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SEASONAL VARIATION ON PHYSIOCHEMICAL
PARAMETERS AND MACROPHYTES PRODUCTION

OF RUPA LAKE, KASKI, NEPAL

D. Kunwar and A. Devkota

ABSTRACT
The Rupa lake is the third largest and heavily tampered lake of Pokhara Valley. Physiochemi-
cal parameters like, water temperature, pH, dissolved oxygen (DO), total nitrogen (TN) and 
PO4-P and biomass of aquatic macrophytes were analyzed during pre and post-monsoon. 
Biomass ranged from 27.25g/m2–389.25g/m2 throughout the experimental period and the 
highest biomass was observed during post-monsoon period. Regarding the growth form, the 
highest biomass was represented by emergents (251.16 ± 95.16g/m2) and lowest biomass by 
submerged species (48.39 ± 7.27g/m2). The lake can be categorized as eutrophic. 
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INTRODUCTION

Wetlands are lands transitional between terrestrial and aquatic system where soil is frequently 
waterlogged, the water table is usually at or near the surface or the land covered by shallow 
water (Podder et al. 2001). They are among the most beautiful, tranquil and productive places 
on earth. Nepal is home to a wide range of wetlands situated in diverse climates, stretching 
from mountain condition near the Himalayas in the north to tropical condition in the south. The 
total area occupied by wetlands has been estimated to be 382,700 ha covering approximately 
2.6% of total land area of Nepal (GN/MFSC 2009).Out of the total wetland area 34,455 ha have 
been designated as Ramsar sites of which 68.2% area is in Tarai,31.6% in High Mountains 
and about  1% in Mid-hills.

Quality of an aquatic ecosystem is dependent on the physical and chemical qualities of water 
as well as biological diversity within the system. The rate at which the green plants produce bio-
mass or store energy is referred to as primary productivity. Primary productivity of an ecosystem 
gives the quantitative details regarding energy fi xation and its availability to support bioactivity 
of the total system (Goldman 1968). Macrophytes generally confi ne themselves to the shallow 
zone of the aquatic ecosystem and contribute signifi cantly to the total primary production and 
accelerate eutrophication (Adani and Yadav 1985). Sculthorpe (1967) and Hutchinson (1975) 
showed that the aquatic macrophytes infl uence the physiochemical parameters of littoral shallow 
water. The physiochemical parameters infl uence the aquatic macrophyte distribution. Therefore, 
the best way to identify the status of lake is measurement of physiochemical parameters and 
biomass of aquatic macrophytes. 

Though the study on various aspects of Rupa Lake has started since late 1970s (Swar 1980, 
Nakanishi et al. 1988, Jones et al. 1989, Kafl e 2000) and annual water quality analysis by 
Fisheries Research Centre (FRC), Pokhara; but seasonal variation on limnological parameter 
and its relationship with macrophyte biomass has not been carried till now. Therefore this 
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study is aimed to assess the relationship between macrophyte biomass and water quality on 
seasonal basis.   

STUDY AREA

The Rupa lake lies in Lekhnath Municipality but part of its eastern and north eastern side 
touches the outskirts of Rupakot VDC. It is the third largest lake of Pokhara valley and is 
heavily tampered and disturbed by local people. The lake is situated at an elevation of 600m 
above the sea level with an area of 135 ha (Rai et al. 1996) and average depth of 3m. The 
lake is elongated from N-S having zigzag outline. Talbesi khola is the only feeder stream of the 
lake. It has a single outlet Tal khola which join stream Kotre. The occurrence of 450 different 
species of fl ora and fauna reveals its rich biodiversity (Oli 1996). Commonly occurring aquatic 
macrophyte are Trapa quadrispinosa, Trapa bispinosa, Nelumbo nucifera, Eichornia crass-
sipes and Ceratophyllum demersum (Oli 1996). Similarly the lake is abode to wide variety of 
migratory birds. Ferro and Swar (1980) recorded 22 major fi sh species.      

MATERIALS AND METHODS 

The comprehensive fi eld study was carried out in pre-monsoon (May-June) and post-monsoon 
(October) period in 2009. Water samples were collected at a depth of one meter from the sur-
face in cleaned bottles, in triplicate from four different sides (north, east, west, south).Water 
temperature and pH were measured in the spot. Dissolved Oxygen (DO) was measured by 
Winkler's method following Zobel et al. (1987) at Fisheries Research Centre laboratory, Pokhara. 
Total nitrogen and phosphate (PO4-P) were analyzed by following Trivedy and Goel (1986) in 
water engineering laboratory, Kathmandu. At each side of lake (north, east, west, south) two 
long imaginary transects (30m) at 10 m apart were made from shoreline to the centre and 
series of quadrat (1m × 1m) were plotted at 1.5 m interval. From each quadrat one-fourth (1/4) 
biomass was collected in separate bags. Altogether 160 biomass samples (80 during each 
experimental period) representing different growth form; emergent, submerged and rooted-
fl oating were taken. The collected biomass samples were oven dried at 72°C for 48 hours and 
their respective dry weight was measured by electric balance. Biomass was determined by 
harvest method following Zobel et al. (1987).

RESULTS AND DISCUSSION

Physiochemical Characteristics of  Water 

Physiochemical characteristics of water of Rupa lake varied seasonally (Table 1). Seasonal 
variation in water temperature was found to be related with corresponding change in atmo-
spheric temperature (Kundangar et al. 1996). The present study did not show considerable 
change in water temperature from previous studies by Nakanishi et al. (1988), Rai et al. (1996) 
and Kafl e (2000) in Rupa lake. 

Hydrogen ion concentration (pH) is the measure of the acidity and alkalinity. In the present 
study, pH value was observed lower in pre-monsoon period (5.67 mg/l) than the post-monsoon 
period (6.29 mg / l) (Table 1). The range of pH differences might be attributed to the precipita-
tion of calcium carbonate by the planktons as reported by Bastola (1995) in Begnas lake of 
Pokhara. Wetzel (1983) considered that the range of pH of the majority of open lakes were 
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6-9 and most of these lakes are bicarbonate type and favorable for the aquatic inhabitation. 
The pH value was slightly acidic in nature. 

Table 1. Average limnological value of Rupa  lake in two seasons. 

SN Parameters Pre-monsoon Post-monsoon Average

1. Temperature  (°C) 23.24 ±1.20 21.90 ±2.10 22.57±1.50

2. pH  (mg/l) 5.67 ± 0.25 6.29 ±0.16 5.98 ± 0.20

3. Dissolved oxygen (DO) 4.16 ±1.10 7.68 ±1.50 5.92 ± 1.30

4. Total Nitrogen (mg/l)(TN) 0.184 ±0.05 0.108 ±0.00 0.146 ±0.02

5. PO4-P (mg/l)  ± 0.005 ±0.001 0.002 ±0.00 0.004 ±0.00

Note: Results presented in the table represent the mean value (n=12).

Source: Field Study, 2009

Dissolved Oxygen is one of the most important parameter in water quality assessment and 
depends upon the physiochemical and biological activities of water bodies. DO was drastically 
depleted in pre-monsoon period (4.16 ± 0.39 mg / l) and increased in post-monsoon (7.68mg/l) 
(Table 1) when the macrophyte community began to decompose. It shows negative correlation 
with TN and PO4-P (Table 2). Low DO in pre-monsoon might be due to higher water tempera-
ture and vigorous decomposition of autochthonous and allochthnous organic matter brought 
in by infl owing streams in warm temperature as suggested by Badge and Verma (1985). Kafl e 
(2000) also expressed similar views in Rupa lake. 

Nitrogen occurs in the aquatic system both as a result of the bacterial oxidation of atmospheric 
nitrogen and from the decomposition of organic matter in the lake (Lind 1974). The higher value 
of total nitrogen during pre-monsoon period (0.184 mg/l) (Table 1) might be due to high microbial 
activity and excretory products of aquatic animal. Similarly low value during post-monsoon 
period might be due to inactiveness of microbes when decomposition rate becomes low or 
may also be due to dilution of water bodies after monsoon. Similar views were expressed by 
Kafl e (2000) in Rupa Lake, Adhikari (2002) in Khaste and Dipang lake and Simkhanda (2003) 
in Gaindahawa lake. 

Phosphorus has been considered as the main nutrients for the productivity of aquatic eco-
system. It occurs in both organic and inorganic form. It is the important nutrient essential to 
all biotic community present in an aquatic ecosystem (Lind 1974). During the present study 
higher PO4-P value during pre-monsoon period (0.005 mg/l) might be due to high concentra-
tion of Zooplankton excreta and surface run off from adjacent agricultural land fertilized with 
phosphate and rapid bacterial metabolism as indicated by Heron (1961). The lower value during 
post monsoon period (0.002 mg / l) might be due to rapid biological uptake and the formation 
of water insoluble calcium carbonate (Zutshi and Vass 1973, Zutshi and Khan 1977). The lake 
can be categorized as eutrophic based on PO4-P as suggested by Forsberg and Ryding (1980).
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Table 2.  r-value obtained from  Karl Pearson correlation co-effi cient between
different  ecological attributes.

Attributes Water temp. pH DO TN PO4-P
Biomass -0.699 0.561 0.873** -0.834** -0.879**
Water temp. – -0.678 -0.883** 0.607 0.939**
pH – – 0.820* -0.809* -0.698
DO – – – -0.877** -0.958**
TN – – – – 0.747*

* Correlation is signifi cant at the p= 0.05 level (2-tailed)

** Correlation is signifi cant at the p= 0.01 level (2-tailed) 

Productivity Estimation of Aquatic Macrophytes 

During the present study it was observed that more than 60 percent of the lake was covered 
by aquatic macrophytes creating an appearance of a swamp land.The major macrophytes fl ora 
in study area were Trapa quadrispinosa, Hydrilla verticillata, Leersia heandra and Nelumbo 
nucifl ora .The dry weight value of aquatic macrophytes ranged from 27.25g/m2 to 389.25g/m2 
throughout the experimental period. The maximum dry weight value during the post-monsoon 
and pre-monsoon period was 389.25g/m2 and 228.28g/m2, respectively (Fig.1). Similar results 
were demonstrated by Sankhala and Vyas (1982), in moist bank community of Bangela tank 
in Udaipur, India, in which they recorded maximum biomass (315.8 g/m2) in October and 
minimum in April (132 g/m2). Similar trend of biomass production was also recorded by Kaul 
et al. (1978) in Kashmir lakes, India, and Acharya (1996) in Ghodaghodi tal, Nepal. The major 
cause of macrophytic growth in the lake could be attributed to the large amount of infl ux of 
fertilizers from the adjoining cultivated land, and surface run off which brings large amount of 
litter from the catchment areas having dense forest. 

Figure1. Seasonal total productivity of aquatic macrophytes in Rupa lake. 
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Shallower areas near the shoreline were found to be more productive than the deeper zone 
of the lake. The low productivity of submerged species can be attributed to their lower photo-
synthetic rate because of their incapability to utilize incident solar radiation coupled with other 
detrimental environmental condition (Miller 1978).The major dominating macrophytes fl ora in 
study area representing different growth forms  were Leersia heandra, Nelumbo nucifl ora, Trapa 
quadrispinosa, Rotala rotundifolia, Nymphoides  indica and Hydrilla verticillata. According to 
growth form, highest biomass was recorded for emergent species (251.16 gm/m2), followed 
by rooted fl oating (134.76 gm/m2) and submerged species (48.39± 7.27g/m2) (Fig. 2). The 
result agrees with the idea of Sharma (1995) in Kawar Lake, India, and Whittaker and Likens 
(1975), who stated that emergent macrophyte of littoral wetlands in the shore regions of lakes, 
are among the most productive habitat of biosphere. 

Figure 2. Total average above ground biomass according to growth form.

The highest biomass of 151.16 g/m² in eastern side of the lake (Fig. 3) might be due to high 
nutrient load that might have leached from the surrounding agricultural land, shallowness and 
anthropogenic disturbances.  Similarly, the highest biomass value recorded by the emergents 
might be due to their high photosynthetic rate because of exposed condition in fertile soil and 
better utilization of nutrients. 

Figure 3. Total average above ground biomass in different sides of  the lake.
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In freshwater ecosystem, macrophyte biomass and water quality are intricately related. Aizaki 
(1985) stated that trophic status of lake lies on phytoplankton number and water quality. The 
research fi ndings reveals that biomass positively correlated with pH (r = 0.560) and DO (r = 
0.873) (Table 2), but it is negatively correlated with total nitrogen (r = - 0.834, p = 0.01) and 
PO4-P (r = -0.879, p = 0.01) (Table 2). Kafl e (2000) also obtained negative correlation between 
biomass and total nitrogen in lake Phewa and Rupa. The result showed that macrophyte bio-
mass and nutrient content of Lake were inversely related. The higher biomass in post-monsoon 
period was accompanied by low water nutrient value and low biomass during pre-monsoon 
was accompanied by high nutrient value of water.

There is a seasonal variation in physiochemical parameters and biomass of aquatic macro-
phytes. The highest biomass was observed during post monsoon period. Regarding the growth 
form, the highest and lowest biomass was represented by emergents (251.16 ± 95.16g/m2) and 
submerged species (48.39 ± 7.27g/m2) respectively. The lake can be categorized as eutropic. 
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