Functional Response and Density-Dependent Predation of Apertochrysa astur (Banks) (Neuroptera: Chrysopidae) on the Rugose Spiralling Whitefly, Aleurodicus rugioperculatus Martin (Hemiptera: Aleyrodidae). 



Abstract
Functional response and density dependent feeding interaction of Apertochrysa astur to different densities of eggs, nymph, pupa and adults of Aleurodicus rugioperculatus Martin (Hemiptera: Aleyrodidae) (RSW) was studied at HRS, Ambajipeta. All the instars showed highest consumption percentage at low densities when eggs, nymphs, pupa and adults were offered. First instar showed no response for RSW pupa and adults. Among the three instars, third instar was found to be more effective in feeding all the stages of RSW. Results revealed that the linear coefficient of functional response equation for all A. astur stages and all stages of the RSW was negative and significantly different from zero (P < 0.01), confirming a Type II functional response. Across varying densities of RSW eggs, nymphs, pupae and adults, A. astur consistently exhibited a Type II functional response, with the third instar demonstrating the greatest predatory efficiency.
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Introduction
The coconut crop is mainly confined to four southern states, accounting 90% of the area under coconut, among which Andhra Pradesh shares about 1.11 lakh ha. Area with a production of 1567.60 million nuts. An invasive Rugose Spiralling Whitefly (RSW), Aleurodicus rugioperculatus Martin (Hemiptera: Aleyrodidae) was reported on coconut palm for the first time in Tamilnadu (Sundararaj and Selvaraj, 2016), Andhra Pradesh (Chalapathirao et al., 2018). The current incidence of RSW in India is alarming due to its polyphagous nature and a holistic approach is needed for the adaptation of rapid response strategies against its invasion. 
Biological control may offer an essential alternative to the indiscriminate use of synthetic pesticides through naturally occurring insect predators, parasitoids and entomopathogens which are economically feasible, ecologically compatible and environmentally benign (Bayhan and Olmez Bayhan, 2021; Bayhan and Olmez Bayhan, 2023; Demircioglu and Bayhan, 2025). They are capable of exerting powerful forces on insect populations and these natural enemies can form the corenerstone of integrated strategies to manage insect pest species in many agro- ecosystems. The potential of the entamophagous predators in the biological control of arthropod pests has received increased interest in the recent, because of the current need to reduce exclusive use of insecticides for pest control (Atlihan et al., 2010; Bayhan and Olmez Bayhan, 2021). Predators were found to feed and establish on RSW naturally under field conditions in various coconut and oilpalm plantations (Kalidas, 2020). 
Before using a predator in a biological control programme, it is essential to evaluate its predatory efficiency against the target species. As the information on the feeding potential and functional response of Apertochrysa  astur (Banks) (Neuroptera: Chrysopidae) against invasive whiteflies on coconut is lacking the present study was undertaken. 
Material and Method
The functional response of a predator reflects its capacity to regulate prey populations by altering consumption rates in response to prey density. A predator must exhibit density dependence consuming a greater proportion of available prey as prey density increases for effective biological control. Functional response types include: Type I, a linear increase in consumption with constant prey mortality; Type II, a decelerating response resulting in negatively density-dependent mortality; and Type III, a sigmoidal response producing positively density-dependent mortality.
In the present study, the functional response of different larval instars of A. astur to varying densities of the Rugose spiralling whitefly was evaluated under laboratory conditions at the Biological Control Laboratory, HRS, Ambajipeta. A. astur was mass-produced in the laboratory and larval instars were differentiated based on molting exuviae. First, second and third instars were tested to determine their prey consumption patterns across a range of whitefly densities.
Rearing of predator Apertochrysa astur 
The predator Apertochrysa astur eggs were collected from the bio-control laboratory, HRS, Ambajipeta. After hatching, the grubs were fed with the surrogate host Corcyra cephalonica sterilized eggs (produced as per standard methodology) in plastic pet jars (10 cm x 15 cm). About 0.2 cc of UV sterilized (15 watt ultraviolet tube light for 45 minutes) Corcyra cephalonica eggs were sprinkled along with 50 eggs of A. astur and finely cut newspaper strips folded at 2 cm interval (30 cm x 2 cm). 
After two days, the emerged grubs were collected and transferred individually with a fine camel hair brush into a small plastic vial with cap (3cm x 4.5cm) having pin sized holes for aeration in which sterilized Corcyra cephalonica eggs were also provided to facilitate the larval feeding. After pupation of the grubs, the vials were uncapped and placed in basins covered with georgette black cloth and secured with rubber band till adult emergence. The emerged adults were carefully transferred with help of test tube into adult rearing jar (10cm x 15cm) where brown paper is placed inside the lid for harbouring the eggs laid. The egg cards were cut into small strips, with each strip containing 5- 10 eggs and utilised accordingly for the present study.
Different stages i.e., eggs, nymphs, pupa and adults of RSW were collected from whitefly infested palms at HRS, Ambajipeta and stages were separated and various densities were counted under Nikon SMZ 18 steroscopic zoom microscope. Four densities of each stage i.e., eggs, nymphs, pupae and adults were offered to the various instars of A. astur as detailed below (Table 3).
The experimental arena was a transparent box of size 12 cm height, 10 cm diameter in which different densities of prey were placed. Each density was replicated thrice. Before the start of each trial, larva of A. astur were starved for 24 hours. Predators were transferred to the experimental arena on each prey density using camel hair brush.  Number of preys eaten by A. astur grub was counted after 24 hours. The study was conducted under controlled conditions of 27°C ± 2, relative humidity of 60 ± 5% and the data is presented as mean number of different stages (eggs, nymphs, pupa and adult) fed and the consumption percent at various stages (eggs, nymphs, pupa and adult) of densities offered is obtained by calculating the total number of stages offered and number fed by various instars.







	Table 1: Densities of eggs, nymphs, pupa and adults of Aleurodicus rugioperculatus (RSW) and BNW offered to first instar, second instar and third instar of Apertochrysa astur.
	*Predator stage evaluated  (Apertochrysa astur)
	Prey Stage tested
	Number of Prey offered

	
	
	RSW (Aleurodicus rugioperculatus)

	

 



First, 
second and Third instar’s of Apertochrysa astur 

	
           Egg
	100

	
	
	150

	
	
	200

	
	
	250

	
	
Nymph
	10

	
	
	20

	
	
	30

	
	
	40

	
	
Pupa
	10

	
	
	20

	
	
	30

	
	
	40

	
	
Adult
	10

	
	
	20

	
	
	30

	
	
	40


* each predator stage was evaluated against all the prey stages


Results and discussion
The feeding potential and density dependent feeding of A. astur nymphs (I, II and III instars) on RSW eggs, nymphs, pupae and adults are presented in Table (2,3,4).
 First instar of Apertochrysa astur 
 The number of RSW eggs offered for first instar of A. astur was 100, 150, 200, 250. The number of RSW eggs consumed by the 1st instar of A. astur at prey densities of 100,150, 200 and 250 was 94, 90.33, 90.00 and 89.67 respectively. The maximum proportion of the RSW eggs were consumed at the prey density of 100 (94 %) and minimum proportion was consumed at prey density of 250 (35.87 %). 
The nymphs, pupa and adults of RSW offered were 10, 20, 30 and 40 numbers. The consumption per cent was below 50% for all the stages and maximum consumption was observed at lower densities i.e., at a prey density of 10 numbers and decreased with increasing prey density. Among all the stages offered the first instar of A. astur fed poorly on the adult stages of RSW (Table 2).
Second instar of Apertochrysa astur 
	The number of RSW eggs consumed by the IInd instar of A. astur at prey densities of 100, 150, 200 and 250 was 96.33, 93.33, 92 and 91.67 respectively. The maximum proportion of the RSW eggs were consumed at the prey density of 100 (96.33 %) and minimum proportion was consumed at prey density of 250 (36.67 %). 
The consumption per cent for nymphal and pupal stages was high when 10 nymphs and pupae were offered with consumption percentage 53.33(nymph) and 36.67 (pupae) with maximum consumption observed at lower densities i.e., at a prey density of 10 numbers and decreased with increasing prey density (Table 3). 
Third instar of Apertochrysa astur 
 The mean number of RSW eggs consumed by 3rd instar of A. astur was 98.67, 120.67, 120, 123.33 number of RSW eggs at the prey densities of 100, 150, 200 and 250, respectively. The proportion of eggs consumed was highest at the prey density of 100 (98.67 %) and lowest at the prey density of 250 (49.33 %) (Table 4). 
The feeding by third instar of A. astur was highest against nymphal, pupal stages of RSW. The nymphal stage of RSW was fed effectively at lower densities of 10, 20 and 30 and was comparatively higher as compared to previous instars. Earlier Chalapathirao et al. (2021) reported that the maximum number of RSW eggs were consumed by 1st   instar larva of  Pseudomallada astur  at prey density of 80 eggs (94.75 %) and minimum at highest density of 200 eggs (72.25 %) while  2nd instar consumed more  eggs at a prey density of 100 eggs (96.5 %) and minimum at highest density of 250 eggs (75.52%) and the third instar was highly voracious with  highest consumption at a prey density of 120 eggs (97.25%) and lowest at 300 eggs (70.27 %). In the present study it was observed that the first, second and third instars of A. astur consumption percentage was higher for eggs followed by larvae and pupae of RSW The probable reason for this being that size of the pest stages. The present findings are in agreement with the findings of Kabissa et al. (1996), Nehare et al. (2004), and Huang and Enkegaard (2009) who reported that the prey consumption of lacewings increases with advancement in larval instars.  Raghuteja et al. (2023) reported that fresh instars of A. astur prefer RSW eggs, whereas the 2nd instars prefer nymphs, 3rd instars prefer both eggs and nymphs. The late A. astur instars were highly voracious and consumed more RSW eggs due to small prey size coupled with stati c behaviour.
The data presented in (Table 5) reveals that in the entire study period the linear coefficient of equation at all stages of the predator and at different stages of white fly complex was negative and significantly different from 0 (P < 0.01), indicating a type II functional response. No response was observed for the first instar predator larva against pupal and adult stage of RSW. Many predators that have been released as biocontrol agents have shown to exhibit a type II response on their prey (Xiao and Fadamiro, 2010). Saljoqi et al. (2015) also reported that almost all larval instars of C. carnea showed a good predation potential to the B. brassicae, but third instar larvae of C. carnea were found more effective on this prey. Atlihan et al. (2004), Hassanpour et al. (2009) and Hany et al. (2010) reported higher predation figures on the last instar of C. carnea stage as compared with the younger ones. The higher predation of the last instar is a logical reflection of its larger size and thus an ensuing higher voracity.

Table 2: Mean consumption rate of predator Apertochrysa astur (1st instar) to different densities of eggs, nymphs, pupae and adults of Aleurodicus rugioperculatus (RSW).
	Predator stage
	Prey Stage
	Prey offered
	Mean no of prey consumed
	Consumption %

	  I instar
	Egg

	RSW
	RSW
	RSW

	
	
	100
	94.00
	94.00

	
	
	150
	90.33
	60.22

	
	
	200
	90.00
	45.00

	
	
	250
	89.67
	35.87

	
	

Nymph

	10
	4.67
	46.67

	
	
	20
	4.67
	23.33

	
	
	30
	5.00
	16.67

	
	
	40
	5.33
	13.33

	
	
Pupa

	10
	1.67
	16.67

	
	
	20
	2.00
	10.00

	
	
	30
	2.33
	7.78

	
	
	40
	3.00
	7.50

	
	Adult
	10
	1.00
	10.00

	
	
	20
	1.00
	5.00

	
	
	30
	1.33
	4.44

	
	
	40
	1.00
	2.50


Table 3: Mean consumption rate of predator Apertochrysa astur (2nd instar) to different densities of eggs, nymphs, pupae and adults of Aleurodicus rugioperculatus (RSW).
	Predator stage
	Prey Stage
	Prey offered
	Mean no of prey consumed
	Consumption %

	
	
	RSW
	RSW
	RSW

	II instar
	
           Egg
	100
	96.33
	96.33

	
	
	150
	93.33
	62.22

	
	
	200
	92.00
	46.00

	
	
	250
	91.67
	36.67

	
	
Nymph
	10
	5.33
	53.33

	
	
	20
	7.00
	35.00

	
	
	30
	8.67
	28.89

	
	
	40
	9.00
	22.50

	
	
Pupa
	10
	3.67
	36.67

	
	
	20
	4.00
	20.00

	
	
	30
	5.00
	16.67

	
	
	40
	4.67
	11.67

	
	
Adult
	10
	3.00
	30.00

	
	
	20
	2.33
	11.67

	
	
	30
	3.00
	10.00

	
	
	40
	3.33
	8.33


	
Table 4: Mean consumption rate predator Apertochrysa astur (3rd instar) to different densities of eggs, nymphs, pupae and adults of Aleurodicus rugioperculatus (RSW).
	Predator stage
	Prey Stage
	Prey offered
	Mean no of prey consumed
	Consumption %

	III instar
	
Egg
	RSW
	RSW
	RSW

	
	
	100
	98.67
	98.67

	
	
	150
	120.67
	80.44

	
	
	200
	120.00
	60.00

	
	
	250
	123.33
	49.33

	
	Nymph
	10
	7.33
	73.33

	
	
	20
	9.00
	45.00

	
	
	30
	10.00
	33.33

	
	
	40
	11.67
	29.17

	
	Pupa
	10
	5.67
	56.67

	
	
	20
	6.33
	31.67

	
	
	30
	6.67
	22.22

	
	
	40
	8.33
	20.83

	
	
Adult
	10
	4.67
	46.67

	
	
	20
	4.67
	23.33

	
	
	30
	5.33
	17.78

	
	
	40
	5.33
	13.33


Table 5: Functional response of different instars of Apertochrysa astur to different densities of Aleurodicus rugioperculatus (RSW) life stages. 
	Instar
	Stage
	Type of Response
	Coefficient
	Estimate
	SE
	P-value

	




I



	Egg
	II
	Constant
	3.095
	0.195
	<2e-16 ***

	
	
	
	Linear 
	-0.015
	0.0009
	<2e-16 ***

	
	Nymph
	II
	Constant
	0.088
	0.413
	0.830

	
	
	
	Linear 
	-0.052
	0.014
	0.0002 ***

	
	Pupa
	-
	Constant
	-1.533
	0.571
	0.007 **

	
	
	
	Linear 
	-0.027
	0.019
	0.161

	
	Adult
	-
	Constant
	-2.051
	0.780
	0.008**

	
	
	
	Linear 
	-0.040
	0.027
	0.147 

	



II
	Egg
	II
	Constant
	3.307
	0.200
	<2e-16 ***

	
	
	
	Linear 
	-0.016
	0.0009
	<2e-16 ***

	
	Nymph
	II
	Constant
	0.338
	0.381
	0.374

	
	
	
	Linear 
	-0.040
	0.012
	0.0012**

	
	Pupa
	II
	Constant
	-0.296
	0.430
	0.491

	
	
	
	Linear 
	-0.044
	0.014
	0.003 **

	
	Adult
	II
	Constant
	-0.739
	0.490
	0.131  

	
	
	
	Linear 
	-0.045
	0.017
	0.008 **

	


III
	Egg
	II
	Constant
	4.1937  
	0.238
	<2e-16 ***

	
	
	
	Linear 
	-0.017
	0.001  
	<2e-16 ***

	
	Nymph
	II
	Constant
	1.030
	0.379
	0.006 **

	
	
	
	Linear 
	-0.051
	0.012  
	2.91e-05 ***

	
	Pupa
	II
	Constant
	0.346
	0.387
	0.370

	
	
	
	Linear 
	-0.046
	0.012
	0.0004 ***

	
	Adult
	II
	Constant
	0.093
	0.411
	0.819

	
	
	
	Linear 
	-0.051
	0.014  
	0.0003 ***


* Significant at P <0.05 |** Significant at P <0.01 |*** Significant at P <0.001
 - No response observed 


Conclusion 
Apertochrysa astur exhibits a Type II functional response to all life stages of Aleurodicus rugioperculatus, with predation highest at low prey densities. Among its instars, the third instar showed the greatest predatory efficiency, effectively consuming eggs, nymphs, pupae, and adults. These results indicate that A. astur, particularly the third instar, has strong potential as a biological control agent against RSW in guava.
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