
INTRODUCTION

Photoautotrophic picoplankton (i.e., the frac-
tion of cells 0.2~2.0 µm in size; Sieburth et al.,
1978) are ubiquitous contributors among pri-
mary producers in lakes and marine ecosystems
(Stockner and Antia, 1986; Weisse, 1988; Nagata
et al., 1996). Extremely high density of picophyto-
plankton occurred in Lake Biwa from the second
half of the 1980s to the first half of the 1990s and
the cell density of picophytoplankton was up to
106 cells mL-1 during a summer season (Maeda et
al., 1992). After that, there have been various
investigations of picophytoplankton, for example
long term seasonal and vertical distribution
(Wakabayashi et al., 1994), ecophysiological cha-
racteristic (Maeda et al., 1992), relation to grazer
(Nagata et al., 1996) and photosynthetic activity

(Mitamura et al., 1999) in Lake Biwa. However,
there is little information about the seasonal and
horizontal distribution of picophytoplankton in
Lake Biwa for the last decade. The purpose of
our study are to elucidate 1) the seasonal chang-
es in the picophytoplankton from pelagic to lit-
toral zone in Lake Biwa and 2) to determine the
horizontal distribution of the picophytoplankton
in the surface water in Lake Biwa.

MATERIALS AND METHODS

Lake Biwa is the largest lake in Japan, cover-
ing an area of 669 km2 with a maximum depth of
104 m. Seasonal change in the picophytoplank-
ton biomass was investigated from September
2001 to November 2002 at six stations once a
month. The sampling stations [T2 (35�21′ N, 136�
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08′E) to T7 (35�15′ N, 136�13′ E)] were located in
the north basin (Fig. 1). Their horizontal distri-
bution in all areas of Lake Biwa was investigat-
ed for 2 days (June 6~7, 2002). The sampling
stations for that investigation were located at
points that divided the latitude and longitude
into 2-minute segments. Water samples were
collected from the surface layer (0.5 m) of each
station with a plastic pail. To measure the con-
centration of nutrients, a portion of the water
samples were filtered through glass fiber filters
(Whatman GF/F) treated by ignition at 420�C.
The filtrates were stored at -20�C until chemical
analysis. Ammonia was measured by the method
described by Sagi (1966), nitrite after Bendschne-
ider and Robinson (1952), nitrate after Mitamura
(1997), and phosphate after Murphy and Riley
(1962). To measure the cell density of picophyto-
plankton, a portion of each water sample was
fixed with glutaraldehyde (final concentration of
1%) and kept cool (4�C) in the dark until mea-

surement. The samples were filtered using 0.2
µm pore size Nuclepore filters, and the filters
were counted by epifluorescence microscopy
(OLYMPUS IX70 G-excitation, BP520-550, DM
565). Therefore, the cell density of picophyto-
plankton seems to be unestimated since what we
counted are only picocyanobacteria which is a
portion of picophytoplankton. To size phyto-
plankton, we used two kinds of glass fiber filters,
i.e., Whatman GF/D (approximately 2.7 µm pore
size) and GF/F (approximately 0.7 µm pore size).
Water samples were first filtered through the
Whatman GF/D, and the filtrates were filtered
again through a Whatman GF/F. In the present
study, the phytoplankton on the GF/D were de-
fined as larger phytoplankton, while the smaller
phytoplankton on the GF/F were defined as pico-
phytoplankton. The concentrations of chlorophyll
a of both larger phytoplankton and picophyto-
plankton were measured with a Turner 10-AU,
using 90% acetone as the extraction solvent acco-
rding to the method of Holm-Hansen (1965).

RESULTS AND DISCUSSION

1. Seasonal changes in biochemical parameters
and picophytoplankton

Figure 2 shows the seasonal changes in water
temperature, concentration of dissolved inorgan-
ic nitrogen (DIN: sum of ammonia, nitrite and
nitrate nitrogen) and phosphate phosphorus
(DIP) along the transect (T2 to T7) in the north
basin of Lake Biwa. Water temperature ranged
from 7.6 to 29.7�C, and the maximum value in
August and the minimum value in February.
The concentrations of DIN ranged from 1.1 to
24.1 µM. The concentration of DIN mostly varied
depending on change in the concentration of
nitrate nitrogen (data not shown). The concentra-
tions of DIN were low from August to October
2002. The concentrations of DIP ranged from
0.01 to 0.16 µM. The DIN : DIP ratio ranged from
31 to 3790, indicating that phosphorus is one of
the limiting parameters for phytoplankton growth
in the north basin of Lake Biwa. Tezuka (1985)
reported that the growth of phytoplankton was
phosphorus limitation in all season.

Figure 3 shows seasonal changes in the cell
density of picophytoplankton, and chlorophyll a
of pico- and larger phytoplankton along the tran-
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Fig. 1. Sampling station. Filled circle is samling station
in horizontal distribution. Filled star is sampling
station in seasonal change.
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section (T2 to T7). The cell density of picophyto-
plankton ranged from 0.8×104 to 47×104 cells
mL-1. That density increased from April to May
reaching a maximum value in May, decreasing
from May to June 2002, and increasing again
from June to July. Thereafter, the high density
of picophytoplankton cells was maintained until
fall. The picophytoplankton chlorophyll a ranged
from 0.07 to 1.89 µg L-1, the pattern of seasonal
change was similar to that of the cell density of
picophytoplankton. Larger phytoplankton chlo-
rophyll a ranged from 0.70 to 9.13 µg L-1. It in-
creased from September to December 2001 and
from September to November 2002, and decreas-

ed from May to August 2002. The contribution of
picophytoplankton to total phytoplankton chloro-
phyll a ranged from 1 to 41%, and the seasonal
pattern was also similar to that of the cell den-
sity and picophytoplankton chlorophyll a.

In seasonal change of the cell density of pico-
phytoplankton, two main peaks were observed in
May and in summer (July to October). The sum-
mer peaks consistent with the results obtained
by Maeda et al. (1992) and Wakabayashi et al.
(1994). Although in summer the picophytoplank-
ton was high, the concentration of DIN and DIP
were very low (Fig. 2). Mass-specific nutrient
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Fig. 2. Seasonal changes in water temperature, DIN and
DIP at 6 stations in the north basin Lake Biwa.
Vertical bars represent the standard deviation.
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Fig. 3. Seasonal changes in the cell density of picophyto-
plankton, picophytoplankton chlorophyll a and
larger phytoplankton chlorophyll a at six stations
in the north basin of Lake Biwa. Vertical bars re-
present the standard deviation.



uptake by phytoplankton increases with decreas-
ing algal cell size (Raven, 1998). The nutrient
uptake of picophytoplankton is more advantage-
ous than larger phytoplankton in nutrient up-
take during low nutrient periods. Moreover, it is
considered that photosynthetis activity of pico-
phytoplankton is higher than larger phytoplank-
ton in summer (Mitamura et al., 1999). 

The peak in May is not confirmed by investiga-
tion of past in Lake Biwa. This is thought to be
due to the difference of various conditions, for
example weather, water temperature, nutrient
and grazing, in about ten years ago and this
time. In this study, comparison weather condi-
tions were carried out. Figure 4 shows change of
the average air temperature from April 15 to
May 31 both 1990 and 2002 in Hikone city. For
several weeks by our sampling day in May, the
average air temperature in 2002 was about 3�C
higher than in 1990. As a result, it is considered
that water temperature rose with the rise of the
average air temperature and photosynthetic
activity of picophytoplankton went up. Mitamura
et al. (1999) reported that the assimilation num-
bers of picophytoplankton were somewhat relat-
ed to water temperature. Possibly these stimul-
ated the increase in the cell density of picophyto-
plankton.

2. Horizontal distribution of picophytoplank-
ton in Lake Biwa

The concentration of DIN and DIP were dis-
tributed almost uniformly throughout the lake
except in some areas (data not shown). The con-
centration of DIN exceeded 10 µM in a part of
south basin. This suggests that the south basin

was more eutrophic than the north basin.
Figure 5 shows horizontal distributions in the

cell density of picophytoplankton, chlorophyll a
of pico-and larger phytoplankton, and the con-
tribution of picophytoplankton to total phyto-
plankton chlorophyll a. The cell density of pico-
phytoplankton ranged from 9.4 to 24×104 cells
mL-1 and was distributed almost uniformly over
all areas. This results were consistent with that
obtained by Nakano et al. (1996). The contribu-
tion of picophytoplankton to total chlorophyll a
ranged from 7 to 32% and was higher in the nor-
th (18%) than in the south basin (13%). In parti-
cular, the contribution of picophytoplankton to
total phytoplankton chlorophyll a was high in
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Fig. 4. Temporal changes in the average air temperature
from April 15 to May 31 both 1990 and 2002 in
Hikone city. Filled circle represents the sampling
day in this study. This quoted the data of the Met-
eorological Agency.

Fig. 5. Horizontal distribution of the cell density of pico-
phytoplankton (×104 cells mL-1), picophytoplank-
ton chlorophyll a (µg L-1), larger phytoplankton
chlorophyll a (µg L-1) and the contribution of pico-
phytoplankton to total phytoplankton chlorophyll
a (%) in all area of Lake Biwa.
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the northern part of the north basin, because the
concentration of chlorophyll a in the larger phy-
toplankton had declined in that area while the
concentration of chlorophyll a in picophytoplank-
ton was almost uniformly in all areas.

In the northern of north basin, the concentra-
tion of DIN and DIP were lower than the south
basin. It is considered that the nutrient uptake
of picophytoplankton is more advantageous than
larger phytoplankton in nutrient uptake in lower
nutrient areas since the picophytoplankton cell
size is smaller than larger phytoplankton. These
results suggest that the picophytoplankton play
a more important role primary producer in the
northern part of the north basin of Lake Biwa
with a little nutrient supply.
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