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Introduction

Three lakes in the Pokhara Valley (Phewa Tal, Begnas Tal, and Rupa Tal), and two smaller
ponds in the Kathmandu Valley (Tau Daha and Nag Daha), Nepal, were sampled in'spring and fall
1985 to examine the influence of the monsoon on their limnological conditions. We expected to
find differences between seasons, because the spring samples represent conditions at the end of the
dry period (October to May) and the fall samples were taken at the end of monsoon rains (June to
September).

Materials and methods

Surface samples were collected on 4—8 dates in April—May 1985 and 2—4 dates in Septem-
ber—October 1985 from each lake in the Pokhara Valley. Samples were taken from five stations on
Phewa Tal and four stations on both Begnas Tal and Rupa Tal. In addition to surface samples,
vertical profiles were collected from the deepest part of Phewa Tal before and after the monsoon.
Profile data represents average values from two profiles for eich season. In the Kathmandu Valley,
Nag Daha was sampled once in April 1985 and Tau Daha twice in April—May. Both ponds were
sampled twice in September—October 1985. Characteristics of the lakes and their watersheds were
described by Hickew (1973 a, b) and Swar (1980).

Chlorophyll-a was measured spectrophotometrically using a Beckman Mini 20 after extraction
by ethanol (SarTory & Groeeraar 1984). In fall, an additional set of chlorophyll-a samples were
stored at ambient temperature in the dark in dessicant, then transported to the United States and
analyzed fluorometrically (KnowrtoN 1984). Results from the two analyses were virtually identical.
Total phosphorus was determined using the ascorbic acid method after persulfate oxidation (Prepas
8 RicLer 1982, APHA 1981) and total nitrogen was analyzed by cadmium reduction after per-
sulfate oxidation (D’ELua et al. 1977). Bacteria and phytoplankton samples were preserved with for-
malin. Other chemical analyses were conducted according to APHA (1981) or USEPA (1979).

Results and discussion

Premonsoon conditions

Salinity in the Pokhara Valley lakes averaged less than 41 mg/l (Table 1), which is a
third of the world average for river waters (WerzeL 1983). Values were among the lowest
in a premonsoon survey of 50 lakes and ponds in Nepal (J. R. Jones, unpublished data).
Calcium accounted for 66.3 % of the cation concentration in Phewa Tal and about 43 %
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Table 1. Pre- and postmonsoon surface values for lakes in the Pokhara and Kathmandu valleys.

Phewa Tal Begnas Tal Rupa Tal TauDaha  Nag Daha
Pre Post Pre Post Pre Post Pre Post Pre Post

Water Temperature (°C) 269 273 272 286 265 279 - 238 - 242
Secchi Transparency (m) 2.5 33 16 17 11 15 26 - 14 -
Color (Pt units) <5 <5 14 10 10 11 10 2] 15 28
p 8.2 72 82 72 76 71 726 77 75 73
Alkalinity (mg/1 CaCO;) 227 126 164 120 230 148 88.0 717 560 246
Chlorophyll- (ug/1) 112 48 212 233 397 345 56 57 76 85
Total Phosphorus (ug/l) 24 7 48 20 41 33 31 16 2 35
Total Nitrogen (mg/1) 0.14 012 031 033 042 027 045 042 033 048
Silica (mg/1) 03 48 89 72 06 93 52 128 55 69
Total Suspended

Solids (mg/1) 34 18 52 40 74 40 18 22 41 63
Calcium (mg/1) 6.95 271 299 149 425 140 25.68 22.12 1052 5.12
Magnesium (mg/}) 116 057 1.04 076 157 090 652 429 267 132
Sodium (mg/1) 1.48 132 225 214 317 262 3.38 268 1040 5.44
Potassium (mg/1) 0.63 045 039 034 077 048 121 175 440 1.34
Bicarbonate (mg/1) 27.69 1537 20.00 14.64 28.06 18.06 107.36 87.47 68.32 30.01
Chloride (mg/1) 075 044 097 060 128 050 440 353 800 576
Sulfate (mg/1) nd* nd 28 =nd 17 ad 09 10 nd 10

* n.d. = not detectable

Premonsoon Postmonsoon

HCO,4

Phewa Tal

Begnas Tal

Rupa Tal

Fig. 1. Pre- and postmonsoon ionic diagrams of Phewa Tal, Begnas Tal, and Rupa Tal. Total ionic
concentration in each diagram is proportional to the premonsoon concentration (1.041 meq/l) in
Rupa Tal (modified after BrocH & YakE 1969).
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Fig. 2. Pre- and postmonsoon ionic diagrams of Tau Daha and Nag Daha. Total ionic concentration
in each diagram is proportional to the premonsoon concentration (3.898 meq/l) in Tau Daha (mod-
ified after BrocH & YAkE 1969).

in Begnas Tal and Rupa Tal and anions were predominately bicarbonate in all three lakes
(Fig. 1). Divalent cation values were substantially less than in Tilitso and other lakesin the
high mountain region 50km to the north where calcium ranged from 20—62 mg/1 and
magnesium from 6—72mg/l (Isua 1986). Much higher values (EDTA hardness
91—100 mg CaCO5/1) have also been reported from Lake Rara in western Nepal by Oxmo
& SatoH (1986). Hicker (1973 a) also found the Pokhara Valley lakes poor in electrolytes
(electrical conductivity <50 uS/cm; alkalinity <0.06 mv/1). Low salinity in these lakes is
attributable to the metamorphic geology of the Pokhara Valley, which is dominated by
chloritic phyllite and schist with some calcareous and arenaceous sediments (SHARMA 1977).
Higher calcium concentrations in Phewa Tal are likely the product of two factors: more ex-
tensive calcareous deposits in the Phewa Tal watershed as compared to those of Begnas Tal
and Rupa Tal (SHarMa 1977), and inflow of calcium-rich water from a diversion of the Seti
River (J. R. JonEs, unpublished data), which drains an area of the Himals (SHarMA 1977).

Premonsoon electrolyte concentrations in Tau Daha and Nag Daha were 3 to 5 times
higher than in the Pokhara Valley lakes (Table 1). Calcium was the dominant cation and
bicarbonate the dominant anion in both ponds, but sodium and chloride were major
components of salinity in Nag Daha (Fig. 2). Higher salinity in the Kathmandu Valley
ponds may be related to a more fertile vivianite geology (SHaRMA 1977) and perhaps
greater human use of the ponds.

Based on nutrient and chlorophyll-a concentrations, Phewa Tal is mesotrophic and
Begnas Tal and Rupa Tal are eutrophic (VoLLENWEDER & Kerekes 1980). This assessment
agrees with that of Isuma (1986). In general, premonsoon nutrient and chlorophyll-a
values were lowest in Phewa Tal and highest in Rupa Tal (Table 1). Chlorophyll-a con-
centrations in both Tau Daha and Nag Daha were substantially less than in the Pokhara
Valley lakes, even though TP and TN values were similar to those in Begnas Tal and
Rupa Tal. Hicker (1973 b) considered Tau Daha relatively unproductive compared to
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Table 2. Predominant phytoplankton in pre- and postmonsoon samples from lakes in the Pokhara
and Kathmandu valleys.

Premonsoon Postmonsoon

Phewa Tal Melosira granulata Melosira granulata
Diatoma elongatum
Ulothrix subtilissima
Begnas Tal Microcystis aeruginosa Microcystis aeruginosa
Melosira granulata

Rupa Tal Microcystis aeruginosa -
Synedra spp.
Tau Daha - Fragilaria pinnata
' Fragilaria construens
Nag Daha - Sphaerocystis schroeterii

Merismopedia punctata

Nag Daha and other small ponds in the Kathmandu Valley. Phytplankton samples col-
lected from the Pokhara Valley lakes were dominated by diatoms in Phewa Tal, and by a
mixture of diatoms and blue-greens in Begnas Tal and Rupa Tal (Table 2).

Temperature profiles in Phewa Tal (Fig. 3) were similar to those taken by Hicker
(1973 a) in March and May 1968, with 2 metalimnion developing around 3 m. Dissolved
oxygen in Phewa Tal was near saturation above 4 m, but dropped rapidly below that
depth. Chlorophyll-a increased slightly from a surface value of 11.6 to 17.6 ug/l at 7 m.

Postmonsoon conditions

Two changes marked postmonsoon salinity in the Pokhara Valley lakes: a 34—46%
decrease in total salinity (Table 1) and a change in relative cationic proportions (Fig. 1).
Ionic dilution is likely a result of hydrologic flushing by heavy surface runoff during the
monsoon. Based on precipitation, lake volume and watershed descriptions (Hicker 1973 a,
Swar 1980), lake volumes were replaced at least 3—15 times between spring and. fall
sampling. Lake levels were higher in the fall than spring, which may also contribute to
the observed dilution. A warmer hypolimnion and cation dilution throughout the water
column in Phewa Tal (Table 3) suggests that water movement is extremely dynamic and
that considerable advective mixing occurs during the monsoon. Dilution effects asso-
ciated with monsoon rains have been previously noted in several Indian lakes (SiNGH
1981, 1985, BANERJEE et al. 1983). Ionic dilution in the Pokhara Valley lakes was accom-
panied by a relative increase in the proportion of sodium compared to calcium in all
three lakes (Fig. 1). This shift in ionic proportions represents a small change in measured
concentrations and may be a consequence of surface runoff over the metamorphic ma-
terials in these watersheds.

Ionic proportions in the Kathmandu Valley ponds did not change in postmonsoon
samples, but dilution was evident (Fig. 2). Salinity in Tau Daha declined only slightly
(17 %), compared to a 53 % decrease in Nag Daha. The larger watershed, and likely
greater flushing rate, may account for greater ionic dilution in Nag Daha.

Total phosphorus decreased in the Pokhara Valley lakes, but total nitrogen concentra-
tions were similar to those measured before the monsoon except in Rupa Tal where TN
declined. Ratios of TN: TP in premonsoon samples were < 10 in all lakes which sug-
gests nitrogen might limit algal growth, whereas a postmonsoon ratio of 16: 1 in Phewa

36 Verh. Internat. Verein. Limnol. Bd. 23
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Fig. 3. (A) Premonsoon and (B) postmonsoon vertical distribution of chlorophyll-a (&), dissolved
oxygen (4\), ind temperature (X) in Phewa Tal.

Table 3. Post nonsoon vertical distribution of selected variables in Phewa Tal.

Z Chloroph /Il Phaeophytin Volatile TN TP - Ca Mg Na K Bacteria
(m) (ug/1) (ug/1) Suspended  (mg/l) (ug/l) (mg/l) (mg/l) (mg/l) (mg/l) (x 10%cells/ml)
Solids (mg/1)

0 32 0.7 1.4 0.12 4 253 058 149 042 409

1 43 0.5 1.3 0.18 14 256 0.59 124 040 3.9

2 43 0.4 1.4 023 14 251 059 125 038 3.68

3 44 0.6 1.7 036 12 239 059 128 040 332

4 90 1.8 1.8 0.20 8 234 062 120 039 4.0

5 265 24 3.5 030 12 | 621 077 122 049 408

6 41.4 0.2 3.7 0.28 9 396 0.67 114 043 416

7 97.6 1.0 29 032 12 363 0.64 112 048 3.87

8 342 20 1.0 0.37 8 410 0.65 120 045 270

10 5.4 23 - 0.43 4 296 0.60 106 046 106

15 23 1.9 - ~ - 467 081 142 057 -
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Tal and Begnas Tal could reflect either nitrogen or phosphorus limitation (Smrrs 1980).
Surface chlorophyll-a concentration was less than half in Phewa Tal, but was similar to
premonsoon levels in Begnas Tal and Rupa Tal. Postmonsoon transparency was greater
in all three lakes. Phytoplankton composition was dominated by diatoms in Phewa Tal,
and blue-greens in Begnas Tal.

Both TP and TN were higher in postmonsoon samples in Nag Daha, whereas TP was
half and TN similar to premonsoon samples from Tau Daha. Chlorophyll-z values were
similar to premonsoon levels in both ponds. Fragilaria species comprised most of the
phytoplankton in Tau Daha, while green and blue-green species dominated in Nag Daha.

Temperatures in Phewa Tal were higher in the postmonsoon profile, but the top of
the metalimnion remained at around 3 m (Fig. 3 B). Metalimnetic oxygen was highest at
5m and fell sharply below that depth. Postmonsoon distribution of bacteria varied little
with depth (Table 3) and was similar to the vertical distribution found by Istmpa (1986) in
September 1984.

The vertical distribution of chlorophyll-z in Phewa Tal featured a narrow metalimnetic
maxima approaching 100 g/] at 7 m in contrast to epilimnetic values of less than 5 ug/1
(Fig. 3 B). Subsurface chlorophyll peaks of the magnitude observed in Phewa Tal have
been reported for other lakes (FEe 1976, IcHMuRa et al. 1968, EBerLy 1964). MoLL &
STOERMER (1982) suggested that formation of subsurface chlorophyll maxima is directly
related to trophic state. According to their hypothesis, subsurface maxima tend to occur
in oligotrophic and mesotrophic lakes in which surface waters have become nutrient-
poor. Phytoplankton layers normally occur between 0.01 and 5% of surface light inten-
sity. FEE (1976) proposed that the position of subsurface maxima was primarily tied to
light penetration and secondarily related to-nutrient supply in Canadian Shield lakes.
Both Fee (1976) and MoLr & StoErMER (1982) presented evidence that subsurface chlo-
rophyll layers were comprised of live, actively photosynthesizing algae and not senescent
cells that had settled from the epilimnion.

The presence of a metalimnetic chlorophyll peak in Phewa Tal is consistent with
these ideas. Light transmission at the depth of the peak was about 5% (estimated as three
times SECCHI transparency). Total nitrogen increased with depth and although the
vertical distribution of total phosphorus was patchy, total phosphorus was higher at
5—7 m than at the surface (Table 3). Measurements of phacophytin as a percentage of
total pigment concentration averaged 17 % in the upper 4 meters, 4 % between 5 and 8 m,
35% at 10m, and 76 % at 15 m. Volatile suspended solids also increased substantially be-
tween 5 and 7 m. Chlorophyll-z as a percentage of volatile suspended solids averaged 0.3 %
in the upper 4m and increased to 3.4 % at 7 and 8 m. Plankton samples collected at 6m
were composed entirely of Diatoma elongatum v. tenuis.

Although fragmentary, we believe these data suggest that the metalimnetic chlo-
rophyll layer was an active zone of photosynthesis. Our premonsoon profile, as well as
that of Hicker (1973 a), indicates that such a layer may begin to develop in the spring and
persist until the lake destratifies. Chlorophyll-a values reported by Ista (1986) at 5m
and above and at 10m and below are similar to our own, so it is possible that a similar
chlorophyll peak existed the year before our study, however, no samples were taken be-
tween 5 and 10m. If the development of a metalimnetic chlorophyll peak is an annual
event in Phewa Tal, the low transparency and maximum phytoplankton density seen by
HickeL (1973 a) in December shortly after destratification may, in part, result from mix-
ing of the metalimnetic layer.
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