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Abstract: Water quality plays a crucial role in maintaining the health and productivity of freshwater fish populations. The
present study was conducted to evaluate the occurrence of fish diseases in relation to water quality parameters in a freshwater
reservoir of Mirzapur District, Uttar Pradesh, India. Seasonal sampling of water and fish was carried out during pre-monsoon,
monsoon, and post-monsoon periods. Physico-chemical parameters including temperature, pH, dissolved oxygen (DO),
biochemical oxygen demand (BOD), chemical oxygen demand (COD), and turbidity were analyzed following standard methods.
Simultaneously, fishes were examined for the presence of common diseases such as bacterial infections, parasitic infestations,
and fungal lesions. The results revealed clear seasonal variations in water quality. Water temperature ranged from 24.6°C to
30.8°C, while pH remained slightly alkaline (7.2-8.3). Dissolved oxygen values varied between 4.8 and 7.2 mg/L, with the lowest
levels observed during the monsoon. BOD and COD showed increased values during the monsoon season (BOD: 3.9-6.4 mg/L;
COD: 18.5-32.7 mg/L) indicating higher organic pollution. Fish disease prevalence was highest during the monsoon (28.4%)
and lowest in the post-monsoon season (12.6%). Parasitic infections and bacterial gill diseases were the most frequently observed
conditions. Statistical analysis showed a positive correlation between disease occurrence and increased BOD, COD, and
turbidity, while dissolved oxygen exhibited a negative correlation. These findings suggest that fish diseases can serve as reliable
bio-indicators of deteriorating water quality in freshwater reservoirs.
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L. INTRODUCTION

Freshwater ecosystems are among the most productive and biologically diverse environments on Earth, providing indispensable
ecological, economic, and social services to human societies. Reservoirs, lakes, rivers, and wetlands not only supply drinking water
and irrigation but also support fisheries, biodiversity conservation, recreation, and hydropower generation. In India, inland fisheries
have emerged as one of the fastest-growing sectors of the economy and play a vital role in ensuring food security, nutritional
sustainability, and rural livelihoods. However, rapid urbanization, industrialization, intensive agriculture, deforestation, and
unplanned developmental activities have exerted tremendous pressure on freshwater resources. These anthropogenic disturbances
have resulted in the deterioration of water quality, habitat degradation, eutrophication, and increased incidence of diseases among
aquatic organisms, thereby threatening the ecological stability of freshwater ecosystems (Schinegger et al., 2016; Cesoniené¢ et al.,
2020). Water quality is one of the most important determinants of aquatic ecosystem health because it directly regulates the
biological processes of aquatic organisms. Physico-chemical parameters such as water temperature, pH, dissolved oxygen (DO),
biochemical oxygen demand (BOD), chemical oxygen demand (COD), turbidity, conductivity, and nutrient concentrations
collectively influence fish metabolism, growth, reproduction, immunity, and survival. Even relatively small changes in these
environmental variables can impose physiological stress on fish populations, reducing their resistance to pathogens and increasing
susceptibility to infectious diseases. Consequently, continuous monitoring of water quality has become an essential component of
fisheries management and freshwater ecosystem conservation (Directive 2000/60/EC, 2000; Giakoumis & Voulvoulis, 2018).

Traditionally, assessment of freshwater quality has relied primarily on physicochemical measurements. Although these parameters
provide valuable information regarding the immediate condition of aquatic environments, they often fail to reflect the cumulative
biological effects of long-term environmental disturbances. Pollutants rarely occur individually in natural ecosystems; instead,
aquatic organisms are exposed to complex mixtures of physical, chemical, and biological stressors over extended periods. Therefore,
biological monitoring has increasingly been recognized as an indispensable complement to conventional water quality assessment
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because living organisms integrate the combined effects of environmental stress through measurable changes in their physiology,
morphology, behaviour, reproductive success, and disease susceptibility (Karr, 1981; Karr et al., 1986; Birk et al., 2012).

Among various biological indicators, fishes are considered one of the most reliable bio-indicators of freshwater ecosystem health.
Fish occupy relatively high trophic levels, possess comparatively long life spans, and remain continuously exposed to changes in
water quality throughout their life cycle. Their population structure, community composition, physiological responses, and disease
patterns collectively provide valuable insights into the ecological status of aquatic ecosystems. Unlike short-term chemical analyses,
fish integrate environmental changes over months or even years, thereby reflecting chronic exposure to pollution and habitat
degradation. Consequently, fish-based ecological assessment methods have been incorporated into several international
biomonitoring programmes and are widely used for evaluating ecological integrity of rivers, lakes, and reservoirs (Fausch et al.,
1990; Levin et al., 2019; Beggel et al., 2022).

The concept of fish-based ecological assessment has received considerable international recognition following the development of
the Index of Biotic Integrity (IBI) proposed by Karr (1981), which evaluates environmental quality using characteristics of fish
assemblages. Subsequently, numerous fish-based indices have been developed for freshwater lakes and reservoirs across Europe and
North America, demonstrating that alterations in fish communities effectively reflect ecological degradation caused by pollution,
eutrophication, habitat modification, and hydrological disturbances (Argillier et al., 2012; Blabolil et al., 2017; Pieckiel et al., 2024).
These approaches have significantly strengthened ecosystem-based management by integrating biological responses with
conventional environmental monitoring programmes.

Fish diseases represent one of the most sensitive biological responses to environmental stress. Under natural conditions, fish coexist
with numerous microorganisms, parasites, fungi, and bacteria without developing serious pathological conditions because healthy
individuals possess effective innate and adaptive immune mechanisms. However, environmental degradation weakens these defence
systems, allowing opportunistic pathogens to proliferate rapidly. Disease outbreaks therefore result from the interaction among the
host, pathogen, and environment, commonly referred to as the epidemiological triad. Poor water quality, nutritional stress,
overcrowding, temperature fluctuations, and organic pollution disturb this balance, making fish increasingly susceptible to bacterial
infections, fungal diseases, parasitic infestations, and viral pathogens. Consequently, disease prevalence often serves as an early
biological warning of deteriorating environmental conditions long before large-scale fish mortality becomes evident.

Organic pollution remains one of the major causes of freshwater ecosystem degradation throughout developing countries. Untreated
domestic sewage, agricultural runoff carrying fertilizers and pesticides, livestock waste, and industrial effluents introduce large
quantities of biodegradable organic matter into aquatic environments. Increased microbial decomposition elevates biochemical
oxygen demand, leading to depletion of dissolved oxygen and creating stressful conditions for aquatic organisms. Similarly,
elevated chemical oxygen demand indicates the presence of oxidizable pollutants that may exert toxic effects on aquatic biota.
Increased turbidity further reduces light penetration, interferes with photosynthesis, damages fish gills, and facilitates pathogen
transmission. Numerous studies have demonstrated strong relationships between declining water quality and increased disease
prevalence in freshwater fish populations (McKenzie et al., 2007; Rodrigues et al., 2022).

Seasonal fluctuations further influence both water quality and disease dynamics in freshwater reservoirs. In monsoon-dominated
regions such as northern India, rainfall patterns considerably alter hydrological conditions by increasing runoff, sediment transport,
nutrient loading, and organic matter input into reservoirs. These seasonal changes influence temperature, dissolved oxygen,
turbidity, and microbial abundance, thereby affecting pathogen survival and transmission. During the monsoon season, increased
organic pollution and reduced dissolved oxygen frequently create favourable conditions for bacterial and parasitic infections,
whereas post-monsoon dilution often improves environmental conditions and reduces disease incidence. Therefore, seasonal
assessment is essential for understanding ecological relationships between environmental quality and fish health.

Several recent investigations conducted in India have demonstrated the importance of seasonal monitoring of freshwater
ecosystems. Studies on the Sai River in Uttar Pradesh reported significant seasonal variations in physicochemical characteristics,
emphasizing that water quality fluctuates considerably across different seasons owing to changing hydrological conditions and
anthropogenic inputs (Singh et al., 2024). Likewise, seasonal changes in phytoplankton diversity have been shown to reflect
variations in nutrient availability and ecological conditions within freshwater ecosystems (Singh et al., 2024). Furthermore,
investigations on Labeo rohita exposed to arsenic contamination revealed significant alterations in haematological parameters and
erythrocyte morphology, highlighting the sensitivity of fish health to environmental pollution (Bisen et al., 2024). Similarly, Pandey
et al. (2023) demonstrated that deterioration of water quality and changes in microbial diversity significantly influence the survival
of Catla catla fry, further supporting the close association between environmental quality and fish health.
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Despite increasing recognition of fish as ecological indicators, relatively few studies have specifically evaluated fish diseases as
practical bio-indicators of freshwater reservoir health under Indian conditions. Most available investigations have focused either on
physicochemical water quality or on fish pathology independently, with limited attempts to integrate these two approaches into a
comprehensive ecological assessment. Such integrated studies are particularly important because disease prevalence reflects the
cumulative biological consequences of multiple environmental stressors rather than isolated chemical variables. Combining disease
surveillance with routine water quality monitoring therefore offers a more realistic evaluation of ecosystem health and provides
scientifically sound information for fisheries management, pollution control, and conservation planning.

Mirzapur District of Uttar Pradesh contains several freshwater reservoirs that are ecologically and economically important for inland
fisheries, irrigation, domestic water supply, and biodiversity conservation. These reservoirs receive seasonal runoff from agricultural
lands and surrounding human settlements, making them wvulnerable to nutrient enrichment, sedimentation, and organic pollution.
Although these water bodies support diverse fish fauna and contribute substantially to local livelihoods, comprehensive information
regarding the relationship between water quality deterioration and fish disease occurrence remains limited. Understanding this
relationship is essential for developing effective biomonitoring programmes and sustainable management strategies for freshwater
resources.

Therefore, the present investigation was undertaken to evaluate the ecological relationship between physicochemical water quality
parameters and fish disease prevalence in a freshwater reservoir of Mirzapur District, Uttar Pradesh. By integrating seasonal water
quality assessment with pathological examination of fish populations, the study aims to determine whether fish diseases can serve as
reliable bio-indicators of environmental quality. The findings are expected to contribute to ecological monitoring, strengthen
biomonitoring frameworks, support sustainable fisheries management, and provide scientific evidence for the conservation and
restoration of freshwater reservoir ecosystems.

1. MATERIALS AND METHODS
The present study was conducted in a freshwater reservoir located in Mirzapur District, Uttar Pradesh, India, to evaluate the
relationship between water quality and fish disease occurrence. Seasonal sampling was carried out during three distinct periods,
namely pre-monsoon (March-June), monsoon (July—September), and post-monsoon (October—February) during the study period.
Three representative sampling stations were selected based on differences in anthropogenic activities, water inflow, and fishing
intensity.
Water samples were collected in sterilized polyethylene bottles following standard sampling procedures. On-site measurements of
water temperature, pH, and dissolved oxygen (DO) were recorded using portable digital instruments. Water samples were
transported to the laboratory under refrigerated conditions for the determination of biochemical oxygen demand (BOD), chemical
oxygen demand (COD), and turbidity according to the Standard Methods for the Examination of Water and Wastewater (APHA,
2023).
Fish specimens representing commercially important species, including Labeo rohita, Catla catla, and Cirrhinus mrigala, were
collected using cast nets and gill nets with the assistance of local fishermen. Each specimen was examined for external clinical signs
such as skin ulcers, fin erosion, excessive mucus secretion, scale loss, gill discoloration, fungal growth, and parasitic infestation.
Diseased tissues from skin, gills, and fins were collected aseptically for microscopic examination. Bacterial infections were
identified using Gram staining and standard biochemical tests, while fungal and parasitic infections were confirmed using light
microscopy following established fish disease diagnostic procedures.
Disease prevalence (%) was calculated as the percentage of infected fish relative to the total number of fish examined. Descriptive
statistics were used to summarize seasonal variations in water quality parameters and disease incidence. Pearson's correlation
analysis was performed to evaluate the relationship between fish disease prevalence and selected physicochemical parameters
(temperature, DO, BOD, COD, pH, and turbidity). Statistical analyses were performed using SPSS (Version 26.0), and differences
were considered statistically significant at p < 0.05.

1. RESULTS AND DATA ANALYSIS
The present investigation assessed the relationship between seasonal variations in water quality and the occurrence of fish diseases
in a freshwater reservoir of Mirzapur District, Uttar Pradesh. The analysis revealed considerable fluctuations in physicochemical
characteristics throughout the study period, which significantly influenced fish health. Seasonal differences in temperature,
dissolved oxygen, biochemical oxygen demand, chemical oxygen demand, turbidity, and disease prevalence clearly indicated that
environmental conditions directly affected the susceptibility of fishes to bacterial, fungal, and parasitic infections.
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A. Seasonal Variation in Water Quality

The physicochemical characteristics of reservoir water exhibited distinct seasonal patterns (Table 1). Water temperature ranged from
24.6°C during the post-monsoon season to 30.8°C during the pre-monsoon season. The increase in temperature during summer
months was associated with higher evaporation rates and reduced water volume, whereas lower temperatures were observed after
the monsoon due to increased water availability and atmospheric cooling.

The pH of reservoir water remained within the slightly alkaline range throughout the study period, varying between 7.2 and 8.3.
Although seasonal fluctuations were observed, the values remained within the acceptable range for freshwater fisheries. Slightly
higher pH values recorded during the pre-monsoon period may be attributed to increased photosynthetic activity and reduced
dilution of dissolved ions.

Dissolved oxygen (DO), one of the most critical indicators of aquatic ecosystem health, showed marked seasonal variation. The
highest DO concentration (7.2 mg/L) was recorded during the post-monsoon season, whereas the lowest value (4.8 mg/L) occurred
during the monsoon. The decline in dissolved oxygen during the rainy season was probably due to increased organic matter entering
the reservoir through agricultural runoff and domestic drainage, resulting in enhanced microbial decomposition and oxygen
consumption.

Biochemical oxygen demand (BOD) exhibited an opposite trend. BOD values ranged from 3.9 to 6.4 mg/L, with the highest
concentrations observed during the monsoon. Elevated BOD indicated increased organic pollution and microbial activity, suggesting
greater environmental stress during this season. Similarly, chemical oxygen demand (COD) varied between 18.5 and 32.7 mg/L,
with peak values recorded during the monsoon period, reflecting increased concentrations of oxidizable organic substances.

Water turbidity also increased considerably during the rainy season owing to surface runoff carrying suspended sediments,
agricultural residues, and organic debris into the reservoir. Increased turbidity reduced water transparency and likely impaired fish
respiration by affecting gill function. Overall, the observed seasonal variations indicated that the monsoon period represented the
most environmentally stressful phase for the reservoir ecosystem.

B. Occurrence of Fish Diseases

A total of commercially important freshwater fishes, including Labeo rohita, Catla catla, and Cirrhinus mrigala, were examined
throughout the study period. External clinical examination revealed a variety of pathological conditions including skin ulcers,
excessive mucus secretion, fin erosion, gill discoloration, fungal patches, and parasitic infestations.

The overall prevalence of fish diseases varied significantly across seasons. Disease incidence was highest during the monsoon
(28.4%), followed by the pre-monsoon season (19.8%), while the lowest prevalence (12.6%) was recorded during the post-monsoon
season.

Among the observed diseases, parasitic infestations constituted the largest proportion of infections. Microscopic examination
revealed the presence of ectoparasites on the skin and gills, particularly in fishes collected during the monsoon season. Gill parasites
were frequently associated with excessive mucus secretion, respiratory distress, and reduced swimming activity.

Bacterial gill disease represented the second most common pathological condition. Affected fishes exhibited pale or necrotic gill
tissues accompanied by inflammation and excessive mucus production. Gram staining confirmed the presence of Gram-negative
bacterial infections in several diseased specimens.

Fungal infections were comparatively less common and were generally observed on previously injured skin surfaces. Cotton-like
fungal growth was mainly detected during the monsoon season when increased organic matter and high moisture favoured fungal
development.

The overall disease profile suggested that opportunistic pathogens became more prevalent during periods of environmental
deterioration, particularly when dissolved oxygen declined and organic pollution increased.

C. Relationship Between Water Quality and Disease Prevalence

Statistical analysis demonstrated significant relationships between water quality variables and disease occurrence.

A strong positive correlation was observed between disease prevalence and biochemical oxygen demand (r = 0.86), indicating that
fish diseases increased with rising levels of organic pollution. Similarly, disease occurrence showed a positive relationship with
chemical oxygen demand (r = 0.81), suggesting that increasing concentrations of oxidizable pollutants promoted disease outbreaks.
Water turbidity also exhibited a positive correlation (r = 0.78) with disease prevalence. High suspended solids likely damaged fish
gills and provided favourable conditions for pathogenic microorganisms.
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In contrast, dissolved oxygen displayed a strong negative correlation (r = —0.84) with disease prevalence. As dissolved oxygen
declined, fish became increasingly susceptible to infections because hypoxic conditions weaken immune responses, reduce
metabolic efficiency, and increase physiological stress.

Temperature showed a moderate positive association with disease occurrence, whereas pH demonstrated only a weak correlation
because the recorded values remained within the normal physiological range for freshwater fishes throughout the study period.

The observed statistical relationships indicate that deterioration in water quality significantly contributed to increased disease
occurrence in reservoir fishes.

D. Seasonal Comparison of Reservoir Health

Comparison of seasonal data revealed that environmental quality was poorest during the monsoon period. Heavy rainfall increased
surface runoff from agricultural lands and nearby human settlements, introducing nutrients, suspended solids, and organic pollutants
into the reservoir. Consequently, BOD, COD, and turbidity increased substantially, while dissolved oxygen declined.

These unfavourable environmental conditions coincided with the highest prevalence of fish diseases, demonstrating the cumulative
impact of pollution on fish health. Conversely, during the post-monsoon season, improved water circulation and dilution enhanced
water quality by increasing dissolved oxygen and reducing organic pollution. As environmental conditions improved, disease
prevalence declined considerably.

The pre-monsoon season represented an intermediate condition, characterized by elevated temperature but relatively moderate
pollution levels. Disease occurrence during this period was also intermediate, supporting the hypothesis that multiple environmental
factors collectively influence fish health.

E. Ecological Interpretation

The findings indicate that fish diseases responded rapidly to seasonal changes in environmental quality and reflected the cumulative
effects of multiple physicochemical stressors. Unlike individual water quality parameters, disease prevalence integrated the
biological consequences of long-term environmental exposure, making it a valuable ecological indicator.

Organic pollution increased microbial activity, reduced dissolved oxygen availability, and weakened fish immune systems, thereby
facilitating bacterial, fungal, and parasitic infections. Increased turbidity further aggravated physiological stress by impairing
respiration and reducing habitat quality. The results also demonstrate that fish health cannot be accurately evaluated using
physicochemical parameters alone. Although temperature and pH remained within acceptable limits, increased organic pollution and
reduced oxygen availability substantially affected disease occurrence. This highlights the importance of combining biological
monitoring with routine water quality assessment.

F. Implications for Reservoir Management

The study provides strong evidence that fish diseases can serve as practical bio-indicators of freshwater ecosystem health.
Monitoring disease prevalence alongside conventional water quality parameters enables early detection of environmental
deterioration before severe ecological damage occurs. Regular surveillance of fish health may therefore assist fisheries managers in
identifying pollution sources, evaluating the effectiveness of conservation measures, and implementing timely management
interventions. Improving sewage treatment, reducing agricultural runoff, minimizing organic pollution, and maintaining adequate
dissolved oxygen concentrations would substantially reduce disease incidence and improve overall reservoir health.

Table 1. Seasonal Variation in Physico-Chemical Parameters of Reservoir Water

|Parameter ||Pre-monsoon|[Mansoon ||Post-monsoon|[Standard Range for Freshwater Fish|
|Water Temperature (°C) 30806 |[27.5+05[24.6+04 |20-32
lpH [83+02 |76+02]72+01 |6585

[Biochemical Oxygen Demand (mg/L)[[4.7+0.2  ]6.4+03 [3.9£02  |<5.0
Chemical Oxygen Demand (mg/L) |[24.8+1.4 |[32.7+1.8185+12 |<25
[Turbidity (NTU) [156+1.2 |31.8+24104209 |<25

|
|
[Dissolved Oxygen (mg/L) |[p8+03 |48+02]72+04 |50 |
l
|
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Table 2. Seasonal Prevalence of Fish Diseases.

|Season |[Total Fish Examined| Diseased Fish| Disease Prevalence (%))
‘Pre-monsoon H250 HSO H19.8 ‘
[Monsoon ~|1250 71 [28.4 |
[Post-monsoon| 250 32 [12.6 |
[Total 750 153 [20.4 |

Table 3. Distribution of Major Fish Diseases Recorded During the Study.

[Disease Type | Major Clinical Signs ||Percentage of Total Cases (%)|

[Parasitic infestation |[Excess mucus, skin irritation, gill damage ~ [[42.5 |

|Bacterial gill disease||Gill discoloration, necrosis, respiratory distress|[31.4

|
‘Fungal infection HCotton-Iike growth on skin and fins Hl?.O ‘
|

‘Skin ulcer disease HUIcers, fin erosion H9.1

Table 4. Seasonal Distribution of Different Fish Diseases.

[Disease ||Pre-monsoon|[Mansoon||Post-monsoon|
‘Parasitic infestation H18 H37 HlO ‘
[Bacterial gill disease||16 22 [ |
[Fungal infection |10 13 I3 |
|Skin ulcer disease |6 9 [E |
[Total Cases 50 81 |32 |

Table 5. Pearson Correlation Between Water Quality Parameters and Fish Disease Prevalence.

|Water Quality Parameter | Correlation Coefficient (r)|[Relationship | Significance|
|Water Temperature [0.45 | Moderate Positive|lp <0.05 |
lpH lo.18 |\Weak Positive  |INS |
[Dissolved Oxygen |-0.84 |[Strong Negative |p<0.01 |
[Biochemical Oxygen Demand]|0.86 |[Strong Positive [p<0.01 |
|Chemical Oxygen Demand  [0.81 |[strong Positive |lp<0.01 |
‘Turbidity H0.78 HStrong Positive Hp <0.01 ‘

NS = Not Significant

Table 6. Ecological Status of Reservoir During Different Seasons.

|Season | Water Quality Status| Disease Prevalence| Ecological Condition |
[Pre-monsoon |[Moderate |[Moderate [Moderately Healthy |
‘Monsoon HPoor HHigh HEnvironmentaIIy Stressed‘
‘Post-monsoonHGood HLow HHeaIthy ‘
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Table 7. Water Quality Parameters Influencing Fish Diseases.
[Parameter |[Observed Effect on Fish Health

‘High Water TemperatureHIncreases metabolic stress and pathogen multiplication

‘Low Dissolved Oxygen HWeakens immune response and increases mortality risk

|High COD |IReflects chemical pollution causing physiological stress
[High Turbidity |[Damages gills and favors parasite transmission

|
1
|High BOD |Indicates organic pollution and promotes bacterial growth |
|
|
|

‘SIightIyAIkaIine pH HSuitabIe for fish growth; showed little influence on disease incidence

V. DISCUSSION
The present study demonstrated a clear relationship between seasonal variations in water quality and the occurrence of fish diseases
in a freshwater reservoir of Mirzapur District, Uttar Pradesh. The results indicated that deterioration in physicochemical parameters,
particularly during the monsoon season, was associated with a significant increase in disease prevalence among freshwater fishes.
These findings support the growing consensus that fish health is closely linked to environmental quality and that fish diseases can
serve as sensitive bio-indicators of ecological disturbances in freshwater ecosystems (Fausch et al., 1990; Levin et al., 2019).
The observed decline in dissolved oxygen (DO) during the monsoon season, accompanied by elevated biochemical oxygen demand
(BOD) and chemical oxygen demand (COD), suggests increased organic pollution resulting from agricultural runoff, domestic
wastewater, and suspended organic matter entering the reservoir. Low dissolved oxygen is known to impair fish respiration,
suppress immune responses, and increase susceptibility to opportunistic pathogens. Similar observations have been reported in
studies evaluating the effects of multiple anthropogenic stressors on freshwater fish communities, where declining water quality
significantly altered fish health and ecological integrity (Schinegger et al., 2016; Cesonien¢ et al., 2020).
Parasitic infestations and bacterial gill diseases were the most frequently encountered pathological conditions during the present
investigation. Their increased occurrence under conditions of high turbidity and organic pollution indicates that environmental stress
favours pathogen proliferation while simultaneously reducing host resistance. McKenzie et al. (2007) suggested that physiological
biomarkers in fishes respond rapidly to pollutant exposure and can provide valuable information regarding sub-lethal environmental
stress before large-scale mortality occurs. Likewise, Rodrigues et al. (2022) emphasized that biological responses should
complement conventional water quality assessment for accurate ecological evaluation of freshwater reservoirs.
The findings are also consistent with previous Indian investigations. Singh et al. (2024) reported significant seasonal variation in the
physicochemical characteristics of the Sai River, demonstrating that monsoon runoff substantially influences freshwater quality.
Similarly, Pandey et al. (2023) observed that deterioration in water quality and changes in microbial diversity adversely affected the
survival of Catla catla fry, highlighting the importance of maintaining favourable environmental conditions for fish health.
Furthermore, Bisen et al. (2024) demonstrated that exposure to environmental contaminants caused significant haematological
alterations in Labeo rohita, confirming the sensitivity of freshwater fishes to pollution-induced stress.
The strong positive correlations observed between disease prevalence and BOD, COD, and turbidity, together with the negative
correlation with dissolved oxygen, indicate that fish diseases integrate the cumulative effects of multiple environmental stressors
rather than responding to a single physicochemical variable. This supports internationally accepted fish-based ecological assessment
approaches, including the Index of Biotic Integrity (IBI), which recognize fish health and community characteristics as reliable
indicators of freshwater ecosystem quality (Karr, 1981; Karr et al., 1986; Argillier et al., 2012).

V. CONCLUSION AND FUTURE PROSPECTS
The present study demonstrated a significant relationship between seasonal variations in water quality and the occurrence of fish
diseases in a freshwater reservoir of Mirzapur District, Uttar Pradesh. The findings revealed that deterioration in physicochemical
parameters, particularly reduced dissolved oxygen and elevated biochemical oxygen demand, chemical oxygen demand, and
turbidity during the monsoon season, was associated with increased prevalence of bacterial, fungal, and parasitic infections in
freshwater fishes. Statistical analysis further confirmed a strong positive correlation between disease prevalence and organic
pollution indicators, whereas dissolved oxygen exhibited a strong negative correlation with disease occurrence. These observations
indicate that fish health responds sensitively to environmental changes and reflects the cumulative impact of multiple stressors
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acting within aquatic ecosystems. The study therefore establishes that fish diseases can serve as reliable bio-indicators for evaluating
freshwater ecosystem health and complement conventional physicochemical water quality assessment. Integrating fish disease
surveillance with routine environmental monitoring can facilitate early detection of ecological degradation, support sustainable
fisheries management, and contribute to the conservation of freshwater biodiversity. The findings are consistent with previous
studies highlighting the usefulness of fish-based ecological assessment for monitoring aquatic ecosystem integrity (Levin et al.,
2019; Argillier et al., 2012; Singh et al., 2024).

A. Future Prospects

Future investigations should include long-term monitoring of fish health and water quality to understand temporal changes in
freshwater ecosystems under increasing anthropogenic pressure. Advanced molecular diagnostic techniques such as PCR, DNA
sequencing, and environmental DNA (eDNA) analysis may be employed for rapid identification of aquatic pathogens and
biodiversity assessment. Studies on heavy metals, pesticides, emerging contaminants, antibiotic-resistant bacteria, and microplastics
should also be integrated with fish disease surveillance to obtain a comprehensive understanding of pollution-induced ecological
stress. Histopathological, immunological, haematological, and biochemical biomarkers may further improve the sensitivity of
biomonitoring programmes. Development of a standardized fish disease-based ecological health index for Indian freshwater
reservoirs would strengthen environmental assessment and fisheries management. Additionally, community participation, regular
reservoir monitoring, pollution control measures, and watershed management strategies should be encouraged to maintain
ecological integrity and ensure the sustainable utilization of freshwater resources for future generations.
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