FISH DIVERSITY AND ITS RELATION TO WATER QUALITY PARAMETERS OF MARKONAHALLI RESERVOIR, TUMKUR DISTRICT, KARNATAKA, INDIA 


Abstract 
Markonahalli Reservoir in Tumkur District, Karnataka, is used mainly for irrigation and fishing. This study assessed fish diversity and selected physicochemical water-quality parameters from February 2024 to January 2025 to examine reservoir conditions in relation to the recorded fish community. Fish were collected with the assistance of local fishermen using nets of different sizes and types, while water samples were collected monthly from four sampling sites. Water temperature, pH, turbidity, electrical conductivity, nitrate, sulphate, dissolved oxygen, and biological oxygen demand were analysed using standard methods. A total of 16 fish species representing 14 genera, seven families, and five orders were recorded, with Cypriniformes forming the dominant taxonomic group. The measured parameters showed spatial and seasonal variation across the sampling sites. Turbidity ranged from 2.75±0.418 to 6.25±0.7275 NTU, while electrical conductivity ranged from 403±11.358 to 856.33±14.263 µS/cm. Nitrate concentrations ranged from 2.425±0.025 to 4.825±0.307 mg/L, and sulphate ranged from 5±2.00 to 34±2.122 mg/L. Dissolved oxygen varied from 4.85±0.593 to 6.5333±0.177 mg/L, whereas biological oxygen demand ranged from 2.4667±0.134 to 4.4±0.548 mg/L. The findings provide baseline information on fish diversity and seasonal water-quality conditions in Markonahalli Reservoir and support continued monitoring for the sustainable management of its fishery and aquatic resources over time.
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1. Introduction 
Water is the fundamental substance for all biological processes; it serves as a solvent and sustains global diversity that directly or indirectly depends on it. About 97% of water is in the ocean, 2% is present as ice, and 1% occurs as fresh water in rivers, reservoirs, lakes, and groundwater (Kudesia & Kudesia, 1998). The southern states of peninsular India, including Andhra Pradesh, Karnataka, Kerala, Tamil Nadu, and Pondicherry, together with the western state of Goa and parts of Maharashtra, contain rich aquatic resources and account for about 20% of river and canal sources, 38.6% of reservoirs, 50% of tanks and ponds, and about 63% of swamp and derelict water bodies (Shahnawaz et al., 2010). 
The water quality of freshwater resources is deteriorating rapidly, creating a worldwide concern (Sarkar et al., 2020). The discharge of inorganic nutrients from anthropogenic activities and industries causes excessive algal growth, leading to the degradation of water quality and making the water unsuitable for consumption, livestock use, and other organisms. 
Water quality parameters are the physical, chemical and biological characteristics of water. Physical parameters include temperature, turbidity, pH, total suspended solids, and dissolved oxygen. Chemical parameters include COD, BOD, and nutrients such as nitrogen and phosphate. Biological parameters include Chlo-A and E. coli content in water. 
The physicochemical features of water are affected by biological, chemical, and physical agents, such as the discharge of domestic waste, industrial waste, commercial solvents, metals, salts, acids, sediments, insecticides, pesticides, herbicides, decaying animal bodies, and living microorganisms (Gay & Proop, 1993). Fish diversity and distribution patterns are closely linked to environmental parameters such as dissolved oxygen (DO), free carbon dioxide (CO2), pH, alkalinity, and, most importantly, temperature (Adhikari et al., 2021). Ovulation and oocyte spawning appear to be induced by several environmental conditions present during the monsoon season, which is the ideal time for breeding in the environmental niche. These factors include temperature drops, electrolyte dilution, and pH shifts (Karnatak et al., 2018). Recent reservoir studies in India have reported that seasonal hydroecological variation is associated with differences in fish assemblage composition and diversity, supporting the combined assessment of fish communities and water-quality conditions (Sanago et al., 2026; Suryawanshi et al., 2026). Comparable freshwater investigations have also evaluated fish diversity or distribution alongside physicochemical parameters, reinforcing the relevance of integrated water-quality and fish-diversity assessments (Patel, 2025; Andrabi et al., 2024).
Fish diversity is important and primarily serves as an indicator of the overall health of an aquatic ecosystem. Fish occurrence and abundance are not static and are closely connected with water-quality parameters. Water quality is influenced by natural processes and anthropogenic stressors, which directly affect reproductive success, growth rates, and species richness in an aquatic ecosystem. However, no study has examined the relationship between fish diversity and water-quality characteristics in Markonahalli Reservoir. Therefore, the present study documents fish diversity and examines its relationship with several physicochemical parameters to determine the environmental factors associated with changes in the fish community of Markonahalli Reservoir.
Objective: The objective of the present study was to document fish diversity in Markonahalli Reservoir and examine its relationship with selected physicochemical water-quality parameters.

2. Materials and Methods 
2.1  Study area:  
Markonahalli Reservoir is located at latitude 12.9351° N and longitude 76.8817° E and is a major irrigation project constructed on the Shimsha River (an eastern tributary of the Cauvery River) in Tumkur District, Karnataka State (Fig. 1). The reservoir was built by the 4th Krishnaraja Wodeyar under the guidance of Diwan Sir M Visveswaraya. The impoundment started in January 1938 and was completed in 1940 to provide irrigation for about 4400 ha of land in Tumkur and Mandya districts. Since its construction, the reservoir has supported fishing, and adjacent villages use its water for various activities. Four sampling sites were selected after surveying the dam territory for water-sample collection. 
The sampling sites selected for the present study were: Site 1, near Kodavatti village (midpoint of the reservoir); Site 2, the outlet near the dam wall; Site 3, near Shivanahalli (inlet, water supply from Hemavathi); and Site 4, Yadiyur (inlet, Shimsha River bridge). 
Fig. 1. Satellite view of Markonahalli reservoir showing four sampling sites
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2.2  Fish Collection and Sampling: 
Fish samples were collected from the reservoir with the help of local fishermen using different fish nets of varying sizes, viz. drag nets and gill nets. After collection, the fish were examined, photographed, and identified. Fish samples were identified using the standard identification keys provided by Jayaram (2010) and Talwar and Jhingran (1991), together with consultation with concerned fish taxonomists.
2.3 Water sample collection for water quality analysis: 
Monthly analyses of physicochemical parameters were conducted from February 2024 to January 2025 using Lipps et al. (2023) standard methods (Table 1). Water samples were collected in 2-litre polyethene cans in the morning between 6 a.m. and 9 a.m. and then transported to the laboratory for analysis. The temperature was recorded at the site using a mercury thermometer (range 0 °C to 100 °C). 
Table 1. Physicochemical parameters of water with standard methods.
	Sl. No.
	Parameters (Units)                 
	Methods

	1
	Water temperature, 0C
	Mercury thermometer method

	2
	pH  
	Electrometric Method

	3
	Turbidity, NTU
	Nephelometric Method

	4
	Electrical Conductivity, µS/cm
	Electrometric Method

	5
	Nitrate as NO3, mg/L
	Screening method

	6
	Sulphate as SO4, mg/L
	Turbidimetric method

	7
	Dissolved Oxygen, DO, mg/L
	Iodometric Method

	8
	Biological Oxygen Demand, BOD, mg/L
	Winkler’s method 



1. Results & Discussion

1.1 Fish Diversity 
A total of 16 fish species were recorded from four selected sites of Markonahalli Reservoir, representing 5 orders, 7 families, and 14 genera. Among the fish collected, the order Cypriniformes (43%) was dominant, with 6 genera and 7 species in terms of occurrence and distribution, followed by Siluriformes (25%), with 4 genera and 4 species; Cichliformes (13%), with 2 genera and 2 species; Anabantiformes (13%), with 1 genus and 2 species; and Osteoglossiformes (6%), with 1 genus and 1 species (Fig. 2 and 3). The conservation status of the recorded fish was based on the International Union for Conservation of Nature (IUCN, 2026). Of the 16 species, 11 were classified as Least Concern (LC), 3 as Near Threatened (NT), and 2 as Vulnerable (Table 2).
1.2 Water quality parameters 
Seasonal variation in the physicochemical parameters of water from February 2024 to January 2025 is presented in Table 4. In the present study, the highest water temperature, 28±0.578 °C, was recorded at Site 3 during summer, whereas the lowest temperature, 24.5±0.62915 °C, was recorded at Site 4 during winter. At almost all sites, the temperature was lowest in winter and highest in summer, ranging from 24.5±0.62915 °C to 28±0.578 °C. The pH ranged from 7.975±0.063 to 8.4333±0.067, with little variation across sites and seasons. The minimum turbidity value was observed in winter at Site 2 (2.75±0.418 NTU), whereas the maximum turbidity, 6.25±0.7275 NTU, was observed at Site 1 during the rainy season. The maximum electrical conductivity was recorded at Site 4 (856.33±14.263 µS/cm) in summer, whereas the minimum was recorded at Site 1 (403±11.358 µS/cm) during winter. Nitrate, measured as NO3 (mg/L), ranged from 2.425±0.025 to 4.825±0.307 mg/L. Sulphate, measured as SO4 (mg/L), reached the highest value of 34±2.122 mg/L at Site 4 and the lowest value of 5±2.00 mg/L at Site 2. Dissolved oxygen levels varied from 4.85±0.593 mg/L at Site 3 during the rainy season to 6.5333±0.177 mg/L at Site 2 during summer. Biological oxygen demand (BOD) fluctuated from 2.4667±0.134 mg/L at Site 3 during summer to 4.4±0.548 mg/L at Site 4 during winter. 



Table 2. Fish diversity with IUCN Status of Markonahalli Reservoir
	Sl. No
	Scientific Name
	Common name
	IUCN Status

	          Order: Cypriniformes, Family: Cyprinidae

	1
	Catla catla (Hamilton,1822)
	Catla
	LC

	2
	Cyprinus carpio (Linnaeus, 1758)
	Common carp
	VU

	3
	Cirrhinus reba (Hamilton,1822)
	Reba carp
	NT

	4
	Cirrhinus mrigala (Hamilton,1822)
	Mrigal 
	LC

	5
	Labeo rohita (Hamilton,1822)
	Rohu
	LC

	6
	Puntius ticto (Hamilton,1822)
	Two-spot barb
	LC

	7
	Rasbora daniconius (Hamilton,1822)
	Slender rasbora
	LC

	          Order: Siluriformes, Family: Siluridae 

	8
	Ompok bimaculatus (Bloch, 1793) 
	Butter catfish 
	NT

	9
	Wallago attu (Bloch and Schneider, 1801)
	Freshwater shark
	NT

	                                               Family: Bagridae 

	10
	Mystus cavasius (Hamilton,1822)
	Gangetic mystus 
	LC

	                                                Family: Clariidae 

	11
	Clarias batrachus (Linnaeus, 1758)
	Walking catfish
	LC

	          Order: Anabantiformes, Family: Channidae

	12
	Channa striata (Bloch, 1793) 
	Striped murrel
	LC

	13
	Channa punctata (Bloch, 1793) 
	Spotted murrel
	LC

	            Order: Cichliformes, Family: Cichlidae

	14
	Etroplus maculatus (Bloch, 1795) 
	Orange chromide
	LC

	15
	Oreochromis mossambicus (Peters, 1852)
	Mozambique tilapia
	VU

	         Order: Osteoglossiformes, Family: Notopteridae

	16
	Notopterus notopterus (Pallas, 1769) 
	Bronze featherback
	LC


 Note: IUCN (2026) Red List Status: LC-Least Concern, NT-Near Threatened, VU-Vulnerable. 
                        
                     




Table 3. Fish diversity and taxonomic composition of Markonahalli Reservoir
	Orders
	Number of families
	Number of genera
	Number of species

	Cypriniformes 
	01
	6
	7

	Silueriformes 
	03
	4
	4

	Anabantiformes
	01
	1
	2

	Cichilformes 
	01
	2
	2

	Osteoglossiformes 
	01
	1
	1

	Total
	07
	14
	16











Fig 2. Order wise distribution of fish diversity.






Fig 3. Family-wise (%) occurrence of Fish species of Markonahalli Reservoir 



4.1. Fish diversity 
The present study was conducted in Markonahalli Reservoir from February 2024 to January 2025 and documented fish diversity in the reservoir. The study recorded 16 fish species, and the family Cyprinidae was dominant, comprising 7 species, including Labeo rohita, Catla catla, Cyprinus carpio, Cirrhinus reba, Cirrhinus mrigala, Puntius ticto, and Rasbora daniconius. The families Siluridae, Channidae, and Cichlidae contained 2 species each, whereas Bagridae, Clariidae, and Notopteridae contained 1 species each, a pattern reported in other studies as well (Mogalekar et al., 2017). These findings are comparable with those of Lalitha and Ramakrishna (2022), who reported 20 species in Kunigal Tank, with Cypriniformes dominant and comprising 10 species, Siluridae 2 species, Cichlidae 2 species, and Notopteridae 1 species. Patharde and Telkhade (2024) studied fish diversity at Borda Dam in Maharashtra and recorded 17 species across 7 orders, 9 families, and 16 genera, with Cypriniformes dominant and comprising 5 species. Similar patterns were also reported by Shivaraju et al. (2017), Muniya et al. (2019), and Gautam et al. (2016). Shahnawaz et al. (2010) and Shetty et al. (2015) reported that the dominance of cyprinids in tropical Indian rivers and reservoirs is associated with their high adaptive capacity across various environmental niches. 
4.2. Water quality parameters
The various water parameters were analysed during the present study, and their relationship with fish diversity was examined. 
Water temperature is a key parameter that affects the survival, growth, and metabolic activities of fish, and the recommended temperature range for fish growth is 20 °C to 30 °C (Zare-Shahraki et al., 2022). It also controls sexual maturation and reproduction in fish by influencing endocrine systems and hormone production (Karnatak et al., 2018). In tropical regions, temperature shows little seasonal variation but may still influence reproduction in fish (Singh et al., 2010; Singh & Gupta, 2014). The present study recorded temperatures ranging from 24.5±0.62915 °C to 28±0.578 °C, which were within the stated range suitable for fish communities. 
pH is a measure of the hydrogen-ion concentration of water and indicates whether the water is acidic or alkaline. A pH range of 6.0 to 9.0 is suitable for fish metabolism and the physiological activities of aquatic organisms (Ashashree & Kiran, 2022). In the present study, the pH of the water ranged between 7.9 and 8.6 and was within this stated range. 
Turbidity: The main causes of water turbidity are suspended inorganic materials such as sand grains, clay, silt, and phytoplankton. Turbidity levels in reservoirs with clay bottoms are expected to be high. The minimum turbidity was observed in winter (2.75±0.418 NTU), whereas the maximum turbidity, 6.25±0.7275 NTU, was observed during the rainy season due to inflow mixing in the reservoir, which increases suspended particles. The reported turbidity range supporting fish communities is 0 to 40 NTU (Dettinger & Diaz, 2000). The observed turbidity was within this stated range. 
Electrical conductivity is a measure of the total dissolved ions in water. The highest conductivity (856.33±14.263 µS/cm) was recorded during summer in the current study, which was associated with a decrease in the reservoir water level (Basavaraja et al., 2014) and with increased temperatures and higher evaporation rates that concentrate dissolved salts (Mankar, 2018) and other ions, leading to higher electrical conductivity. The lower conductivity (403±11.358 µS/cm) observed during winter in Markonahalli Reservoir was likely due to the influence of post-monsoon water inflow from the Hemavathi Reservoir through the channel. In addition, cooler winter temperatures reduce evaporation and slow the decomposition of organic matter, limiting the release of dissolved minerals into the water. Similar seasonal variations have been reported in reservoirs and freshwater ecosystems across Karnataka and other tropical regions of India, where conductivity generally decreases after the monsoon and increases during the dry summer months (Basavaraja et al., 2014; Mankar, 2018). 
Nitrate (NO3) is an essential nutrient for aquatic plants in freshwater bodies. Excess nitrate concentrations promote algal growth and lead to eutrophication, which negatively affects fish diversity. Nitrate was recorded in the range of 2.425±0.025 to 4.825±0.307 mg/L, which was below the BIS standard value of 45 mg/L (Bureau of Indian Standards, 2012). Increased nutrient concentrations, primarily inorganic nitrogen, are driven by changes in the surrounding habitat, the removal of aquatic vegetation, and agricultural practices near rivers (Pizarro et al., 2010). 
Sulphate is an anion that occurs in natural water bodies, and the primary source of sulphates is mineral rocks found in the watershed, which are carried into the water body by rainfall (Basavaraja et al., 2014). Hence, a high sulphate concentration of 34±2.122 mg/L was recorded at the Site 4 inlet during the rainy season. The permissible limit for sulphate is 200 mg/L (Bureau of Indian Standards, 2012). In the present study, the sulphate concentration ranged from 5±2 to 34±2.122 mg/L. The sulphate values at all selected sites were within the permissible limit. 
Dissolved oxygen (DO) plays a key role in maintaining a healthy aquatic ecosystem. The amount of dissolved oxygen in water can be reduced by waste discharge, excessive plant growth, and the decomposition of plant material (Ashashree & Kiran, 2022). DO values fluctuated from 4.85±0.593 mg/L at Site 3 during the rainy season to 6.5333±0.177 mg/L at Site 2 during summer. According to Banerjea (1967) and Bera et al. (2014), DO levels above 5.0 mg/L are considered average or good for fish production. The DO content in Markonahalli Reservoir was satisfactory for fisheries. 
Biological oxygen demand (BOD) indicates the amount of organic matter present in water. Microbes consume oxygen to decompose organic matter, which leads to the depletion of dissolved oxygen available to fish and can negatively affect the fish community. In the current study, the BOD of the water was recorded at a low value of 2.4667±0.134 mg/L at Site 3 during summer and at 4.4±0.548 mg/L at Site 4 during winter. According to Boyd (2015) and the Central Pollution Control Board (CPCB, 2008), BOD values of less than 3 mg/L indicate good water quality, 3-5 mg/L indicates moderate organic pollution, and values greater than 5 mg/L indicate high organic pollution; reduced DO can stress fish and lower diversity. The results of the current study indicate good to moderate water quality, which is favourable for fish communities. 









Table 4: Seasonal variation in physicochemical parameters of Markonahalli Reservoir
	Sl.
No.
	Parameters 
	Site -1
	Site -2
	Site -3
	Site -4

	
	
	Summer 
	Rainy
	Winter
	Summer
	Rainy
	Winter
	Summer
	Rainy
	Winter
	summer
	rainy
	winter

	1
	Water temp
	27.7±0.3333 
	25.5±1.323
	25.25±0.479
	27±0.578
	26.5±1.893
	24.25±0.479
	28±0.578
	26±0.817
	25.5±0.289
	27.33±0.333
	26.25±0.479
	24.5±0.62915

	2
	pH
	8.3±0.0333
	8.33±0.075
	8.05±0.133
	8.0333±0.089
	8.175±0.086
	8.125±0.138
	8.4333±0.067
	8.4±0.092
	8.05±0.065
	8.6±0.1
	8.35±0.145
	7.975±0.063

	3
	Turbidity, NTU
	3.8±0.5033
	6.25±0.7275
	2.825±0.598
	3.0667±0.067
	5.075±0.605
	2.75±0.418
	3.9±0.306
	5.275±0.111
	3±0.109
	6.1±0.703
	5.05±1.384
	3.5±0.123

	4
	Conductivity, µS/cm
	694.4±9.9387
	578.3±33.032
	403±11.358
	672.33±21.263
	579.25±31.138
	405.25±14.637
	715.67±8.090
	586.5±23.585
	481.75±35.338
	856.33±14.263
	722.75±44.014
	414±17.186

	5
	Nitrate as NO3, mg/L
	3.2±0.0333
	2.95±0.105
	2.425±0.025
	3.3±0.252
	2.75±0.065
	2.65±0.145
	4.0333±0.219
	3.75±0.226
	3.125±0.250
	4.7±0.2
	4.825±0.307
	2.625±0.166

	 6
	Sulphate as SO4, mg/L
	12.7±0.667
	16.8±2.5
	10±2.45
	5±2.00
	13.75±3.199
	10±3.560
	20±1.528
	17.275±4.778
	23±3.241
	30±1
	34±2.122
	11.25±1.797

	7
	Dissolved Oxygen, DO, mg/L
	5.9±0.4372
	5.7±0.23
	5.35±0.378
	6.5333±0.177
	5.875±0.229
	5.2±0.478
	6.0333±0.219
	4.85±0.593
	4.875±0.535
	6±0.116
	5.825±0.477
	5.225±0.807

	8
	Biological oxygen demand (BOD) mg/L
	3.1±0.1732
	3.15±0.096
	3.375±0.202
	2.6667±0.291
	3.7±0.209
	3.6±0.295
	2.4667±0.134
	3.5±0.148
	4.025±0.393
	3.1333±0.067
	3.4±0.217
	4.4±0.548


  

  Note – VALUES presented in the form of Mean ± standard error.

Conclusions
The study documented 16 fish species belonging to 14 genera, seven families, and five orders in Markonahalli Reservoir during February 2024 to January 2025. Cypriniformes formed the dominant taxonomic group, while the remaining recorded species were distributed among Siluriformes, Anabantiformes, Cichliformes, and Osteoglossiformes. The measured physicochemical parameters showed spatial and seasonal variation among the four sampling sites. Turbidity, electrical conductivity, nitrate, sulphate, dissolved oxygen, and biological oxygen demand varied across sites and seasons within the ranges reported in the study. Dissolved oxygen ranged from 4.85±0.593 to 6.5333±0.177 mg/L, whereas biological oxygen demand ranged from 2.4667±0.134 to 4.4±0.548 mg/L. Taken together, the findings provide baseline information on the fish assemblage and the measured water-quality characteristics of the reservoir. Continued monitoring of fish diversity and physicochemical parameters would help identify future changes in reservoir conditions and support the sustainable management of Markonahalli Reservoir and its fishery resources. Such monitoring would also allow spatial and seasonal changes to be assessed consistently over time.
Limitations
The findings are specific to the four selected sampling sites and the February 2024–January 2025 study period. The observed fish diversity and seasonal physicochemical variation therefore represent the reservoir conditions recorded during this period. Broader temporal coverage and continued monitoring would be required to evaluate longer-term changes in fish assemblages and water quality. Interpretation should remain confined to the measured parameters and the spatial and seasonal conditions documented in this study.
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Orders (%) 

Sales	13%

Siluriformes 	Cyprinifomes	Anabantiformes	Cichilformes	osteoglossiformes	4	7	2	2	1	

 No. of fish species

 NO . Species	43%
13%

Cyprinidae	Siluridae	Bagridae	Claridae	Channidae	Cichildae	Notopteridae	7	2	1	1	2	2	1	
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