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Abstract 

A study on aquatic insects biodiversity and abundance along with physicochemical parameters of two lentic 

water bodies (Varuna and Dalvoy) of Mysore district was carried out on monthly basis from October 2018 to 

March 2019. A total of 31 species belonging to 19 families and 6 orders were recorded during the study period. 

At order level, Coleoptera showed maximum relative abundance (57%) followed by Hemiptera (13%) in 

Varuna Lake, while in Dalvoy Lake, the order Hemiptera (66%) was most abundant, followed by Coleoptera 

(16%). Computation of dominant status of different species of aquatic insects in lakes based on Engelmann’s 

scale revealed that Canthydrus laetabilis and Gyrinus distinctus, from the order Coleoptera, were dominant in 

Varuna Lake, while two Hemipteran species, Diplonychus rusticus and Anisops sp., were dominant in Dalvoy 

Lake. The highest Shannon diversity index (2.803) and evenness values (0.66) were recorded in Varuna Lake, 

which was slightly greater than Dalvoy Lake (2.028 and 0.45). Similarly, the Biological Working Party Score 

(BMWP) and Average Score Per Taxon (ASPT) values were 80 and 5.33 in Varuna Lake and 53 and 4.08 in 

Dalvoy Lake. This indicates Varuna Lake is less polluted and has higher species diversity than Dalvoy Lake. 

In terms of the physico-chemical properties of water, a significant difference was noted in electrical 

conductivity, total dissolved solids, free carbon dioxide, dissolved oxygen, total alkalinity, hardness, nitrate, 

sulphate, and chloride concentrations between Dalvoy Lake and Varuna Lake. The results of physicochemical 

analysis and diversity indices suggest stressed and disturbed water quality conditions at Dalvoy Lake. 
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1 Introduction 

Water is the lifeblood of the planet and the glue that holds all living things together. The availability of water 

both in terms of quality and quantity is essential for the existence of living world. Freshwater ecosystems 
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comprise only one percent of the earth's surface, yet they are critical to human societies as they provide food, 

medicine, and other necessities, as well as a home for many animals (Strayerand Dudgeon, 2010). Due to rapid 

unplanned urbanization, industrialization, and agricultural activities, water supplies have been depleted, 

making the need for water in all forms of life, from bacteria to humans, a huge concern today (Satterthwaite et 

al., 2010). Among various freshwater ecosystems, urban ponds, reservoirs, and lakes are the most affected 

(Dalal and Gupta, 2014). Ponds and lakes are commonly used to regulate the movement of storm water in an 

urban setting. This method, which produces heavily regulated wetlands, is known as "sustainable drainage 

systems" and is required by construction codes in a number of nations. Due to the lack of an alternate 

stormwater treatment system and impermeable urban surfaces (e.g., asphalt roads and parking lots, and cement 

sidewalks), urban lakes may receive all the surface water runoff in their watersheds, where it stays until it 

evaporates, soaks into the ground, is pumped to another place, or overflows into another lake (Wolf, 1996). 

Studies on these delicate ecosystems have revealed that despite significant variance in community structure, 

these wetlands can offer a remarkable level of variation to a regional species pool, particularly in cases when 

other habitats are scarce (Mitsch and Gosselink, 2000; Werritty, 2006; Hamer et al., 2012; Moore and Hunt, 

2012; Hassall, 2014).  

   Aquatic biodiversity is characterized by a wide range of genetic diversity and species composition, the 

preservation of which is important for the sustainability of any lotic or lentic ecosystem (Singh and Sharma, 

1998). Aquatic insects are the most diverse group of organisms found in almost every type of aquatic 

ecosystem on the planet, including lakes, rivers, seawater, salty pools, and even leaking pools of raw 

petroleum (Chainey, 2004). Despite comprising only 3% to 5% of all insect species, aquatic insects are 

taxonomically diverse (Dijkstra et al., 2014). They play a significant ecological role in maintaining the proper 

functioning of freshwater ecosystems, where they are a vital part of food webs and nutrient cycling (Bouchard, 

2004). In addition to being crucial food web components, aquatic insects also serve as good indicators of 

anthropogenic impact on freshwater habitats (Hadicke et al., 2017). Several species are particularly susceptible 

to pollution, while others can thrive in waters that have been severely contaminated (Merritt and Cummins, 

2008). As a result, aquatic insects are commonly utilized for freshwater ecosystem monitoring due to their 

abundance and responsiveness to changes in their environment (Aduand Oyeniyi, 2019). Three insect orders 

Ephemeroptera, Plecoptera and Trichoptera are proven to be most sensitive to the natural and anthropogenic 

disturbances, and are used extensively in aquatic insect biomonitoring programs (Bonada et al., 2006; Jacobus 

et al., 2019). 

   Freshwater ecosystems are more susceptible to biodiversity loss than terrestrial habitats, possibly as a 

consequence of the overwhelming biodiversity seen in inland waters (Sala et al., 2000). These habitats are 

typically threatened by five major factors: invasive species, habitat deterioration, water pollution, 

overexploitation, and flow alteration (Dudgeon et al., 2006). The environmental pollution of water resources is 

increased due to uncontrolled population growth, urbanization, industrialization, excessive use of fertilizers 

and pesticides in agriculture and other man-made activities. A number of water quality parameters, including 

temperature, turbidity, nutrients, hardness, alkalinity, dissolved oxygen, etc., determine the growth of living 

organisms in a body of water. Consequently, water quality evaluation requires the measurement of physico-

chemical, biological, and microbiological characteristics that indicate the biotic and abiotic condition of the 

ecosystem (Smitha, 2013; Verma et al., 2012). Several studies have been conducted in different ponds and 

lakes of Mysore district, which have focused primarily on the assessment of physico-chemical parameters and 

diversity of planktons (Jalilzadeh et al., 2007; Padmanabha and Belagali, 2007; Sudeep et al., 2008; Savitha 

and Yamakanamardi, 2012; Udayashankara et al., 2013; Deepthi and Yamakanamardi, 2014; Jayalakshmi, 

2019). However, no comprehensive work has been done on the diversity of aquatic insects in lakes of Mysore 
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district. Therefore, the present study was carried out to investigate the diversity, distribution and abundance of 

aquatic insects in relation to water quality in two freshwater urban lakes (Varuna and Dalvoy) of Mysore 

district, Karnataka.  

 

2 Materials and Methods 

2.1 Study area 

The study was carried out for six months from October, 2018 to March, 2019, in two perennial lakes, Varuna 

(76°74'58.72" E and 12°27'50.31" N) and Dalvoy (76°65'72.29" E and 12°25'17.81" N) (Fig. 1). Varuna Lake 

is located on the city outskirts, adjacent to the Mysore-Trichy national highway and surrounded by Varuna, 

Chikkalii, and Varokodu villages. The lake is a popular destination for water sports offered by Outback 

Adventure Sports. It has diverse aquatic vegetation such as Hydrilla, Nymphaea, Ceratophyllum, Vallisneria, 

Typha, etc., and supports many bird species like spot-billed pelicans, cattle egrets, spot-billed ducks, painted 

storks, grey-headed swamphens, waterhens, and sandpipers. Dalvoy Lake is situated in the southern part of the 

city, close to Ooty Road. The lake is relatively more agitated as it receives municipal wastewater from the 

adjacent residential areas. The lake is covered with floating aquatic plants such as Eichornia, Lemna, and 

Pistia.  

 

Fig. 1 Geographical location of the study area. 

 

 

2.2 Methodology 

Water and insect samples were collected monthly from three sites in each lake. Water temperature and pH 

were measured onsite using a mercury bulb thermometer and a pH meter (Hannah make. Physico-chemical 

parameters such as conductivity, turbidity, total dissolved solids (TDS), total alkalinity (TA), total hardness, 

calcium, dissolved oxygen (DO), free carbon dioxide, chemical oxygen demand (COD), biological oxygen 

demand (BOD), chloride, nitrate, sulfate, and phosphate were analyzed in the laboratory following standard 

methods (APHA, 2005; Trivediand Goel, 1986). The results were compared with the prescribed limits for 
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potable water given by the Bureau of Indian Standards (BIS, 2012) and the Indian Council of Medical 

Research (ICMR, 1975). Aquatic insects were collected by disturbing the vegetation and dragging a circular 

pond net around the vegetation for one minute. Three such drags were counted as a sample (Macan and 

Maudsley, 1968; Brittain, 1974; Subramanian and Sivaramakrishnan, 2007a; Dalal and Gupta, 2016). 

Collected insects were immediately sorted and preserved in a 4% formalin solution. They were identified using 

a Labomed stereozoom microscope following standard keys (Khan and Ghosh, 2001; Nieser, 2002; 

Subramanian and Sivaramakrishnan, 2007b; Merritt and Cummins, 2008; Gosh and Hegde, 2013; Jaiswal, 

2013; Jehamalar and Chandra, 2013; Thirumalai, 2013; Sundar et al., 2014; Holzenthal, 2015; Basu et al., 

2016; Miller and Bergsten, 2016; Prommi, 2016; Bird et al., 2017; Bezděk and Hájek, 2017; Basu et al., 2018; 

Saha and Gupta, 2018). Data processing was done using Microsoft excel 2010 (Microsoft corporation) and 

diversity indices were worked using PAST software.  

 

3 Results 

3.1 Water quality parameters 

Mean values of selected physicochemical parameters of water quality of Varuna and Dalvoy Lake are 

presented in Table 1. The study revealed that water temperature and pH in both the lakes did not show much 

variation. Majority of water quality variables recorded from Varuna Lake were within the permissible limits of 

BIS and ICMR standards for potable water. The range of several physicochemical variables of Dalvoy Lake 

such as, Electrical Conductivity (EC), Total dissolved solids (TDS), Turbidity, Free carbon-dioxide (FCO2), 

Calcium, Hardness, Total alkalinity (TA), Chemical Oxygen Demand (COD), Biological oxygen demand 

(BOD), Nitrate, Phosphate, Sulphate and Chloride were higher than Varuna Lake. The mean concentration of 

EC, TDS, Turbidity and Hardness of Dalvoy Lake were beyond than the permissible limits of water quality 

standards. In Varuna Lake correlation coefficient analysis revealed a significant positive relationship of WT 

with pH and Sulphate. The pH of Varuna Lake also showed positive relationship with Hardness, COD and 

Sulphate. A significant negative correlation of nitrate with Hardness, COD and BOD was observed in Varuna 

Lake. In Dalvoy Lake strong positive relationship was observed between EC and TDS, Calcium and Nitrate, 

COD and Chloride and BOD. A significant negative relationship was observed between Turbidity and 

Sulphate, FCO2 and Calcium, Sulphate and Chloride in Dalvoy Lake.  

3.2 Aquatic insect composition and abundance 

A total of 31 species from 19 families representing 6 orders were collected and identified during the 

investigation. The composition and relative abundance of aquatic insects in Varuna and Dalvoy Lakes are 

shown in Table 2 and Table 3 respectively. The significant correlation between physicochemical variables, 

taxa richness and density of insect are shown in Table 4. Fig. 2 and Fig. 3 shows the relative abundance of 

aquatic insect orders recorded from Varuna and Dalvoy Lake during the study period. The pattern of variation 

in various diversity indices such as Shannon-Weiner Diversity index (Hˊ), Evenness index (Jˊ), Margalef index 

and Berger-Parker index of dominance and biomonitoring scores (BMWP and ASPT) of Varuna and Dalvoy 

Lakes are shown in Table 5 and Table 6, respectively. Table 2 lists the 25 species of aquatic insects recorded in 

Varuna Lake across 6 orders and 15 families (Dytiscidae, Noteridae, Hydrophilidae, Gyrinidae, 

Belostomatidae, Naucoridae, Micronectidae, Notonectidae, Pleidae, Nephidae, Chironomidae, Libellulidae, 

Coenagrionidae, Baetidae and Leptoceridae. In Dalvoy Lake 17 species from 4 orders, 13 families (Dytiscidae, 

Noteridae, Hydrophilidae, Belostomatidae, Micronectidae, Notonectidae, Mesoveliidae, Pleidae, Culicidae, 

Chironomidae, Stratiomyidae, Syrphidae and Baetidae) were recorded (Table 3) during the study period. In 

Varuna Lake Canthydrus laetabilis and Gyrinus distinctus from the order Coleoptera were marked as 

dominant species (Table 2) according to Engelmann’s scale of dominance (1973). In contrast, Diplonychus 
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rusticus and Anisops sp. from order Hemiptera were marked as dominant in Dalvoy Lake (Table 3). The most 

abundant order in Varuna Lake was Coleoptera (Fig. 2) while the order Hemiptera was most abundant in 

Dalvoy Lake (Fig. 3). Values of the Shannon-Weiner diversity index (H), evenness index (J) and Margalef 

index were found higher in Varuna Lake than in Dalvoy Lake, while the Berger-Parker index of dominance (d) 

was found higher in Dalvoy Lake (Table 5). 

 

  Table 1 Range and mean values of physicochemical variables of surface waters of Varuna and Dalvoy Lake. 

Parameters 
Varuna Lake Dalvoy Lake Drinking water standard

Range Mean ± SD Range Mean ± SD BIS/ ICMR limit 

WT (o C) 27.07-30.50 27.96 ± 1.28 26.50-30.47 28.3 ± 1.50 NA 

pH 7.03-7.83 7.38 ± 0.32 7.33-7.77 7.54 ± 0.19 6.5 - 8.5 

EC (µS cm-1) 226.00-346.00 290.00 ± 41.33 1051.33-1243.33 1151.72 ± 64.47 ˂ 300 µS cm-1 

TDS (mg L-1) 120.67-157.67 143.00 ± 12.72 522.00-596.67 565.1 ± 28.18 ˂ 500 mg L-1 

Turbidity (NTU) 1.20-3.37 2.02 ± 0.99 3.20-22.93 10.6 ± 7.60 ˂ 5 NTU 

DO (mg L-1) 4.53-5.63 5.04 ± 0.45 0.90-4.40 3.33 ± 1.29 ≥ 5.0 mg L-1 

FCO2 (mg L-1) 0.00-10.93 5.31 ± 4.50 27.13-48.40 37.99 ± 7.68 NA 

Calcium (mg L-1) 14.33-27.53 20.56 ± 4.50 44.00-61.00 50.6 ± 6.09 ˂ 75 mg L-1 

Hardness (mg L-1) 84.33-112.67 98.78 ± 10.49 277.67-333.67 308.5 ± 20.57 ˂ 300 mg L-1 

TA (mg L-1) 61.33-94.00 83.06 ± 11.86 172.67-233.33 202.61 ± 26.65 ˂ 200 mg L-1 

COD (mg L-1) 12.40-43.67 26.24 ± 11.63 37.94-65.13 54.37 ± 9.34 NA 

BOD (mg L-1) 1.30-4.10 2.64 ± 1.08 4.40-7.50 6.12 ± 1.11 ˂ 5 mg L-1 

Nitrate (mg L-1) 0.47-3.97 1.81 ± 1.47 12.07-25.33 17.85 ± 4.69 ˂ 45 mg L-1 

Phosphate (mg L-1) - ˂ 0.1 0.33-3.20 1.81 ± 1.18 NA 

Sulphate (mg L-1) 4.83-6.87 5.59 ± 0.77 19.20-29.60 23.2 ± 3.89 ˂ 200 mg L-1 

Chloride (mg L-1) 28.33-35.97 32.86 ± 2.78 121.33-137.00 131.89 ± 5.71 ˂ 250 mg L-1 

WT- Water Temperature, EC- Electrical Conductivity, TDS – Total Dissolved Solids, DO- Dissolved oxygen, FCO2– Free carbon dioxide, TA– 

Total Alkalinity, COD– Chemical Oxygen Demand, BOD – Biological Oxygen Demand, NA– Not Available. 
 

Table 2 Composition and relative abundance (RA) of aquatic insects in Varuna Lake. 

Sl. No Order Insect taxa RA% Dominance status 

1 

Coleoptera 

Laccophilus anticatus (Sharp, 1890) 3.59 Subdominant 

2 Laccophilus flexuosus (Aube, 1838) 2.99 Recedent 

3 Hydroglyphus flamulatus (Sharp, 1882) 2.69 Recedent 

4 Canthydrus laetabilis (Walker, 1858) 11.98 Dominant 

5 Canthydrus luctuosus (Aube, 1838) 4.79 Subdominant 

6 Hyphydrus sp.  (Illiger, 1802) 1.20 Recedent 

7 Berosus indicus (Motschulsky, 1861) 1.20 Recedent 

8 Amphiops sp. (Erichson, 1843) 2.40 Recedent 

9 Sternolophus rufipes (Fabricius, 1792) 1.20 Recedent 

10 Laccobius sp. (Erichson, 1837) 2.40 Recedent 
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11 Helochares sp. (Mulsant, 1844) 4.19 Subdominant 

12 Gyrinus distinctus (Aube, 1836) 18.56 Dominant 

13 

Hemiptera 

Diplonychus rusticus (Fabricius, 1781) 3.89 Subdominant 

14 Heleocoris sp. (Mulsant, 1844) 2.40 Recedent 

15 Micronecta siva (Kirkaldy, 1897) 0.60 Subrecedent 

16 M. scutellaris (Stal, 1858) 0.60 Subrecedent 

17 Anisops sp. (Spinola, 1840) 1.80 Recedent 

18 Paraplea frontalis (Fieber, 1844) 1.20 Recedent 

19 Ranatra filiformis (Fabricius, 1790) 2.40 Recedent 

20 Diptera Chironomus sp. (Meigen, 1803) 1.20 Recedent 

21 
Odonata 

Diplocodes sp.  (Kirby, 1889) 1.20 Recedent 

22 Ishcnura sp. (Charpentier , 1840)  6.59 Subdominant 

23 
Ephemeroptera 

Cloeon sp. (Leach, 1815) 1.80 Recedent 

24 Baetis sp. (Leach, 1815) 9.58 Subdominant 

25 Trichoptera Triplectides sp. (Kolenati, 1859) 9.58 Subdominant 

      RA < 1 = Subrecedent; 1.1-3.1 = Recedent; 3.2-10 = Subdominant; 10.1-31.6 = Dominant; > 31.7% = Eudominant. 

 

Table 3 Composition and relative abundance (RA) of aquatic insects in Dalvoy Lake. 

Sl. No Order Insect taxa RA% Dominance status 

1 

Coleoptera 

Laccophilus flexuosus (Aube, 1838) 2.67 Recedent 

2 Hydroglyphus flammulatus (Sharp, 1882) 4.76 Subdominant 

3 Canthydrus laetabilis (Walker, 1858) 0.38 Subrecedent 

4 Berosus indicus (Motschulsky, 1861) 1.52 Recedent 

5 Amphiops sp. (Erichson, 1843) 6.10 Subdominant 

6 Helochares sp. (Mulsant, 1844) 0.38 Subrecedent 

7 

Hemiptera 

Diplonychus rusticus (Fabricius, 1781) 31.05 Dominant 

8 Micronecta haliploides (Horvath, 1904) 0.76 Subrecedent 

9 M. scutellaris (Stal, 1858) 3.43 Subdominant 

10 Anisops sp. (Spinola, 1840) 29.33 Dominant 

11 Mesovilia horvathi (Lundblad, 1933) 0.76 Subrecedent 

12 Paraplea liturata (Fieber, 1844) 0.76 Subrecedent 

13 

Diptera 

Culex sp. (Linnaeus, 1758) 7.62 Subdominant 

14 Chironomus sp. (Meigen, 1803) 3.43 Subdominant 

15 Stratiomys sp. (Geoffroy, 1762) 3.62 Subdominant 

16 Eristalis sp. (Latreille, 1804) 0.38 Subrecedent 

17 Ephemeroptera Cloeon sp. (Leach, 1815) 3.05 Recedent 

     RA < 1 = Subrecedent; 1.1-3.1 = Recedent; 3.2-10 = Subdominant; 10.1-31.6 = Dominant; > 31.7% = Eudominant. 
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Table 4 Significant Pearson’s correlations among physicochemical variables of water and taxa richness in  
Varuna and Dalvoy Lakes. 

Varuna Lake Dalvoy Lake 

Variables r value Variables r value 

DO vsTaxa Richness 0.829* DO vs Taxa richness 0.925** 

BOD vs Taxa Richness -0.862* ECvs TDS 0.950** 

WT vs pH 0.812* Turbidity vs Sulphate -0.869* 

WT vs Sulphate 0.891* FCO2 vs Calcium -0.975*** 

pH vs Hardness 0.897* FCO2 vs Nitrate -0.973** 

pH vs COD 0.815* Calcium vs Nitrate 0.932** 

pH vs Sulphate 0.911* COD vs BOD 0.973** 

ECvs TDS 0.986*** COD vs Chloride 0.828* 

TDS vs Total Alkalinity 0.819* Sulphate vs Chloride -0.919** 

Turbidity vs Calcium 0.868*   

Calciumvs Total Alkalinity 0.855*   

Hardness vs Nitrate -0.935**   

COD vs Nitrate -0.864*   

BOD vs Nitrate -0.844*   

* p< .05, ** p < .01, *** p < .001. DO – Dissolved oxygen; FCO2- Free Carbon-dioxide;  
EC-Electrical conductivity; TDS-Total dissolved solids; COD-Chemical oxygen 
demand; BOD- Biological oxygen demand. 

 

Table 5 Diversity indices of aquatic insects in Varuna and Dalvoy Lakes. 

Indices Varuna Lake Dalvoy Lake

Taxa richness 25 17 

Individuals 334 525 

Shannon- Weiner index 2.803 2.028 

Evenness index 0.66 0.4469 

Margalef index 4.13 2.555 

Berger-Parker index 0.1856 0.3105 

 

     

Fig. 2 Relative abundance of aquatic insect orders in VL.   Fig. 3 Relative abundance of aquatic insect orders in DL. 
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3.3 BMWP and ASPT 

The biological assessment of the lakes was done by computing the Biological Monitoring Working Party 

(BMWP) score and the Average Score Per Taxon (ASPT. The BMWP score is obtained by summing the 

individual scores of all families present, where the score values of each family reflect their pollution tolerance 

(Table 6). A higher BMWP score is considered to reflect better water quality by having more pollution-

intolerant families, while a lower score suggests pollution-tolerant families. The Average Score Per Taxon 

(ASPT) is obtained by dividing the BMWP by the number of families represented in the sample. It shows the 

average tolerance score of all taxa within the community (Armitage et al., 1983; Hynes, 1998; Mandavillae, 

2002; Paisley et al., 2014). The BMWP score of 80 and the ASPT rating of 5.33 indicate that the water is of 

good quality with minor pollution at Varuna Lake. Dalvoy Lake was found to be moderately impacted by 

pollution with a BMWP score of 53 and an ASPT value of 4.08 (Mandavillae, 2002). 

 

 

Table 6 BMWP score and ASPT values obtained from families recorded at Varuna and Dalvoy Lakes. 

Varuna Lake Dalvoy Lake 

Families Tolerance score Families Tolerance score 

Dytiscidae 5 Dytiscidae 5 

Hydrophilidae 5 Hydrophilidae 5 

Noteridae 5 Noteridae 5 

Gyrinidae 5 Belostomatidae 5 

Belostomatidae 5 Micronectidae 5 

Micronectidae 5 Notonectidae 5 

Naucoridae 5 Mesoveliidae 5 

Notonectidae 5 Pleidae 5 

Pleidae 5 Culicidae 2 

Nepidae 5 Chironomidae 2 

Chironomidae 2 Stratiomyidae 4 

Libellulidae 8 Syrphidae 1 

Coenagrionidae 6 Baetidae 4 

Baetidae 4   

Leptoceridae 10   

Total (BMWP) 80 Total (BMWP) 53 

ASPT score 5.33 ASPT score 4.08 

Lake water quality bases on BMWP score: ˃ 100 Very good (Class I); 71-100 Good (Class II); 41-70  
Moderate (Class III); 11-40 Poor (Class IV); 0-10 Very poor (Class V) (Mandaville, 2002; Kazanci et al., 2013). 

 

 

4 Discussion 

The physicochemical water parameters of Varuna and Dalvoy Lakes were significantly different, except for 

water temperature and pH. The chemical and biological properties of surface water are both affected by 

temperature. There was little temperature fluctuation in the Varuna and Dalvoy Lakes in the current study. The 

concentration of dissolved oxygen is one of the most important indicators of water quality and a key 
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determinant of the distribution of aquatic insect groups (Wahizatul et al., 2011). There was a strong positive 

correlation between DO and taxa richness in both the lakes highlighting the importance of DO in species 

composition. The main sources of dissolved oxygen in the aquatic environment are atmospheric air and 

photosynthesis, which rely on its solubility and temperature. Breakdown by aerobic bacteria, respiration, and 

decomposition of dead decaying sediments reduces dissolved oxygen concentrations in aquatic environments 

(Gupta and Gupta, 2006). In the present investigation, the DO concentration in Dalvoy Lake was significantly 

lower than in Varuna Lake. Dalvoy Lake receives a substantial amount of sewage waste, which raises the 

water's biological oxygen demand. This is also demonstrated by the greater concentrations of CO2, BOD, and 

COD in Dalvoy Lake compared to Varuna. BOD at Varuna Lake correlated negatively with taxa richness, 

indicating the prevalence of pollution intolerant species. The electrical conductivity (EC) and total dissolved 

solids (TDS) were significantly higher in Dalvoy Lake (1151.72 S/cm and 565.1 mg/L) which were well above 

the desirable limit of water quality standards. An increase in electrical conductivity could be caused by 

bacteria that break down and mineralize matter quickly or by bottom sediments that release nutrients (Egborge, 

1994). 

   While physicochemical measurements are useful for identifying the effects of pollution on water quality, 

changes in the trophic conditions of water also affect the organization of the biological community, including 

species pattern, distribution, and diversity (Fouzia and Amir, 2013). A change in habitat conditions can affect 

the type of species present in the ecosystem. Since insects have the ability to migrate, they can readily move 

from unfavourable habitats to favourable ones. Thus, the type of species present in a habitat reflects the 

condition of the waterbody (Medina et al., 2007). The findings of current study showed that the aquatic insect 

fauna of Varuna and Dalvoy Lake is consisted of six orders namely: Coleoptera, Hemiptera, Diptera, Odonata, 

Ephemeroptera and Trichoptera. A total of 31 species were collected and identified out of which 11 species 

were recorded from both the lakes (Laccophilus flexuosus, Hydroglyphus flamulatus, Canthydrus laetabilis, 

Berosus indicus, Amphiops sp., Diplonychus rusticus, Helochares sp., Micronecta scutellaris, Chironomous 

sp., and Cloeon sp.), indicating their wide distribution and adaptability to diverse habitats. In both lakes, two 

orders, Hemiptera and Coleoptera, accounted for the greatest number of species. The higher abundance of the 

order Hemiptera in Dalvoy Lake (66%) may be explained by the fact that aquatic and semi-aquatic 

hemipterans do not rely greatly on DO in the water due to their ability to use atmospheric oxygen via 

respiratory apparatus (Thorpe, 1950; Wells et al., 1981). This is also reflected in Engelmann’s scale of 

dominance where two Hemipteran species Diplonychus rusticus and Anisops sp. marked as dominant (Table 3) 

At Varuna Lake, Coleoptera was the most abundant order (57%) with 12 species in four families 

(Hydrophilidae, Dytiscidae, Noucoridae, and Gyrinidae). At family level, Hydrophilidae dominated the 

collection with the maximum number of species, followed by Dytiscidae. Studies have shown that the 

Dytiscidae insects generally prefer the leaves of submerged aquatic vegetation as hideouts due to their 

predatory nature. On the other hand, aquatic Hydrophilidae are mainly phytophagous and live-in shallower 

parts of water with lots of macrophytes where they feed on debris, algae, and dead plants (Khan and Ghosh, 

2001; Nilsson and Soderberg, 1996; Bloechl et al., 2010). The Varuna Lake supports diverse aquatic 

vegetation, floating and submerged, providing an ideal habitat for both immature and adult insects of 

Dytiscidae and Hydrophilidae. The existence of luxuriant aquatic vegetation, which is important for shelters, 

oviposition sites, and food sources, is correlated with a greater diversity and abundance of insects in lentic 

waterbodies (Korkeamäki and Suhonen, 2002). The order Diptera was represented by four species at Dalvoy 

Lake (Culex sp., Chironomus sp., Stratiomys sp., and Eristalis sp.). Dipteran members are known to tolerate a 

wide range of water quality parameters, including nutrient enrichment, extreme pH, ion concentrations, and 

water stagnation, with Chironomus sp. and Eristalis sp. in particular being able to survive in low DO 
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conditions. The presence of these pollution-tolerant species can serve as an indicator of poor water quality 

(Helson et al., 2006; Rydzanicz et al., 2016; Jindal et al., 2020). In contrary, a sole pollution intolerant taxon 

was observed in Varuna Lake, belonging to the order Trichoptera. The Triplectides sp. (Fam: Leptoceridae) 

was marked as subdominant in terms of Engelmann’s scale of dominance (Engelmann, 1973). Studies have 

shown that gill-breathing aquatic insects, such as caddisflies and mayflies, are negatively impacted by 

conditions such as low dissolved oxygen levels in the water resulting from organic pollution. As a result, the 

abundance of caddisflies and mayflies is an indicator of good water quality (Barbour, 1999; Houghtona, 2004; 

Prommi et al., 2014; Stoyanova et al., 2014; Thamsenanupap et al., 2021). 

   In the present investigation, different diversity indices demonstrated distinct patterns. Highest Shannon 

diversity index (Hˊ) was recorded at Varuna Lake (2.803) and lowest was observed at Dalvoy Lake (2.028). A 

Shannon diversity index of less than 1 indicates extremely polluted water, whereas 1-3 suggests moderate 

pollution, and greater than 4 indicates clean water (Wilhm and Dorris, 1968). An Evenness value of 1 indicates 

equal distribution of individuals (Turkmen and Kazanci, 2010). The Evenness value (Jˊ) of Varuna Lake was 

0.66 which was close to 1 suggesting equal distribution of individuals. This is also confirmed by the lowest 

Berger-Parker index of dominance at Varuna Lake (0.1856). The Margalef diversity index of Varuna Lake and 

Dalvoy Lake was 4.13 and 2.55, respectively. Margalef's water quality index values greater than 3 indicate 

clean conditions, values less than 1 indicate severe pollution, and intermediate values indicate moderate 

pollution (Lenat et al., 1980). The Margalef Diversity Index value of Varuna Lake was found to be greater than 

3, indicating a clean condition, while Dalvoy had 2.555, which is a sign of moderate pollution. This is 

substantiated by a higher BMWP score, which was 80 in Varuna Lake and 54 in Dalvoy Lake (Table 6). A 

BMWP score of 100 or higher indicates that the environment is unaffected (Class I), 71-100 indicates that the 

environment is clean but slightly polluted (Class II), 41-60 indicates that the environment is moderately 

impacted (Class III), and less than 40 indicates that the environment is poor or polluted (Class IV) (Mandaville, 

2002; Kazanci et al., 2013). Similarly, the ASPT value also indicates water quality. A score of 6 or more 

implies very good quality, a score of less than 4 indicates poor quality, and an intermediate value implies 

moderate quality (Armitage et al., 1983; Hynes, 1998; Mandaville, 2002). In the present investigation, the 

ASPT value of Varuna Lake was 5.33 and that of Dalvoy was 4.08, suggesting moderate quality. 

 

5 Conclusions 

The current study provides baseline data on the water quality status of Varuna and Dalvoy Lakes and further 

emphasizes the significance of water quality in determining the composition and abundance of aquatic insects. 

The prevalence of pollution-tolerant species of aquatic insects (Chironomus sp. and Eristalis sp.) at Dalvoy 

Lake suggested poor water quality, which was also supported by the low BMWP and ASPT scores, indicating 

moderate pollution. The Shannon Diversity index (2.80) demonstrated that Varuna Lake had a greater diversity 

of aquatic insects. In addition, the presence of pollution-sensitive taxa (Trichoptera: Leptoceridae) and a 

BMWP score of more than 80 (Class II) indicate good water quality conditions. Monitoring the change in 

species composition and distribution of aquatic insects in response to environmental changes could provide 

valuable data for analyzing the effects of pollution and habitat degradation on aquatic ecosystems and could 

aid in the proper management of urban lakes by the municipal government. 
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