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Abstract 
Vembanad Lake, a Ramsar-listed wetland and the largest brackish water lake in Kerala, plays a crucial 
ecological and socio-economic role in supporting fisheries, biodiversity, and water resources. This study 
investigates the seasonal variations in water quality, soil composition, microbial load, and clam population 
dynamics in the north and south regions of Vembanad Lake over a three-year period (2021-2023). Water quality 
analysis revealed distinct regional differences, with higher salinity and chlorinity in the northern region due to 
marine water intrusion, while the southern region exhibited elevated organic carbon, phosphate, and microbial 
contamination. Soil composition fluctuated seasonally, with monsoon-driven dilution reducing nutrient 
concentrations, followed by post-monsoon enrichment. The microbial assessment confirmed significant fecal 
contamination in the southern region, with Escherichia coli and Vibrio cholerae presence, emphasizing the 
impact of anthropogenic pollution. Clam population analysis showed salinity-dependent distribution, with a 
higher abundance of adult Villorita cyprinoides in the north and a greater subadult population in the south. 
Seasonal biochemical variations in clams reflected environmental stress and nutrient availability. The study’s 
findings emphasize the need for long-term ecological monitoring and sustainable management strategies to 
mitigate anthropogenic pressures and preserve the lake’s ecological integrity. 
Keywords: Vembanad Lake, Water Quality, Clam Population Dynamics, Microbial Contamination, Seasonal 
Variability. 
1. INTRODUCTION 
Lake ecosystems are among the most productive and ecologically significant freshwater habitats, providing 
essential services such as water storage, biodiversity support, and nutrient cycling. These systems are highly 
dynamic, influenced by hydrological, climatic, and anthropogenic factors that impact their physical, chemical, 
and biological characteristics. In India, freshwater lakes, including natural and man-made reservoirs, play a 
crucial role in sustaining biodiversity, supporting fisheries, and providing potable water. However, increasing 
anthropogenic pressures such as urbanization, pollution, and climate change threaten their ecological balance, 
leading to eutrophication, habitat degradation, and biodiversity loss (Jadhav, 2024; Bhagawati & Gupta, 2015). 
Given the importance of these ecosystems, comprehensive studies assessing their health through water quality, 
soil composition, microbial load, and aquatic biota dynamics are crucial for effective conservation and 
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management. 
Vembanad Lake, located in Kerala, India, is the country’s longest lake and a designated Ramsar wetland of 
international importance. It spans multiple districts, including Alappuzha, Kottayam, and Ernakulam, and serves 
as a critical habitat for diverse aquatic species while supporting extensive fisheries. However, the lake faces 
multiple environmental challenges, including pollution, habitat loss, and the impacts of climate change. Studies 
on Vembanad Lake have identified increasing eutrophication, heavy metal contamination, and microplastic 
pollution as significant ecological threats (Deepthi et al., 2019; Sajayan et al., 2021). Seasonal hydrological 
changes and human activities such as aquaculture, urbanization, and agricultural runoff have exacerbated the 
lake’s ecological degradation, emphasizing the urgent need for sustained conservation measures. 
Water quality is a critical determinant of lake health, influencing aquatic biodiversity and the sustainability of 
ecosystem services. Physicochemical parameters such as pH, dissolved oxygen, total dissolved solids, nutrient 
concentration, and microbial contamination serve as indicators of ecological balance. Studies on Sur Sarovar 
Lake in Uttar Pradesh have revealed significant seasonal variations in water quality, emphasizing the influence 
of anthropogenic pollutants from industrial discharge and agricultural runoff (Gopal et al., 2015). Similar trends 
have been observed in Pushkar Lake, where fluctuating nutrient levels due to religious activities and urban 
encroachment have led to increased eutrophication (Mathur et al., 2008). Microplastic contamination is 
emerging as a major ecological threat, with research on Veeranam Lake in Tamil Nadu identifying high 
concentrations of synthetic particles in water and sediment, which pose risks to aquatic organisms and trophic 
transfer in the food web (Bharath et al., 2020). Metal contamination is another growing concern in lake 
ecosystems. Research conducted in a subtropical lake in the Central Himalayas revealed that metal accumulation 
in water and sediments is strongly influenced by organic matter deposition, sedimentation processes, and 
hydrodynamic conditions (Inaotombi & Gupta, 2017). These findings are critical for understanding the long-
term effects of pollution on aquatic ecosystems and for devising mitigation strategies to prevent 
bioaccumulation and biomagnification in freshwater food webs. 
The physicochemical properties of lake sediments regulate nutrient dynamics, organic matter decomposition, 
and primary productivity. Studies on Nakki Lake, Rajasthan, have shown that sediment alkalinity and mineral 
composition play a fundamental role in determining plankton diversity and overall ecosystem productivity 
(Gothwal & Gupta, 2018). In Udaipur’s freshwater lakes, sedimentation patterns have been significantly altered 
due to land-use changes, leading to a decline in nutrient retention and shifts in benthic community structures 
(Pandey et al., 2000). The ability of aquatic vegetation to buffer nutrient overloads has been extensively studied, 
with research on Robertson Lake in Jabalpur demonstrating that Eichhornia crassipes efficiently absorbs excess 
nitrogen and phosphorus, preventing harmful algal blooms (Jaiswal, 2013). In Vembanad Lake, soil and 
sediment analyses have revealed alarming levels of organic carbon, nitrogen, and phosphorus, indicating 
significant anthropogenic nutrient loading from agricultural and urban sources. These factors contribute to 
periodic hypoxia, which has severe implications for aquatic biodiversity and ecosystem stability (Kar et al., 
2006). Moreover, sediment contamination with microplastics and heavy metals in Vembanad Lake has raised 
concerns regarding their accumulation in the benthic ecosystem and their potential impacts on aquatic organisms 
(Sajayan et al., 2021). 
Microbial communities in lake ecosystems serve as bioindicators of pollution and ecosystem health. Elevated 
bacterial loads, particularly fecal coliforms and Escherichia coli, are indicative of sewage contamination and 
pose significant public health risks. In Dal Lake, extensive microbial analysis has linked high coliform counts 
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to untreated domestic wastewater and agricultural runoff, highlighting the urgent need for wastewater treatment 
measures (Khan et al., 2014). Similarly, Varthur Lake in Bangalore has been found to harbor pathogenic bacteria 
due to excessive organic matter deposition, resulting in deteriorating water quality and heightened disease risks 
for local communities (Subash & Chandy, 2020). Research on seasonal microbial variations in 
Lingadheeranahalli Lake revealed that shifts in microbial populations correspond with changes in limnological 
parameters such as pH, dissolved oxygen, and nutrient availability, demonstrating the complex interactions 
between microbial ecology and water chemistry (Raj & Philip, 2024). In Vembanad Lake, studies have 
identified the presence of Vibrio cholerae and other pathogenic bacteria associated with filter-feeding organisms 
and plankton, raising concerns about human health risks through direct water use and seafood consumption 
(Bhagawati & Gupta, 2015). 
The diversity and distribution of aquatic fauna, particularly fish and mollusks, provide valuable insights into 
lake ecosystem stability. Fish diversity studies in Kondakarla Lake, Andhra Pradesh, have revealed that habitat 
degradation and fluctuating water quality significantly impact species abundance and composition 
(Jagatheeswari et al., 2016). Similarly, research on lakes in Kolhapur District has highlighted the role of soil 
organic carbon, alkalinity, and conductivity in sustaining fish populations and promoting biodiversity 
conservation (Sheetal & Sathe, 2015). Clam population studies have become particularly important in assessing 
ecosystem stability. Villorita cyprinoides, a keystone species in many Indian lakes, is highly sensitive to changes 
in salinity, nutrient availability, and heavy metal contamination. Research in Vembanad Lake has shown that 
seasonal fluctuations in clam biomass are closely linked to physicochemical changes in the water column, 
emphasizing the need for sustainable fishery management practices to prevent population collapse 
(Muthulingam et al., 2010). Additionally, Vembanad Lake supports a wide range of endemic and migratory fish 
species, but recent research suggests that habitat fragmentation and pollution are contributing to declines in fish 
diversity (Deepthi et al., 2019). 
Macrophytes play a crucial role in nutrient cycling, sediment stabilization, and habitat structuring in freshwater 
ecosystems. A floristic survey in a perennial lake in Thiruvallur District, Tamil Nadu, documented the diversity 
of emergent, submerged, and floating macrophytes, demonstrating their significance in improving water quality 
and providing refuge for aquatic organisms (Muthulingam et al., 2010). Similar studies in Udaipur lakes have 
revealed that anthropogenic pressures such as urbanization and pollution have led to declines in macrophyte 
diversity, ultimately reducing the lake’s ability to regulate nutrient cycling and buffer against environmental 
changes (Nair et al., 2016). In Vembanad Lake, recent studies have identified significant alterations in 
macrophyte distribution due to invasive species, climate change, and increasing pollution levels. The unchecked 
growth of invasive aquatic plants such as Salvinia molesta has disrupted native biodiversity and altered 
hydrological patterns, necessitating urgent conservation interventions (Jadhav, 2024). 
Given the importance of these parameters in determining lake ecosystem health, the present study aims to 
analyze seasonal variations in water quality, soil composition, microbial load, and clam population distribution 
in Vembanad Lake. This research will contribute to understanding environmental dynamics in this Ramsar-
listed wetland and help assess the impact of natural and anthropogenic factors on the ecological balance of the 
lake system. By integrating findings from previous studies with current data, this study seeks to provide insights 
that can inform conservation strategies and sustainable management efforts. 
2. MATERIALS AND METHODS 
2.1 Study Area and Sampling Strategy 
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The study was conducted in Vembanad Lake, Kerala, India (Figure 1), a Ramsar-listed wetland characterized 
by dynamic hydrological conditions, seasonal salinity fluctuations, and anthropogenic influences. Sampling was 
performed in three distinct ecological zones: 

• South Zone (Zone A) - Freshwater-dominated area near Thanneermukkom Barrage. 
• North Zone (Zone B) - Brackish water region influenced by tidal exchange. 
• Riverine Zone (Zone C) - Area receiving high nutrient inflows from upstream rivers. 

Seasonal data collection was conducted over a three-year period (2021-2023) to capture variations during pre-
monsoon (January-April), monsoon (May-September), and post-monsoon (October-December). A 
randomized stratified sampling approach was employed to ensure the representativeness of water, soil, and 
clam samples. 
All laboratory analyses were conducted at the Tropical Institute of Ecological Sciences (TIES), Ecological 
Research Campus, K.K. Road, Velloor P.O., Kottayam, Kerala, India. The study followed internationally 
accepted standard operating procedures (SOPs) and guidelines for ecological and biochemical assessments. 

 
Figure 1. A map of Vembanad Lake, Kerala, highlighting the Thanneermukkom Barrage and its division of the 
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lake into two distinct sections: the brackish northern region and the freshwater southern region. This division 
creates unique ecological and agricultural landscapes, with each section exhibiting distinct salinity conditions 
2.2 Water Quality Analysis 
Water samples were collected from surface and bottom layers using sterile polyethylene bottles. The samples 
were transported under cold storage (4°C) and analyzed within 24 hours of collection to prevent degradation. 
The following physicochemical parameters were measured: 

• pH and Conductivity - Digital pH and conductivity meter. 
• Total Dissolved Solids (TDS) and Salinity - Multiparameter water quality analyzer. 
• Alkalinity and Hardness (Total, Ca²⁺, Mg²⁺) - Titration methods. 
• Nutrient Concentrations (Nitrate, Phosphate, Sulfate, etc.) - UV-Vis spectrophotometry. 
• Organic Carbon - Walkley-Black titration method. 
• Microbial Contamination - Enumeration of total coliforms and Escherichia coli using the Most 

Probable Number (MPN) technique and membrane filtration method. 
2.3 Soil Composition Analysis 
Soil samples were collected from clam beds using stainless steel corers at a depth of 0-10 cm. Samples were 
air-dried, sieved (2 mm), and homogenized before laboratory analysis. 
The following parameters were determined: 

• pH and Conductivity - Digital soil pH and conductivity meter. 
• Total Nitrogen - Kjeldahl method. 
• Organic Carbon - Walkley-Black method. 
• Available Phosphorus and Potassium - Extracted using Olsen’s method and quantified via Atomic 

Absorption Spectrophotometry (AAS). 
• Salinity and Chlorinity - Determined using argentometric titration and conductivity analysis. 

2.4 Microbial Analysis of Water and Soil 
Microbial assessments were conducted to evaluate the contamination levels in water and soil samples. 
Water Microbial Analysis: 

• Membrane Filtration Technique - Used for fecal coliform and E. coli quantification. 
• Selective and Differential Media:  

o E. coli and Fecal Coliforms - MacConkey Agar and Eosin Methylene Blue (EMB) Agar. 
o Vibrio spp. - Thiosulfate Citrate Bile Salt Sucrose (TCBS) Agar. 
o Salmonella and Shigella spp. - Xylose Lysine Deoxycholate (XLD) Agar. 

Soil Microbial Analysis: 
• Total Bacterial Count - Nutrient Agar. 
• Total Fungal Count - Potato Dextrose Agar. 
• Pathogenic Bacteria Enumeration - Pseudomonas spp., Vibrio spp., Salmonella spp., and Shigella 

spp. using selective media. 
All microbial analyses were performed in biosafety level 2 (BSL-2) laboratory conditions at the Tropical 
Institute of Ecological Sciences (TIES). 
2.5 Clam Population Distribution and Biochemical Composition 
The population dynamics of Villorita cyprinoides were analyzed using quadrant sampling (1m² frames) at 
each study site. Clams were classified into three groups: 
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1. Adult Clams - Fully mature individuals. 
2. Sub-Adult Clams - Clams nearing reproductive maturity. 
3. Juvenile Clams - Recently settled individuals. 

Clam Population Parameters: 
• Shell Height, Length, and Width - Measured using Vernier calipers. 
• Total Weight and Dry Meat Weight - Determined after drying at 80°C. 
• Size-Frequency Distribution - Analyzed to assess population structure and seasonal variations. 

Biochemical Analysis of Clam Meat: 
• Protein Content - Estimated using Lowry’s Method. 
• Carbohydrate Content - Measured using the Phenol-Sulfuric Acid Method. 
• Lipid Extraction - Conducted using the Soxhlet Extraction Method. 
• Moisture Content - Determined by measuring weight before and after drying at 80°C. 
• Edibility Percentage - (Soft Tissue Weight / Total Biomass) × 100. 
• Calcium Carbonate Content - Assessed for shell composition. 

All biochemical analyses were carried out at the Tropical Institute of Ecological Sciences (TIES) 
Biochemical Laboratory, using validated AOAC methods. 
2.6 Statistical Analysis 
The study was conducted over a three-year period (2021-2023) with systematic seasonal data collection. Some 
of the challenges encountered during the study included: 
Data analysis was performed using SPSS. 

• Descriptive Statistics - Mean, Standard Deviation (SD), and Range calculations. 
• Comparative Analysis - One-way ANOVA and t-tests to evaluate seasonal and regional differences. 
• Correlation Analysis - Pearson’s correlation to determine relationships between environmental 

factors and clam biochemical parameters. 
• Data Visualization:  

o Bar charts and line graphs - Used for seasonal trends. 
o Scatter plots and regression models - Analyzed correlations between physicochemical and 

microbial parameters. 
o GIS Mapping - Used to visualize spatial distribution patterns. 

3. RESULTS  
3.1 Water Quality Analysis Across Seasons 
3.1.1 Pre-Monsoon Water Quality Analysis in the South and North Regions 
The pre-monsoon water quality analysis of Vembanad Lake revealed regional variations in physicochemical 
and microbial parameters. The pH levels in both the south (6.92) and north (6.8) regions remained within the 
permissible limits set by IS:10500-2012 (Table 1, Table 2). Conductivity values were slightly different, with 
118 µS recorded in the south and 116 µS in the north. The total dissolved solids (TDS) concentration was low 
in both regions, measuring 72 mg/L in the south and 68.9 mg/L in the north (Table 1, Table 2). Salinity levels 
exhibited significant disparity, with the north region showing a much higher salinity of 71.3 ppt, compared to 
0.075 ppt in the south, likely due to greater marine water intrusion (Table 1, Table 2). Similarly, chlorinity 
levels were 139.3 mg/L in the south and 132.1 mg/L in the north. The alkalinity values were slightly higher in 
the south (28 mg/L) than in the north (22 mg/L), indicating minor variations in buffering capacity (Table 1, 
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Table 2). Nutrient concentrations varied between regions, with phosphate levels of 4.2 mg/L in the south and 
2.9 mg/L in the north (Table 1, Table 2). Organic carbon was notably higher in the south (8.1 mg/L) than in 
the north (5.8 mg/L). The microbial analysis indicated considerable contamination, with the MPN count in the 
south recorded at 2400/100ml, whereas the north had a lower count of 480/100ml (Table 1, Table 2). Fecal 
coliform (FC) values were also elevated in the south (1100/100ml) compared to the north (210/100ml), 
confirming greater microbial pollution in the southern part of the lake. The presence of E. coli was detected in 
both regions, indicating potential fecal contamination (Table 1, Table 2). 
Table 1. Physicochemical and microbial parameters of pre-monsoon water quality in the south of Vembanad 
Lake. 

Parameter Desirable Limits 
(IS:10500-2012) 

Sample 
Value 

pH 6.5 - 8.5 6.92 
Conductivity (µS) 1476 118 
Total Dissolved Solids 
(TDS) (mg/L) 

500 72 

Chlorinity (mg/L) 250 139.3 
Salinity (ppt) 3 0.075 
Chloride (mg/L) 250 18 
Acidity (mg/L) 200 8 
Alkalinity (mg/L) 200 28 
Total Hardness (mg/L) 300 32 
Ca⁺ Ions (mg/L) 75 12 
Mg⁺ Ions (mg/L) 80 20 
Iron (mg/L) 0.3 0.10 
Potassium (mg/L) 300 3.6 
Phosphate (mg/L) 0.1 4.2 
Fluoride (mg/L) 1 1.4 
Sulphate (mg/L) 1 1.8 
Organic Carbon (mg/L) 0.5 8.1 
Nitrate (mg/L) 45 10.4 
Oil Content (mg/L) 0.1 0 
MPN (/100ml) 0 2400 
FC (/100ml) 0 1100 
E.coli Presence Absent Present 

Table 2. Physicochemical and microbial parameters of pre-monsoon water quality in the north regions of 
Vembanad Lake. 

Parameter Desirable Limits 
(IS:10500-2012) 

Sample 
Value 

pH 6.5 - 8.5 6.8 
Conductivity (µS) 1476 116 
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Total Dissolved Solids 
(TDS) (mg/L) 

500 68.9 

Chlorinity (mg/L) 250 132.1 
Salinity (ppt) 3 71.3 
Chloride (mg/L) 250 20 
Acidity (mg/L) 200 8 
Alkalinity (mg/L) 200 22 
Total Hardness (mg/L) 300 10 
Ca⁺ Ions (mg/L) 75 4 
Mg⁺ Ions (mg/L) 80 8 
Iron (mg/L) 0.3 0.09 
Potassium (mg/L) 300 3.3 
Phosphate (mg/L) 0.1 2.9 
Fluoride (mg/L) 1 1.18 
Sulphate (mg/L) 1 0.9 
Organic Carbon (mg/L) 0.5 5.8 
Nitrate (mg/L) 45 4.8 
Oil Content (mg/L) 0.1 0 
MPN (/100ml) 0 480 
FC (/100ml) 0 210 
E.coli Presence Absent Present 

 
3.2 Soil Composition Analysis 
3.2.1 Pre-Monsoon, Monsoon, and Post-Monsoon Soil Composition in the South and North Regions 
The soil composition analysis of Vembanad Lake across different seasons highlighted variations in pH, nutrient 
availability, and organic carbon content in both the south and north regions. During the pre-monsoon season, 
the pH in the south was 7.7, while in the north, it was 7.61, indicating slightly alkaline conditions in both 
regions (Table 3, Table 4). The total nitrogen content was higher in the south (6.9%) compared to the north 
(4.4%), and available phosphorus was significantly greater in the south (2.4 mg/kg) than in the north (0.5 
mg/kg) (Table 3, Table 4). Organic carbon content was also elevated in the south at 18.2%, whereas the north 
had 15.2%, suggesting higher organic matter accumulation in the southern region (Table 3, Table 4). 
During the monsoon season, a decline in total nitrogen content was observed in both regions, with values 
dropping to 1.9% in the south and 1.4% in the north (Table 5, Table 6). The pH levels remained stable, with 
the south measuring 7.21 and the north 7.26. Available phosphorus concentrations decreased considerably, with 
0.15 mg/kg in the south and 0.02 mg/kg in the north (Table 5, Table 6). Organic carbon levels showed a 
significant reduction, with values of 5.3% in the south and 4.2% in the north, indicating organic matter 
dilution due to increased rainfall and runoff (Table 5, Table 6). 
In the post-monsoon period, soil fertility improved slightly. The total nitrogen content increased to 4.0% in the 
south and 3.4% in the north, suggesting a replenishment of nutrients after the monsoon leaching effect (Table 
7, Table 8). Organic carbon also showed a recovery, with 13.8% in the south and 11.5% in the north (Table 
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7, Table 8). Available phosphorus and potassium levels were higher in both regions post-monsoon compared 
to the monsoon period, likely due to sediment deposition and reduced nutrient leaching (Table 7, Table 8). 
Table 3. Physicochemical parameters of pre-monsoon soil composition in the south region of Vembanad Lake. 

Parameter Sample Value 
pH 7.7 
Total Nitrogen (%) 6.9 
Available Phosphorus (mg/kg) 2.4 
Available Potassium (mg/kg) 0.6 
Organic Carbon (%) 18.2 
Moisture Content (%) 18.5 

Table 4. Physicochemical parameters of pre-monsoon soil composition in the north region of Vembanad Lake. 
Parameter Sample Value 
pH 7.61 
Total Nitrogen (%) 4.4 
Available Phosphorus (mg/kg) 0.5 
Available Potassium (mg/kg) 0.6 
Organic Carbon (%) 15.2 
Moisture Content (%) 19.6 

Table 5. Physicochemical parameters of monsoon soil composition in the south region of Vembanad Lake. 
Parameter Sample Value 
pH 7.21 
Total Nitrogen (%) 1.9 
Available Phosphorus (mg/kg) 0.15 
Available Potassium (mg/kg) 2.4 
Organic Carbon (%) 5.3 

Table 6. Physicochemical parameters of monsoon soil composition in the north region of Vembanad Lake. 
Parameter Sample Value 
pH 7.26 
Total Nitrogen (%) 1.4 
Available Phosphorus (mg/kg) 0.02 
Available Potassium (mg/kg) 0.8 
Organic Carbon (%) 4.2 
Moisture Content (%) 21.2 

Table 7. Physicochemical parameters of post-monsoon soil composition in the south region of Vembanad Lake. 
Parameter Sample Value 
pH 7.21 
Total Nitrogen (%) 4.0 
Available Phosphorus (mg/kg) 2.3 
Available Potassium (mg/kg) 2.4 
Organic Carbon (%) 13.8 
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Moisture Content (%) 20.0 
Table 8. Physicochemical parameters of post-monsoon soil composition in the north region of Vembanad Lake. 

Parameter Sample Value 
pH 7.12 
Total Nitrogen (%) 3.4 
Available Phosphorus (mg/kg) 2.7 
Available Potassium (mg/kg) 2.2 
Organic Carbon (%) 11.5 
Moisture Content (%) 19.6 

 
3.3 Microbial Population Analysis Across Seasons 
Pre-Monsoon Microbial Population Analysis in the South and North Regions 
The microbial population analysis during the pre-monsoon period revealed distinct variations in bacterial and 
fungal densities between the south and north regions of Vembanad Lake. In the south region, the total bacterial 
count was significantly higher, reaching 287.33 × 10⁵ CFU/g, compared to 80.67 × 10⁵ CFU/g in the north 
region (Table 9, Table 10). Fungal populations, however, exhibited a slight increase in the north (1.67 × 10³ 
CFU/g) compared to the south (1.33 × 10³ CFU/g), suggesting differing organic matter decomposition rates in 
both regions (Table 9, Table 10). 
The actinomycetes and phosphobacteria were absent in both regions, indicating limited populations of these 
specific microbial groups in the pre-monsoon period. Pseudomonas sp., known for its role in bioremediation, 
was recorded at 11.67 × 10⁵ CFU/g in the south, whereas it was absent in the north (Table 9, Table 10). E. 
coli, a key fecal contamination indicator, was significantly higher in the south (27.33 × 10⁵ CFU/g) compared 
to the north (11.33 × 10⁵ CFU/g), reflecting higher organic and nutrient loading in the southern part of the lake 
(Table 9, Table 10). 
Pathogenic Vibrio cholerae and Vibrio parahaemolyticus showed notable variations between regions. V. 
cholerae was more prevalent in the south (23.00 × 10⁵ CFU/g) than in the north (15.67 × 10⁵ CFU/g) (Table 
9, Table 10). However, V. parahaemolyticus was completely absent in the north while it was recorded at 
4.33 × 10⁵ CFU/g in the south. Salmonella sp. and Shigella sp. were detected in both regions, with slightly 
higher counts in the south (3.33 × 10⁵ CFU/g and 2.67 × 10⁵ CFU/g, respectively) than in the north (2.00 × 10⁵ 
CFU/g for both) (Table 9, Table 10). 
Table 9. Pre-monsoon microbial population in the south region of Vembanad Lake. 

Microorganisms Mean 
(CFU/g) 

SD 

Total Bacteria (10⁵) 287.33 3.79 
Total Fungi (10³) 1.33 1.15 
Actinomycetes (10²) 0.00 0.00 
Phosphobacteria (10⁵) 0.00 0.00 
Pseudomonas sp. (10⁵) 11.67 0.58 
E. coli (10⁵) 27.33 0.58 
Vibrio parahaemolyticus 4.33 0.58 
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(10⁵) 
Vibrio cholerae (10⁵) 23.00 1.00 
Salmonella sp. (10⁵) 3.33 0.58 
Shigella sp. (10⁵) 2.67 0.58 

Table 10. Pre-monsoon microbial population in the north region of Vembanad Lake. 
Microorganisms Mean 

(CFU/g) 
SD 

Total Bacteria (10⁵) 80.67 2.08 
Total Fungi (10³) 1.67 1.53 
Actinomycetes (10²) 0.00 0.00 
Phosphobacteria (10⁵) 0.00 0.00 
Pseudomonas sp. (10⁵) 0.00 0.00 
E. coli (10⁵) 11.33 1.15 
Vibrio parahaemolyticus 
(10⁵) 

0.00 0.00 

Vibrio cholerae (10⁵) 15.67 1.53 
Salmonella sp. (10⁵) 2.00 0.00 
Shigella sp. (10⁵) 2.00 1.00 

 
3.4 Clam Population Distribution and Analysis Across Zones 
Clam Population Distribution Across Zones 
The distribution of Villorita cyprinoides varied across the three study zones, with notable differences in adult, 
subadult, and juvenile populations. The north region (Zone B) had the highest number of adult clams (453), 
whereas the south region (Zone A) exhibited the highest subadult clam count (518) (Table 11). Juvenile 
clams were more evenly distributed, with similar numbers across all three zones, ranging between 124 and 135 
individuals. The riverine zone (Zone C) had the lowest population of adult clams (186) and a moderate number 
of subadults (282) (Table 11). The distribution pattern suggests that environmental factors such as salinity, 
nutrient availability, and habitat structure may influence the life-stage abundance across different zones. 
Table 11. Clam population distribution across different zones in Vembanad Lake. 

Zone Adult Clams Subadult Clams Juvenile Clams 
South (Zone A) 247 518 135 
North (Zone B) 453 323 124 
Riverine (Zone C) 186 282 132 

Dry Weight Analysis of Clams 
The dry weight of clams varied across different zones, with the north region (Zone B) exhibiting the highest 
adult clam dry weight (0.0525 g), followed by the south region (0.0455 g) and the riverine zone (0.0335 g) 
(Table 12). In contrast, the subadult clam dry weight was highest in the south region (0.0072 g), suggesting 
better growth conditions for this stage in Zone A. The dry weight of juvenile clams remained relatively low in 
all zones, with the north region showing a slightly higher value (0.0020 g) than the other regions (Table 12). 
These variations in dry weight suggest that environmental factors such as food availability and water quality 
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play a critical role in clam growth. 
Table 12. Dry weight analysis of clams across different zones in Vembanad Lake. 

Zone Adult Dry 
Weight (g) 

Subadult Dry 
Weight (g) 

Juvenile Dry 
Weight (g) 

South (Zone 
A) 

0.0455 0.0072 0.0019 

North (Zone 
B) 

0.0525 0.0056 0.0020 

Riverine 
(Zone C) 

0.0335 0.0052 0.0014 

Environmental Factors Affecting Clam Population 
The environmental conditions in different zones varied significantly, affecting the distribution and growth of 
Villorita cyprinoides. The north region (Zone B) recorded the highest salinity levels (10-18 ppt), while the 
south (Zone A) and riverine (Zone C) zones exhibited lower salinity levels, ranging from 0-8.54 ppt and 
0-7.89 ppt, respectively (Table 13). Temperature variations were minimal across all zones, with the highest 
range observed in the north (26.1-33.46°C), while the south and riverine zones recorded similar temperature 
fluctuations (27.5-33.1°C and 27.0-32.9°C, respectively) (Table 13). The higher adult clam population in Zone 
B could be linked to increased salinity, while the greater subadult population in Zone A suggests that moderate 
salinity and nutrient-rich waters favor the earlier life stages of clams. 
Table 13. Environmental parameters affecting clam population distribution in different zones of Vembanad 
Lake. 

Zone Temperature Range (°C) Salinity Range (ppt) 
South (Zone A) 27.5 - 33.1 0 - 8.54 
North (Zone B) 26.1 - 33.46 10 - 18 
Riverine (Zone C) 27.0 - 32.9 0 - 7.89 

3.5 Biochemical Composition of Clam Meat Across Seasons 
Biochemical Composition of Clam Meat in the South and North Regions 
The biochemical composition of Villorita cyprinoides was analyzed across different seasons in both the south 
and north regions of Vembanad Lake, with notable variations observed in protein, carbohydrate, lipid, and 
moisture content. 
In the south region, protein content was highest in pre-monsoon adult clams (25.3 g) and lowest in monsoon 
subadult clams (19.1 g) (Table 14). A decline in protein content was observed during the monsoon season, 
with a slight recovery post-monsoon. Carbohydrate content followed a similar seasonal trend, with pre-
monsoon adult clams exhibiting 4.6 g, which increased to 4.9 g post-monsoon (Table 14). Lipid content was 
generally low, ranging from 1.2 g to 1.6 g, with minor seasonal fluctuations. Moisture content remained 
relatively stable, with values between 20.4% and 22.8%, while edibility percentage was highest in pre-
monsoon adult clams (42%) and lowest in monsoon subadults (8.9%) (Table 14). The calcium carbonate 
content was consistently high across all seasons, with slight variations. 
In the north region, a similar seasonal variation in biochemical composition was observed, though protein 
content was generally higher than in the south (Table 15). Pre-monsoon adult clams exhibited the highest 
protein content (27.2 g), while monsoon subadult clams had the lowest (20.2 g) (Table 15). Carbohydrate 
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content was higher in the north than in the south, reaching 6.0 g in pre-monsoon adult clams and 5.2 g post-
monsoon (Table 15). Lipid content was slightly greater in the north, with a peak of 1.9 g in pre-monsoon 
subadults. Moisture content remained stable, ranging from 19.8% to 22.9%. Edibility percentage varied 
slightly, with the highest value recorded in post-monsoon adult clams (39.8%) (Table 15). The calcium 
carbonate content remained consistently high, peaking at 98.7% in pre-monsoon subadults. 
These findings suggest that seasonal changes influence the biochemical composition of Villorita cyprinoides, 
with nutrient availability and environmental conditions playing a role in fluctuations across different life stages. 
Table 14. Seasonal biochemical composition of Villorita cyprinoides in the south region of Vembanad Lake. 
Season Category Protein 

Content 
(g) 

Carbohydrate 
Content (g) 

Lipid 
Content 
(g) 

Moisture 
Content 
(%) 

% 
Edibility 

Calcium 
Carbonate 
(%) 

Pre-
Monsoon 

Adult 25.3 4.6 1.6 20.4 42 96.2 

Pre-
Monsoon 

Subadult 20.8 3.2 1.3 21.9 12 97.3 

Monsoon Adult 24.2 4.8 1.2 21.5 37.9 93.4 
Monsoon Subadult 19.1 3.3 1.12 22.8 8.9 96.2 
Post-
Monsoon 

Adult 24.9 4.9 1.27 21.2 38.8 94.9 

Post-
Monsoon 

Subadult 19.5 3.3 1.2 22.6 9.1 96.8 

Table 15. Seasonal biochemical composition of Villorita cyprinoides in the north region of Vembanad Lake. 
Season Category Protein 

Content 
(g) 

Carbohydrate 
Content (g) 

Lipid 
Content 
(g) 

Moisture 
Content 
(%) 

% 
Edibility 

Calcium 
Carbonate 
(%) 

Pre-
Monsoon 

Adult 27.2 6.0 1.7 19.8 39.4 97.9 

Pre-
Monsoon 

Subadult 23.6 4.2 1.9 21.4 11 98.7 

Monsoon Adult 24.8 5.1 1.4 21.6 38.6 93.9 
Monsoon Subadult 20.2 3.8 1.16 22.9 9.2 97.1 
Post-
Monsoon 

Adult 25.8 5.2 1.46 21.2 39.8 94.8 

Post-
Monsoon 

Subadult 21.2 3.9 1.24 22.4 9.6 96.2 

4. DISCUSSION  
Vembanad Lake, the largest brackish water lake in Kerala and a Ramsar-listed wetland, experiences 
dynamic seasonal variations driven by hydrological, climatic, and anthropogenic influences. The 
lake’s ecological integrity is shaped by fluctuations in water quality, sediment composition, microbial 
load, and aquatic biodiversity. These parameters serve as crucial indicators of ecosystem stability and 
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are vital for understanding the lake’s response to natural and anthropogenic stressors. The present 
study examined seasonal variations in physicochemical and biological parameters in different regions 
of Vembanad Lake and compared these findings with previous studies to provide a broader ecological 
context. 
Water quality plays a central role in maintaining the lake's ecological balance. The pH levels observed 
in this study were 6.92 in the southern region and 6.8 in the northern region, which fall within the 
IS:10500-2012 permissible limits (Table 1, Table 2). These values are consistent with previous studies 
on Vembanad Lake that reported pH ranges of 6.5 to 7.5, influenced by freshwater inflows and tidal 
mixing (Vaiyapuri et al., 2021). The conductivity values recorded in this study, 118 µS in the south 
and 116 µS in the north, suggest stable ionic concentrations, similar to the findings of Krishna et al. 
(2020), which attributed minor conductivity variations to localized freshwater influx. Salinity levels 
varied significantly, with the north exhibiting a much higher salinity of 71.3 ppt compared to 0.075 
ppt in the south (Table 1, Table 2), a trend corroborated by Chinnadurai et al. (2021), who reported 
that monsoonal dilution reduces salinity levels across the lake, while post-monsoon tidal influx restores 
salinity gradients. 
Nutrient dynamics significantly influence primary productivity and microbial activity. The phosphate 
concentrations recorded in this study were 4.2 mg/L in the south and 2.9 mg/L in the north (Table 1, 
Table 2), with similar values reported by Gopalan et al. (1983), who attributed these differences to 
agricultural runoff and domestic effluents. The organic carbon content in this study was notably higher 
in the south (8.1 mg/L) than in the north (5.8 mg/L), reflecting differential organic matter inputs from 
human settlements (Table 1, Table 2). These findings align with Joseph et al. (2015), who reported 
elevated organic carbon levels in Vembanad Lake due to anthropogenic nutrient loading. The nitrate 
concentrations in this study ranged from 4.8 mg/L in the north to 10.4 mg/L in the south, similar to 
values reported by Varghese and Mathew (2019), which indicated that excess nitrate from agricultural 
runoff contributes to periodic eutrophication. 
Microbial contamination is a critical concern in Vembanad Lake, impacting water quality and posing 
health risks. The MPN count recorded in this study was significantly higher in the south (2400/100ml) 
compared to the north (480/100ml), with fecal coliform counts following a similar trend (Table 1, 
Table 2). This spatial disparity has been noted in previous studies, with Krishna et al. (2020) 
highlighting that untreated sewage discharge exacerbates microbial contamination in the southern 
regions. The presence of Escherichia coli in both regions aligns with Vaiyapuri et al. (2021), who 
detected multiple antibiotic-resistant E. coli strains in Vembanad Lake, underscoring the risks of 
waterborne disease transmission. The detection of Vibrio cholerae in this study, particularly in the 
southern region (23.00 × 10⁵ CFU/g), is consistent with Joseph et al. (2015), who reported a high 
prevalence of Vibrio species in areas with intensive aquaculture activities. 
Soil composition influences nutrient cycling, sediment stability, and benthic community dynamics. 
The pH of the sediment samples ranged from 7.7 in the south to 7.61 in the north, indicating slightly 
alkaline conditions (Table 3, Table 4). These values align with studies by Varghese and Mathew 
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(2019), who reported that sediment pH in Vembanad Lake fluctuates between 7.5 and 8.2 due to 
carbonate buffering. The total nitrogen content recorded in this study was 6.9% in the south and 4.4% 
in the north (Table 3, Table 4), comparable to George et al. (2015), who linked elevated nitrogen 
levels in southern Vembanad Lake to organic matter decomposition and nitrogen fixation. Seasonal 
fluctuations in nitrogen content were evident, with monsoon-driven dilution reducing nitrogen 
availability in both regions (Table 5, Table 6), a pattern also observed by Chinnadurai et al. (2021). 
Organic carbon content declined during the monsoon (5.3% in the south and 4.2% in the north) but 
recovered post-monsoon (13.8% and 11.5%, respectively), consistent with observations by 
Madhusoodhanan and Antony (2022), who attributed such variations to sediment resuspension and 
organic matter deposition. 
The microbial population in sediments is a crucial indicator of contamination and organic matter 
availability. The total bacterial count recorded in this study was significantly higher in the south 
(287.33 × 10⁵ CFU/g) than in the north (80.67 × 10⁵ CFU/g) (Table 9, Table 10). This is in agreement 
with Madhusoodhanan and Antony (2022), who found elevated bacterial loads in regions with high 
anthropogenic activity. The prevalence of Vibrio cholerae was notably higher in the south (23.00 × 
10⁵ CFU/g) compared to the north (15.67 × 10⁵ CFU/g), similar to the findings of Joseph et al. (2015), 
who highlighted the role of organic pollution in promoting Vibrio proliferation. 
Clam populations serve as ecological indicators due to their sensitivity to environmental fluctuations. 
This study recorded the highest number of adult Villorita cyprinoides in the north (453 individuals) 
and the highest subadult count in the south (518 individuals) (Table 11). These findings are consistent 
with Joy et al. (2018), who reported that salinity and food availability influence clam recruitment and 
growth. The dry weight of adult clams was highest in the north (0.0525 g), while subadult clams 
exhibited greater biomass in the south (0.0072 g) (Table 12), similar to the results of Kripa and 
Mohamed (2008), who found that juvenile clam growth is enhanced in nutrient-rich, low-salinity 
environments. 
The biochemical composition of Villorita cyprinoides exhibited seasonal variations, with protein 
content peaking in pre-monsoon adult clams (25.3 g in the south and 27.2 g in the north) and declining 
during the monsoon (Table 14, Table 15). Carbohydrate and lipid content followed a similar seasonal 
trend, with higher values recorded in pre-monsoon clams. These findings align with Chinnadurai et al. 
(2021), who attributed seasonal changes in clam biochemical composition to food availability and 
environmental stress. The calcium carbonate content was consistently high, peaking at 98.7% in pre-
monsoon subadult clams, mirroring values reported by Kripa and Mohamed (2008) for bivalves in 
Vembanad Lake. 
The findings of this study highlight the complex interactions between hydrological processes, 
anthropogenic inputs, and seasonal dynamics in Vembanad Lake. The observed variations in water 
quality, sediment composition, microbial contamination, and clam populations are consistent with 
previous research, reinforcing the need for long-term ecological monitoring. Effective conservation 
strategies, including improved wastewater management, sustainable aquaculture practices, and 
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sediment remediation efforts, are essential for preserving the ecological integrity of this vital wetland 
system. 
5. CONCLUSION  
The present study highlights significant seasonal and spatial variations in physicochemical and biological 
parameters in Vembanad Lake, demonstrating the influence of hydrodynamic conditions and anthropogenic 
inputs on ecosystem stability. The observed differences in water quality, particularly in salinity, nutrient 
concentrations, and microbial contamination, underscore the need for targeted conservation measures. Soil 
composition analysis revealed seasonal shifts in nutrient availability, with monsoon-induced dilution followed 
by post-monsoon enrichment. The microbial analysis confirmed high fecal contamination in the southern region, 
necessitating improved wastewater management. Clam population dynamics were strongly influenced by 
salinity gradients, with higher adult populations in saline environments, while juvenile and subadult clams 
thrived in nutrient-rich, low-salinity regions. Comparisons with previous studies reaffirm the necessity of 
ongoing ecological assessments and sustainable management practices to mitigate anthropogenic stressors and 
safeguard Vembanad Lake’s biodiversity and ecological functions. Future conservation efforts should focus on 
pollution control, habitat restoration, and integrated water resource management to maintain the lake’s 
ecological balance. 
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