General character of a population

Regression analysis was used for the evalua-
tion of D-M, D-S, and D-M/D in a popula-
tion. The regression line can be represented
by an equation in the form of y=a+fx. The
equation of the line can be rewritten as
y=r+8(x—x). This change is achieved by
writing 7y =a+ fx, that is 7 is the y-value of
the point on the line corresponding to x=x.
In a population, M decreases, S increases and
M/D increases or does not change as D
decreases. This relation is shown in Fig. 4,
in which the point and interval estimates of
the regression coefficients § for D-M, D-S

and D-M/D are distributed in plus range,
mostly in minus range and mostly in minus
range with large deviation, respectively, while
the correlation coefficients for D-M, D-S and
D-M/D decrease in the order (Table 4).
This feature seems to be basically common in
a population in all seasons and lakes.
Change observed from spring to autumn

D, M and M/D get smaller and S larger as

Table 2. The observed largest differences of
Bartlett’ test (BT) of D at 5 per cent significance
applied to the population having the value of KOT
below 5 per cent significance.

5% significances
Lakes & Seasons Obs;: Tved (Dég;rees of
values freedom)
L. Motosu-ko
Apr. 7.77 11.07 (5)
June 7.81 11.07 (5)
Aug. 10.15 11.07 (5)
Oct. 10.31 11.07 (5)
L. Shoji-ko
Apr 0.46 3.84 (1)
June 0.16 3.84 (1)
L. Sai-ko
Oct. 8.59 7.81 (3)
L. Yamanaka-ko
Apr. 8* 9.65 11.07 (5)
Lx* 29.79 11.07 (5)
June 19.64 9.49 (4)
Aug. 14.30 7.82 (3)
L. Ashino-ko
Apr. S* 21.36 14.07 (7)
L* 9.80 14.07 (7)
June 24.62 14.07 (7)
Oct. 11.01 11.07 (5)

* S, small cell populations; L, large cell populations.



Table 3.
Fuji Five Lakes and Lake Ashino-ko in 1987.

L. Motosu-ko L. Shoji-ko

2 3 4 5 6 2
1 0.110 0.130 0.125 0.115 1 0.055 (APR)
2 0.135 0.120 1 0.115 (JUN)
3 0.085 0.060 0.125 —
4 (APR) 0.075 0.095 [ o
5 0.110

2 3 4

1 0.115 0.115 0.065 0.085 0.080
2 0.055 0.100 0.050 0.055 1 0.060 0.130 0.060
3 0.110 0.065 0.065 2 0.095 0.055
4 (JUN) 0.075 0.080 3 (JUN) 0.100
5 0.05 1 0.105 [0.170][0.185
1 0.075 0.070 0.090 0.070 0.065 2 0.125 [0.170
2 0.055 0.070 0.060 0.065 3 (OCT) 0.085
3 0.075 0.075 0.060
4 (AUG) 0.040 0.070
5 0.055
1 0.055 0.050 0.135 0.130 0.095
2 0.060 0.110
3 0.130 0.130 0.070
4 (OCT) 0.080 0.090
5 0.075

The observed largest differences of Kolmogorov-Smirnov two-sample test (KTT) of D in all combinations of stations in each lake at the same season in the
The values over 5 per cent level of significance, 0.136, are indicated by box.

L. Yamanaka-ko L. Ashino-ko
2 3 4 5 6 2 3 4 5 6 7 8 9
1 [0.190][0.155] 0.075 0.130 [0.205] 1 0.090 [0.170] 0.115 0.110 0.080 0.160 0.075
2 0.125 [0.230][0.190] 0.110 2 0.175] 0.130 0.080 0.090 0.150 0.070
3 0.170]0.110 0.075 3 0.085 0.120 0.125 0.045 0.125
4 (APR) 0.100 [0.205] 4 0.065 0.065 0.090 0.100
5 0.130 5 0.070 0.105 0.065
1 0.100 0.130 0.135 0.075 ‘75 (APR) 0.120 g'(l’f:
2 0.110 0.100 0.085 :
4 (JUN) 0.130 0.060 1 0.100 0.070 0.065 0.075 0.095 [0.145 0.140
5 0.110 2 0.075 0.070 0.055 0.070 [0.155 0.115
1 0.413 (0150 0.125 : iyl
2 0.070 10.190 5 . 0.075 0'135 0.125
3 (AUG) 0.215 : : :
6 (JUN) 0.125 0.130
7 0.140
1 0.065 0.055 0.055 0.120 0.065
2 0.085 0.050 0.085
3 0.075 0.095 0.060
4 (OCT) 0.135 0.060
5 0.140
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the season proceeds, while keeping a popula-
tion at the above feature. These changes are
illustrated with the means in the right portion
of Fig. 4A, C-E and the point and interval
estimates of 7 corresponding to each mean are
also shown in Fig. 4. Those in every other
month do not mostly overlap with each
other. The path swept out by the seasonal
changes of means is described as the
downward trends of D-M and D-M/D and
the upward trend of D-S. With these
changes (as D decreases) 8 of D-M decreases
toward zero, that of D-S decreases from zero
and that of D-M/D does not change (Fig. 4A,
C-E). This annual change also seems to be
common to all the lakes.
Differrences in population among lekes

The cell types (see Discussion) character-
ized by D, M and S seem to be endemic to the

lake. This is illustrated as the shift of the
paths of D-M, D-S and D-M/D in the right
portion of Fig. 4A. The paths of D-M and
D-M/D in Lakes Shoji-ko (June), Yamanaka-
ko, Shoji-ko (Apr.), Ashino-ko, Motosu-ko,
and Sai-ko shift to the left and upward in the
order and that of D-S to the left and
downward mostly in the order. The interval
estimates of y do not almost overlap with each
other with a few exceptions.

The populations in Lake Shoji-ko in spring
(group I), those in Lakes Shoji-ko in early
summer and Sai-ko (group II), and those in
the other lakes (group III) are distinguished
from each other by the morphological ap-
pearance as shown in Fig. 5. Groups I, II
and III are morphologically separable from
each other: Group I is separable from other
two groups in having high striae density,
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original population; L, large cell populations; S, small cell populations.
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whereas group II is separated from other two
groups as it has a low density of alveolar on
the valve surface.
Dafferences in cell density

The cell density decreased in the following
order; highest with a spring pulse in Lake Sho-
ji-ko (Group I), with a midsummer pulse
in Lake Motosu-ko, with an autumn pulse in
Lake Sai-ko, with an early summer pulse in
Lake Shoji-ko (Group II), with an obscure
pulse in Lake Ashino-ko and lowest with an
obscure pulse in Lake Yamanaka-ko (Fig. 3).
Differences in environmental conditions

The point and 95% confidence interval
estimates of means of the water temperature

of the surface water in each season in six lakes
are shown in Fig. 6. The interval estimates
of the environmental factors within lake in
every season were small except for pH and T-
P in Lake Shoji-ko in summer. Tw shows
the same type of annual change with the
highest in summer. The level of pH rises in
early summer in Lakes Shoji-ko, Kawaguchi-
ko and Ashino-ko, in midsummer in Lakes
Sai-ko and Motosu-ko, and in autumn in
Lake Yamanaka-ko. EC,s is about the same
all year round. T-N is high in spring in
Lakes Sai-ko, Ashino-ko and Motosu-ko,
high in summer and autumn in Lakes Shoji-
ko and Kawaguchi-ko, and constant in Lake

(Tw), pH, ECy;, T-N, T-P, SiOy, and COD  Yamanaka-ko. No fixed pattern of change
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Fig. 4 The point and 95 per cent interval estimates of 8 and 1 of the regression line of M (middle), S (lower)
and M/D (upper) on D in April (open circle), June (solid circle), August (open triangle) and October (solid
triangle). The relations between D and M, S and M/D expressed by the point estimates of means are shown at the
right portion (large dotts for each lake). Original populations are shown by solid diamond and dotted line. Small
cell populations are shown by open diamond and dotted line. 8 (—2~2) for D-M/D and that (—0.5~0.5) for D-
M and D-S are in the lower abscissa. The upper abscissa is for D in #m. The paths in other lakes are also shown
by small dotts in Fig. 4A. M for Lake Motosu-ko, SH for Lake Shoji-ko, SA for Lake Sai-ko, Y for Lake

Yamanaka-ko, and A for Lake Ashino-ko.
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Table 4. The correlation coefficients of D-M, D-S and D-M/D in the Fuji Five Lakes and Lake Ashino-ko
in 1987.
Lakes & Seasons D-M D-S D-M/D
L. Motosu-ko
Apr. 0.79-0.83 —0.33-—0.07 —0.32-—0.08
June 0.80-0.82 —0.27-—0.09 —0.33-—0.07
Aug. 0.68-0.78 —0.38-—0.31 —0.29- 0.02
Oct. 0.62-0.74 —0.41-—0.24 —0.10- 0.02
L. Shoji-ko
Apr. 0.71-0.74 —0.23-—0.18 —0.23-—0.15
June 0.63-0.74 —0.21-—0.17 —0.31-—0.05
L. Sai-ko
June 0.61-0.80 —0.27-—0.14 —0.32-—0.07
Oct. 0.63-0.72 —0.41-—0.31 —0.03-—0.01
L. Yamanaka-ko
Apr. 0.82-0.89 —0.40-—0.24 —0.37-—0.06
s* 0.58-0.72 —0.38-—0.08 —0.24- 0.16
L* 0.43-0.62 —0.30-—0.08 —0.33-—0.09
June 0.66—0.80 —0.39-—0.12 —0.34-—0.12
Aug. 0.56-0.61 —0.20-—0.08 —0.25-—0.04
L. Ashino-ko
Apr. 0.83-0.88 —0.41-—0.24 —0.40-—0.14
s* 0.42-0.63 —0.34-—0.08 —0.21-—0.05
L* 0.57-0.71 —0.25- 0.05 —0.30-—0.04
June 0.68-0.73 —0.37--0.19 —0.40-—0.12
Oct. 0.54-0.68 —0.37-—0.21 —0.21-—0.09

*S, small cell populations; L, large cell populations.

was found out in the other elements.

The difference in Tw between low level
(Lakes Motosu-ko, Sai-ko, Yamanaka-ko and
Ashino-ko) and high level (Lakes Shoji-ko
and Kawaguchi-ko) was remarkable from
spring to early summer. It seems to depend
on the difference of depth or altitude where
the lakes stand. The level of pH was lower in
Lakes Motosu-ko and Yamanaka-ko than in
the other lakes. The level of EC was low in
Lake Motosu-ko, middle in Lakes Shoji-ko,
Sai-ko, Yamanaka-ko and Ashino-ko and
high in Lake Kawaguchi-ko in all seasons.
The high level of EC of water with poor dis-
solved substances like freshwater lakes implies
high concentration of Ca?*, Mg?* or CI™.
These ions are relatively high in Lake
Kawaguchi-ko as compared to the other lakes
(Nakaynma et al. 1973). T-N maintained a
low level in Lake Motosu-ko and mostly high
level in other lakes. The level of T-P was
lower in Lakes Motosu-ko and Sai-ko,
whereas it was higher in Lakes Ashino-ko,
Yamanaka-ko, Kawaguchi-ko and Shoji-ko.
The concentration of SiO, becomes higher in

the order, Lakes Motosu-ko, Shoji-ko, Sai-
ko, Kawaguchi-ko, = Ashino-ko  and
Yamanaka-ko. The composition of stratum
forming the lake has direct effect upon the con-
centration of SiO, in these lakes. The level of
COD was low in Lake Motosu-ko, middle in
Lake Sai-ko, and high in Lakes Shoji-ko,
Kawaguchi-ko, Yamanaka-ko and Ashino-ko
in all seasons except for Lake Sai-ko. Almost
all the factors in Lake Motosu-ko are lowest.
The level of T-N in Lake Motosu-ko is lower
than 0.2mg// and that of T-P in Lakes
Motosu-ko, Sai-ko and Ashino-ko is lower
than 0.02 mg/!.

Discussion

Two populations in spring in both Lakes
Yamanaka-ko and Ashino-ko are sympatric
and they differ in the cycle of reproduction.
The differences in the range and width of the
annual changes of D are significant and the
reproduction cycle round might not be an an-
nual periodic phenomenon. Apart from the
reproduction cycle, the annual cell cycle can
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L. SAI-KO L. SHOJI-KO L. MOTOSU-KO

L. YAMANAKA-KO

L. ASHINO-KO

APR JUN

Fig. 5.

be statistically recognized. This is proved by
a fact that M/D in both S and L populations is
large.

The form and location of cell size distribu-
tion in the population in a batch culture of
Chlorella changed corresponding to the stage
of growth (Maruvama, 1977). The cell size
distributions in natural population are dif-
ferent from each other in form and location,

AUG

OCT
The typical valve appearances of the populations in the Fuji Five Lakes and Lake Ashino-ko in 1987.

but whether the difference in distribution is
related to the state of multiplication is not
clear. The concentrations of T-P and SiO,
become higher in the order of L. Motosu-ko,
L. Ashino-ko, and L. Yamanaka-ko. It is
significant whether a definite order of the
shift of paths is affected by the concentrations
of T-P and/or SiO, or not. The cell types
have the characters defined by two variables
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Fig. 6. The point and 95 per cent confidence
interval estimates of means of the water temperature
(Tw), pH, ECys, T-N, T-P, SiO, and COD of the
coastal surface water in Lakes Motosu-ko (open cir-
cle), Shoji-ko (solid circle), Sai-ko (open triangle),
Kawaguchi-ko (solid triangle), Yamanaka-ko (open
diamond) and Ashino-ko (solid diamond) in 1987.

such as D-M, D-S and D-M/D, which might
be an inherited character. Therefore, some
types of taxa of lower rank seem to be most
probable. C. comta in these lakes is composed
of three local taxa of groups I-III, but it is not
clear whether diatoms of group III from three
localities are identified as the same taxa or
not.

The differences in the cell types among
lakes and the operation of an annual cell cycle
could be identified morphologically in the
natural population. Other attributes of cell
types and their relation to physico-chemical
factors need further understanding.
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BOBEE*- AL R STEBEE /D Cyclotella comta TR DA Z

19874, BELAM LB 7 BIOREIRISHEL S 5 BOHEK CHARBARAELHAT, C. comta EFHOREE,
BEE, &HEE, WREE, SEERELRLYIELL, C oma OBHRERZ, HEHC, RERSLERD
B BRI E TS T 5, A—HEET, BER (D) sVhE L ctu, BTE M) o0, £EBE
(S) BKEL, FMDHIAUAKEL LB, {EL, D-M, D-S, D-M/D OMHEBEAGREIL, ZDIRI/NE <t
5, ErLKCETT, ZOBFREYEDRAS, D, M, & M/D i/ EWHN, SIEkEVWAHI~ENRT S, D,
M, S, M/D O¥IBHEE, LOETL/ X\, D-M, D-S, D-M/D OEH THRHLI S, HBEMTRES
fREA 703550 Ly, BRO 24 7 LAREECREOMbHIZOWTHER L, (*144 ERHEAXAKA
HE5-23-22 BALHREHEMER **13 B REIREI-1-1 HRKFELAMREDTER)








