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Distribution of Environmental Factors in Lake Biwa in Low Precipitation Condition Q

Distribution of Environmental Factors in Lake
Biwa in Low Precipitation Condition

Limin Zhang', Chunmeng Jiao *

(1. Jiangsu Province Academy of Environmental Sciences; 2. Lake Biwa Research Institute)

Abstract: Regular measurements across the north-south profile of Lake Biwa
were performed by a fine scale profiler monthly from April 1994 to March
1995. In the period of extremely low precipitation, when strong stratification
appeared peak value of chlorophyll-a didn’t appear in the epilimnion as usual,
rather than, a very sharp chlorophyll peak emerged uniformly in the upper
metalimnion of the whole lake. A low dissolved oxygen and high turbidity bot-
tom boundary layer was also observed in the deepest area during summer and
autumn. The coincidence between the peaks of Chlorophyll-a and dissolved ox-
ygen shows that the metalimnion is a photosynthesis active region.

Key words: Chlorophyll; Temperature; Turbidity; Dissolved Oxygen; Extreme
Low Precipitation; F-probe; Lake Biwa

1 Introduction

Lake Biwa is the largest, monomictic lake in Japan with a topography characteris-
tics of a deep oligo-mesotrophic central basin (the North Basin) and an adjacent shallow
eutrophic embayment (the South Basin). During periods of stratification when strong
winds sweep across the surface of the lake, the baroclinic response may be described by
an initiation of internal Kelvin and Poincare waves which propagate around the lake
(Kelvin waves) and oscillate the isopycnal surface in the centre of the lake (Poincare
waves). Vertical transport will be most active in the surface and benthic layers, and
patchy in the hypolimnion except in case when nolinear internal waves appear (Jiao and
Kumagai, 1995).

Due to heavy development pressures, the lake has suffered a deterioration of water
quality since the 1960s. The freshwater red tide in the North Basin since 1977 and Cya-
nobacteria blooms in the South Basin since 1983 are typical symbol of eutrophication
process in the lake.

In Lake Biwa, chlorophyll-a or phytoplankton is abundant in the epilimnion during
stratification period in most years (Nakanishi, 1976; Tezuka, 1984). It is observed in
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the epilimnion of the lake that there are two peaks of phytoplankton standing crop annu-
ally, one in spring which is caused by freshwater red tide, the other in autumn resulting
from stimulation of primary production by addition of hypolimnetic nutrient ( Tezuka,
1984).

In summer of 1994 when precipitation was extremely low, the peak of chlorophyll-a
or phytoplankton appeared within the thermocline. This phenomenon is unusual in Lake
Biwa (Nakanishi, 1995).

A deep chlorophyll peaks (DCP) have been observed in various aquatic environ-
ments. Although the dominant biological processes in the formation and maintenance of
the DCP vary from environment to environment (Cullen and Eppley 1981; Culle 1982),
it is clear that the DCP never appears in very turbid waters or where a thermocline is ab-
sent (Anderson, 1969). This strongly imply that radiation penetration and water stratifi-
cation are very important factors for the formation and maintenance of the DCP.

Recently, blooms of algae in the North Basin have caused a marked increase in oxy-
gen demand which has lead to a depletion of oxygen in the deep parts of the lake (Naka,
1973). If the decrease in oxygen continues, the store of phosphorus locked up in the sed-
iment may be release, leading to accelerated eutrophication in the North Basin.

Several observation works have been carried out about spatial distribution of bio-
chemical factors, with profile data acquired in several points or some area in the lake
(Nakanishi, 1976; Tezuka, 1984). Our study was focused on the monthly routing obser-
vation of temperature, turbidity, pH, conductivity, chlorophyll-a, dissolved oxygen
across north-south transect in a special case that river input was extremely low in summer
of 1994 when the lake reached its new record of low water levels. This observation with
a fine scale probe (F-probe) give us a great deal more insight into detailed spatial distri-
butions in whole lake.

2 Methods and study area

Observations were conducted on a profile from the northern side in Shiozu Bay to
the southern side under the Seta Bridge. Locations and water depths of the 10 survey sta-
tions are showed in Figure 1 and Table 1, respectively.

Table 1 Water depths (meters) of the 10 survey stations

St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 St. 8 St. 9 St. 10

30 72 86 87 72 75 50 6 4 3

The observations was carried out once a month from April of 1994 to March of 1995
using a fast research vessel, Hakken owned by Lake Biwa Research Institute. Each ob-
servation has to be finished within 4 hours in order to acquire simultaneous data. The lo-
cations of the stations were decided by differential Global Position System (GPS).
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Fig. 1 Station locations on a bathymetric map of Lake Biwa,

Vertical profiles were obtained by a fine scale profiler, which is equipped by tem-
perature, turbidity, PH, conductivity, chlorophyll-a, dissolved oxygen sensors. The
conductivity in-situ instrument is made up by a SEA-BIRD sensor with accuracy of
+0.000 3 Siemens/meter, resolution 0.000 04 s/m and time response 0.07 seconds. The
temperature sensor is SEA - BIRD one with accuracy of %0.004 C, resolution
0.000 3 C and response time 0. 072 seconds. The dissolved oxygen sensor is a SEA -
BIRD one with accuracy of 0.1 ml/L, resolution 0. 01 ml/L and response time 2 sec-
onds. The PH sensor is a SEA - BIRD one with accuracy of 0.1 PH and response time 1
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second. Turbidity in-situ instrument is made up by SEA TECH transmissometer with ac-
curacy of £0.5%. Chloropyll-a in-situ instrument is made up by SEA TECH fluorometer
with accuracy of 0.1 pg/L. All the sensors were calibrated by Center for Water Re-
search, University of Western Australia.

Principally the data were acquired once a month, but the time interval between two
observations is not exactly one month. Spline interpolation technique for raw data treat-
ment was used for seasonal variation analyses. Because spatial distances among observa-
tion points are unequal, the same method was also used.

The profiles were acquired at a spatial of 10 cm from the surface to the bottom. The
7 profiles from the stations in the North Basin were averaged to get a normal vertical
profiles. This averaged profiles were used to get seasonal distributions.

3 Results

3.1 The monthly variation of meteorology and transparency

The air temperature tended to increase from April, and got its maximum in July and
August, then decrease until it reached its minimum in February (Fig. 2a). The variation
of solar radiation showed that it was relatively low in June, which is a raining season,
and got its maximum in July and August, and then seems to decrease until December.
The distribution of precipitation showed an unusual partern, i.e., the rainfall is not so
high in the raining season (June), but extremely high in September.

Comparison shows that air temperature was 1 to 2 'C higher than the standard values
(annually averaged values) except that in June, especially in July it is 3 °'C higher than
usual (Fig. 2b). The solar radiation shows a big positive deviation in July and August.
Attention should be focus on the big negative deviation of precipitation in June, J uly and
August, which make the water level of Lake Biwa reach its historical low water level re-
cords. Therefore, the summer of this year is extremely dry and hot.

35
30 .
25 ":..._. \

20 X- X ’ P x".i "-_\"-_ """" Air Temperature

- - S ) . K T
158" A . - RS -+ -&- - - Precipitation

Cw. P
Xt -+ - X---Radiation
KL, Cend IRt PN g
A X _ﬁ;-"T
1

5 AL A A AR L

0 1 1 1 1 1 1 i 1 L

Apr June Aug Oct Dec Feb

Fig. 2a  The monthly averaged values of air temperature(’C ) and average daily solar radiation
(MJ/m’) and monthly total precipitation(mm X 10) at Hikone Meteorological Station
from April 1994 to March 1995,
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Fig. 2b The deviation to annually averaged values of average air temperature(C ), total pre-
cipitation( mm X 10 ) and average daily solar radiation(MJ/m’ ) at Hikone Meteoro-
logical Station from April 1994 to March 1995,
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Fig. 3a Water transparency(Secchi disc depth in meters) recorded once a month at 7 survey
points in the North Basin of Lake Biwa from April 1994 to March 1995,
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Fig. 3b Water transparency (Secchi disc depth in meters) recorded once a month at
3 survey points in South Basin of Lake Biwa from April 1994 to March 1995,

In the North Basin, Secchi disc depth (transparency) got its minimum in May when
fresh water “red tide” bloomed, then increase until it reached it maximum in July and
August, which corresponds to the extremely dry and hot season (Fig. 2a) when phyto-
plankton standing crop in the surface layer was very low. The transparency decreased
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gradually from September to October, which was caused by heavy rain in the mid and
late September (Fig. 2a). The lowest transparency in October was due to the intense
rainfall and turbid river water input which occurred 4 days before our sampling, rather
than heavy phytoplankton standing crop. Compared in the meantime among the 7 sta-
tions in the North Basin, the lowest transparency values were always found at Station 1,
near the Shiozuokawa river mouth and Yiwura habour, which seems to be caused mainly
by the turbid river water input.

In the South Basin, the Station 8 with a depth of 6 meters is located at the conjunc-
tion, the Biwako bridge, with the North Basin, so that there was similar characteristics
in transparencies to those obtained in the North Basin. The shallow South Basin is well-
mixed by wind normally and there is no water stratification. Therefore, the transparen-
cy is irregular and random without any statistically reliable differences between stations
3.2 The seasonal variation of water temperature, chlorophyll-a, dissolved oxygen, and tur-

bidity

The seasonal variation of water temperature is well revealed in Fig. 4a. The water
stratification started in April 1994 by gradually strengthened solar radiation. Under the
strong solar radiation in July and August (Fig. 2). The stratification developed to reach a
summer pattern in August and September, i.e., an uniform warm surface layer (epilim-
nion) with a maximum water temperature 29 C (3 'C higher than usual), a deep layer
(hypolimnion) with a uniform water temperature of 8 to 9 C, and a layer between them
(thermocline) with a sharp temperature gradient. The surface of the thermocline in the
meantime arrived at its shallowest depth of 10 meters, which continued for two months.
From September, the epilimnion begun to cool and to deepen gradually and the stratifi-
cation started to be weakened and disappeared in January. The lake became isothermal
completely from January to March.

It is evident from Fig. 4b that chlorophyll-a concentration begun to increase from A-
pril in the middle of epilimnion, and got its peak in May, which is correspond to spring
water bloom of the fresh water “red tide”. The chlorophyll-a peak area deepened gradu-
ally and reached its deepest point (10 to 15 meters) in August and September when the
phytoplaktopn species was dominated by picophytoplankton (Nakanishi, 1995). The
characteristics of phytoplankton distribution is that they concentrated in a very narrow
range in the upper metalimnion. Correspondingly, the Secchi disc depth transparency
became larger and larger. It is coincided with the unusual arid and hot meteorological
condition. Therefore, the record-making good transparency in the summer seems to be
caused by the concentration of phytoplankton into the thermocline under the extreme
climate. It is clear to be seen that there is valley between spring and autumn peaks,
which is similar with the observation of Tezuka (1984).

The seasonal variation of oxygen (Fig. 4c) in the North Basin provide a great deal of
information about the nature of the lake. The concentration of oxygen in an aquatic en-



Distribution of Environmental Factors in Lake Biwa in Low Precipitation Condition Q

vironment is a function of biological processes such as photosynthesis or respiration and
physical processes. In the upper epilimnion, the O.% decreased from April and reached
its minimum in August, there exist no phytoplanktons there, then started to increase un-
til December, remained the same values from January to March, which showed a oppo-
site tendency with water temperature distributions. Oxygen saturation is determined by
temperature and phytoplankton distribution. In spring when the stratification was weak
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