


Evaluation of selective insecticide Cypermethrin (10% EC) against Notonecta spp. and behavioral response of Indian Major Carps
 
Abstract
Notonectidae is a cosmopolitan family of aquatic insects in the order Hemiptera; consisting extremely predatory insects and harm fingerlings. These predatory insects have a high destructive role in fish nurseries. Considering the possible effects of insecticide on non-target species, the seven concentrations of cypermethrin (i.e. 0.4, 1.4, 2.4, 3.4, 4.4, 5.4, 6.4, 7.4 µl/l) used for aquatic insects were further tested on fish seed using static bioassay. The optimum dose of Cypermethrin for the control of aquatic insects viz. Notonecta has been selected on the basis of 100 percent insect mortality and bioassay studies The cypermethrin concentrations of 6.4 µl/l and 7.4 µl/l resulted 0 % survivability of Notonecta spp. by the end of 10th and 2nd hr respectively. The LC50 values for Notonecta at different time intervals were recorded between 2.66 and 1.53. Conclusively, cypermethrin (10EC) at the concentration of 7.4 µl/l may be regarded effective for the control of predatory Notonecta spp.
1. [bookmark: _GoBack]Introduction
About 4% of insects are aquatic, based on the total world's insect fauna. Predatory aquatic insects have huge impact on the development and survival of fish by feeding on fish hatchlings or fry and compete with them for food due to their diverse feeding habits. The order Hemiptera includes the family Notonectidae within the section Hydrocorisae. This family of insects are known as greater water boatmen or backswimmers. Backswimmers is the popular term for notonectids, because of swimming by pushing their belly up through the water. Notonectids show predation on carp spawn and fry with the help of their piercing mouth parts and extract the body fluids from fish. These are found in a diverse range of freshwater environments (Berchi et al., 2023). According to Berezina (1955), a large population of Notonecta glauca in ponds covering an area of roughly 0.01 ha can kill between 2,500 and 3,500 fish larvae per day. Dahm (1972) reported that one adult N. glauca killed approximately 2.6 fish larvae per day. Anisops bouvieri is a typical predator of fish larvae in India (Gorai & Chaudhuri, 1962). Shirgur & Kewalramani (1972) reported that Notonecta glauca, Acilius sulcatus, Macrodytes marginalis, Anax imperator, and Aeshna uncea destroyed 15 (10"7 mm), 17 (8-17 mm), 14 (21.25 mm), and 51 (10.4 ram) fry, respectively. Thus, the management and elimination of harmful aquatic insects is a part of pond culture techniques, particularly in nursery ponds (Rath, 2018). The removal of harmful insects from ponds is important for raising the fry survival rate.
The majority of aquatic insects are extremely susceptible to many different kinds of chemicals, including pyrethroid pesticides (Siegfried, 1993), also called as neurotoxic pesticides and commonly used to suppress adult mosquito populations and majority of agricultural pests. However, mammals and insects have different susceptibility to pyrethroids (Brito et al., 2019). Cypermethrin, also known as {Cyano-(3-phenoxyphenyl) methyl}, is a cyanophenoxybenzyl pyrethroid that is classified as a restricted use pesticide (RUP) by the US Environmental Protection Agency due to its significant toxicity to fish. It acts fast, attacking the insect's central nervous system and causing its death after ingestion or touch (Sinha & Shrivastava, 2024). Cypermethrin was used in fish culture to prevent lice infestations (Jimenez et al., 2013). Cypermethrin has half-life of more than 50 and 100 days, respectively, making it relatively stable to hydrolysis and photolysis in water (Jones, 1995). The severe toxicity of pyrethroids to aquatic life, especially fish and insects, has limited their broader application in agriculture and raised issues about the approval of new pyrethroids by the U.S. Environmental Protection Agency's (EPA). Backswimmers are subjected to insecticides because they consume fish eggs and tadpoles that are valuable commercial target. 
2. Materials and methods
2.1 Procurement and maintenance of Notonecta spp.
Adult Notonecta spp. were procured from the Aquacultural Research Training Institute, Hisar, and transported to the experimental site in the oxygen filled plastic bags followed by their disinfection with KMnO4 solution. The insects were allowed to acclimatize for fifteen days in single large rectangular fiber tank with a capacity of 200 litres, and were provided with proper aeration from an aerator. The insect species were collected with an insect net of 200µ mesh size, from time to time during the experiment and maintained in the experimental laboratory within separate experimentation tanks with approximately 30 litres of pond water, each tank contained a maximum of 15 adult Notonecta spp. The insects were fed with dead fry and fish feed pellets. The water was exchanged daily to remove dead insects and feed was supplied every alternate day. The test insects were maintained in the laboratory under appropriate conditions of temperature varying from 25 - 30°C. The experiment was carried out under controlled conditions in laboratory. The acclimatized insects were used for the current investigation.
2.2  Control of Insects:
The synthetic pyrethroid cypermethrin (10 EC) was used to evaluate the toxicity and its effect on the control of predatory insects in experimentation tanks. The effect of cypermethrin was also reported on fish seed, zooplanktonic community and water quality parameters. Cypermethrin (10 EC) was acquired from the local market of Hisar, India. The test concentrations of dilute solution of cypermethrin were expressed in microliter per litre (µl/l). The stock solution was prepared by dissolving suitable amount of cypermethrin in one litre of diluent water as per the following formula:
N1V1 = N2V2
Where, 
N1 - concentration of cypermethrin in per cent
V1 – volume or amount of cypermethrin required in ml
N2 – desired concentration of cypermethrin required in ml 
V2 – volume of solution required in ml
2.3  Selection of optimum dosage of cypermethrin
After the acclimatization of insects and fishes for fifteen days, healthy insects and fishes were selected and distributed into 27 experimentation tanks having 80 - litre water capacity. The experiment was divided into nine different groups, control and treatments from T1 to T8. The eight different concentrations of cypermethrin were used 0.4, 1.4, 2.4, 3.4, 4.4, 5.4, 6.4, 7.4 µl/l. The experiment was repeated in triplicates in experimentation tanks. In tanks, the water was exchanged daily and a fresh cypermethrin concentration from stock solution was added to maintain the test concentration in tanks. The fishes were fed with commercial available pellet feed twice a day.
Table 1: Selection of optimum dosage of cypermethrin
	Treatments
	Treatments (Cypermethrin dosage)
	No. of  Tanks per treatment
	Total no. of  Insects per treatment

	T0
	Control
	3
	50

	T1
	0.4 (µl/l)
	3
	50

	T2
	1.4 (µl/l)
	3
	50

	T3
	2.4 (µl/l)
	3
	50

	T4
	3.4 (µl/l)
	3
	50

	T5
	4.4 (µl/l)
	3
	50

	T6
	5.4 (µl/l)
	3
	50

	T7
	6.4 (µl/l)
	3
	50

	T8
	7.4 (µl/l)
	3
	50


2.4 Parameters Applied for Reporting the Data:
a) Median Lethal Concentration (LC50):
The static bioassay tests were performed to calculate the median lethal concentration (LC50), a concentration of cypermethrin at which 50 per cent of the test specimens survived for a specific time exposure. The LC50 values were calculated at different concentrations of cypermethrin and time intervals (2, 4, 6, 8 and 10 hour) for cypermethrin in relation to each environment variables by Probit Analysis (Finney, 1971).
b) 95 per cent confidence limits:
The 95 per cent confidence limits, i.e. upper confidence limits (UCL) and lower confidence limits (LCL) and their ratios (R = UCL/LCL) for each LC50 were also calculated (Finney, 1971). The 95 per cent confidence limits indicate the accuracy of the estimate that would be expected from replicate of bioassay tests that were performed at the same time with the similar conditions.
c) Safe or harmless concentrations:
The presumable harmless or safe concentrations of cypermethrin for each variable in short-term toxicity for the Indian major carp’s fishes were calculated by using the formula given by Hart et al., 1945
C = (48 hour LC50 × 0.3)/ S2
24 hour LC50
Where S2= ––––––––––––––––––––––––––––––– × 100
                                                                  48 hour LC50
C = is the harmless concentration and S indicates safe dischargeable concentration)
3.  Toxicity tests:      
1. Short term toxicity tests: Short term toxicity tests were performed by following range finding tests which were further followed by short term definite tests.
1. Range finding tests: Before performing the experiment, the test insects were maintained at starved condition for 24 hours. Ten insects were released in experimentation tanks. Cypermethrin was applied at different concentrations and at time intervals of 2, 4, 6, 8 and 10 hours, percentage of mortalities were recorded at different concentrations of cypermethrin. In case of cypermethrin, no insect mortality was found at 0.3 µl/l and 100 percent mortality was reported at 7.4 µl/l. So, cypermethrin concentrations ranging from 0.4 µl/l to 7.4 µl/l were selected for bioassay study.
1. Short- term definitive test: Short - term definitive test was performed to determine the LC50 or median lethal concentration of cypermethrin, for which ten insects were released in experimentation tanks containing different concentrations of cypermethrin with their replicates and control sets. In this static bioassay test, insects were kept in same test solution of cypermethrin (stock solution) throughout the experimental period. Total eight different concentrations (0.4, 1.4, 2.4, 3.4, 4.4, 5.4, 6.4, 7.4 µl/l) of cypermethrin were used for the control of aquatic insects. Each cypermethrin concentration was applied in triplicate. The control tanks were kept away from bioassay tanks to avoid contamination. The mortality rates of insects were calculated at the end of 2, 4, 6, 8 and 10 hours. The dead insects were removed from the experimentation tanks during the experiment. The data recorded from the experiments was processed by probit analysis (Finney, 1971) for the calculation of LC50 value through OPSTAT software and also by using graphical analysis. The slope function, 95% confidence limits (upper limit and lower limit) were calculated by using the response curve obtained for different exposure times (Reish et al., 1987).
3.1 Statistical analysis
Data obtained during the experimental period was analysed by OPSTAT software using one way and two-way ANOVA. Results were expressed as mean ± SE. Tukey’s multiple range test was used to compare the mean differences. The regression equation was computed by probit analysis. The LC50 values of cypermethrin for test insects and fishes were tested at 1% and 5 % levels of significance (Snedecor and Cochram, 1980).
4. Results
The effect of different doses of cypermethrin (10 EC) on Notonecta spp. and fish seed (spawn and fry), and bioassay studies were conducted separately for spawn and fry of Indian Major Carps.
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Figure 1. (a)Adult Notonecta spp. (b) Rostrum of Notonecta, (c) Hypocostal ridge of Notonecta, (d) Collar region of Notonecta, (e) Pronotal furrow region of Notonecta, (f) Upper palar row of setae of Notonecta	
4.1  Mean survivability (%) of Notonecta spp. at different concentrations of cypermethrin (µl/l)
The Notonecta spp. are highly susceptible to cypermethrin insecticide. The survivability rate of Notonecta decreased with the increase in cypermethrin concentration and exposure time. 100% survivability observed in control. As indicated in table 2, the rate of survivability of Notonecta in the initial dose of 0.4 µl/l was 93.78 % at 2nd hr. Survivability rate decreased to 84.56 % by the end of 8th hr and 79.46 % survivability occurred at the end of 10th hr. In 1.4 µl/l concentration of cypermethrin, the rate of survivability was 81.09 % by the end of 6th hr and 74.88% survivability occurred at 10th hr. The survivability rate was 50 % in cypermethrin dose of 4.4 µl/l at 2nd hr. However, the cypermethrin concentrations of 6.4 µl/l and 7.4 µl/l resulted 0 % survivability by the end of 10th and 2nd hr respectively. At the maximum concentration of cypermethrin (7.4 µl/l), zero percent survivability of Notonecta reported within 2nd hr.
Table 3 represents the LC50 values of cypermethrin for the Notonecta at different time duration. The LC50 values for Notonecta at different time intervals were recorded between 1.53 and 2.66. It was reported that LC50 values were lowest for the 2nd hour and highest for the 10th hour. LC50 values for the 4th, 6th and 8th hour was 1.82, 2.018 and 2.38, respectively.
Table 2: Mean survivability (per cent) of Notonecta spp. at different concentrations of cypermethrin (µl/l)
	Concentration 
of 
Cypermethrin 
(µl/l)
	Survivability (% )

	
	2nd hr
	4th hr
	6th hr
	8th hr
	10th hr
	Mean     
survivability (%)

	Control
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100

	0.4
	93.78±0.65
	91.88±0.22
	87.6±0.26
	84.56±0.11
	79.46±0.12
	87.46

	1.4
	89.46±0.42
	85.89±0.23
	81.09±0.23
	77.88±0.61
	74.88±0.32
	81.84

	2.4
	76.68±0.22
	71.77±0.67
	68.89±0.03
	63.78±0.54
	58.89±0.51
	68.01

	3.4
	68.59±0.31
	63.89±0.61
	59.89±0.23
	51.66±0.23
	40.39±0.12
	56.88

	4.4
	48.67±0.11
	40.77±0.13
	32.86±0.23
	28.85±0.32
	20.85±0.25
	34.4

	5.4
	26.87±0.42
	21.82±0.61
	17.89±0.03
	12.89±0.34
	8.44±0.31
	17.58

	6.4
	10.88±0.21
	8.87±0.41
	4.84±0.16
	2.82±0.41
	0.0±0.0
	5.48

	7.4
	0.0±0.0
	0.0±0.0
	0±0.0
	0±0.0
	0±0.0
	0

	Mean
	51.57
	48.12
	44.14
	40.18
	35.42
	


Table 3: LC50 of cypermethrin at different time periods for Notonecta spp.
	S.
No.
	Name of Parameters
	 Time interval (hrs.)

	
	
	2nd hr
	4th hr
	6th hr
	8th hr
	10th hr

	1.
	LC50
	1.53
	1.82
	2.018
	2.38
	2.66

	2.
	95% lower confidence limits for 
cypermethrin concentrations
	3.164
	3.135
	2.92
	2.701
	2.466

	3.
	95% lower confidence limits for log  
cypermethrin concentrations
	0.499
	0.496
	0.465
	0.431
	0.391

	4.
	95% upper confidence limits for  
cypermethrin concentrations
	5.701
	5.424
	5.31
	5.145
	5.059

	5
	95% upper   confidence limits for log  
cypermethrin concentrations
	0.751
	0.732
	0.724-
	0.711
	0.703

	6.
	Regression coefficient
	-0.021
	-0.05
	-0.011
	-0.023
	-0.015

	7.
	Standard error
	0.0714
	0.0244
	0.0251
	0.0261
	0.97


4.2 Survivability (per cent) of Rohu spawn and fry on exposure to the insect effective dose 1.4 (µl/l) of cypermethrin 
In general, the stocking of fish occurs after 24 hours of cypermethrin treatment in pond because of fast degradation rate, cypermethrin gets degraded within 24 hours. Cypermethrin has a detrimental effect on fish fry and spawn. However, when fishes were stocked before 24 hours of cypermethrin treatment, the survivability in fish decreased. As indicated in table 4, when rohu spawn and fry were stocked after 6 hours of cypermethrin treatment, the survivability of spawn and fry was 20% and 40 % respectively. When fishes were stocked after 18 hours of cypermethrin treatment, survivability of spawn and fry were 80% and 90 % respectively. However, 100% survivability was reported after 24 hours of cypermethrin treatment.
Table 4: Survivability (per cent) of spawn and fry of Rohu on exposure to the insect effective dose (1.4 µl/l) of cypermethrin
	Stocking time after
treatment (hr)
	Survivability (%)

	
	Spawn
	Fry

	6
	20
	40

	12
	50
	70

	18
	80
	90

	24
	100
	100


4.3 Mean survivability (per cent) of Rohu spawn at different concentrations of cypermethrin (µl/l) The bioassay studies for cypermethrin toxicity were conducted separately for spawn and fry of Indian major carps. Cypermethrin has a deleterious effect on survivability of fish. With the increase in concentration of cypermethrin and exposure time, the % survivability of fish decreased. As indicated in table 5, 100% fish survivability was observed in the control group. At the initial dose of 0.4 µl/l, the % survivability in Rohu spawn was 96.9 % by the end of 2nd hr. The survivability rate decreased to 86.93 % by the end of 8th hr and 85.97 % survivability occurred at 10th hr. In 1.4 µl/l concentration of cypermethrin, the rate of survivability was 82.67 % by the end of 6th hr and 72.39 % survivability occurred at 10th hr. The survivability rate decreased to 50 % in cypermethrin dose of 3.4 µl/l at the end of 4th hr. However, the cypermethrin concentrations of 6.4 µl/l and 7.4 µl/l resulted zero percent survivability of rohu spawn by the end of 2nd hr. As presented in table 6, the LC50 values at different time intervals were recorded between 1.52 and 2.5. LC50 values were found to be lowest for the 2nd hour and highest for the 10th hour.  LC50 values for the 4th, 6th, 8th hours were 1.58, 1.92 and 2.20, respectively.
Table 5: Mean survivability (%) of Rohu spawn at different concentrations of cypermethrin (µl/l)
	Concentration 
of Cypermethrin 
(µl/l)
	Survivability (%)

	
	2nd hr
	4th hr
	6th hr
	8th hr
	10th hr
	Mean   survivability (%)

	Control
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100

	0.4
	96.9±0.35
	93.0±0.06
	87.88±0.23
	86.93±0.32
	85.97±0.05
	90.1

	1.4
	90.8±0.05
	86.88±0.65
	82.67±0.34
	78.89±0.27
	72.39±0.03
	83.6

	2.4
	76.76±0.31
	66.67±0.61
	61.89±0.31
	53.87±0.36
	47.87±0.42
	62.4

	3.4
	52.75±0.24
	49.69±0.31
	42.69±0.35
	34.69±0.52
	39.89±0.28
	42.5

	4.4
	32.76±0.18
	29.99±0.09
	24.69±0.31
	21.73±0.23
	19.88±0.61
	25

	5.4
	19.31±0.36
	15.35±0.36
	11.14±0.36
	7.84±0.31
	3.69±0.24
	15.4

	6.4
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	            0

	7.4
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0

	Mean
	47.03
	43.68
	39.75
	33.84
	32.77
	


Table 6:  LC50 of cypermethrin at different time periods for Rohu spawn
	S.
No.
	Name of Parameters
	Time interval (hrs.)

	
	
	2nd hr
	4th hr
	6th hr
	8th hr
	10th hr

	1.
	LC50
	1.52
	1.58
	1.92
	2.20
	2.50

	2.
	95% lower confidence limits for cypermethrin concentrations
	3.525
	3.34
	3.13
	2.88
	2.57

	3
	95% lower confidence limits for log  cypermethrin concentrations
	   0.547
	0.523
	0.495
	0.459
	0.409

	4.
	95% upper confidence limits for cypermethrin concentrations
	5.407
	5.282
	5.204
	5.043
	4.77

	5.
	95% upper confidence limits for log   cypermethrin concentrations
	0.732
	0.722
	0.716
	0.702
	0.678

	6
	Regression coefficient
	-0.0013
	-0.0021
	-0.0044
	-0.0021
	-0.0032

	7.
	Standard error
	0.703
	0.723
	0.773
	0.806
	0.823


4.4  Mean surviva bility (per cent) of Catla spawn at different concentrations of cypermethrin (µl/l)
The effect of different concentrations of cypermethrin on Catla spawn was reported. As presented in table 7, by the end of the 2nd hour, 97.9% survivability of the Catla spawn was reported at the initial dose of 0.4 µl/l. The survivability rate decreased to 87.93% by the end of 8th hr, and 84.97 % survivability of spawn occurred at the end of 10th hr. At a concentration of 1.4 µl/l of cypermethrin, the survivability rate was 81.89 % at the end of the 8th hour and 75.39% at the end of the 10th hour. At 4.4 µl/l concentration of cypermethrin, the survivability rate was 37.76 % by the end of 2nd hour. At the concentrations of 6.4 µl/l and 7.4 µl/l, no survivability of Catla spawn was reported within 2nd hour.
As presented in table 8, the LC50 values were recorded between 1.71 and 2.66 for different time durations. The results showed that the 2nd hr had the lowest LC50 values and 10th hr had the highest LC50 values. The LC50 values for 4th, 6th and 8th hr were 1.89, 2.07, and 2.31, respectively.
Table 7: Mean survivability (%) of Catla spawn at different concentrations of cypermethrin (µl/l)
	Concentration 
of 
Cypermethrin 
(µl/l)
	  Survivability (%)

	
	2nd hr
	4th hr
	6th hr
	8th hr
	10th hr
	Mean 
survivability (%)

	Control
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100

	0.4
	97.9±0.35
	94.0±0.06
	89.88±0.23
	87.93±0.32
	84.97±0.05
	91.01

	1.4
	93.8±0.05
	89.88±0.65
	85.23±0.34
	81.89±0.27
	75.39±0.03
	85.88

	2.4
	80.76±0.31
	71.77±0.61
	66.89±0.31
	61.87±0.36
	53.87±0.42
	67.6

	3.4
	59.75±0.24
	51.59±0.31
	45.69±0.35
	42.69±0.52
	37.89±0.28
	47.4

	4.4
	37.76±0.18
	34.99±0.09
	31.68±0.31
	34.73±0.23
	21.88±0.61
	31.6

	5.4
	21.69±0.36
	11.65±0.36
	6.86±0.36
	4.74±0.31
	3.69±0.24
	17.6

	6.4
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	6.4

	7.4
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0

	Mean
	49.24
	45.49
	43.31
	39.47
	35.94
	


Table 8:  LC50 of cypermethrin at different time periods for Catla spawn
	S.
No.
	Name of Parameters
	Time interval (hrs.)

	
	
	2nd hr
	4th hr
	6th hr
	8th hr
	10th hr

	1.
	LC50
	1.71
	1.89
	2.07
	2.31
	2.66

	2.
	95% lower confidence limits for cypermethrin concentrations
	3.368
	3.159
	2.995
	2.71
	2.361

	3
	95% lower confidence limits for log cypermethrin concentrations
	0.627
	0.499
	0.476
	0.437
	0.373

	4.
	95% upper confidence limits for cypermethrin concentrations
	5.346
	5.256
	5.182
	5.002
	5.668

	5.
	95% upper confidence limits for log cypermethrin concentrations
	0.728
	0.721
	0.714
	0.699
	0.669

	6.
	Regression coefficient
	-0.0031
	-0.0012
	-0.0045
	-0.0031
	-0.0011

	7.
	Standard error
	0.739
	0.784
	0.81
	0.840
	0.860


4.5  Mean survivability (per cent) of Mrigal spawn at different concentrations of cypermethrin (µl/l)
The effect of different concentrations of cypermethrin on Mrigal spawn was reported. As presented in table 9, by the end of the 2nd hour, 95.8 % survivability of the Mrigal spawn was reported at the initial dose of 0.4 µl/l. The survivability rate decreased to 85.89 % by the end of 8th hr, and 81.87% survivability of spawn occurred at the end of 10th hr. At a concentration of 1.4 µl/l of cypermethrin, the survivability rate was 74.89 % at the end of the 8th hour and 72.89 % at the end of the 10th hour. At 4.4 µl/l concentration of cypermethrin, the survivability rate was 35.11 % by the end of 2nd hour. Zero percent survivability of Mrigal spawn was reported at the concentrations of 6.4 µl/l and 7.4 µl/l within 2nd hour.
As presented in table 10, the LC50 values were recorded between 1.52 and 2.49 for different time durations. The LC50 values for Mrigal spawn was reported lesser then Catla spawn. The results showed that the 2nd hr had the lowest LC50 values and 10th hr had the highest LC50 values. The LC50 values for 4th, 6th and 8th hr were 1.66, 1.99, and 2.15, respectively.
Table 9: 	Mean survivability (per cent) of Mrigal spawn at different concentration of cypermethrin (µl/l)
	Concentration 
of 
Cypermethrin 
(µl/l)
	Survivability (%)

	
	2nd  hr
	4th hr
	6th hr
	8th hr
	10th hr
	Mean 
survivability (%)

	Control
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100.0±0.0
	100

	0.4
	95.8±0.07
	91.88±0.22
	91.8±0.12
	85.89±0.05
	81.87±0.04
	89.6

	1.4
	90.68±0.04
	86.73±0.33
	82.78±0.94
	74.89±0.33
	72.89±0.37
	82.4

	2.4
	79.11±0.91
	70.14±0.28
	66.23±0.06
	59.23±0.23
	51.22±0.98
	65.6

	3.4
	47.11±0.17
	45.37±0.13
	43.11±0.72
	40.27±0.06
	35.34±0.37
	44.1

	4.4
	35.11±0.37
	33.27±0.37
	29.23±0.16
	25.22±0.45
	20.27±0.39
	39.6

	5.4
	18.22±0.37
	16.21±0.04
	12.13±0.23
	10.34±0.36
	9.07±0.25
	13

	6.4
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	4.4

	7.4
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0.0±0.0
	0

	Mean
	48.69
	44.71
	41.29
	37.16
	34.42
	


Table 10: LC50 of cypermethrin at different time periods for Mrigal spawn
	S. No.
	Name of Parameters
	Time  interval (hrs.)

	
	
	2nd hr
	4th hr
	6th hr
	8th hr
	10th hr

	1.
	LC50
	1.52
	1.657
	1.99
	2.15
	2.49

	2.
	95% lower confidence limits for  
cypermethrin concentrations
	3.52
	3.34
	3.069
	2.88
	2.53

	3
	95% lower confidence limits for log  
cypermethrin concentrations
	0.546
	0.523
	0.486
	0.459
	0.403

	4.
	95% upper confidence limits for  
cypermethrin concentrations
	5.46
	5.367
	5.140
	5.095
	4.87

	5.
	95% upper confidence limits for log
cypermethrin concentrations
	0.737
	0.723
	0.719
	0.707
	0.687

	6.
	Regression coefficient
	-0.021
	-0.0031
	-0.0076
	-0.0021
	-0.0011

	7.
	Standard error
	0.726
	0.761
	0.776
	0.828
	0.874


5. Discussion
Backswimmers mostly feed on spawn and fry stages of fish and tadpoles that are economically valuable (Kumar & Hwang, 2006). Specifically, aquatic bugs such as Notonectids and Cybister larvae, are known for predation of spawn and fry of many fish species. The Notonecta spp. are highly susceptible to cypermethrin insecticide. The survivability rate of Notonecta spp. decreased with the increase in cypermethrin concentration and exposure time. 100% survivability was observed in control. However, the cypermethrin concentrations of 6.4 µl/l and 7.4 µl/l resulted in 0% survivability by the end of 10th and 2nd hr respectively. At the maximum concentration of cypermethrin (7.4 µl/l), 0% survivability occurred within 2nd hr. The LC50 values for Notonecta spp. at different time intervals were recorded between 2.66 and 1.53. This study correlates with the findings of Priyadarshi et al. (2022) who reported that at the lowest concentration of cypermethrin (3 µgL-1), 0% survivability of Notonecta was reported within 24 hours. The LC50 of cypermethrin at 24 hours for Notonecta was found to be below 1 µgL-1 to 5 µgL-1.  In a study, Rahman & Islam (2019) revealed that at the lowest dose of permethrin (5 µgL-1), the decline in predatory insect population was reported from 89.87% to 86.24 % within a day. 
Cypermethrin has a deleterious effect on survivability of fish. With the increase in concentration of cypermethrin and exposure time, the % survivability of fish decreased. In the present study, 100% survivability in rohu spawn was observed in the control group. At the initial dose of 0.4 µl/l, the % survivability in Rohu spawn was 96.9 % by the end of 2nd hr. Survivability rate decreased to 86.93 % by the end of 8th hr and 85.97 % survivability occurred at 10th hr. In 1.4 µl/l concentration of cypermethrin, the rate of survivability was 82.67 % by the end of 6th hr and 72.39 % survivability occurred at 10th hr. The survivability rate decreased to 50 % in cypermethrin dose of 3.4 µl/l at the end of 4th hr. However, the cypermethrin concentrations of 6.4 µl/l and 7.4 µl/l resulted zero percent survivability of rohu spawn by the end of 2nd hr.  Similarly, in rohu spawn, The LC50 values at different time intervals were recorded between 1.52 and 2.5. LC50 values were found to be lowest for the 2nd hour and highest for the 10th hour.  LC50 values for the 4th, 6th, 8th hours were 1.58, 1.92 and 2.20, respectively. In a similar study carried out by Ullah et al. (2024) reported that, the minimum concentration of cyp 0.125 ppm is highly toxic at 96h LC50. The minimum survivability in Rohu spawn was reported at 0.63 and 0.125 ppm concentrations of cypermethrin within 24 hr exposure time. The 24h LC50 value for 0.125 ppm was found to be 0.001ppm. for Rohu spawn. This experimental study is supported by the findings of Dawar et al. (2016) who revealed that percent survivability in fish decreased with the increase in cypermethrin concentration and exposure time. At the initial dose of 8.43 µg/l, the % survival in Rohu spawn was 80.53 % and 65.69 % by the end of 24 hr and 96 hr exposure respectively. Zero percent survivability in fish was reported at cypermethrin concentration of 120 µg/l and 140 µg/l by the end of 96 h and 72 h respectively. The LC50 value reported at 96 h for Rohu spawn was 42.14 µg/l. This study aligns with the results of Adhikari et al. (2006) concluded that a significant decline in (P < 0.01) in total egg production, total quantity of eggs (litre/kg of body weight), fertilized eggs, % of hatched eggs, expected frequency of hatching, survivability of hatched larva at 0.16, 0.40 and 0.80 µl/l concentrations of cypermethrin. The 96h LC50 of cypermethrin for Labeo rohita was found to be 16 µl/l.
The effect of different concentrations of cypermethrin on Catla spawn was reported. By the end of the 2nd hour, 97.9% survivability of the Catla spawn was reported at the initial dose of 0.4 µl/l. The survivability rate decreased to 87.93 % by the end of 8th hr, and 84.97 % survivability of spawn occurred at the end of 10th hr. At a concentration of 1.4 µl/l of cypermethrin, the survivability rate was 81.89 % at the end of the 8th hour and 75.39 % at the end of the 10th hour. At 4.4 µl/l concentration of cypermethrin, the survivability rate was 37.76 % by the end of 2nd hour. At the concentrations of 6.4 µl/l and 7.4 µl/l, zero percent survivability was reported within 2nd hour. The LC50 values for Catla spawn were recorded between 1.71 and 2.66 for different time durations. The results showed that the 2nd hr had the lowest LC50 values and 10th hr had the highest LC50 values. The LC50 values for 4th, 6th and 8th hr were 1.89, 2.07, and 2.31, respectively. A similar study by Sharma & Jindal, (2020) which stated  that the exposure of fishes to 0.21 and 0.41 µg/L concentrations of cypermethrin for a duration of 45 days resulted in initial increase in enzymatic activity of antioxidants superoxide dismutase (SOD), catalase (CAT) and glutathione – S- transferase (GST) for 15 days and further exposure of cypermethrin  for 30 days resulted in decrease in enzymatic activity of these antioxidants which cause degeneration of antioxidant defence, cellular damage and leads to decreased survivability in fish. The LC50 values were recorded between 1.71 and 2.66 for different time durations. The results showed that the 2nd hr had the lowest LC50 values and 10th hr had the highest LC50 values. The LC50 values for 4th, 6th and 8th hr were 1.89, 2.07, and 2.31, respectively. Vani et al. (2011) reported that the exposure of fish to 0.443 µg/ L concentrations of cypermethrin caused significant reduction (P < 0.05) in total leucocyte count, total erythrocyte count, concentration of haemoglobin and haematocrit values. A significant reduction in serum parameters was also observed which resulted in fish health impairment causing decreased survivability in fish.
The effect of different concentrations of cypermethrin on Mrigal spawn was reported. By the end of the 2nd hour, 95.8 % survivability of the Mrigal spawn was reported at the initial dose of 0.4 µl/l. The survivability rate decreased to 85.89 % by the end of 8th hr, and 81.87% survivability of spawn occurred at the end of 10th hr. At a concentration of 1.4 µl/l of cypermethrin, the survivability rate was 74.89 % at the end of the 8th hour and 72.89 % survivability occurred at the end of the 10th hour. At 4.4 µl/l concentration of cypermethrin, the survivability rate was 35.11 % by the end of 2nd hour. Zero percent survivability of Mrigal spawn was reported at the concentrations of 6.4 µl/l and 7.4 µl/l within 2nd hour. The LC50 values for Mrigal spawn were recorded between 1.52 and 2.49 for different time durations. The LC50 values for Mrigal spawn was reported lesser then Catla spawn. The results showed that the 2nd hr had the lowest LC50 values and 10th hr had the highest LC50 values. The LC50 values for 4th, 6th and 8th hr were 1.66, 1.99, and 2.15, respectively. This study correlates with the findings of Parveen et al. (2021) reported that the synthetic pyrethroid had altered the respiratory metabolism of the test fish, which can be used as a bio-indicator to evaluate changes in the fish's oxygen uptake caused by pesticides. Fish exhibited an increase in oxygen consumption during the first exposure period and a progressive decline during the succeeding exposure periods in lethal doses for all exposed times. Changes in oxygen consumption could be the result of respiratory distress brought on by a malfunctioning oxidative metabolism. 10 % survivablity in Mrigal fish was observed at 3.2 mg/l, 3.1mg/l, 2.9 mg/l, 2.8 mg/l concentrations of pyrethroid by the end of 24h, 48h, 72h and 96h respectively. The LC50 values for 24h, 48h, 72h and 96h was calculated as 2.69, 2.61, 2.41and 2.28, respectively. This study is consistent with the study conducted by Prashanth & Neelagund (2008) who reported a significant disruption in enzymatic activities of GDH, AAT and AIAT enzymes in all fish tissues at a lethal cypermethrin concentration of 5µg/l. The increased activities of these enzymes resulted in high amount of ammonia production through oxidative deamination which is further toxic to fish health and leads to decreased fish survivability.
6. Conclusion
Generally, the major carps spawn has a relatively poor survival rate during the nursery phase. The abundance of aquatic insects seems to be the most significant factor which heavily feeds on carp spawn. It has been observed that most surface-breathing insects have been found to be controlled by using soap oil emulsion, while certain subsurface breathers are said to be immune to this treatment. Moreover, soap oil emulsion is far more expensive. Therefore, the present study has been conducted to evaluate the efficacy of synthetic pyrethroid cypermethrin for the control of predatory Notonecta spp. 
Bioassay studies were conducted using seven concentrations of cypermethrin (0.4, 1.4, 2.4, 3.4, 4.4, 5.4, 6.4, 7.4 µl/l). The LC50 values of cypermethrin for experimental Notonecta spp. and fish seed was calculated to analyse the cypermethrin toxicity. Conclusively, cypermethrin (10EC) at a concentration of 7.4 µl/l can be regarded as most effective for the control of predatory Notonecta spp.
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