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Effect of Factitious and Natural Prey on the Development of Chrysoperla zastrowi sillemi (Esben-Petersen)

Abstract
Chrysoperla zastrowi sillemi (Esben-Petersen) is an important predator used in biological control of soft-bodied pests like aphids. This study assessed its developmental performance on two prey types i.e. factitious (Corcyra cephalonica) and natural (Myzus persicae) under controlled laboratory conditions (25±1°C, 65±5% RH, and 16:8 h L:D photoperiod). The incubation period of M. persicae (4.47±0.13 days) was longer than C. cephalonica (3.27±0.09 days) while, the third larval instar period was shorter in M. persicae (4.10±0.10) than C. cephalonica (5.60±0.10 days). Total developmental duration was slightly longer in M. persicae (22.63±0.32 days) compared to C. cephalonica (21.87±0.19 days). Despite marginal delays, M. persicae supported successful predator development. The results confirm its suitability for field-level IPM programs targeting aphid pests.
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Introduction
Biological control is one of the oldest and most cost-effective, sustainable, and eco-friendly approaches to pest management (Tiwari, 2024). Green lacewings (Chrysoperla spp., Order: Neuroptera, Family: Chrysopidae) are extensively distributed across global agricultural ecosystems. Approximately 1300 species have been identified, grouped into about 87 genera and three subfamilies (Brooks & Barnard, 1990). In India, 65 species of Chrysopids across 21 genera have been identified, with Chrysoperla being the most dominant genus, frequently utilized in biological control augmentation programs (Gautam et al., 2010). Among them, Chrysoperla carnea is the most prevalent species across Asia; however, it actually comprises a complex of cryptic, sibling species—C. carnea, C. plorabunda, C. lucasina, and C. nipponensis—that are reproductively isolated by species-specific mating songs (Henry et al., 2010).

In the Indian subcontinent, Chrysoperla zastrowi sillemi (Esben-Petersen) has emerged as the most frequently occurring and agriculturally significant species used in the biological control of sucking insect pests (Nair et. al, 2020, Ghongade & Sangha, 2023). The larvae (grubs) of this species are voracious predators, feeding on insect eggs and soft-bodied pests (Anuj 2024, Kothuri et al., 2025). Although it can be easily mass reared in the laboratory on the natural preys, suitability of different prey for ideal biological parameters of the predators depends on array of factors (Satpathy et al, 2012). While the adults are free-living and primarily feed on nectar, pollen, and honeydew (Nandan et al., 2014). Chrysopid predators are reported to prey on over 80 insect species and 12 species of mites (Kharizanov & Babrikova, 1978). 

Chrysoperla zastrowi sillemi is regarded as a highly effective biocontrol agent due to its aggressive larval predation, strong host-searching ability, ease of mass rearing, wide adaptability under field conditions, and tolerance to diverse environmental factors (Ghongade & Sangha, 2023; Thiruvengadam, 2016). Its biological efficiency as a predator is influenced by various factors, including prey quality. Myzus persicae (Sulzer) (Homoptera: Aphididae), commonly known as the green peach aphid, is a major pest of vegetable crops worldwide, with over 400 known host species across 40 plant families (Blackman & Eastop, 1984; Silva et al., 2012). It thrives in a wide range of climates, excluding extreme conditions. Among the natural enemies of M. persicae, C. z. sillemi has shown promising predatory potential. Evaluating the impact of prey species on predator development is essential for its effective deployment in biological control strategies. The present study was undertaken to assess the developmental performance of C. z. sillemi on M. persicae, thereby establishing its potential role in integrated pest management programs.
Materials & methods
Rearing of predator Chrysoperla zastrowi sillemi:
a) Adult rearing:

A stock culture of Chrysoperla zastrowi sillemi was established from an existing colony maintained at the Department of Entomology, CSK HPKV, Palampur, originally culture obtained from NBAIR, Bengaluru. The culture was reared on Corcyra cephalonica eggs under controlled laboratory conditions (25±1°C, 65±5% RH, and 16:8 h L:D photoperiod) following the methods of Jalali et al. (2003), Tayyab et al. (2013), and Nair et al. (2020), with some modifications. Newly emerged adults were transferred to oviposition jars (22×14×14 cm³) lined with fan-folded black paper and covered with black muslin cloth. Adults were fed on a cotton swab-based artificial diet comprising equal parts of Proteinx, fructose, honey, yeast extract, and vitamin E, diluted with distilled water. The diet was refreshed on alternate days, and egg laying was monitored daily ( Fig 1).

[image: image3.png]



Fig.1 Rearing setup of adult Chrysoperla zastrowi sillemi
Larval rearing:

One-day-old eggs were collected from black muslin cloth or folded paper and transferred to Petri dishes for incubation. Upon hatching, larvae were individually placed in specimen jars to avoid cannibalism and provided with UV-sterilized Corcyra cephalonica eggs using a camel hair brush. Larvae developed and pupated within the jars, and the emerged adults were transferred to oviposition jars for egg laying. All life stages of C. z. sillemi used in the study were sourced from this maintained stock culture.

Rearing of prey green peach aphid, M. persicae:

Adult Myzus persicae were collected from naturally infested field plants and introduced onto potted capsicum plants maintained under protected conditions. A continuous aphid supply was ensured by establishing a stock culture on two-week-old capsicum plants grown in a 1:1 soil and cocopeat mixture.

Developmental Biology 

All experiments were carried out under controlled laboratory conditions at 25±1°C, 65±5% relative humidity, and a 16:8 hours light-to-dark photoperiod. The biology was studied using Completely Randomized Design (CRD) with three replications and 10 insects per replicate. A total of 30 freshly laid eggs from the stock culture were used to study the developmental biology of the predator on two prey types: C. cephalonica and M. persicae. Observations were made on the duration of each developmental stage—egg, larva, and pupa—to determine incubation, larval, pupal, and total development time. 

Observations on the basis of biological parameters of predator on the two prey species were recorded as follows:

Incubation period - Eggs laid by the female were observed daily from the time of laying until hatching to determine the incubation period. Upon hatching, each larva was individually provided with either C. cephalonica or M. persicae as prey. The time taken for egg hatching was recorded through regular monitoring at 24 h interval.
Larval period - After hatching, larvae were placed in glass tubes or Petri dishes and fed either C. cephalonica eggs or aphids. Daily observations were determined based on moulting signs (exuviae and size). The duration of each instar was calculated from moulting intervals, and the total larval period was calculated by adding durations of all instars.

Pupal period - Third instar larvae were monitored until adult emergence, with the duration measured from pupation to adult emergence.

Total developmental period: - 
It was calculated by adding the total duration of egg, larva and pupa by using following formula by Per cent additional days over control (% ADOC) was calculated as 
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Statistical analysis: - 

Biological study of C. zastrowi sillemi were subjected to statistical analysis by square root transformation and statistically analysed with CRD using OPSTAT. 

Results and Discussions
Present investigation showed the comparative analysis of the developmental duration of C. zastrowi sillemi fed on two different prey species that is C. cephalonica (used as the control) and Myzus persicae. The study observed on various life stages: incubation, larval instars (I to III), pupal period, and total developmental duration (Table 1).

The incubation period was significantly longer when larvae were fed on M. persicae (4.47 ± 0.13 days) compared to C. cephalonica (3.27 ± 0.09 days), with an Additional Days Over Control (ADOC) value of 1.20 days, indicating a 4.62% increase. A similar trend was observed in the first and second larval instars, which showed prolonged development on M. persicae. Interestingly, the third instar larval duration was shorter on M. persicae (4.10 ± 0.10 days) than on C. cephalonica (5.60 ± 0.10 days), resulting in a negative ADOC of -1.50 days.

The total larval period showed a reduction when fed on M. persicae (9.23 ± 0.15 days) compared to the control (9.57 ± 0.13 days). The pupal period also followed a similar trend. However, the total developmental period was slightly longer for individuals reared on M. persicae (22.63 ± 0.32 days) compared to C. cephalonica (21.87 ± 0.19 days), with an ADOC of 0.77 days (28.97%).

All values represent the mean ± SE of 30 observations across 3 replications. The ADOC (Additional Days Over Control) reflects the change in duration when reared on M. persicae relative to the control diet of C. cephalonica.
Table 1 Comparative study on the developmental biology duration of C. z. sillemi fed on different prey aphids M. persicae along with the C. cephalonica

	Developmental Stage
	Duration (days) (Mean±SE)
	ADOC#
	ADOC (%)

	
	C. cephalonica
	M. persicae
	
	

	Incubation period
	3.27±0.09

(2-5)
	4.47±0.13

(3-5)
	1.20
	4.62

	Larval period
	I instar
	1.63±0.09

(1-2)
	2.37±012

(2-3)
	0.73
	2.41

	
	II instar
	2.33±0.03

(2-3)
	2.77±0.13

(2-4)
	0.43
	2.83

	
	III instar
	5.60±0.10

(5-8)
	4.10±0.10

(5-7)
	-1.50
	4.34

	Total larval period
	9.57±0.13

(8-11)
	9.23±0.15

(9-10)
	-0.33
	10.21

	Pupal period
	9.03±0.07

(7-11)
	8.47±0.20

(6-10)
	-0.57
	9.31

	Total development period
	21.87±0.19

(18-26)
	22.63±0.32

(20-27)
	0.77
	28.97


Figures in parentheses represent the range.

All values are mean of 30 observations and 3 replications

ADOC# Additional Days Over Control

The present findings on the developmental biology of C. zastrowi sillemi are in close conformity with the results of Nandan et al. (2014), Satapathy (2022), and Rajareddy et al. (2024). The incubation period ranged from 3 to 4 days, which aligns with Mounika et al. (2021), who reported 4.22 days on sterilised Corcyra cephalonica eggs. Slightly shorter values were reported by Mhaske et al. (2017) on Aphis gossypii (3.94 days), Phenacoccus solenopsis (4.19 days), and Maconellicoccus hirsutus (4.28 days).

The total larval duration in the present study was 9.57 days on C. cephalonica and 9.23 days on M. persicae, closely matching the 9.46 days reported by Mounika et al. (2021) on C. cephalonica, though longer durations were noted on B. brassicae (10.50 days). Shorter larval duration 6.92 was recorded by Chakraborty and Korat (2010) on C. cephalonica.
Pupal duration ranged between 8–9 days on C. cephalonica and 7–10 days on M. persicae, which is slightly shorter reports by Chakraborty and Korat (2010), and Adnan and khan (2017). Longer durations were reported by Satapathy and Mandal (2022) on A. craccivora (8.90 days), whereas shorter periods were observed by Mounika et al. (2021) on unsterilised C. cephalonica eggs (5.43 days). Comparable pupal durations were also documented by Mhaske et al. (2017) on P. solenopsis (7.41 days), A. gossypii (7.42 days), and M. hirsutus (7.95 days). Belagalla et al., (2024) assessed how the third instar larvae of C. zastrowi sillemi respond functionally to L. erysimi on Brassica juncea. Findings indicated a Holling's Type II functional response, whereby predation rose with increasing aphid density but eventually levelled off. The rates of consumption, search, and maximum predation were found to be lower when feeding on natural prey as opposed to an artificial diet. The time taken to handle aphids was greater (2.58) compared to the artificial diet (2.42), highlighting the complexity of the prey. 
These results have significant implications for integrated pest management (IPM). The efficient development of C. zastrowi sillemi on M. persicae demonstrates its potential as a biological control agent for combating aphid infestations in agricultural settings. Although factitious prey like C. cephalonica can provide a convenient and cost-effective food source for mass rearing in laboratory or commercial insectaries, using natural prey such as M. persicae ensures that the predator maintains its ecological relevance and efficiency under field conditions. This compatibility enhances the rationale for including C. zastrowi sillemi in IPM strategies, where it can be mass-produced using factitious prey and then released to reduce aphid populations in crops.

In the present study, the total developmental duration of C. zastrowi sillemi ranged from 18 to 23 days on both prey species. These findings are in agreement with Saminathan et al. (1999) and Halder and Rai (2016), who reported 21.62 and 17.93 days, respectively, on C. cephalonica. The results also align with Mounika et al. (2021), who observed a duration of 20.03 days on sterilised C. cephalonica eggs.

Conclusion

The current study emphasizes the growth performance of C. zastrowi sillemi (Esben-Petersen) when fed two different types of prey—factitious (C. cephalonica) and natural (M. persicae)—under controlled laboratory settings. The comparative evaluation showed subtle yet significant variations in developmental factors based on the prey source. In particular, the incubation period was lengthier on M. persicae compared to C. cephalonica, while the duration of the third larval instar was shorter on M. persicae. In total, the overall developmental time was slightly prolonged when the predator was raised on M. persicae. Nevertheless, despite these minor delays, the predator effectively completed its life cycle with both prey types, showcasing its adaptability and resilience.
In summary, the research confirms that C. zastrowi sillemi is a formidable predator that can succeed on both artificial and natural prey types. Its successful growth on M. persicae highlights its practical application for managing aphids in the field, while its ability to adapt to C. cephalonica promotes effective rearing methods. Collectively, these characteristics position C. zastrowi sillemi as an important element in sustainable pest management strategies, decreasing dependence on chemical pesticides and aiding environmentally friendly farming practices. Future studies could further examine its effectiveness under various ecological settings and its collaborative function with other biological control agents to improve the efficiency of Integrated Pest Management (IPM) programs.
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