How does the age of hoverfly females affect their reproduction? 
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ABSTRACT – In the present study, we measured the effect of age of Episyrphus balteatus DeGeer (Diptera, Syrphidae) females on their fecundity and fertility (percentage of fertile eggs). Hoverflies have been obtained from larvae fed with the vetch aphid Megoura viciae reared on broad beans (Vicia faba L.). Eight couples of E. balteatus were observed daily after hatching from pupae in separated cages (30 cm x 30 cm x 60 cm). The number of eggs laid and eggs viability were recorded daily during 45 days. Female E. balteatus had a pre-oviposition period of about 10 days before mating happened. They started laying egg 11 days after hatching. The number of eggs laid increased steadily from day 11 until day 16, with an average 30 eggs a day. During the following days (from 23 day to 45 day), we found that the optimal egg laying was observed every second day. Most of the eggs laid during the entire life of the females were fertile (70.47 %). We also found that the number of fertile eggs decreased significantly when the females were older than 38 days. As result, hoverfly females age influence significantly on their reproduction, with suggesting that hoverfly females from 2 weeks old to 5weeks old  are important agents for biological control programs.  
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INTRODUCTION 
The first optimal foraging models (e.g. Charnov, 1976) were static and assumed that a forager’s decisions depended only on extrinsic factors, i.e. patch quality, patch availability, general quality of the environment, etc. Then dynamic models were developed that stressed the importance of intrinsic factors like age, experience, energy reserves, and egg load in decision making by foragers (Mangel & Clark, 1986; Mangel, 1987, 1989). Age, through time limitation, should be an important factor determining a forager’s decision; when an organism is close to the end of its life it may be more advantageous for it to accept a poor quality oviposition site than it is for a young organism (Mangel, 1989). This decline in selectivity with age has some empirical support. For example, the parasitoid Lysiphlebus cardui Marshall ages it becomes less selective about the age of the aphids it parasitizes (Weisser, 1994).  As, Frechette et al. (2004) also demonstrated that aphidophagous ladybird Adalia bipunctata (L.) were less selective when they were old or when they had previously experienced poor quality patch. However, in the field, Heimpel et al. (1996) found no evidence of age affecting the oviposition behaviour of the parasitoid Aphytis aonidiae (Mercet).
Aphidophagous hoverfly Episyrphus balteatus (Degeer) (Diptera: Syrphidae) is the most efficient aphid specific predators (Tenhumberg & Poehling, 1991). The larvae of this species are predators on more than 100 species of aphids worldwide (Sadeghi and Gilbert, 2000b). In addition to the effectiveness of E. balteatus as a biological control agent for agricultural pests aphids (Pollard, 1971; Kalshoven, 1981; Chambers & Adams, 1986; Kreb, 1996). Nevertheless, oviposition decisions of predatory hoverflies may be affected by different factors such as female age (Sadeghi and Gilbert, 2000a) and egg load (Sadeghi and Gilbert, 2000c). For examples, young E. balteatus and Syrphus ribesii (L.) females show a marked hierarchical preference for ovipositing with particular species of aphids, while old females are less selective (Sadeghi & Gilbert, 2000 a). The experiments of Sadeghi & Gilbert, (2000 c) reported that E. balteatus and S. ribesii (L.) females do not waste their mature eggs when facing a shortage of hosts or when there is no suitable aphids. Dixon (1959) also showed that female Eupeodes corollae could retain mature eggs in the absence of aphids, but eventually some eggs were laid.
In other hand, the influence of ageing predatory hoverfly E. balteatus on reproductive efficiency is not well-documented despite its importance in biological control programs. This study aims to evaluate the influence of ageing E. balteatus females on their reproductions and (ii) to consider the implications of changes in the reproduction capacity of increasingly time-limited hoverflies for control programs. 
MATERIALS AND METHODS 
Plants and insects rearing – Broad beans (V. faba L.) were grown in 30 x 20 x 5 cm plastic trays filled with a mix of perlite and vermiculite (1/1) and maintained in controlled environment growth rooms (16:8 Light: Dark ; 20 ± 1°C). The aphid species, Megoura viciae Buckton, was reared on V. faba plants, in air-conditioned room set at the same conditions as above. Adult E. balteatus were reared in 75 x 60 x 90 cm net cages and were provided with bee-collected pollen, sugar and water. Broad beans infested with M. viciae were introduced into the cages for 3h every two days to allow oviposition. Hoverfly larvae were mass-reared in aerated plastic boxes (110 x 140 x 40 mm) and were daily fed ad libitum with Megoura viciae as standard diet.
Experimental design- to assess the evolution of reproduction (fecundity and fertility) of E. balteatus females according to their age, eight couples of E. balteatus were observed daily after hatching from pupae. Each couple (female and male) was isolated in separated cages (30 cm x 30 cm x 60 cm). In each experimental cage, water, sugar and been pollen were provided separately as food on small Petri dishes. Broad bean plants infested with the same number of aphids M. viciae were then offered to each female. Those plants were replaced and checked daily for eggs laid and survival of adults. The number of eggs laid by E. balteatus females was recorded daily during 45 days. The number of eggs viability was also observed. 
STATISTICAL ANALYSIS
Data for this investigation were analysed using ANOVA and means number of eggs laid by hoverfly females according to their ages were compared using Tukey’s test, conducted with Minitab® software (12.2 version). Where, statistical differences existed between data sets (P<0.05). To reduce variance differences, data concerning the percentages of fertile eggs laid by hoverfly females according to their ages were transformed by arsine, before ANOVA was performed.  
RESULTS 
The results concerning the evolution of the fecundity of E. balteatus females according to their ages were presented in the figure (1). Furthermore, female E. balteatus had a pre-reproduction phase of about 10 days before mating happened. They started egg laying 11 days after hatching. Hoverfly female age had significant influence on the number of eggs laid per days by female (ANOVA GLM, F44,359 = 8.63; P<0.001). From the day 11 until day 16, the number of eggs laid by E. balteatus females increased steadily with an average, 30.35 ± 8.83(SE) eggs were laid a day. After that, on average (35.2 ± 9.79) eggs were laid by E. balteatus female from day 17 to day 23. During the following days (from 23 day old females to 45 day old females), we found that the optimal egg laying was observed every second day. 
On the other hand, the mean percentage of fertile eggs laid per day by E. balteatus females was significantly according to their ages (ANOVA GLM, F44,359 = 17.85; P<0.001) (figure 2). Although, most of the eggs laid per day E. balteatus females by hoverfly females (from 11 day old female to 37 day old female) life of the were fertile (70.47 ± 6.51(SE) %). Nevertheless, we found that the fertility of eggs laid per day by hoverfly females decreased significantly from 38 day old female to 45 day old females.  
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Figure 1. Evolution of the number of eggs laid per day by hoverfly E. balteatus females according to their ages. Bars indicate the standard error
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Figure 2. Percentage of fertile eggs (%) per day by E. balteatus females according to their ages. 
DISCUSSION
Although, in previous studies (Sadeghi and Gilbert, 1999, 2000c), the results of oviposition preference tests showed that both deprivation and age increase the proportion of egg load laid on the aphid that is encountered first, and age also lead to a lowed discrimination among aphids when females are older or close to the end of its life. However, the discussion on temporal reproduction patterns of E. balteatus females and the fertility of eggs according to their ages is limited. From literature, it is known that E. balteatus has a well-defined temporal pattern in egg production and egg laying behavior. Every second day the number of eggs laid reaches its maximum (Volk, 1964; Bargen, 1998, Hindayana, 2001). Our results show that E. balteatus females needed a ten day premature period and then started to lay eggs almost continuously. The number of eggs laid per day increased steadily until the 16th day old females after hatching. As, during the reproductive phase (from 23th day old females to 45th old females), a time period of two days between the peaks in egg production could be identified. The contradiction between the various studies can partly be explained because of the differences in the experimental set-ups. Bargen (1998) and Volk (1964) assumed that females needed two days to regenerate their ovaries and therefore they offered females plants with aphids for egg laying every second day. Nevertheless, in the study of Hindayana (2001) and in our experiments broad bean plants were offered each day. 
On other hand, we found that large numbers of the eggs laid by E. balteatus were fertile. An average hatching rate of the first larvae of 70.48 % was observed. This was slightly higher than the average hatching rate of 67.6 % observed by Hindayana (2001) and 53.6 % observed by Geusen-Pfister (1987). In addition to the influence of hoverfly females age on their fecundity and fertility, the food quality and/or experimental set-up seemed to be crucial for maintaining high survival rates of E. balteatus offspring in rearing. During the experiments E. balteatus were fed exclusively with M. viciae which were reared broad bean plants, whereas Geusen-Pfister offered E. balteatus a mixture of Aphis craccivora (Koch) and A. pisum aphids reared on broad bean plants. The results of Particia et al. (2001) demonstrated that the mean percentage of the total lifetime parasitism that occurred on the second day decreased with wasp parasitoid Trichogramma cordubensis Vargas & Cabello (Hymenoptera: Trichogrammatidae) age up to 72-h old females. While in our experiments, we found the fertility of eggs laid per day by hoverfly females decreased up to 38 day old female.  In conclusion, age of hoverfly females was intrinsic factor influencing a reproduction capacity during the entire life of the females, with suggesting that hoverflies (from 2 weeks old females to 5 weeks old females) are important agents for biological control programs against pest aphids.   
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