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ABSTRACT

The first record of depth-time profiles for some physicochemical and
biological parameters of Lake Bishamon-numa based on periodic
observations during the ice-free season of 1996 are reported.
Throughout the observed period, the thermocline was either absent or
very weak. In accordance with this structure of water temperature,
the dissolved oxygen was distributed uniformly in the water column at
above a 90 % saturation level. The average and standard deviation of
transparency was 5.1+1.1 m. On the assumption that the trophogenic
zone is from the surface to a depth of twice the transparency, the whole
water body of the east basin in which the sampling station is located,
constitutes the trophogenic zone. pH was fairly constant from July to
December with an average and standard deviation of 6.2+0.1.
Compared with past data, the pH of Lake Bishamon-numa has changed
greatly within a relatively short time period in the past and has lately
stabilized around pH 6. The concentrations of Na, K, Mg, and Ca were
in the order of m mol 1-?, while those of Fe and Mn were of umol 172,
Ranked in descending order of concentrations, they are Na, Ca, Mg, K,
Mn and Fe. The annual maximum of Chl. a was 1.5 #g 17! in May.
Though there were slight maxima and minima, the Chl. a concentra- -
tion was below 1 £g 1! in most seasons and averaged 0.51 pg 1. This
Chl. a level corresponds to those of other oligotrophic lakes. Nano-
phytoplankton ranging from 2 to 20 um predominated, and macro-
phytoplankton greater than 20 zm were relatively scarce.
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INTRODUCTION
The lakes of the Urabandai Lake Group in Fukushima Prefecture were
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formed at the time of an eruption of volcanic Mt. Bandai in July, 1888. A
part of the summit, 1.7 km® in volume, was blown away by the eruption,
resulting in large-scale mudflows (MurRavaMa, 1973). The mudflows had
dammed many rivers and resulted in the moderately sized basins of Lakes
Hibara, Onogawa and Akimoto. The depressions on the surface of the
mudflows formed about 80 additional smaller lakes and ponds including Lake
Bishamon-numa (NAGAOKA, 1991).

Within the Urabandai Lake Group, Lake Bishamon-numa belongs to a
sub-group called the Goshiki-numa Lake Group. One of the earliest studies
on this lake was conducted by YosHIMURA (1935), who measured some
physicochemical parameters including water temperature, pH, dissolved
oxygen and transparency. Since then, pH, dissolved oxygen and/or some
metals were measured by YOSHIMURA et al. (1937a, b, c¢), TANABE and
Kanazawa (1964) and Kato and Arra (1970). Plankton were studied by
Tanaka (1992). However, most of these studies collected samples only once
or twice, mostly in summer. No data are available on depth-time profiles of
any kind of limnological parameters. This study features the first record of
the seasonal distributions of some physicochemical and biological parameters
in a water column of Lake Bishamon-numa in an ice-free season.

MATERIALS AND METHODS

Lake Bishamon-numa (37°39’N, 140°05'E) lies 770 m above mean sea
level. The lake covers 0.15km? and contains 0.0005 km?® of water. Its
maximum depth is 13 m and it has a mean depth of 3.3 m (HoRIE, 1962).
The deepest point in this lake is located in a rather isolated small sub-basin
called the Ido-numa basin. The lake has one inflowing river and one
outflowing river. The water samples were taken at 1-m intervals from a
station 7.5 m in water depth located in the deepest part of the east basin
(Fig. 1). The samples were collected with a 6-liter Van Dorn sampler about
every 3 weeks from 10 May to 12 December 1996. Water temperature was
measured with a thermistor thermometer. Transparency was measured by
a secchi disc. pH was measured using a pH meter (HACH ONE, HACH Co.)
until 12 June, and after that with another pH meter (IM-20E, Toadenpa
Co.). Dissolved oxygen was determined by the Winkler method. Aliquots of
water samples for the analyses of metals (Mn, Fe, Na, K, Mg and Ca) were
acidified with 0.1 M-HCI to a pH below 2. The acidified samples were stored
at room temperature until the chemical analyses for metals were conducted
by atomic absorption spectrophotometry (Perkin Elmer 3100). With the
exception of Fe, the precision of the determination was 1-2 % (that for Fe
was 15 %) .

Water samples for Chl. a analysis were filtered through nylon nets of 20
pm porosity. An aliquot of this filtrate was further filtered through 2 xm
nuclepore filters. Particles contained in 100 ml of unfiltered water, and
filtrates of the nylon nets and the nuclepore filters were collected on
Whatman GF/F glass fiber filters (mean porosity, 0.7 um) and then anal-

—35—



Physicochemical and Biological Characteristics of Lake Bishamon-numa 369

West basin

East basin

Sampling station

Ido-numa basin

Shimizu-numa basin

Fig. 1. Map showing station location in Lake Bishamon-numa.

yzed for Chl. a by fluorophotometry (Turner 111) after cold methanol
extraction for 12 hr. Total Chl. a denotes Chl. a contained in the unfiltered
water samples. Chl. a contained in the filtrate of the nuclepore filters is
expressed as <2 gm. Chl. a ranging in size from 2 to 20 um and >20 ym
were arithmetically calculated.

RESULTS AND DISCUSSION

YosuiMURA (1937a) divided Lake Bishamon-numa into 4 sub basins : the
west basin, east basin, Shimizu-numa basin, and Ido-numa basin. The latter
two basins are much smaller than the former two. The west and east basins
constitute the main body of the lake. Since the water chemistry of the west
basin differed from that of the east basin due to an acidic spring on the
bottom of the west basin (YOSHIMURA et al., 1937a, b), the following results
and discussion will be limited to the east basin of this lake.

Water temperature, dissolved oxygen, transparency and pH

Water temperature was about 9 °C throughout the water column at the
beginning of our observation, 10 May 1996, and rose until summer. The
annual maximum was 20.5 °C at the surface on 8 August. The isotherms
were nearly vertical even in summer, indicating that the thermocline was
either absent or very weak throughout the observed period (Fig. 2A). Rapid
water exchange may prevent the development of'the thermocline in the lake,
as suggested by YOSHIMURA et al. (1937a).

The isopleths of dissolved oxygen concentrations are roughly vertical
throughout the year (Fig. 2B) in accordance with the temperature structure
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Fig. 2. Depth-time diagrams of A) water temperature in °C, and
B) dissolved oxygen in mg 1! for Lake Bishamon-numa in 1996.

Water depth in m

(Fig. 2A), except for a maximum just above the bottom in May and a
minimum near the bottom in July. The mechanisms underlying such a
maximum or minimum are not yet clear. YOSHIMURA et al. (1937Db)
measured the vertical distribution of dissolved oxygen in this lake at a
station near the present one on 20 August 1935. It ranged from 7.83 to 8.01
mg 17! or from 93 to 99 % saturation level. In the present study, the
concentrations of dissolved oxygen ranged from 7.59 to 8.02 mg 17! or from
90 to 96 % saturation on 29 August, a date comparable to that of YOSHIMURA
et al. Both results are almost the same.

The transparency ranged from 2.4 m on 10 May to 6.5 m on 18 September
with an average and standard deviation of 5.1+1.1 m. On the assumption
that the trophogenic zone extends from the surface to a depth of twice the
transparency, the whole water body .of the east basin is regarded as the
trophogenic zone.

Vertical profiles of pH were fairly uniform throughout the observed
period, and pH was fairly constant from July to December, ranging from 6.0
to 6.3 with a mean value and standard deviation of 6.2+0.1 (Table1).
However, pH from May to June was lower, ranging from 5.1 to 5.8 with an
average and standard deviation of 5.5+0.2. This difference is significant at
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Table 1. pH of Lake Bishamon-numa during ice-free season in 1996.

Depthim) 10 May 23 May 12 June 5dJuly 25July 8Aug. 29 Aug. 18 Sept. 80Oct. 31 Oct. 22 Nov. 12 Dec.

0 5.7 5.2 5.6 6.3 6.2 6.2 6.3 6.1 6.1 6.3 6.2 6.2
5.4 5.3 5.6 6.2 6.1 6.2 6.3 6.2 6.3 6.3 - -
- 5.1 5.6 6.2 6.1 6.2 6.3 6.2 6.2 6.3 - -
5.4 5.3 5.7 6.3 6.0 6.0 6.2 6.2 6.3 6.3 6.1 6.2
5.7 5.2 5.7 6.2 6.0 6.1 6.2 6.2 6.2 6.3 - -
5.8 5.3 5.7 6.0 6.0 6.0 6.2 6.1 6.2 6.3 - -
5.5 5.5 5.7 6.1 6.2 6.0 6.2 6.2 6.2 6.3 - -
- - 5.7 6.1 6.0 6.1 6.1 6.3 - - 6.2 6.1

OO W=

the level of 1 % risk. The spring pH shock of snow melt water (e.g. SAKATA,
1994) seems to be the most probable reason for these low pHs from May to
June, because the low pH is restricted to spring. Usually, snow remains
around the lake, and the snow on the surrounding mountain does not yet melt
significantly in early May. The pH minimum on 23 May likely coincided
with an intensive snow melt of the surrounding mountain region. Since the
water of Lake Bishamon-numa changes quickly (YOSHIMURA et al., 1937a),
. if the pH of inflowing water declines due to the pH shock of snow melt water,
the pH of lake water would also fall.

Some previous results of pH measurements taken in Lake Bishamon-numa
are available (Table2). YosHIMURA and his colleagues (1935, 1937a, c)
reported pH values of 5.0 in 1931, 4.5 in 1935, and 6.2 in 1937. TANABE and
KaNazawa (1964) reported a pH value of 4.8 in 1964. KaTo and Arra
(1970) recorded the pH to be 6.2 in 1968. Since then, reported pH values
have been around 6. It is worthy of note that the pH in 1937 by YOSHIMURA
et al. (1937c) is more than one pH unit higher than those in 1931 by
Yosumura (1935) and in 1935 by YOSHIMURA et al. (1937a). This is also
true if one compares the pH in 1964 by TANABE and KaNAzawa (1964) with
that in 1968 by KaTo and Arra (1970). These results show that the pH of
Lake Bishamon-numa changed greatly within relatively short time periods in
the past, but has recently stabilized at around 6. However, we have to pay

Table 2. Comparison of the present pH values with those from the previous studies.

pH Date Method References

5.0 July 1931 Colorimetry YosHiMura 1935

45 August 1935 Colorimetry YosHIMURA et al., 1937a

6.2 September 1937 Colorimetry YosHIMURA et al., 1937c

4.8 July 1964 Colorimetry TanaBe and KaNazawa, 1964
6.2 June 1968 Not clear Kato and Arra, 1970
5.8-6.4 June 1980 Colorimetry TaNAkA 1992

6.5 October 1986 Glass electrode Tanaka 1992

5.6-6.3  Jume-October 1996*  Glass electrode Present study

* The period, from June to October, is selected in order to cover the sampling dates
of the previous authors.
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attention to the difference in the methods of pH measurement. Colorimetry
sometimes tends to give lower pH values as compared with the glass-
electrode method (HanyAa and OGuURa, 1995). However, at least the pH
change from 4.5 in 1935 to 6.2 in 1937 are likely to be realistic, because such
change are based on the results from the same authors using the same
method (Table 2). Furthermore, both the colorimetry and glass-electrode
methods have yielded similar pH values of around 6 since 1968, suggesting
that the recent stabilization of pH values are also likely to be realistic.

Metals
The concentrations of measured alkaline (Na and K) and alkaline earth

metals (Mg and Ca) were in the order of m mol 17!, while those of Mn, and

Table 3. Concentrations of metals in Lake Bishamon-numa in August 1968
by Kato and Aira and in 1996 by the present study. Present data
given are the average + standard deviation of all data collected.

Year Na K Ca Mg Fe Mn  References
(m mol I"!) (m mol 1!} (m mol I"!) (m mol 1-*) (zmol I"*) (umol 1)
1968 1.91 0.17 1.78 1.05 1.1 23.7 KaTo0 and AiTa, 1970

1996 2.01+0.26 0.22+0.02 1.60+0.07 1.00+0.06 2.4+1.1 26.1+3.0 Present study
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Fig. 3. Depth-time diagrams of A) Mn in umol 17!, and B) Mg in m mol 1"}
for Lake Bishamon-numa in 1996.
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Fig. 4. Seasonal changes in the average metal concentrations in the water column.

Fe were of ymol 17!. Ranked in descending order of concentration, they are
Na, Ca, Mg, K, Mn and Fe (Table 3). KaTo and Arra (1970) measured
metal concentrations in August 1968, and the present results agree well with
their results (Table 3). Mn and Fe are subject to redox reaction in natural
waters while the other metals are not. The solubility of the oxidized forms
of both Mn and Fe is very low, and both occur at low concentrations in
oxygenated water like that of Lake Bishamon-numa. Highly mineralized
water of volcanic origin seeps into the lakes of the Goshiki-numa Lake
Group, resulting in high metal concentrations in these lakes (JIBP-PF
Research Group of Acid Lakes in Urabandai, 1975).

Depth-time profiles of measured metals show that their vertical distribu-
tions in the water column are fairly uniform in accordance with that of water
temperature. As typical examples of zmol 1-* order metals and m mol 1-}
order metals, the depth-time diagrams of Mn and Mg are shown in Fig. 3A
and 3B, respectively. Because of their uniform distribution, the mean
concentrations in the whole water column at the sampling time are useful for
a comparison of their trends in seasonal change. The seasonal trends of
measured metals are roughly classified into three types (Fig. 4) : 1) Metals
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having their concentration maxima in autumn. Na and Mg are typical of
such metals, and Ca is also included in this category. 2) Metals having two
broad maxima one in summer and another in autumn. K and Mn belong to
this class. 3) Metals having a minimum in early summer. Fe is the only
element showing this trend. How these trends originated remains to be
determined.

Chlorophyll a

Chl. @ was relatively high near the bottom in May, at the surface in June,
and at 5 m depth at the end of August, and low at the surface except in June
(Fig. 5A). The peak in the bottom layer on 8 August was probably due to
a contamination of Chl. a from the re-suspended bottom sediments due to a
sampling miss. If we neglect this peak, the annual maximum of Chl. a was
1.5 g 17 at 6 m on 10 and 23 May. Though there were slight maxima and
minima, the Chl. a concentration was below 1 ug 17! during most seasons and
averaged 0.51 ug 17'. This level of Chl. a corresponds to those of other
oligotrophic lakes (FORTHBERG and RybING, 1980).

Though unfortunately we did not size fractionate Chl. a in spring, based
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Fig.5. A) Depth-time diagram of Chl. @ in ug 1" for Lake Bishamon-numa. B)
Seasonal change in the average concentrations of Chl. a in the fraction
greater than 20 ym (solid bar), in the 2-20 ym fraction (gray bar), and in
the fraction less than 2 ym (open bar) in the water column.
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on the results of size fractionated Chl. a, nano-phytoplankton ranging from
2-20 um predominated and macro-phytoplankton greater than 20 ym were
relatively scarce at least from early summer to early winter in Lake
Bishamon-numa, i.e., 50 to 76 % of total Chl. a was found in the 2-20 xm
fraction, whereas only 15 % was in the >20 ym fraction (Fig. 5B). These
results are quite different from those of adjacent Lake Onogawa in that
though Chl. @ in the 2-20 ym fraction predominated there from July to
August 1996 as it did in Lake Bishamon-numa, the >20 um fraction
dominated with up to 83 % in autumn and early winter (SATOH et al.,
unpublished data).

We tried to measure nutrients such as ammonia, nitrite, nitrate, and
reactive phosphorus. However, the analytical methods used were interfered
by abundant minerals, especially the formation of bulky precipitates during
the sample storage in freezers and/or chemical reactions. We tried to
remove the precipitates by filtration. However, we are skeptical about the
results thus obtained, because the concentrations of reactive phosphorus was
sometimes much higher than those of total phosphorus. For this reason, we
did not show the results of nutrients. However, the Chl. a level of the lake
mentioned above is very much lower than those of adjacent oligo- to
~ mesotrophic Lakes Hibara and Akimoto (0.7-15 xg 1! and 0.4-8.9 ug 17},
respectively) and meso- to eutrophic Lake Onogawa (0.7-48 xg 17!, SATOH
and SAGISAKA. 1997), suggesting that the nutrients levels of Lake Bishamon-
numa might be extremely low.
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