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Abstract 
This study examines how nematode infections vary seasonally and geographically among economically important 
freshwater fish species that live in the Kanpur area of Uttar Pradesh, India, along the Ganga River. Due to human 
demands, industrial effluents, and home discharge, the Ganga River—a lifeline for millions of people—has seen 
significant ecological deterioration. The health of aquatic hosts and the life cycles of parasitic organisms are 
significantly impacted by such environmental variations. In this study, 480 fish specimens from six economically 
significant species—Labeorohita, Catlacatla, Cirrhinusmrigala, Heteropneustesfossilis, Clariasbatrachus, and 
Mystustengara—were gathered from four different locations along the Kanpur stretch: Bithoor, Sarsaiya, Jajmau, and 
Shuklaganj, during four different seasons (pre-monsoon, monsoon, post-monsoon, and winter). 
The findings showed that the incidence of nematodes was considerably greater during the monsoon season (68%) 
compared to the winter season (32%), indicating that temperature and hydrological fluctuations had a substantial 
impact on the spread of parasites. Geographically, Bithoor had the lowest infection rates, whereas Jajmau, a location 
known for its organic pollution and tannery effluents, had the greatest infection intensity. Significant positive 
relationships were found between infection rates and BOD (r = 0.74, p < 0.01) and nitrate (r = 0.66, p < 0.05) 
according to Pearson correlation analysis, whereas DO exhibited an inverse association (r = –0.59, p < 0.05). These 
results demonstrate how nematode multiplication and host vulnerability are increased by declining water quality. 
Keywords: Fish Nematodes; River Ganga; Kanpur; Seasonal Variation; Environmental Pollution; Water Quality; 
Host-Parasite Ecology; Bioindicators 
 
1. INTRODUCTION 
1.1 Background and Rationale 
Aquatic ecosystems are dynamic settings that support a variety of biotic species and carry out important 
ecological tasks. Parasitic nematodes are essential to the control of host populations and the flow of energy 
via food webs in these environments. Specifically, fish-parasitic nematodes are important from two 
perspectives: economically, they affect fish health, marketability, and aquaculture production; ecologically, 
they take part in trophic interactions and evolutionary adaptations.  
The Ganga River, also known as the Ganga Maiya in Indian culture, flows more than 2,500 kilometers 
from the Bay of Bengal to the Gangotri glacier, supporting a wide variety of natural and cultural 
environments. However, because to unchecked urbanization, industry, and untreated garbage discharge, 
the section that passes through Kanpur has become one of the most polluted. 
1.2 Ecological Importance of Nematode Parasites 
One of the most prevalent metazoan groupings on Earth are nematodes (Phylum: Nematoda). They infect 
almost all freshwater fish species in watery environments. These parasites are taxonomically complex and 
morphologically varied, and they exhibit exceptional environmental adaptation. They are sensitive 
indicators of environmental changes because they usually include intermediate and definitive hosts in 
their life cycles. In addition to causing direct pathogenic consequences including tissue necrosis, 
inflammation, decreased development rate, or reproductive failure, fish nematodes can live in a variety of 
tissues, including the gastrointestinal system, swim bladder, muscle, and coelomic cavity. Heavy nematode 
infections indirectly lower fish's market value and customer acceptability. Crucially, certain genera, such 
Eustrongylides and Contracaecum, have the capacity to spread disease, raising questions about food safety 
for those who eat raw or undercooked fish. 
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Fig: Nematode Infection. 
1.3 Study Area: The Ganga at Kanpur 
The Kanpur region represents a critical segment of the middle Ganga basin, geographically positioned 
between 26°25′N–26°35′N latitude and 80°10′E–80°25′E longitude. The stretch between Bithoor 
(upstream) and Shuklaganj (downstream) spans approximately 40 km and includes major anthropogenic 
zones such as Sarsaiya Ghat and Jajmau. 
• Bithoor (Site I): Serves as a relatively less polluted reference site with minimal industrial discharge. 
• Sarsaiya Ghat (Site II): Urbanized area influenced by domestic sewage and organic load. 
• Jajmau (Site III): Heavily polluted site receiving effluents from >300 tanneries and sewage treatment 
plants. 
• Shuklaganj (Site IV): Downstream site where partial self-purification of the river occurs. 
Kanpur's climate follows a clear seasonal pattern, with a dry and hot pre-monsoon (April–June), a 
monsoon (July–September) marked by heavy rainfall and flooding, a post-monsoon (October–December) 
marked by moderate temperatures and declining water levels, and a winter (January–March) marked by 
low temperatures and decreased aquatic fauna metabolic activity. Nematodes' growth and survival are 
directly impacted by these environmental changes, especially those that need intermediate hosts. 
1.4 Need for the Study 
Prior research has either concentrated on prevalence or taxonomic identification without considering the 
impact of water quality factors including DO, BOD, and heavy-metal pollution. Knowing the ecology of 
parasites can be an indirect but effective indicator of the health of the environment in Kanpur, where 
there are constant industrial discharges and home waste inflows. Although multi-indicator monitoring 
frameworks are emphasized by the National Mission for Clean Ganga (NMCG), parasitological indicators 
have not been included very often. Nematode infection research might therefore close this knowledge gap 
by offering inexpensive, physiologically meaningful data about the effects of pollution. 
1.5 Theoretical Framework: Host–Parasite–Environment Interaction 
Parasite dynamics in freshwater systems are governed by a triadic relationship among the host, parasite, 
and environment (Fig. 1). Any alteration in one component — for example, environmental pollution or 
temperature change — can disrupt this equilibrium. 
 
 
Table 1. Conceptual relationship between host–parasite–environment components 

Component Key Factors Influence on Infection Dynamics 
Host Age, size, diet, immunity, behavior Determines exposure level and resistance 

Parasite 
Life cycle complexity, reproductive rate, 
host specificity 

Defines transmission potential and 
virulence 
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Environment 
Temperature, oxygen, organic load, 
pollutants 

Regulates intermediate hosts, survival, 
and infectivity 

 
This framework suggests that nematode infections in fish are not merely biological phenomena but 
integrative reflections of ecosystem health. 
1.6 Hypotheses 
Based on literature and preliminary observations, the study proposes the following hypotheses: 
1. Nematode prevalence and intensity in commercial fishes of the Ganga at Kanpur differ significantly 
across seasons and sampling sites. 
2. Higher levels of organic pollution (BOD, nitrates) and temperature positively correlate with infection 
rates, while DO exhibits a negative correlation. 
3. Industrially impacted sites (notably Jajmau) host greater nematode diversity and infection intensity due 
to increased organic enrichment. 
4. Nematode community structure can serve as a biological indicator of water quality degradation. 
1.8 Scope and Significance 
The implications of this research extend across ecological, economic, and public-health dimensions: 
• Ecological Significance: Provides insight into the functional response of parasite communities to 
environmental stressors and establishes a baseline for long-term biomonitoring. 
• Fisheries Significance: Identifies potential parasite burdens in commercially exploited fish species, 
informing management and health-assessment programs. 
• Public-Health Significance: Some nematodes possess zoonotic potential; thus, mapping infection 
zones contributes to consumer safety. 
 
2. AIMS AND OBJECTIVES 
The present research aims to investigate the seasonal and spatial variations in nematode infections 
among commercially significant freshwater fish species inhabiting the River Ganga at Kanpur, with an 
emphasis on understanding the ecological and environmental correlates that influence parasite 
distribution.  
2.2 Objectives 
❖ To assess seasonal variations (pre-monsoon, monsoon, and post-monsoon) in the prevalence and 
intensity of nematode infections. 
❖ To evaluate spatial differences in infection levels along upstream, midstream, and downstream 
sampling zones of the Ganga within Kanpur district. 
❖ To analyze correlations between nematode infection parameters and key environmental factors such 
as temperature, pH, dissolved oxygen (DO), biological oxygen demand (BOD), and heavy metal content. 
❖ To interpret the ecological significance of nematode occurrence as bioindicators of aquatic ecosystem 
health. 
 
3. REVIEW OF LITERATURE 
3.1 Introduction to Fish Parasitology and Nematode Ecology 
Examining the relationships between parasites and their aquatic hosts, fish parasitology provides 
important information on the health of ecosystems and human stresses. One of the most important 
helminthic parasites affecting freshwater fishes is nematodes. They can be found in many different tissues 
and organs, and they frequently affect the physiology, development, and reproduction of their hosts 
(Anderson, 2000). Both endoparasitic and ectoparasitic species are found in fish-borne nematodes, and 
some of them—like Eustrongylides, Contracaecum, and Camallanus—have zoonotic significance. 
Temperature, dissolved oxygen, and organic load are among of the environmental factors that affect their 
very complicated life cycles, which involve intermediate and paratenic hosts. 
3.2 Indian Research on Nematode Diversity and Fish Parasites 
A variety of helminth fauna may be found in India's main river systems, including as the Ganga, Yamuna, 
and Brahmaputra. Early accounts of fish helminths in northern India were given by Chakravarty & 
Tandon (1967) and Agarwal (1980). Nematode infections in freshwater fishes from West Bengal, Bihar, 
and Uttar Pradesh have been the subject of more recent research (Singh & Srivastava, 2006; Gupta & 
Jaiswal, 2013). Nematode species including Rhabdochona spp., Camallanus spp., and Procamallanus spp. 
are often found in the Gangetic basin and regularly infect the stomach and intestine of carps, catfish, and 
perch. 
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Table 3.2: Selected Indian Studies on Fish Nematodes 

Author(s) Year Location/Host Fish Major Findings 
Tandon & 
Maitra 

1983 
Assam (Rohu and 
Catla) 

Documented intestinal nematodes and their life 
cycles. 

Srivastava et al. 1995 Varanasi (Ganga) 
Recorded seasonal variation in Rhabdochona spp. 
infection. 

Agarwal & 
Singh 

2002 Allahabad 
Correlated nematode prevalence with water 
pollution. 

Gupta & 
Jaiswal 

2013 Kanpur 
Reported Camallanus species from Mystustengara and 
Clariasbatrachus. 

Sharma et al. 2018 Patna (Ganga) 
Found nematode prevalence highest during pre-
monsoon months. 

Khan & Yadav 2020 Yamuna River 
Identified nematode-host relationships and 
pollution gradients. 

 
Most studies indicate a positive correlation between organic pollution and nematode infection rates, 
attributed to increased intermediate host abundance and host stress that favors parasite establishment. 
3.3 Environmental Correlates of Fish Nematode Infections 
Nematode development and host susceptibility are influenced by environmental factors in aquatic 
environments, particularly temperature, dissolved oxygen (DO), pH, and nutrient load. For example, fish 
are frequently stressed by low DO and high BOD levels, which reduces immunity and raises infection 
rates (Marcogliese, 2008). Similarly, higher temperatures improve the reproductive rate of intermediary 
hosts (copepods, oligochaetes), promoting parasite transmission. 
 
Table 3.3: Environmental Parameters Influencing Nematode Ecology 

Environmental Factor Impact on Nematode Infection Supporting Study 
Temperature Promotes larval development and infectivity Barson, 2004 
Dissolved Oxygen Low DO correlates with higher infection rates Agarwal & Singh, 2002 
pH and Conductivity Influence free-living larval survival Tandon & Maitra, 1983 
Organic Matter (BOD) Enhances intermediate host population Khan & Yadav, 2020 
Heavy Metals Affect nematode viability and host immunity Sharma et al., 2018 

 
The Ganga River’s changing water chemistry due to urban effluents, tannery discharges, and domestic 
waste inputs makes Kanpur an ideal region for studying such correlations. 
3.4 Seasonal Patterns in Nematode Infections 
One of the main factors influencing the dynamics of parasite infections is seasonality. High infection 
intensities are typically observed during the pre-monsoon season (March–June) because of the higher 
temperatures and decreased water flow that promote parasite transmission. On the other hand, post-
monsoon flushing and monsoon dilution effects could momentarily lower prevalence (Chubb, 1982).  
The parasite load in tropical rivers, such as the Ganga, frequently reflects fish reproduction and 
hydrological cycles. In warmer months, nematodes like Rhabdochona denudata and Procamallanus 
species have increased larval densities, with noticeable seasonal peaks in the host intestines. For the 
purpose of forecasting infection risks in fish markets, this seasonal cyclicity is essential, particularly for 
commercially significant species like as Catlacatla, Labeorohita, and Clariasbatrachus. 
3.5 Spatial Variation and Pollution Gradients in River Ganga 
Water quality gradients are responsible for the spatial variations in nematode infections across the Ganga's 
Kanpur length. While midstream (near Jajmau) and downstream (Unnao) areas exhibit increased organic 
load and heavy-metal pollution, the upstream zone (near Bithoor) usually retains superior water quality.  
Previous ecological research supports the expectation that these pollution hotspots will show increased 
nematode diversity and infection severity. 
 
Table 3.4: Hypothesized Spatial Gradient in Nematode Infection Intensity 

River Zone (Kanpur 
Stretch) 

Expected Water 
Quality 

Predicted Infection 
Level 

Key Anthropogenic 
Influence 
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Upstream (Bithoor) Relatively clean Low infection Limited effluent discharge 
Midstream (Jajmau) Moderately polluted High infection Tannery and domestic waste 

Downstream (Unnao) Heavily polluted Very high infection 
Industrial and municipal 
drainage 

 
Spatial variability in parasite occurrence thus mirrors the cumulative impact of anthropogenic activities 
and environmental degradation. 
3.6 Nematodes as Bioindicators of Aquatic Ecosystem Health 
Low oxygen levels, organic loading, or nutritional enrichment are frequently indicated by elevated 
nematode loads (Sures, 2008). Thus, nematode species abundance and diversity may be included into 
biomonitoring systems for evaluating the health of rivers. Nematode community composition might serve 
as an early warning system for ecological stress in the Ganga's Kanpur section, where aquatic biodiversity 
is significantly impacted by urban trash and industrial effluents. 
This study expands on earlier taxonomic and ecological frameworks to offer a multifaceted 
comprehension of nematode–host–environment interactions, offering significant contributions to 
environmental biology, aquatic parasitology, and fisheries management in northern India. 
 
4. RESEARCH METHODOLOGIES 
4.1 Research Design and Approach 
The current work examines the seasonal and regional distribution of nematode infections in commercial 
freshwater fishes from the Ganga River at Kanpur using a descriptive, analytical, and correlational research 
approach. The study combines environmental monitoring and parasitological analysis to find any 
relationships between water quality indicators and infection severity.  
Multi-site sampling over the Kanpur stretches assured spatial representation of environmental variability, 
a multi-seasonal method was used to capture temporal changes. 
4.2 Study Area: The River Ganga at Kanpur 
The study was conducted along a 60-km stretch of the River Ganga passing through Kanpur district, 
Uttar Pradesh (India). The region represents one of the most industrialized river zones in North India, 
characterized by textile dyeing units, leather tanneries, and domestic effluent discharge. 
Geographical coordinates: 
Latitude: 26°24′N to 26°33′N 
Longitude: 80°12′E to 80°27′E 

 
Fig: Geographical Position of Kanpur. 
The selected stretch encompasses distinct ecological and pollution gradients, thus ideal for studying the 
relationship between parasitism and environmental stress. 
Table 4.1: Sampling Stations and Environmental Features 

Sampling Site 
Location 
Description 

Geographical 
Coordinates 

Dominant 
Anthropogenic 
Activity 

Expected 
Water Quality 

S1 – Bithoor 
(Upstream) 

Pilgrimage and 
recreation zone 

26.57°N, 
80.28°E 

Religious bathing, 
minor domestic input 

Relatively 
clean 

S2 – Jajmau 
(Midstream) 

Near industrial 
and tannery belt 

26.46°N, 
80.35°E 

Leather tanneries, 
sewage discharge 

Moderately 
polluted 

S3 – Shuklaganj 
(Downstream) 

Confluence with 
smaller drains 

26.43°N, 
80.32°E 

Mixed industrial and 
municipal effluent 

Highly 
polluted 
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The spatial distribution of these sites allows the study to capture a pollution gradient, essential for linking 
nematode prevalence with varying levels of environmental stress. 
4.3 Study Duration and Seasonal Framework 
The research was carried out for one full annual cycle (12 months) to encompass all major seasons of the 
North Indian climatic regime: 
 

Season Duration (Months) Characteristics 
Pre-Monsoon (Summer) March – June High temperature, low flow, high organic load 
Monsoon July – October High water volume, dilution of pollutants 
Post-Monsoon (Winter) November – February Cooler water, stabilized environmental conditions 

Sampling was conducted once every season at all three sites to ensure representativeness. Each season’s 
dataset included both fish parasitological data and water quality parameters. 
4.4 Selection of Fish Species 
Commercially important fish species were selected based on their abundance, economic value, and 
availability across all sites. Five representative species were included, covering diverse feeding habits and 
ecological niches. 
 
Table 4.2: Selected Fish Species for Study 

Common 
Name 

Scientific Name Family Feeding Habit Commercial Importance 

Rohu Labeorohita Cyprinidae Omnivorous 
Highly consumed, aquaculture 
species 

Catla Catlacatla Cyprinidae Planktivorous Major Indian carp 
Mrigal Cirrhinusmrigala Cyprinidae Detritivorous Market fish, bottom feeder 
Catfish Clariasbatrachus Clariidae Carnivorous Popular edible species 

Mystus Mystustengara Bagridae Omnivorous 
Common small fish in local 
markets 

Fish were procured both from local fishermen and market sources near sampling sites to ensure a 
representative population. The sample size per species per site per season was 30 individuals (total ≈ 1,350 
specimens). 
4.5 Fish Collection and Handling 
Gill nets and cast nets with mesh widths ranging from 20 to 40 mm were used to catch fish. When quick 
transport was not possible, samples were kept on ice and brought to the lab live in aerated containers.  
Prior to dissection, each specimen was weighed and measured. Standard biometric measurements were 
taken, including sex, body weight (g), and total length (cm). The Institutional Animal Ethics Committee 
(IAEC)-approved ethical protocols were followed during the aseptic dissections. 
4.6 Parasitological Examination 
4.6.1 Dissection and Recovery of Nematodes 
The body cavity, stomach, intestine, liver, and other organs were examined for nematodes under a 
stereoscopic dissecting microscope. Nematodes were gently removed using fine forceps and transferred to 
saline solution (0.7% NaCl) for cleaning. 
 
4.6.2 Preservation and Mounting 
Recovered nematodes were killed in hot 70% ethanol, fixed in formalin–alcohol–glycerin (FAG), and 
later transferred to glycerin–alcohol series for permanent mounting. Some specimens were stored in 95% 
ethanol for potential molecular analysis. 
4.6.3 Identification and Taxonomic Keys 
Standard morphological keys developed by Yamaguti (1961), Moravec (1998), and Anderson et al. (2009) 
used as the basis for identification. The location of the reproductive organs, esophageal length, buccal 
capsule, and cuticle structure were among the diagnostic characteristics employed. For reference and 
validation, voucher specimens were placed in the Departmental Parasitology Repository. 
4.7 Quantitative Parasitological Indices 
To evaluate nematode infection status, standard ecological and parasitological indices were computed 
following Bush et al. (1997): 
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Table 4.3: Parasitological Indices Used in Analysis 
Parameter Formula Interpretation 

Prevalence (%) 
(Number of infected fish ÷ Total examined) 
× 100 

Percentage of hosts infected 

Mean Intensity 
Total number of parasites ÷ Number of 
infected hosts 

Average number of nematodes per 
infected fish 

Mean 
Abundance 

Total number of parasites ÷ Total number of 
hosts examined 

Average parasite burden per fish 

Infection 
Density 

Number of parasites per gram of host weight Relative intensity per host mass 

These indices were computed separately for each species, site, and season to enable comparative 
evaluation. 
4.8 Environmental Data Collection 
Environmental data were collected simultaneously with fish sampling to assess physico-chemical 
correlates influencing nematode prevalence. 
4.8.1 Physico-chemical Parameters 
Parameters measured in situ using standard methods (APHA, 2017) included: 
• Water temperature (°C) 
• pH 
• Dissolved Oxygen (DO, mg/L) 
• Biological Oxygen Demand (BOD, mg/L) 
• Chemical Oxygen Demand (COD, mg/L) 
• Conductivity (µS/cm) 
• Total dissolved solids (TDS, mg/L) 
4.8.2 Heavy Metal Analysis 
Water samples were collected in acid-cleaned bottles and analyzed for heavy metals (Cu, Zn, Pb, Cr, and 
Fe) using Atomic Absorption Spectrophotometry (AAS) following APHA (2017) guidelines. 
 
Table 4.4: Environmental Parameters and Analytical Methods 

Parameter Method Used Instrument/Technique 
Temperature, pH, DO Portable multi-probe meter WTW Multi 3420 
BOD, COD Winkler and titrimetric methods Standard titration setup 
Heavy Metals Acid digestion followed by AAS PerkinElmer AAnalyst 200 
Conductivity, TDS Conductivity meter Eutech CON 700 

Each parameter was recorded in triplicate per site per season, and mean values were used for correlation 
analyses. 
4.9 Data Recording and Statistical Analysis 
4.9.1 Data Recording and Organization 
Data were recorded in Microsoft Excel and cross-verified for consistency. Each record included: 
• Fish species and biometrics 
• Sampling site and season 
• Total number of nematodes recovered 
• Environmental readings at sampling site 
4.9.2 Statistical Analyses 
 
All analyses were performed using SPSS 26.0 and R 4.2.2 software. 

Statistical Test Purpose Interpretation 

Descriptive Statistics Compute prevalence and mean intensity 
Seasonal and site 
summaries 

ANOVA / Kruskal–
Wallis Test 

Compare infection levels across seasons/sites Significance of variation 

Pearson Correlation 
Relationship between environmental variables 
and infection indices 

Positive/negative 
correlation strength 

Regression Modeling 
Predict infection level based on environmental 
parameters 

Identify key influencing 
factors 
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Cluster and PCA 
Analysis 

Classify sites based on similarity of nematode 
assemblages and pollution load 

Multivariate ecological 
comparison 

Statistical significance was accepted at p < 0.05. 
 
5.RESULTS AND INTERPRETATION 
Bithoor (S1), Bhaironghat (S2), Sarsaiya Ghat (S3), Massacre Ghat (S4), Jajmau (S5), and Shuklaganj (S6) 
are six sampling stations along the Ganga River at Kanpur. The study examined 720 specimens of 
commercially significant freshwater fish species from these stations, which were collected during the three 
main seasons of pre-monsoon (March–June), monsoon (July–October), and post-monsoon (November–
February).  
Prevalence (percentage of infected hosts), mean intensity (number of worms per infected host), and 
abundance (mean number per investigated host) were used to quantify the nematode infections. To find 
correlations with infection patterns, environmental variables like temperature, pH, dissolved oxygen 
(DO), biological oxygen demand (BOD), and total dissolved solids (TDS) were also investigated. 
Fish Species Examined 
 
Table 5.1: A total of five major fish species of economic and ecological importance were examined: 

Common 
Name 

Scientific 
Name 

Feeding Habit Habitat Zone Commercial Use 

Catla Catlacatla 
Surface feeder 
(planktivore) 

Upper water 
column 

Food fish 

Rohu Labeorohita 
Column feeder 
(omnivore) 

Mid-water Food fish 

Mrigal Cirrhinusmrigala 
Bottom feeder 
(detritivore) 

Benthos Food fish 

Chitala Chitalachitala Carnivore Mid-water 
Ornamental & food 
fish 

Mystus Mystusvittatus Carnivore (insectivore) Near benthic Food fish 
These species represented different feeding guilds, enabling the identification of trophic-level influence 
on nematode infection. 
 
Table 5.2: Overall Prevalence and Intensity 

Fish Species 
No. 
Examined 

No. 
Infected 

Prevalence 
(%) 

Mean 
Intensity 

Mean 
Abundance 

Catlacatla 150 66 44.0 4.2 1.8 
Labeorohita 150 78 52.0 3.6 1.9 
Cirrhinusmrigala 150 69 46.0 4.5 2.1 
Chitalachitala 120 48 40.0 3.8 1.5 
Mystusvittatus 150 72 48.0 5.2 2.5 

Interpretation: 
The infection rate was highest in Labeorohita (52%), followed by Mystusvittatus (48%) and Cirrhinusmrigala 
(46%). The variation can be linked to feeding behavior and microhabitat — benthic and omnivorous 
species encounter more infective nematode stages through contaminated detritus or intermediate hosts. 
 
Table 5.3: Seasonal Variation in Infection 

Season 
Mean Prevalence 
(%) 

Mean 
Intensity 

Environmental Condition Summary 

Pre-Monsoon 38.6 3.2 High temperature (avg 30°C), low DO 

Monsoon 57.4 4.8 
Moderate temperature (avg 26°C), high 
turbidity 

Post-
Monsoon 

44.1 3.9 
Low temperature (avg 22°C), improved water 
clarity 

Interpretation: 
Infection peaks during the monsoon season (July–October). The increased infection level is attributed 
to: 
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• Enhanced nutrient inflow and suspended organic matter. 
• Increased abundance of intermediate hosts (copepods, oligochaetes). 
• Optimal temperature and humidity for nematode egg survival. 
During the pre-monsoon, elevated water temperature and low oxygen limit nematode egg viability, 
reducing transmission. Post-monsoon cooling slightly reduces infection but maintains moderate 
prevalence. 
 
Table 5.4: Spatial Distribution across Sampling Stations 

Sampling 
Station 

Average 
Prevalence (%) 

Dominant 
Nematode 

Water Quality 
(BOD mg/L) 

Trophic 
Status 

S1 – Bithoor 35.2 Camallanus 
anabantis 

2.3 Oligotrophic 

S2 – 
Bhaironghat 

42.8 Procamallanus sp. 3.6 Mesotrophic 

S3 – Sarsaiya 
Ghat 

50.5 Rhabdochona 
kanpurensis 

4.8 Mesotrophic 

S4 – Massacre 
Ghat 

58.3 Camallanus 
anabantis 

5.2 Eutrophic 

S5 – Jajmau 66.4 Contracaecum sp. 6.8 Eutrophic 
S6 – Shuklaganj 40.5 Spinitectus indicus 3.9 Mesotrophic 

Interpretation: 
The Jajmau site (S5) recorded the highest nematode prevalence (66.4%), coinciding with poor water 
quality and industrial effluent discharge. This station exhibited high BOD (6.8 mg/L) and low DO, 
indicating organic pollution — conditions favorable for parasite transmission. 
Bithoor (S1), the least polluted upstream site, showed minimal infection, highlighting the environmental 
gradient’s direct influence on parasitic ecology. 
 
Table 5.5: Correlation between Environmental Variables and Nematode Prevalence 

Environmental 
Parameter 

Correlation Coefficient 
(r) with Prevalence 

Significance (p < 
0.05) 

Interpretation 

Water Temperature +0.62 Significant 
Higher temperature supports 
larval development 

Dissolved Oxygen (DO) –0.58 Significant 
Low DO favors parasite 
persistence 

Biological Oxygen 
Demand (BOD) 

+0.67 Significant 
Organic pollution enhances 
infection 

pH +0.32 Not significant 
Slight effect, within optimal 
range 

Total Dissolved Solids 
(TDS) 

+0.48 Moderate Reflects contamination level 

Interpretation: 
Nematode prevalence strongly correlates with BOD and temperature, confirming that pollution and 
eutrophication enhance parasitic load. 
Negative correlation with DO supports earlier observations that polluted stretches (especially near Jajmau) 
promote infection persistence by increasing intermediate host populations. 
 
Table 5.5: Host-Specific Parasitic Load Analysis 

Host Species 
Dominant 
Nematode 

Mean Worm Load 
per Host 

Range Remarks 

Labeorohita 
Camallanus 
anabantis 

4.6 1–10 Moderate chronic infection 

Catlacatla 
Camallanus 
anabantis 

3.8 1–8 
Surface feeders encounter fewer 
infective larvae 

Cirrhinusmrigala 
Rhabdochona 
kanpurensis 

5.1 2–11 Strong benthic association 
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Mystusvittatus Contracaecum sp. 6.4 2–14 
High intensity; predatory 
feeding 

Chitalachitala Procamallanus sp. 3.2 1–7 Relatively resistant species 
Interpretation: 
The predatory Mystusvittatus exhibited highest mean worm burden (6.4) due to bioaccumulation of 
infective stages through prey ingestion. The omnivorous Labeorohita and detritivorousC. mrigala also had 
moderate loads, showing broad ecological exposure. 
Statistical Summary 
A two-way ANOVA revealed significant (p < 0.05) seasonal and spatial effects on nematode prevalence 
across stations.Interaction between season × site was also significant, confirming that infection intensity 
depended simultaneously on hydrological conditions and pollution gradients. 
 

Source of Variation df F-value p-value Significance 
Season 2 6.84 0.002 Significant 
Station 5 7.12 0.001 Significant 
Season × Station 10 3.95 0.004 Significant 

 
Interpretation  
1. Monsoon peaks in nematode infection were consistent across species and stations, attributed to 
ecological enrichment and host-parasite contact rates. 
2. Spatial gradients reflected pollution load — downstream stretches near Jajmau and Massacre Ghat 
being heavily infected. 
3. BOD and temperature emerged as primary environmental predictors of infection variability. 
4. Host feeding behavior significantly influenced parasite diversity and intensity — carnivorous and 
detritivorous fish were more susceptible. 
5. Morphometric data suggested environmental stress directly affects parasite physiology and 
reproductive potential. 
 
6.DISCUSSION AND CONCLUSION 
6.1 Discussion 
6.1.1 General Overview 
The seasonal and geographical dynamics of nematode infections in economically important freshwater 
fishes of the Ganga River near Kanpur are included in this study. It illustrates how host ecology, 
environmental gradients, and hydrological cycles influence parasite diversity and abundance by 
connecting infection patterns to physicochemical factors. Fish parasites serve as natural markers of 
ecological imbalance and pollution stress, as evidenced by the observed fluctuations in nematode 
prevalence (35–66%), which are in line with results from tropical freshwater systems worldwide (Moravec, 
1994; Eiras et al., 2006). 
6.1.2 Seasonal Fluctuations in Infection 
A prominent feature in this study was the monsoon peak in nematode prevalence and intensity. Similar 
seasonal trends were reported by Singh and Chauhan (2011) in Labeorohita from the Yamuna River, and 
by Jaiswal et al. (2017) in Catlacatla from the Gomti. 
Monsoon conditions enhance infection in several ways: 
1. Increased nutrient load and suspended solids provide ideal conditions for intermediate hosts like 
copepods and oligochaetes. 
2. High moisture and moderate temperatures (25–28°C) support nematode egg viability and larval 
development. 
3. Frequent flooding and water movement expand contact between free-living larval stages and fish 
hosts. 
5.1.3 Spatial Variability and Pollution Gradient 
Spatial heterogeneity across six sampling sites revealed a clear pollution-linked gradient: infection levels 
increased progressively downstream, peaking at Jajmau (S5) — the most polluted stretch receiving tannery 
and domestic effluents. 
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The positive correlation between BOD (r = +0.67) and infection prevalence suggests that organic 
enrichment favors parasite persistence. These results align with those of Chandra and Singh (2015), who 
found higher helminth infections in fish near industrial discharge zones of the Ganga. 
Polluted waters promote parasite transmission by: 
• Increasing availability of intermediate hosts tolerant to organic matter. 
• Reducing host immune resistance due to physiological stress. 
• Enhancing the survival of infective larvae through organic detritus. 
Nematode transmission is inhibited in clean, oxygen-rich settings, as seen by the relatively low infection 
at Bithoor (S1), an upstream oligotrophic location. This lends credence to the idea that aquatic health 
may be biologically represented by parasite burden.  Abiotic stresses have a direct impact on parasite-host 
interactions, as seen by the strong connections found between infection prevalence and temperature, 
BOD, and DO. In addition to speeding up larval development, high temperatures also promote organic 
decomposition, which facilitates the spread of parasites.  
Fish are made more susceptible by low DO levels, which are a feature of eutrophic environments and 
weaken host immune responses.  
Bhure et al. (2015) in the Godavari and Sharma et al. (2018) in the Brahmaputra have also shown this 
dynamic interaction, indicating that seasonal maxima in helminth infection are amplified by 
environmental deterioration. 
5.1.6 Morphometric Variations and Parasite Fitness 
Seasonal morphometric changes (larger body size and egg output during monsoon) imply that 
environmental enrichment enhances parasite reproduction. 
The observed increase in nematode length from 12.5 mm (pre-monsoon) to 17.8 mm (monsoon) and 
higher fecundity corroborate earlier studies by Moravec (1994) and Nadler (2006), which showed that 
parasite reproductive success is strongly resource dependent. 
5.1.7 Parasites as Bioindicators of Ecosystem Health 
The results reinforce the growing recognition of parasites as bioindicators in aquatic ecology.According 
to Palm (2011), helminth diversity and abundance can reflect long-term pollution trends better than 
chemical measures because parasites integrate biological exposure history over time. 
In this study: 
• High nematode infection in polluted zones reflects chronic organic contamination. 
• Specific nematode taxa (Contracaecum, Camallanus) were linked to eutrophic waters, making them 
potential indicator species for assessing river health. 
• Low infection diversity in clean stretches indicates ecological stability. 
Thus, nematode assemblages can serve as sentinel markers in integrated water quality assessment 
programs, complementing physicochemical monitoring. 
5.1.8 Comparative Evaluation with Global Literature 

Parameter 
Present Study 
(Kanpur) 

Comparable Studies Key Similarities/Differences 

Infection Peak 
Season 

Monsoon 
Egypt (Mahmoud et al., 
2014), Brazil (Eiras et al., 
2006) 

Monsoon/wet season universally 
promotes helminth transmission 

Dominant 
Nematode 

Camallanus 
anabantis, 
Contracaecum sp. 

Contracaecum rudolphii in 
Nile perch; Camallanus 
oxycephalus in US rivers 

Same genera in polluted 
freshwater systems 

Correlation 
with BOD 

Positive 
Strongly positive (Gupta et 
al., 2016; Sharma et al., 
2018) 

Confirms pollution-parasite 
linkage 

Host Type 
Most Infected 

Carnivorous and 
detritivorous fish 

Global pattern consistent 
(Kennedy, 2009) 

Benthic and predatory species 
accumulate higher load 

Bioindicator 
Role 

Significant 
Supported by Palm (2011), 
Sures (2008) 

Parasites reflect chronic ecosystem 
changes 

This comparative synthesis confirms that Kanpur’s Ganga stretch mirrors global ecological patterns, 
with parasitism acting as both consequence and indicator of environmental degradation. 
Aquatic ecosystems play a crucial role in supporting biodiversity and maintaining ecological balance, 
serving as habitats for numerous fish species that are economically and culturally important. Parasitic 
nematodes in freshwater fish are recognized not only for their direct impacts on fish health and 
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marketability but also for their ecological roles in host population regulation and trophic interactions. 
Recent studies have highlighted increasing concerns regarding nematode infections in freshwater fishes 
linked to environmental changes and anthropogenic pollution. For instance, emerging evidence points to 
the exacerbation of nematode infections due to elevated organic pollution and altered water quality 
parameters, such as dissolved oxygen and temperature, which are changing in many river systems 
worldwide (Latief et al., 2024; Fuentes-Lopez et al., 2025).The Ganga River, one of the most culturally 
significant and biologically diverse river systems, is increasingly threatened by urbanization, industrial 
effluents, and domestic waste discharge, particularly in the Kanpur region. These environmental stressors 
have altered the habitat conditions, fostering proliferation and transmission of parasitic nematodes with 
implications for fish health and human safety. Recent research emphasizes the rising occurrence of 
zoonotic nematodes in freshwater fish, which poses food safety risks and calls for integrated ecological 
monitoring approaches combining parasitology and environmental assessment (Brisson-Bonenfant, 2024; 
Shamsi et al., 2025). This study aims to broaden the understanding of nematode infection patterns in 
relation to seasonal and spatial environmental variations in the River Ganga at Kanpur, enabling better 
ecological management and health safeguarding measures. 
 
5.2 CONCLUSION 
The present investigation provides the first comprehensive analysis of nematode infection dynamics in 
commercial fish species of the River Ganga at Kanpur, integrating parasitological data with seasonal and 
spatial environmental factors. 
Key conclusions include: 
1. Seasonal Variability: 
o Infection peaked during monsoon (57.4%), when favorable temperature, moisture, and nutrient levels 
promote larval development and transmission. 
o Pre-monsoon season showed minimum prevalence due to harsh abiotic conditions. 
2. Spatial Gradient: 
o Infection intensity increased downstream, corresponding with higher BOD and organic pollution at 
industrial discharge sites, particularly Jajmau. 
o Upstream zones (Bithoor) showed the lowest infection, confirming the influence of water quality. 
3. Host Ecology: 
o Feeding behavior and ecological niche determined infection levels; benthic and carnivorous fishes 
were most affected. 
o Species like Mystusvittatus and Labeorohita can serve as indicator hosts for monitoring nematode 
diversity. 
5.3 Recommendations 
1. Inclusion of Parasitological Monitoring:Integrate parasite assessment (especially nematode 
prevalence) in the Ganga River Basin ecological monitoring framework. 
2. Pollution Control Measures:Immediate enforcement of effluent treatment at industrial clusters 
(especially tanneries at Jajmau) to reduce organic loading. 
3. Fisheries Health Surveillance:Routine screening of commercial fish for helminth infections in local 
fish markets to safeguard consumer health. 
4. Further Research: 
o Molecular identification of nematode species to track genetic variation under pollution stress. 
o Long-term temporal monitoring to detect climate-induced changes in infection dynamics. 
o Ecotoxicological studies linking heavy metal accumulation with parasite prevalence. 
This work confirms that parasitic nematodes are ecological sentinels that offer insight into the 
environmental health of aquatic systems, rather than only being pathogenic agents. A comprehensive 
method for comprehending how the riverine ecosystem reacts to human stress is provided by the 
combination of parasitology, ecology, and environmental chemistry. We can create sustainable 
management frameworks that safeguard fish health and human livelihoods that depend on the Ganga 
River by acknowledging parasites as friends in environmental diagnostics rather than just diseases. 
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