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Abstract

Larvae of the common green lacewings, Chrysoperla rufilabris, were fed different diet levels (2, 5, 10, 20, 40 and 80) of eggs of the moth Ephestia kuehniella in all three larval instar every day.  Demographic parameters, including developmental times, survival rates, adult weights, fecundity, and adult longevity of both males and females were studied.  Larvae that were provided highest number (80 eggs) of eggs of E. kuehniella every day had a significantly shorter developmental times (larval period, pupal period, and pre-ovipositional period), gained significantly high weight, and maximum fecundity.  All the larvae under the low-levels of eggs (2, 5, and 10) treatments died and failed to pupate.  These results might be beneficial for mass-rearing of C. rufilabris and for understanding its population dynamics in the field under different levels of prey populations.
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Introduction
          Biological control is an important agricultural tool and involves using natural enemies to avoid the problems associated with use of chemical control [1].  Green lacewings (Neuroptera: Chrysopidae) are natural enemies that are often used in augmentative biological control programs [2].  The adults of chrysopids may feed on floral and extra floral nectar, pollen, and aphid honeydew.  However, many studies reported that the larvae of chrysopids showed enough potential efficiency to reduce the peak population of many important agricultural pests [3, 4, 5].  The success of an agricultural pest control program using insect predators depends on increasing the longevity and reproduction of predators—which potentially can be achieved by improving the predator diet [3, 6, 4].  Because lacewings are important insect predators that can play an important role in biological control, I examined the effects of different diet levels of E. kuehniella eggs on the growth and development of the lacewing C. rufilabris.
Materials and Methods
The experiments were conducted under 25 ± 2 °C, 65 ± 5 % RH and 16:8 h L:D photoperiod [7].  A C. rufilabris pupae frame was purchased from a commercial supplier (Beneficial Insectary, Inc.) and maintained in the laboratory.  The newly emerged adults were confined in transparent plastic cups (11 cm in diameter and 7.5 cm high) and supplied, via cotton swabs, with the standard artificial diet consisting of yeast, sugars, and distilled water in the ratio of 4 g: 7 g: 10 mL, respectively [8].  The top of the plastic cup was covered with black muslin cloth tightened with a rubber band.  The eggs laid by females on the walls of the cups and muslin cloth were harvested daily, using forceps to break the stalk beneath the egg.  The eggs were placed, with the help of a camel’s hair brush, singly in plastic Petri dishes (10 cm in diameter and 1.5 cm high).  Each day until pupation newly hatched larvae were fed Mediterranean flour moths (Ephestia kuehniella) (Lepidoptera: Pyralidae) purchased from a commercial supplier (Beneficial Insectary, Inc.). 
The present study was designed to find out the effects of different diet levels of E. kuehniella eggs (Table 1) on demographic parameters of the lacewing C. rufilabris.  The eggs collected from the second generation, then thirty eggs on each of five different levels were placed singly in plastic Petri dishes, and then the larval stages were provided E. kuehniella eggs every day as shown in Table 1.  All biological parameters were measured, including larvae that develop to pupae, larval period, percentage of adults that emerge from the pupal stage, pupal period, adult weight, adult longevity of both males and females, and fecundity.
We used one-way Analyses of Variance (ANOVA).  Tukey tests were used to statistically distinguish individual means when overall significant differences were found.  All statistical analyses were carried out on VassarStats (http://vassarstats.net).
Table 1. Daily number of Ephestia kuehniella eggs supplied to individual Chrysoperla rufilabris larvae
	Feeding levels
	Number of eggs

	1
	2

	2
	5

	3
	10

	4
	20

	5
	40

	6
	80



Results 
          Larvae diet affected all measured demographic parameters (Table 2, 3, Figs. 1, 2, and 3).  The results indicated that the larval, pupal, pre-oviposition periods of C. rufilabris larvae (Table 2, Fig. 2) fed different diet levels were significantly different (P <0.0001).  The shortest larval, pupal, pre-oviposition periods were recorded when they were fed on diet levels 5 and 6.  However, the first larval instar duration was extended up to 12 day and they died before reaching the second instar, when they were fed on diet level 1.  Furthermore, larvae that were fed on levels 2, and 3 did not complete their development and they failed to pupate.  Table 3 shows that the maximum survival percentage was in level 6.  While, larvae that were fed on levels 1, 2, and 3 did not complete their development.  Significantly, adults’ weights (Fig. 1) were higher for individuals reared on diet level 6 (0.0041 for male and 0.005 g for female) than other diets.  The results (Fig. 3) reveal that the maximum number of eggs was 900 per female in level 6 and it did not differ significantly from 884.7 eggs per female in level 5.  In this case, levels 5 and 6 were clearly the best, followed by level 4.  The effect of the diet levels 4, 5, and 6 fed to larvae was similar for male and female longevity (Table 3). 

Table 2. Average developmental times (day) (Mean ± SD) for Chrysoperla rufilabris larvae feeding on different diet levels of Ephestia kuehniella eggs
	Developmental stages
	Daily number of E. kuehniella eggs supplied  to individual C. rufilabris larvae

	
	2
	5
	10
	20
	40
	80

	First instar
	12a ± 1.4
	5.4b ± 1.2
	4.9b± 0.56
	4.6b ±0.6
	3.7c
 ±0.5
	3.2 c ± 0.4

	Second instar
	-
	17.5a ±1.8
	5.21b ±1.2
	3.5c
±0.6
	3.7c ± 0.5
	3.1 c 
 ± 0.5

	Third instar
	-
	-
	-
	18a ±4.4
	3.1b± 0.3
	3.6b  
± 0.5

	Pupa
	-
	-
	-
	13a ±2
	7.6b ± 1.2
	6.9b ±1.3


Means with the same row followed by different letters are significantly different at the 0.05 level as determined by Tukey tests.

Table 3. Survival rate of Chrysoperla rufilabris when larvae reared on different diet levels of Ephestia kuehniella eggs

	Developmental stages
	Daily number of E.kuehniella eggs supplied  to individual C. rufilabris larvae

	
	2
	5
	10
	20
	40
	80

	First instar larvae
	50%
	95%
	100%
	100%
	100%
	100%

	Second instar larvae
	0%
	16%
	100%
	100%
	100%
	100%

	Third instar larvae
	0%
	0%
	0%
	100%
	100%
	100%

	Pupa
	0%
	0%
	0%
	90%
	100%
	100%

	Adult emergence
	0%
	0%
	0%
	35.7%
	89.2%
	95%
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[image: ]Fig. 1. Adult weight (gram) (Mean ± SD) of Chrysoperla rufilabris males and females, when larvae reared on different diet levels of Ephestia kuehniella eggs.  Means with the same letter are not significantly different at the 0.05 level as determined by Tukey tests.











Fig. 2. Duration (Mean ± SD) of pre-oviposition periods of Chrysoperla rufilabris females, when larvae reared on different diet levels of Ephestia kuehniella eggs.  Means with the same letter are not significantly different at the 0.05 level as determined by Tukey tests.
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Fig. 3. Number of eggs (Mean ± SD) of of Chrysoperla rufilabris females, when larvae reared on different diet levels of Ephestia kuehniella eggs.  Means with the same letter are not significantly different at the 0.05 level as determined by Tukey tests.

Table 4. Longevity (day) (Mean ± SD) of Chrysoperla rufilabris adults, when the larvae reared on different diet levels of Ephestia kuehniella eggs
	Daily number of E. kuehniella eggs supplied  to individual C. rufilabris larvae
	20
	40
	80

	Longevity of males (days)
	30.3   ± 5.5
	25.3  ± 5.1
	32.2  ± 8

	Longevity of females (days)
	34.7 
± 4.7
	43.5
 ± 3.7
	46.6  ± 7.1




Discussion 
          Lower numbers of all developmental periods presumably represent improved performance because shorter developmental times mean shorter generation time, and therefore increased population growth rate.  The larvae diets of C. rufilabris apparently affect survival, development, adult emergence, body weight, and female fecundity.  Larvae that were provided a high number E. kuehniella egg developed faster, had an increased survival and fecundity, and weighted than larvae that were provided a low number E. kuehniella egg.  A high number of E. kuehniella eggs (up to 20) every day were needed for larval development of C. rufilabris to reach the pupal and adult stages.  The larval instar duration was extended and they died before reaching the pupal stage, when they were fed suboptimal diet levels, such as 2, 5, and 10 eggs of E. kuehniella. The shortest larval and pupal periods were recorded using high diet levels (up to 40 eggs) provided to larvae.  Larva diets of C. carnea that contain proteins can promote fast growth and fast completion of the larval and pupal period [9].  Many scientists have reported that the larval diet has an effect on the larval period of the green lacewing as well as the pupal period [10, 11, 12].  We observed a reduction in the pre-oviposition period when larvae of C. rufilabris were offered a high level of protein in their diet.  The pre-oviposition period was observed to be extended by diets containing low level of protein.  Proteins offered to the larvae proved the most suitable resulted in minimum pre-oviposition period of green lacewings [13, 14].  The insufficient protein content of diets provided to the green lacewing increased the duration of pre-oviposition period; since females are maturing the ovary and development of eggs occur during the pre-oviposition period[15,16]. 
          Fecundity is the most direct measure of population growth rate and, probably, the best measure of the effect of diet.  The highest increase in the fecundity was recorded when the larvae of C. rufilabris were provided more than 40 eggs of E. kuehniella compared to the other diet levels under the same laboratory conditions.  This result indicates that feeding larvae of C. rufilabris with a few number of E. kuehniella eggs will not provide adequate nutrition for maximum egg production of C. rufilabris.  Larvae diets of Chrysoperla spp. that can provide protein are required for maximum egg production (17, 18, 9].  If we wish to sustain populations of natural enemies like lacewings in agricultural fields, we may need to provide sufficient food.  This sufficient protein could develop and sustain natural populations of lacewings or sustain lacewings that are added to fields as augmented biological control when pest problems flare up.  Use of natural enemies to control pests has economic and environmental benefits.
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