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Abstract. Sunar CB, Pandey N, Chand B, Upadhyaya LP, Thapa B, Pant RR, Khanal L. 2022. Effect of water physicochemistry on 
amphibian abundance in Sub-tropical Kupinde Lake of the Nepal Himalaya. Intl J Bonorowo Wetlands 12: 89-95. Amphibians are the 
key bioindicators of ecosystem health. Their diversity and abundance are affected by the physicochemical factors of the environment. 

Wetland ecosystems of the Himalaya are under the threat of human activities and current climate change. However, hydrochemical 
status and faunal diversity are poorly documented in the wetlands of western Nepal. This study characterized the physicochemical 
parameters of water in Kupinde Lake in the Salyan District of Karnali Province, Nepal, and established the association between 
amphibian abundance and those parameters. A total of 24 samples of surface water were collected at the lake's edge during October 
2021, and 18 physical and chemical parameters were analyzed. Visual encounter surveys were conducted at each water sampling site to 
count amphibians within a circle of two meters in diameter. The lake water was slightly alkaline (mean pH = 8.16±0.29), and the major 
dominating cation and anion were Ca2+ and HCO3

-, respectively. Amphibian abundance was positively correlated with pH, HCO3-, and 
NH4

+ and negatively correlated with EC, TDS, CO2, Cl-, and Na+. The polynomial regression analysis revealed amphibian abundance 

has a consistent positive association with water pH (r2 = 0.497, p < 0.05) and unimodal relation with the temperature (r2 = 0.188, p < 
0.05). Low amphibian diversity and dominance of a single amphibian species, the Indian skipper frog (Euphlyctis 
cyanophlyctis Schneider, 1799), indicate poor ecosystem health of the lake. The findings of this study provide baseline information for 
monitoring and managing the Kupinde Lake.  
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INTRODUCTION 

Amphibians are unique among vertebrates because they 

use aquatic and terrestrial habitats at different stages of 

their lives (Compton et al. 2007; Rittenhouse and Semlitsch 

2007). They utilize a variety of terrestrial and aquatic 

habitats for breeding, larval development, and over-

wintering (Shah and Tiwari 2004). They play important 
roles in the trophic levels of the ecosystems (Mifsud 2014; 

Thakuri and Pokhrel 2017; Ali et al. 2018). Amphibians are 

excellent indicators of wetland ecosystem health because 

they rely heavily on water (Hecnar 2004; Amankwaa et al. 

2020; Riyanto and Rahmadi 2021; Paudel et al. 2023) and 

play a key role in forecasting environmental quality in their 

habitats (Mifsud 2014; Amarasinghe et al. 2021). They 

provide various ecosystem services, such as religious and 

cultural services, food, and medicine (Shah and Tiwari 

2004; Paulding and Randhir 2021). In addition to 

regulatory functions, they also disperse seeds and control 

biological pests (Paulding and Randhir 2021).  
Amphibian populations are declining due to reduced 

habitat and degraded microhabitat quality, climate change, 

pollution, anthropogenic activities, diseases, etc. (Rastegar-

Pouyani et al. 2015; Blaustein et al. 2018; Muths et al. 

2020; Paulding and Randhir 2021). In wetlands, factors 

such as permanent water, the spatial configuration of 

wetlands and upland habitats, the characteristics of local 

habitats, and water chemistry and quality have an extensive 

effect on the composition of amphibian communities and 

the abundance of individual species (Hecnar 2004). 

Dissolved oxygen, temperature, pH, salinity and water 

conductivity, organic carbons, and pollutants are important 
factors in their habitats that can affect survival, growth, 

maturation, and physical development (Sparling 2010). 

These wetland characteristics are influenced by 

hydroperiod, resulting in changes in the abundance, 

density, reproduction, and growth rates of amphibians 

(Brannelly et al. 2019; Boelter et al. 2020). In addition, 

fertilizer and pesticides are commonly applied to increase 

agriculture production, negatively affecting the amphibians 

and reptiles that inhabit agricultural fields and downstream 

water bodies (Ghosh and Basu 2020). Various agricultural 

chemicals, such as pesticides, herbicides, fungicides, and 

fertilizers, contribute to water pollution (Mann et al. 2009). 
Polluted water can affect amphibians through their 

permeable skin (Boyer and Grue 1995), and they become 

prone to infections, limb deformities and a decrease in their 

numbers (Linzey et al. 2003). In order to survive, 

reproduce and develop, amphibians, particularly anuran 

species, are highly dependent on suitable water quality 

(Pollet and Bendell-Young 2000; Calderon et al. 2019). 
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Wetlands with poor water quality may not sustain future 

generations of such sensitive amphibians. 

Water is essential to the earth's uniqueness and provides 

all forms of life (Gorde and Jadhav 2013). Amphibians that 

inhabit the water have been affected by increasing 

salinization, nitrification, hydrocarbons, and pesticide 

contamination (Salman 2019). There has been evidence 

that amphibian development, growth, reproduction, and 

survivability are hampered by high levels of electrical 

conductance, nitrates, nitrites, total phosphates, chloride, 
and unionized ammonium, and low concentrations of 

dissolved oxygen (Serrano et al. 2016; Babini et al. 2018). 

In addition to these effects, pesticides are also destroying 

amphibians' fitness and survival as a result of their massive 

use (Mann et al. 2009). Aquatic communities in wetlands 

are potentially exposed to chemical stressors as well as 

road salt (Trombulak and Frissell 2000). There is a 

possibility that road salt can negatively impact ecosystem 

health, biological diversity, and the functioning of lake 

ecosystems due to its deposition (Lewis et al. 2021; 

Szklarek et al. 2022). 
Wetlands of the Himalayan region are threatened due to 

anthropogenic pressure and climate change (Paudel et al. 

2023). Lakes in the mid-hill region of the Nepal Himalayas 

are important ecosystems providing multifaceted services. 

For example, Kupinde Lake, a sub-tropical lake in western 

Nepal, is an important tourist destination of religious 

importance. Currently, the lake area is being developed 

with the construction of roads, making it easier 

accessibility to visitors. Consequently, road salt 

contamination and the spread of invasive species in lake 

ecosystems are possible results of this anthropogenic 

activity (Lewis et al. 2021; Ren et al. 2021; Szklarek et al. 

2022). In order to understand the ecosystem health and 

provide baseline information for future management of the 

lake, it is crucial to characterize the physicochemical 

parameters and establish their association with the lifeform 

being supported by the lake. Therefore, this study aimed to 

i) characterize the physicochemical parameters of the 

Kupinde Lake water, ii) explore the amphibian community 

inhabiting the lake and, iii) establish an association 

between amphibian abundance and water quality 
parameters. 

MATERIALS AND METHODS 

Study area  

The Kupinde Lake is in the Salyan District of Karnali 

Province, Nepal (Figure 1). It lies 28°24.701' N and 

82°03.608' E, at an 1137 m asl and 15 km from the district 

headquarters, Khalanga. Salyan District is a hilly area 

covering an area of 1462 km2 with a population of 241,716 

(CBS 2011). The district is bounded by Rolpa to the east, 

Surkhet and Bardiya to the west, Rukum and Jajarkot to the 

north, and Dang and Banke districts to the south. The 
district has a sub-tropical to temperate climate with 

maximum temperatures of 31°C, minimums of 3°C and 

annual rainfall of 1100 mm. Kupinde Lake is one of the 

most popular tourist destinations in Bangad Kupinde 

Municipality of Salyan District. It occupies an area of 0.24 

km2 which is surrounded by sparse forest.  

 

 

 
 
Figure 1. Map of the study area: A. Map of Nepal showing Salyan District, B. Map of Salyan District showing the Kupinde Lake, C. 
Map of Kupinde Lake showing sampling points 



SUNAR et al. – Effect of water physicochemistry on amphibian abundance 

 

91 

Water sampling and physicochemical parameters 

measurement 

A total of 24 water samples were collected in October 

2021 from the periphery and middle of the lake using a 

boat. The location of the water sample was recorded with 

Garmin e-trex10 GPS unit (Garmin, Chicago, IL). From 

each sampling site one liter water sample was collected in 

High Density Polyethylene (HDPE) bottle. Out of 24 

samples, 20 were taken from the periphery and four were 

from the inner area of the lake such that it could represent 
the entire lake area (Figure 1C). Water samples were 

analyzed for eighteen important physicochemical 

parameters. The physical parameters like pH, temperature, 

(pH meter (Model No. pH55) Total Dissolved Solids 

(TDS) and Electric Conductivity (EC) (Multipurpose meter 

(SN: 11003290111) were measured on-site. On-site 

measurements were repeated until a consistent reading was 

obtained. Chemical parameters like Total Hardness (TH), 

Calcium Hardness (CaH), Magnesium Hardness (MgH), 

alkalinity (HCO3
-), and chloride (Cl-) were measured by 

titrimetric method. In addition, chemical parameters like 
ammonium (NH4

+), nitrate (NO3
-), and phosphate (PO4

3-) 

were analyzed using an UV-visible spectrophotometer. 

Potassium (K+), calcium (Ca2+), magnesium (Mg2+), and 

sodium (Na+) were analyzed using a Flame Photometer in 

the laboratory of the Central Department of Environmental 

Science, under the Institute of Science and Technology, 

Tribhuvan University (CDES-TU), Kathmandu, Nepal. 

Amphibian survey 

Species richness of amphibian fauna was observed by 

visual encounter survey during October 2021. The survey 

was conducted from 5:00 to 10:00 hours in the morning, 
2:00 to 5:00 afternoon and 7:00 to 9:00 evening. At each 

sampling point, 2-3 people visited twice each day for a 

total of 10 minutes each. A survey was conducted along the 

lake's perimeter, looking for individuals at its edge. The 

sites (1, 2, 9, 10, 11, 12, 13, 14, 15, 18, 19, 20 and 21) were 

visited 10 times during the study. The sampling sites (3, 4, 

5, 6, 7, 8, 16, 17, 22 23 and 24) were visited four times. 

Because some sites were less accessible, survey efforts 

were not the same for all sites. Amphibian counts were 

performed within a circle of 2-meter diameter of each 

water sampling site prior to sampling and average value 

from repeated counts was used as amphibian abundance in 
downstream analysis. Photographs and samples of 

specimens were taken for both identification and evidence. 

The collected specimens were preserved in a plastic bottle 

with 70% ethanol for further identification. The collected 

specimens have been stored at the Central Department of 

Zoology, Tribhuvan University, Kathmandu. 

Data analysis  

Spearman's rank correlation analysis was performed to 

establish the relations between the physicochemical 

parameters of the lake water and amphibian abundance. 

The Shapiro-Wilk test was run to determine the collinearity 
of all the variables. Only one variable was selected for the 

Generalized Linear Modeling between the variables having 

pairwise correlation coefficient r>|0.7|. The GLM analysis 

(function 'glm' in R) with Poisson distribution and log-link 

function employed in the R software (R-Studio 2022) was 

used to analyze the relations between the selected 

physicochemical parameters of water and amphibian 

abundance. Polynomial regression (third order) was 

performed between the abundance of amphibians and 

major physicochemical parameters (pH and temperature). 

Third-order polynomial regression was selected based on 

the least AIC value.  

RESULTS AND DISCUSSION 

Physicochemical parameters of water in Kupinde Lake 

The mean temperature of Kupinde Lake water was 

22.58°C±0.69, and the pH was 8.16±0.29 (Figure 2). 

Temperature is one of the important regulators of the 

physicochemical and biological activities of the aquatic 

ecosystem. The average lake water temperature varies with 

seasons and geographical position of the lake. Several 

factors affect lake surface temperature, including the 

location of the lakes, morphometric parameters, wind 

speed, transparency, and human activities (Ptak et al. 2018; 

Yang et al. 2019). The Kupinde Lake water was slightly 
alkaline. A similar pH range was also reported from Lake 

Rara (Gurung et al. 2018), one of the high-altitude lakes in 

the Nepal Himalayas. Alkalinity is a common phenomenon 

in most freshwater ecosystems and that might be attributed 

to the presence of limestone rocks in the lake catchments 

(Ormerod et al. 1990).  

The mean EC was 136.54 ±3.04 μS/cm, and TDS was 

68.25 ±1.67 mg/L. Electrical conductivity effectively 

indicates human-induced changes in ion concentration in 

aquatic ecosystems (Wu et al. 2020). TDS measures the 

concentration of ionic constituents in water. It is believed 
that TDS and EC are related to the composition of water 

ions and the concentration of dissolved solids (Taylor et al. 

2018). The lesser Himalayan lake in Pokhara valley had a 

conductivity of 120.48±2.52 μS/cm and TDS of 97.73±2.97 

(Khadka and Ramanathan 2021), and the high-altitude lake 

in Rara had EC 193.85 μS/cm and TDS 96.85 mg/L 

(Kaphle et al. 2021) and the previous study by Pant et al. 

(2020) reported the EC of Ghodaghodi lake was 142 μS/cm 

and TDS 77 mg/L. Kupinde Lake had lower electrical 

conductivity and TDS levels than other lakes, except 

Phewa Lake, which indicates that it is less polluted. The 

most dominant cation and anion in Kupinde Lake were 
Ca2+ (27.97 ±4.33 mg/L) and HCO3

- (157.71 ±69.09 mg/L), 
respectively. This finding is consistent with previous study 

Phewa lake of lesser Himalayan (Khadka and Ramanathan 

2021), Rara Lake (Kaphle et al. 2021), and Ghodaghodi 

lake (Pant et al. 2020). The major ion chemistry of lake 

water provides valuable insight into the sources of 

dissolved ions, weathering, and hydrogeochemical 

processes (Singh et al. 2016). Mostly, major cations and 

anion levels are affected by carbonate weathering (Pant et 

al. 2020; Kaphle et al. 2021; Khadka and Ramanathan 

2021), and anthropogenic activities (Zhao et al. 2021).  
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Figure 2. Concentration (mean values with standard deviation) of 
physicochemical parameters of water in Kupinde Lake, Nepal  
 

Amphibian community structure in Kupinde Lake 

Two species of Anuran amphibians- Indian skipper frog 

(Euphlyctis cyanophlyctis Schneider, 1799) and Syhadra 

frog (Fejervarya syhadrensis Annandale, 1919) were 

recorded from the Kupinde Lake during the study period. 

The E. cyanophlyctis was the most abundant amphibian 

species. Among the 24 study sites, E. cyanophlyctis was 
detected from the 20 sampling points. The highest average 

abundance of species was found at site 21 (n = 120), 

followed by site 20 (n = 115). Amphibians were not 

observed in the site six and center of the lake (i.e., Site 22, 

23, and 24). A permanent water body would provide a 

suitable habitat for E. cyanophlyctis, since it prefers the 

littoral zone over deep water (Chowdhury et al. 2021). In 

this study, E. cyanophlyctis was the most abundant near the 

lake's periphery. There may be a reason for this, since plant 

leaves provide them with a shelter where they can lay eggs 

and food resources are nearby. In the study area, ecological 

conditions were problematic for amphibians because of the 

geographical position and the presence of rocky cliffs on 

the lake's periphery. This may contribute to the low 
amphibian diversity in the area.  

Relationship between physicochemical parameters and 

amphibian abundance  

A positive correlation was observed between amphibian 

abundance and pH, HCO3
-, and NH4

+
 (Figure 3). In 

Kupinde Lake water, the chemical parameter HCO3
-, and 

NH4
+ have a strong positive correlation (Figure 3), which 

influences the pH. This positive association may be 

explained by the physicochemical parameter in the lake 

catchment interacting with limiting conditions. 

Alternatively, the amphibian abundance correlated 
negatively with EC, TDS, CO2, Cl-, and Na2+. In these 

parameters, there was a positive correlation with (EC-TDS) 

and (CO2 - Cl-) (Figure 3). However, these parameters 

showed a negative correlation with amphibian abundance, 

possibly due to the relatively low concentration in lake 

water.  

 
 

 
 

Figure 3. Correlogram of the pairwise correlation (r) between physicochemical parameters and amphibian abundance. Shaded blue and 
red colors within circles depict positive and negative correlations, respectively. Empty circle represents r = 0, full blue circle represents r 
= 1 and full red circle represents r = -1 
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Based on the physicochemical parameter testing, the 

Generalized Linear Model (GLM) (Table 1) indicated 

amphibian abundance was significantly affected by 

temperature, pH, TDS alkalinity, calcium, sulfate, and 

sodium. According to the test parameters, amphibian 

species abundance decreased with increasing temperature, 

TDS, sulfate, and sodium. Similarly, species abundance is 

positively related to pH, alkalinity, and calcium 

concentration.  

The regression analysis between the abundance of 
amphibians and major physicochemical parameters i.e., 

temperature and pH based on the AIC values were better 

suited to the third order (p < 0.05) (Table 2). The 

polynomial regression analysis between several individuals 

and pH revealed a consistent positive association (r2 = 

0.497, p < 0.05). On the other hand, the association 

between amphibian abundance and temperature was 

unimodal (r2 = 0.188, p < 0.05).  

The results indicate that temperature, pH, TDS, 

alkalinity, calcium, sulfate, and sodium significantly 

associate with anuran abundance in Kupinde Lake. 
Amphibian abundance had a negative association with 

temperature, TDS, sulfate, and sodium; whereas a positive 

association existed with calcium, alkalinity, and pH (Figure 

4). The lake micro-environment is influenced by these 

physicochemical factors that, in-turn, affect the species 

inhabiting the lake. A negative relationship was observed 

between amphibian abundance and temperatures. It might 

be due to the lake's water's relatively low temperature. 

Amphibian gonadal structures and sex ratio are generally 

affected by extremely low and high temperatures (Phuge 

2017). The temperature of the water is influenced by the 
temperature of the air and the intensity of solar radiation 

(Oli et al. 2013). Temperature changes can affect breeding 

activities and early growth (Wheeler et al. 2015; Catenazzi 

and Kupferberg 2017). A rise in water temperature 

influences larval development and survival until 

metamorphosis (Skelly et al. 2002).  

The hydrogen ion concentration (pH) levels were 

consistently normal at all sampling points (mean pH 8.16). 

The pH and calcium have a weak negative correlation, 

indicating that pH has consistently been within the normal 

range, while relatively high calcium concentrations 

enhance the pH values (Brown 1983). This is consistent 
with scientific studies on maintaining a balance of 

hydrogen ions in amphibian habitats within a pH range of 

6.5 to 8.5. Water with low pH can affect amphibians' 

reproductive directly by killing embryos and larvae and 

disrupting trophic relationships between them and other 

aquatic animals (Serrano et al. 2016). Hence, the 

abundance of amphibians is negatively correlated with low 

and high pH values, which may affect the size of 

populations (Skei and Dolmen 2006). The species 

abundance was high, with a minimum TDS of 64 ppm. 

Amphibians need a TDS value between 50 and 250 ppm to 

survive and anything below this range will be detrimental 
(Shaikh et al. 2014). A negative association was found 

between TDS and amphibians. TDS solution contains 

several ions, including sodium, chloride, potassium, 

magnesium, sulfate, chloride, and bicarbonate (Chapman et 

al. 2000). different ions might achieve a similar effect at a 

similar concentration, however, it depends on their identity 

and concentration. The volume of TDS was extremely high 

compared to normal, which could lead to amphibian 

mortality due to excessive organic and inorganic 

components (Shaikh et al. 2014).  

 
Table 1. Generalized Linear Model (GLM) with Poisson 
distribution and log link function test showing the relations 
between amphibian abundance and physical-chemical parameters 
of water quality in Kupinde Lake, Nepal 
 

Parameter Estimate SE z value Pr (>|z| 

Intercept 28.82 8.83 3.26 0.001* 

Temp -0.68 0.21 -3.23 0.001** 
pH 1.80 0.91 1.97 0.047* 
TDS -0.35 0.07 -5.03 0.000*** 
Alkalinity 0.00 0.00 3.05 0.002** 
Ca 0.06 0.01 3.54 0.000*** 
Sulphate -0.62 0.21 -2.90 0.003** 
Na -0.60 0.17 -3.40 0.000*** 

 

 
Table 2. Polynomial regression of abundance of amphibians with 
temperature and pH 
 

Regression  Temperature pH 

First order r2 0.018 0.449 
AIC 26440 14829 
Second order r2 0.116 0.452 

AIC 23789 14743 
Third order r2 0.188 0.497 
AIC 21867 13541 

 

 

 
 
Figure 4. Relationship between amphibian abundance and major physicochemical parameters; A. Number of amphibian individuals and 

pH, and B. Number of amphibian individuals and temperature 
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An intriguing finding of this study was that Electrical 

Conductivity (EC) was negatively correlated with species 

abundance. The reason could be that the lake has low EC 

(mean 136) while aquatic organisms require ECs between 

150 and 500 (Sparling 2010). In contrast, a positive 

association has been shown between the EC and amphibian 

abundance (Calderon et al. 2019). Evidence shows that a 

significant increase in conductivity negatively impacts 

amphibian behavior, growth, and development (Chambers 

2011; Klaver et al. 2013). It appears that bicarbonate is the 
most dominant anion among the major anions. The results 

indicate that it has a significant effect on amphibian 

abundance. Generally, bicarbonate is derived from calcium 

carbonate rocks (CaCO3) and calcium magnesium 

carbonate rocks (dolomite) (Mallick 2017). A significant 

impact of amphibian abundance was found in the current 

study. In frog blood, the calcium concentration is similar to 

that of vertebrates. Calcium metabolism in amphibians 

seems to involve endocrine and humoral factors such as 

parathyroid hormone, calcitonin, vitamin D, and prolactin. 

Calcium amounts vary with the season, increasing in spring 
and summer and decreasing in winter (Stiffler 1993).  

Amphibian abundance is negatively correlated with 

sulfate and sodium levels in the lake due to its extremely 

low levels. Water quality is considered the main factor 

influencing health and disease in all aspects of a biotic 

system. However, hydrochemistry is little studied 

concerning E. cyanophlyctis. In Kupinde Lake, the physio-

chemical characteristics of water, such as temperature, pH, 

alkalinity, etc., showed a strong influence over the anuran 

survival, growth and reproduction, which influences how 

appropriate the lake environment is for the amphibians. For 
example, temperature or pH ranges are more conducive to 

anuran growth and reproduction whereas some levels of 

TDS, alkalinity, calcium, sulfate, and sodium may be 

necessary for proper physiological functioning. Therefore, 

a further detailed study is required to determine how these 

factors interact with each other. This should be 

acknowledged that we explored amphibian abundance by 

visual encounter method during the post-monsoon season. 

Although we tried to observe the amphibians carefully, we 

could have missed some species or individuals from the 

survey. Therefore, future studies during the monsoon 

season with a combination of different sampling methods 
could yield better results. 

 In conclusion, the Kupinde Lake in the sub-tropical 

climate of the Nepal Himalaya has slightly alkaline water 

dominated by Ca2+ and HCO3
-. Amphibian abundance was 

negatively affected by the temperature, TDS, sulfate, and 

sodium, while significant changes in pH, alkalinity, and 

calcium. Low amphibian diversity and dominance of a 

single species (E. cyanophlyctis) indicate poor ecosystem 

health of the lake. The findings of this study could be 

important for monitoring and managing the Kupinde Lake.  
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