


SEASONAL VARIATIONS IN PHYSICOCHEMICAL CHARACTERISTICS, PLANKTON DIVERSITY, AND AQUATIC BIODIVERSITY OF GHANPUR (MULUG) POND, TELANGANA, INDIA

ABSTRACT
Freshwater ponds are ecologically significant ecosystems that support biodiversity and provide essential ecosystem services. The present study evaluated seasonal variations in physicochemical characteristics, plankton diversity, and aquatic biodiversity of Ghanpur (Mulug) Pond, Telangana, India, to assess its ecological status.
To evaluate these variations, Water samples were collected and analyzed during three distinct seasons: pre-monsoon, monsoon, and post-monsoon. Key physico-chemical parameters studied included temperature, pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), turbidity, alkalinity, hardness, chlorides, nitrates, and phosphates. In addition, biological components such as phytoplankton, zooplankton, aquatic macrophytes, fishes, insects, and amphibians were examined to assess the ecological status of the pond.
Water temperature varied between 26.2 and 31.5°C, dissolved oxygen ranged from 5.6 to 7.4 mg/L, while BOD varied from 4.2 to 8.4 mg/L, indicating seasonal fluctuations in water quality. Higher nutrient concentrations during the monsoon enhanced phytoplankton productivity, whereas post-monsoon conditions favored improved biodiversity. The post-monsoon season represented a stabilization phase, with moderate temperature, balanced pH, and improved dissolved oxygen levels. Increased abundance of diatoms and zooplankton groups indicated better ecological conditions, along with higher activity of aquatic fauna.
The observed patterns are consistent with findings from studies on Ghanpur Lake in the Warangal region, confirming the influence of seasonal variation on freshwater ecosystems. Overall, the study indicates moderate pollution during pre-monsoon and highlights the importance of continuous monitoring and effective management practices for maintaining pond health and sustainability.
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1. INTRODUCTION
Freshwater ecosystems are among the most productive and ecologically significant natural resources, providing essential services such as drinking water, irrigation, fisheries, groundwater recharge, biodiversity conservation, and recreational opportunities (Wetzel, 2001; Dodds & Whiles, 2020). The ecological health of these ecosystems is largely determined by the interaction between physicochemical characteristics and biological communities, particularly plankton, which respond rapidly to environmental changes and therefore serve as reliable indicators of water quality (Smith et al., 1999; Shetty & Gulimane, 2023).
Seasonal fluctuations in climatic factors, including temperature, rainfall, evaporation, and surface runoff, strongly influence the limnological characteristics of freshwater bodies. These seasonal variations affect water temperature, pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), nutrient concentrations, and biological productivity Agricultural runoff, domestic wastewater, and anthropogenic disturbances further modify nutrient dynamics, often resulting in eutrophication and deterioration of water quality (Smith et al., 1999; Sarkar et al., 2020).
Plankton communities, comprising phytoplankton and zooplankton, play a fundamental role in aquatic food webs by supporting higher trophic levels and maintaining ecosystem stability. Phytoplankton contribute substantially to primary productivity, whereas zooplankton regulate algal populations and serve as an important food source for fish and other aquatic organisms (Needham & Needham, 1962; Battish, 1992). Because plankton respond rapidly to changes in environmental conditions, their diversity and abundance are widely used as biological indicators for assessing freshwater ecosystem health (Aravinth et al., 2023; Panikkar et al., 2024).
Assessment of physicochemical parameters together with plankton diversity provides a comprehensive understanding of freshwater ecosystem dynamics. Standard analytical procedures recommended by the American Public Health Association ensure reliable evaluation of water quality parameters and facilitate comparison among freshwater ecosystems (APHA, 2017). Furthermore, integrated approaches such as the Water Quality Index (WQI) provide a simplified yet effective means of evaluating overall water quality and trophic status for environmental management (Carlson, 1977).
Several investigations have reported significant seasonal variation in physicochemical characteristics, nutrient dynamics, and plankton diversity in Indian freshwater ecosystems (Sarkar et al., 2020; Aravinth et al., 2023; Panikkar et al., 2024; Garai et al., 2025). However, scientific information regarding the limnological characteristics and biodiversity of Ghanpur (Mulug) Pond in Jayashankar Bhupalpally District, Telangana, remains limited.
Therefore, the present investigation was undertaken to evaluate the seasonal variation in physicochemical characteristics, plankton diversity, and aquatic biodiversity of Ghanpur (Mulug) Pond. The study also aims to assess overall water quality using the Water Quality Index (WQI), examine seasonal ecological changes, and generate baseline information for sustainable management and conservation of freshwater ecosystems in Telangana.
 Objectives of the Study
· To analyze seasonal variation in physicochemical parameters 
· To evaluate water quality using DO, BOD, COD, TDS, and nutrients 
· To study phytoplankton and zooplankton diversity 
· To assess aquatic flora and fauna 
· To compare results with similar freshwater studies 
· To suggest conservation strategies
2. MATERIALS AND METHODS
2.1 Study Area
The present investigation was conducted at Ghanpur (Mulug) Pond, located in Jayashankar Bhupalpally District, Telangana, India. The pond is an important freshwater ecosystem that supports irrigation, fisheries, groundwater recharge, livestock, and domestic activities of the surrounding villages. Seasonal rainfall, agricultural runoff, and local drainage influence the hydrological and ecological characteristics of the pond (Wetzel, 2001; Dodds & Whiles, 2020; Garai et al., 2025).
[image: ]
FIG 1. Study Area
2.2 Water Sampling
Water samples were collected monthly from three representative sampling stations during March 2025–February 2026, covering pre-monsoon, monsoon, and post-monsoon seasons. Samples were collected in pre-cleaned polyethylene bottles following standard limnological sampling procedures to minimize contamination and ensure analytical accuracy (APHA, 2017; ISO, 2023).
2.3 Physicochemical Analysis
Water temperature, pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), turbidity, alkalinity, hardness, chloride, nitrate, and phosphate were analyzed according to the Standard Methods for the Examination of Water and Wastewater (APHA, 2017). Instrument calibration, reagent blanks, duplicate analyses, and quality-control procedures were followed throughout the study (APHA, 2017; WHO, 2022).
2.4 Plankton Collection and Identification
Plankton samples were collected using a standard plankton net (64-µm mesh) and preserved in 4% formalin solution. Identification of phytoplankton and zooplankton was carried out under a compound microscope using standard taxonomic keys (Needham & Needham, 1962; Battish, 1992). Recent classifications and ecological interpretations were compared with contemporary studies on freshwater plankton diversity (Aravinth et al., 2023; Panikkar et al., 2024).
2.5 Biodiversity Indices
The diversity and community structure of phytoplankton and zooplankton were assessed using standard ecological diversity indices. Species abundance data collected during each season were used to calculate the Shannon–Wiener Diversity Index (H′), Simpson Diversity Index (1 − D), Margalef Richness Index (Dmg), and Pielou's Evenness Index (J′). These indices provide quantitative measures of species diversity, richness, dominance, and distribution within the plankton community.
The indices were calculated using the following equations:
Shannon–Wiener Diversity Index (H′)
H′ = −Σ (Pi × ln Pi)
where Pi = ni/N
Simpson Diversity Index
1 − D = 1 − Σ Pi²
Margalef Richness Index
Dmg = (S − 1) / ln N
Pielou's Evenness Index
J′ = H′ / ln S
where:
S = Total number of species
N = Total number of individuals
ni = Number of individuals of the ith species
Pi = Relative abundance of the ith species (ni/N)
These indices were calculated separately for each season using standard ecological methods to evaluate seasonal changes in plankton diversity and ecosystem health. (Sarkar et al., 2020; Garai et al., 2025).
2.6 Water Quality Index (WQI)
The overall water quality of Ghanpur (Mulug) Pond was evaluated using the Weighted Arithmetic Water Quality Index (WQI) method. This approach integrates multiple physicochemical parameters into a single numerical value, facilitating the assessment of seasonal water quality and comparison among freshwater ecosystems.
Equation (1): Water Quality Index
WQI = Σ(Qi × Wi) / ΣWi
where:
Qi = Quality rating of the ith water quality parameter
Wi = Unit weight assigned to the ith parameter
Equation (2): Quality Rating
Qi = [(Vi − Vo) / (Si − Vo)] × 100
where:
Vi = Measured value of the parameter
Vo = Ideal value of the parameter (0 for most parameters; 7.0 for pH and 14.6 mg/L for dissolved oxygen)
Si = Standard permissible value of the parameter according to WHO/APHA guidelines
2.7 Statistical Analysis
All physicochemical and biological data were expressed as mean ± standard deviation (Mean ± SD) based on monthly observations collected during each season. One-way Analysis of Variance (ANOVA) was performed to determine significant seasonal differences among the pre-monsoon, monsoon, and post-monsoon periods. When significant differences were detected (p < 0.05), Tukey's Honestly Significant Difference (HSD) post hoc test was applied to identify pairwise differences among seasons. Statistical analyses were performed using IBM SPSS Statistics version 26.0 (IBM Corp., Armonk, NY, USA), and graphical representations were prepared using Microsoft Excel 2021. Statistical significance was considered at p < 0.05.



3. RESULTS AND DISCUSSION
3.1 Seasonal Variation in Physicochemical Parameters
The seasonal variations in the physicochemical characteristics of Ghanpur (Mulug) Pond are presented in Table 1a & 1b The measured parameters exhibited considerable seasonal variation owing to differences in climatic conditions, rainfall, evaporation, and surface runoff. Water temperature was highest during the pre-monsoon season, whereas dissolved oxygen increased during the monsoon because of rainfall-induced aeration. Biochemical oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), alkalinity, hardness, and chlorides were comparatively higher during the pre-monsoon season because of evaporation and concentration of dissolved substances. In contrast, nitrate and phosphate concentrations reached their maximum during the monsoon season owing to agricultural runoff. 
One-way ANOVA indicated significant seasonal differences (p < 0.05) for most physicochemical parameters, including water temperature, dissolved oxygen, biochemical oxygen demand, chemical oxygen demand, turbidity, nitrate, and phosphate concentrations. Tukey's HSD test further demonstrated that the pre-monsoon season differed significantly from the monsoon and post-monsoon seasons for most parameters, indicating a pronounced seasonal influence on water quality.
Table 1a. Seasonal variation in physicochemical parameters of Ghanpur (Mulug) Pond. 
	Parameter
	Pre-Monsoon
	Monsoon
	Post-Monsoon
	F -Values
	P- Values

	Temperature (°C)
	31.5 ± 0.8
	26.2 ± 0.6
	27.4 ± 0.5
	18.52
	<0.001

	pH
	8.1 ± 0.2
	7.2 ± 0.1
	7.6 ± 0.2
	9.84
	0.004


	Dissolved Oxygen (mg/L)
	5.6 ± 0.3
	7.4 ± 0.2
	6.8 ± 0.3
	14.36
	<0.001


	


Table 1b: Seasonal variation in physicochemical parameters of Ghanpur (Mulug) Pond.
	Parameter
	Pre-Monsoon
	Monsoon
	Post-Monsoon
	Seasonal Trend / Interpretation

	BOD (mg/L)
	8.4
	4.2
	5.3
	Highest in pre-monsoon indicating organic load

	COD (mg/L)
	52
	28
	36
	Indicates chemical pollution, highest in summer

	TDS (mg/L)
	365
	215
	275
	Concentrated during pre-monsoon due to evaporation

	Turbidity (NTU)
	28
	58
	34
	Highest in monsoon due to runoff

	Alkalinity (mg/L)
	168
	122
	145
	Higher in summer due to salt concentration

	Hardness (mg/L)
	210
	155
	180
	Higher in pre-monsoon due to mineral concentration

	Chlorides (mg/L)
	72
	48
	56
	Increased in summer due to evaporation

	Nitrates (mg/L)
	1.2
	2.4
	1.6
	Highest in monsoon due to agricultural runoff

	Phosphates (mg/L)
	0.7
	1.5
	0.9
	Indicates nutrient enrichment in monsoon



3.2 Seasonal Relationship between Water Temperature and Dissolved Oxygen
The relationship between water temperature and dissolved oxygen during different seasons is summarized in Table 2. A clear inverse relationship was observed, with higher water temperature corresponding to lower dissolved oxygen concentration. Improved dissolved oxygen during the monsoon reflects enhanced atmospheric aeration and dilution effects.
Table 2. Seasonal relationship between water temperature and dissolved oxygen.
	Season
	Temperature
	DO
	Ecological Interpretation

	Pre-monsoon
	High
	Low
	Oxygen stress due to high temperature

	Monsoon
	Low-Moderate
	High
	Better aeration and mixing

	Post-monsoon
	Moderate
	Moderate
	Stable ecological condition



3.3 Seasonal Variation in Organic Pollution Indicators
The seasonal behaviour of the major organic pollution indicators is presented in Table 3. Both BOD and COD reached maximum values during the pre-monsoon season, indicating increased organic and chemical pollution. Reduced values during the monsoon season demonstrate the dilution effect of rainfall.
Table 3. Seasonal variation in organic pollution indicators (BOD and COD).
	Season
	BOD (mg/L)
	COD (mg/L)
	Interpretation

	Pre-monsoon
	High
	High
	High organic and chemical pollution

	Monsoon
	Low
	Low
	Dilution of pollutants

	Post-monsoon
	Moderate
	Moderate
	Partial recovery



3.4 Seasonal Variation in Nutrient Concentrations
The seasonal distribution of nitrate and phosphate concentrations is presented in Table 4. Both nutrients increased considerably during the monsoon season because of agricultural runoff and surface drainage, indicating nutrient enrichment of the pond.
Table 4. Seasonal variation in nutrient concentrations.
	Parameter
	Pre-Monsoon
	Monsoon
	Post-Monsoon
	Interpretation

	Nitrates
	1.2
	2.4
	1.6
	Peak during monsoon due to runoff

	Phosphates
	0.7
	1.5
	0.9
	Indicates nutrient enrichment



3.5 Seasonal Diversity of Phytoplankton
The composition and seasonal abundance of phytoplankton are presented in Table 5. Chlorophyceae dominated throughout the investigation, while Cyanophyceae were comparatively abundant during the pre-monsoon season, indicating nutrient enrichment.
Table 5. Seasonal diversity of phytoplankton.
	Group
	Examples
	Pre-Monsoon
	Monsoon
	Post-Monsoon
	Ecological Significance

	Chlorophyceae
	Chlorella, Spirogyra
	Moderate
	High
	High
	Indicates productive water

	Bacillariophyceae
	Navicula, Diatoms
	Low
	Moderate
	High
	Indicator of good water quality

	Cyanophyceae
	Oscillatoria, Anabaena
	High
	Moderate
	Low
	Indicates eutrophic conditions

	Euglenophyceae
	Euglena
	Moderate
	Moderate
	Low
	Organic pollution indicator



3.6 Seasonal Diversity of Zooplankton
The seasonal abundance of zooplankton is presented in Table 6. Rotifera remained dominant throughout the study, whereas Cladocera and Copepoda increased during the post-monsoon season, reflecting improved ecological conditions.
Table 6. Seasonal diversity of zooplankton.
	Group
	Examples
	Pre-Monsoon
	Monsoon
	Post-Monsoon
	Ecological Significance

	Rotifera
	Brachionus
	High
	Moderate
	Moderate
	Pollution tolerant

	Cladocera
	Daphnia
	Low
	Moderate
	High
	Clean water indicator

	Copepoda
	Cyclops
	Moderate
	High
	High
	Stable ecosystem

	Ostracoda
	Cypris
	Low
	Moderate
	Moderate
	Bottom dwellers



3.7 . The seasonal biodiversity indices
 The seasonal biodiversity indices of plankton communities are presented in Table 7. The Shannon–Wiener Diversity Index (H′) increased from the pre-monsoon to the post-monsoon season, indicating a progressive increase in species diversity under favourable environmental conditions. Similarly, the Simpson Diversity Index (1 − D) showed higher values during the post-monsoon season, reflecting lower dominance and greater community stability.
Margalef's Richness Index indicated an increase in species richness following the monsoon period, while Pielou's Evenness Index demonstrated a more uniform distribution of plankton species during the post-monsoon season. These findings suggest that improved physicochemical conditions and enhanced nutrient balance following the monsoon promoted greater biological diversity and ecological stability in Ghanpur (Mulug) Pond.
Table 7. Seasonal Biodiversity Indices of Plankton Communities

	Season
	Season Shannon Index (H′)
	Simpson Index (1−D)
	Margalef Richness
	Pielou Evenness

	Pre-monsoon
	1.86
	0.71
	2.34
	0.76

	Monsoon
	2.14
	0.81
	2.82
	0.84

	Post-monsoon
	2.48
	0.89
	3.21
	0.91



3.8 Seasonal Aquatic Faunal Diversity
The diversity of aquatic fauna recorded during the investigation is presented in Table 8. Fish, amphibians, aquatic insects, molluscs, and birds collectively indicate a productive freshwater ecosystem.
Table 8. Seasonal aquatic faunal diversity.
	Group
	Examples
	Seasonal Trend
	Ecological Role

	Fish
	Catla, Rohu
	Monsoon/Post Monsoon
	Food chain

	Amphibians
	Frogs
	Monsoon
	Indicator species

	Aquatic Insects
	Beetles
	Throughout the year
	Nutrient cycling

	Molluscs
	Snails
	Post-monsoon
	Detritus feeders

	Watter Birds
	Kingfishers
	Monsoon/Post
	Top predators





3.9 Seasonal Ecological Status
The overall ecological condition of the pond during different seasons is summarized in Table 9.
Table 9: Seasonal Ecological Status of Ghanpur (Mulug) Pond
	Season
	Key Features
	Ecological Status

	Pre-monsoon
	High temp, Elevated BOD/COD, low DO
	Pollution stress

	Monsoon
	High nutrients, increased turbidity, high DO
	Highly productive but seasonally unstable
Overall water quality remained good throughout the study

	Post-monsoon
	Moderate physiochemical parameters, high biodiversity
	Stable ecosystem



3.10. Water Quality Index Assessment
The seasonal Water Quality Index (WQI) values demonstrated that the overall water quality of Ghanpur (Mulug) Pond remained within the good category throughout the study period. The pre-monsoon season recorded the highest WQI value (42.8), reflecting comparatively lower water quality due to elevated temperature, increased biochemical oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), and reduced dissolved oxygen concentration. These conditions indicate the concentration of dissolved pollutants resulting from high evaporation rates and limited water inflow.
During the monsoon season, the WQI decreased to 36.5, indicating an improvement in water quality. Increased rainfall enhanced dilution, atmospheric aeration, and water circulation, leading to higher dissolved oxygen concentrations and lower organic pollution. However, agricultural runoff contributed to elevated nitrate and phosphate concentrations, indicating moderate nutrient enrichment.
The post-monsoon season exhibited the lowest WQI value (29.4), representing the best overall water quality during the investigation. Moderate physicochemical conditions, improved dissolved oxygen levels, balanced nutrient concentrations, and enhanced plankton diversity reflected greater ecological stability and recovery following the monsoon period. These findings suggest that Ghanpur (Mulug) Pond maintained moderately good ecological health and remained suitable for sustaining freshwater biodiversity throughout the study. 
Table 10. Seasonal Water Quality Index (WQI) of Ghanpur (Mulug) Pond
	Season
	WQI
	Water Quality Status

	Pre-monsoon		 
	42.8
	Good	

	Monsoon
	36.5
	Good

	Post-monsoon
	29.4
	Good (Approaching Excellent)



3.13. DISCUSSION 
The observed seasonal fluctuations in water temperature, pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), and nutrient concentrations indicate the strong influence of climatic conditions, rainfall, and anthropogenic activities on the limnological characteristics of Ghanpur (Mulug) Pond. Similar seasonal variations have been reported in tropical freshwater ecosystems by Sarkar et al. (2020) and Garai et al. (2025).
The statistical analysis confirmed that seasonal variation significantly influenced the physicochemical characteristics of Ghanpur (Mulug) Pond. Significant differences detected by one-way ANOVA (p < 0.05) support the interpretation that climatic conditions, rainfall, and runoff are major factors controlling water quality and plankton dynamics. Similar statistically significant seasonal variations have been reported in other tropical freshwater ecosystems.
The comparatively lower dissolved oxygen values recorded during the pre-monsoon season may be attributed to elevated water temperature, increased microbial decomposition, and enhanced biological oxygen demand. The present DO values (5.6–7.4 mg/L) are comparable with those reported by Aravinth et al. (2023) (5.8–7.2 mg/L), but lower than Garai et al. (2025), possibly because of higher organic loading in Ghanpur Pond.
The higher BOD and COD values observed during the pre-monsoon season indicate increased organic and chemical pollution resulting from elevated evaporation, concentration of dissolved substances, and enhanced microbial activity. The subsequent reduction in BOD and COD during the monsoon season reflects the dilution effect of rainfall and increased water circulation, which improve overall water quality. Similar seasonal trends have been reported in tropical freshwater ecosystems, where climatic conditions strongly influence organic pollution levels.
Higher concentrations of nitrate and phosphate during the monsoon season indicate nutrient enrichment through agricultural runoff and surface drainage from the surrounding catchment. Excess nutrient loading accelerates primary productivity and may promote eutrophication under favourable environmental conditions (Smith et al., 1999).
The dominance of Chlorophyceae followed by Bacillariophyceae and Cyanophyceae suggests that the pond supports moderate nutrient availability and healthy primary productivity. Similar phytoplankton succession has been documented in freshwater ponds and reservoirs by Shetty and Gulimane (2023). The increased abundance of Bacillariophyceae during the post-monsoon season indicates improved ecological conditions, whereas higher Cyanophyceae abundance during the pre-monsoon season reflects comparatively nutrient-enriched conditions.
The zooplankton community was dominated by Rotifera, Cladocera, and Copepoda, indicating favourable ecological conditions and adequate food availability. Seasonal fluctuations in zooplankton diversity were closely associated with changes in physicochemical characteristics and phytoplankton abundance. Comparable findings have been reported by Battish (1992), Sharma and Sharma (2019), and Panikkar et al. (2024).
The biodiversity indices further supported the seasonal variation observed in plankton communities. Higher Shannon, Simpson, Margalef, and Pielou index values during the post-monsoon season indicate improved species diversity, richness, and community stability resulting from favourable environmental conditions. Conversely, comparatively lower diversity during the pre-monsoon season may be attributed to elevated temperature, reduced dissolved oxygen, and increased organic load. These findings are consistent with previous limnological studies reporting positive relationships between improved water quality and plankton diversity in tropical freshwater ecosystems.
The Water Quality Index (WQI) indicated that the pond water remained within acceptable quality limits during most of the study period, although slight deterioration was observed during the pre-monsoon season due to increased organic loading and reduced dilution capacity. Similar applications of WQI in freshwater ecosystem assessment have been reported for evaluating seasonal water quality and ecological status of freshwater ecosystems.
Overall, the findings demonstrate that Ghanpur (Mulug) Pond maintained satisfactory ecological integrity throughout the investigation, despite pronounced seasonal variations in physicochemical parameters and biological communities. Elevated nutrient concentrations and organic load during the pre-monsoon and monsoon seasons indicated moderate environmental stress; however, improved dissolved oxygen levels, balanced plankton succession, and enhanced aquatic biodiversity during the post-monsoon period reflected the ecosystem's resilience and natural recovery capacity. These findings suggest that the pond continues to function as a productive freshwater ecosystem, although sustained environmental monitoring and scientifically informed management strategies are essential to mitigate future anthropogenic pressures and ensure long-term ecological sustainability as recommended by the United Nations Environment Programme.

4. Conclusion
The study showed clear seasonal variation in the physicochemical and biological characteristics of Ghanpur (Mulug) Pond. Pre-monsoon conditions were marked by higher water temperature, biochemical oxygen demand, chemical oxygen demand, total dissolved solids, hardness, alkalinity and chlorides, together with lower dissolved oxygen. These conditions indicate seasonal concentration of dissolved substances and moderate organic stress. During the monsoon, rainfall and runoff improved dilution and aeration but also increased turbidity, nitrate and phosphate concentrations. Post-monsoon conditions were comparatively stable, with moderate temperature, improved dissolved oxygen and higher plankton diversity indices. Phytoplankton and zooplankton communities responded to these seasonal changes, suggesting their usefulness as biological indicators of pond health. The Water Quality Index indicated good water quality across the study period, with the best status in the post-monsoon season. Overall, Ghanpur Pond remains ecologically productive, but regular monitoring, control of agricultural runoff, prevention of waste discharge and protection of aquatic biodiversity are needed for long-term sustainability.
Limitations
This study was limited by incomplete quantitative presentation of biological data. Plankton abundance and aquatic faunal diversity were reported mainly through broad seasonal categories rather than detailed species-wise counts. The Water Quality Index and biodiversity indices were presented without full calculation tables, parameter weights, standards or raw abundance values. Sampling-station details also require clarification because the text and map differ in the number of stations. The study was conducted over one annual cycle, and longer-term monitoring would be needed to confirm trends. Future studies should include station-wise monthly data, full species lists, quantitative plankton density and detailed statistical analysis.
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