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Abstract. Episyrphus balteatus only matures eggs after emergence. Ovaries develop in 4 stages. In the absence of oviposition sites, 
females refrain from ovipositing and their ovaries progressively fill the abdomen and then egg resorption occurs. The potential 
fecundity, which is expressed by the ovariole number, the reproductive biomass and the abdomen volume, scales isometrically with 
the size of females. Egg size is much less variable and does not rise proportionally to body size. In laboratory conditions, females of 
E. balteatus might lay between 2,000 and 4,500 eggs during their life-time at a rate of 1 to 2 eggs per ovariole per day. Both life
time fecundity and rate of egg production are directly related to the size of females. The potential and realized fecundities are likely 
to be limited by the availability of food resources during larval and adult life, respectively.

INTRODUCTION

Larvae of Episyrphus balteatus (De Geer, 1776) are 
potential biological control agents of many aphid species 
(Chambers & Adams, 1986; Nawrocka, 1988; Tenhum- 
berg & Poehling, 1995). They have a very high growth 
rate and develop in less than 10 days at 20°C, when food 
supply is optimal (Ankersmit et al., 1986; Hart et al., 
1997).

Like other hoverflies, E. balteatus only matures eggs 
after adult emergence. That is, females hatch with an 
immature reproductive system and must feed on pollen to 
complete the maturation of their ovaries. The preoviposi- 
tion period lasts for about a week (Schneider, 1948; 
Sturken, 1964; Geusen-Pfister, 1987). If they do not 
experience food shortages, females continuously lay eggs 
from the start of the oviposition period until death. Their 
longevity frequently exceeds one month under laboratory 
conditions (Geusen-Pfister, 1987; Kan, 1988). As is the 
case for Eupeodes corollae (F.), another hoverfly species 
with predacious larvae, realised fecundity is directly 
linked to female longevity (Scott & Barlow, 1984).

At birth, the larvae of aphidophagous predators must be 
of a minimum size to succeed in subduing and eating their 
first prey (Dixon, 1959a; Wratten, 1973; Rotheray, 1983; 
Stewart et al., 1991b). Therefore, these predators produce 
anhydropic eggs that contain enough yolk to support the 
development of relatively large embryos. As is expected 
from the classical trade-off between the size and the 
number of eggs (Lack, 1954; Smith & Fretwell, 1974; 
Sibly & Calow, 1986), one can predict that hoverfly 
females with aphidophagous larvae must (1) have ovaries 
with few ovarioles, short oviducts and low storage capac
ity, and (2) be strongly egg limited because of their small 
maximum egg load (Price, 1973; Jervis & Copland, 
1996), compared with species laying hydropic eggs.

The aim of this paper is to test the above predictions, 
determine the relationship between the reproductive 
investment and body size, and measure the realised fecun
dity of females of E. balteatus kept under laboratory con
ditions.

MATERIAL AND METHODS 

Ovary structure and development
The developmental stages of the ovaries of E. balteatus were 

determined by dissecting females reared in the laboratory (pho
toperiod of 16L : 8D; temperature: 21 ± 1°C) as described in 
Branquart et al. (1997). These females were F2 and F3 progeny 
of adults collected in Gembloux (Belgium). Groups of 20 to 30 
males and females that emerged on the same day were kept in 
30 x 30 x 60 cm cages consisting of a wooden frame covered 
with gauze. The light intensity varied from 12,000 lux at the top 
to 2,000 lux at the bottom of the cages. The hoverflies had 
access to wet absorbent paper and an artificial diet consisting of 
a mixture of sucrose, honey and ground pellets of pollen. Adult 
hoverflies from half of the cages were daily offered two broad 
bean plants (Viciafaba L.), approximately 15 cm high, infested 
with Acyrthosiphon pisum (Harris). This was the first treatment. 
The other adults were deprived of an egg laying stimulus, which 
was the second treatment. Five females from each treatment 
were dissected every other day, following the technique 
described by Gilbert (1993), to assess the development of their 
ovaries from hatching to 20 days after emergence. The ovaries 
were gently removed and stained with toluidine blue before fur
ther examination. The volume of the ovaries expressed as a per
centage of the total abdomen volume, as well as the number of 
ovarioles, the number of follicles per ovariole, the number of 
mature and resorbed oocytes in the ovarioles and the lateral ovi
ducts were recorded. Mature oocytes were easily distinguished 
because they stained less readily and were larger than imma
tures ones. Moreover, they had a characteristic net-like pat
terning resulting from the presence of the chorion. Resorbed 
oocytes were either shrunk to some extent or appeared rather
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enlarged when dissected out in distilled water (Gilbert, 1993; 
Jervis & Copland, 1996).

Allometry of reproductive traits
Thirty-three mature females of E. balteatus, caught in Gem- 

bloux during the summer of 1998, were induced to lay eggs by 
keeping them individually for 2 h in a 9 cm diameter Petri dish 
with a piece of broad bean heavily infested with A. pisum. Fif
teen eggs per female were weighed to 0.0001 mg on a Super
micro Sartorius balance. The reproductive biomass is defined as 
the egg weight multiplied by ovaride number. The length, width 
and depth of the abdomen of each female were measured and 
the volumes of their abdomens estimated using the formula for 
an ellipsoid. The females were dissected, the ovaries removed 
from the abdomen, the ovarioles counted and both the somatic 
and thoracic dry masses of the females determined after drying 
at 60°C for 24 h. Crops full of pollen were removed before 
drying to avoid overestimation of the somatic dry weight. The 
dry mass of the thorax, without wings and legs, was used as an 
approximation for flight muscle mass. Using the technique 
described by Marden (1987), we separated thoracic exoskeleton 
from wing muscles on a sample of ten females and determined 
that muscle mass corresponds to 82.5% of the thoracic dry mass.

The relationship between each reproductive trait (egg weight, 
ovariole number, reproductive biomass and abdomen volume) 
and respectively the somatic and thoracic dry mass was esti
mated by the following equation:

log(Y) = a + b log(X)
with Y standing for the value of the reproductive trait, X for the 
somatic or thoracic dry mass and a and b being constants.

Reduced major axis regression was applied to estimate the 
slope of the relationship and to test for isometry (p = 1) (LaBar- 
bera, 1989; Harvey & Pagel, 1991).

Life-time fecundity
The daily fecundity of 8 females was determined over a 

period of 30 days from the beginning of oviposition. After 
emergence, each female was kept singly with 2 males in a cage 
(30 x 30 x 60 cm) and reared as described above. Every day, 
two 20 cm high broad bean plants heavily infested with A. 
pisum were introduced in the cages to trigger egg laying by the 
hoverflies. They were removed 24 h later and the eggs counted. 
After 30 days, the females were dissected and their ovarioles 
counted. The realized fecundity was described by the mean 
fecundity, the maximum fecundity, the mean daily rate of egg 
production and the maximum daily rate of egg production. The 
mean daily fecundity is the average number of eggs laid per day 
for the 30 day period; the maximum daily fecundity is the 
average of the three highest values of daily egg laying. The 
mean rate of egg production is the average number of eggs pro
duced per ovariole and per day for the 30 day period; the 
maximum rate of egg production is similarly calculated for the 
three highest values of daily egg laying. The relationships 
between the mean daily fecundity and the ovariole number, and 
between the maximum daily fecundity and the ovariole number

Fig. 1. Schematic representation of (A) an ovary and (B) the 
structure of a mature ovariole and one showing egg resorption 
in Episyrphus balteatus (m.o. -  mature oocytes; r.o. -  oocytes 
being resorbed).

were determined in an attempt to use the number of ovarioles as 
an indicator of potential fecundity (Jervis & Copland, 1996).

RESULTS

Ovary structure and development
Oocytes grow and mature in progression in each ovari

ole. The number and size of the follicles in the ovarioles 
enable assessment of ovary development (Table 1). The 
ovaries of females deprived of an oviposition stimulus 
display four developmental stages: (1) maturation; (2) 
early maturity with a maximum of one mature oocyte per 
ovariole; (3) late maturity with one or two mature oocytes 
in each ovariole, and finally (4) ovaries with oocytes 
showing signs of resorption (Fig. 1). There are differ
ences in the timing of sexual maturity between the 
females. Most of them lay eggs 8 or 10 days after emer
gence but some of them have a preoviposition period of 
14 days.

The volume of the ovaries and the number of follicles 
in the ovarioles increase progressively during the matura
tion phase. Maturity is reached when oocytes are released 
into the lateral oviducts and when there is one fully devel
oped oocyte in each ovariole. At this stage, there are six 
follicles per ovariole (Fig. 1). Oocytes continue to accu
mulate in the lateral oviducts and at the base of the ovari- 
oles even if females do not oviposit. Females can then

Table 1. Features of the different stages of ovarian development in Episyrphus balteatus when deprived of oviposition sites for 
up to 20 days after emergence. Values given hereafter refer to a female with 80 ovarioles.

Stage of 
development

Days after 
emergence

Follicles 
per ovariole

Number of mature eggs 
per ovariole per oviduct

Egg load Ovary volume 
(% abdomen)

1 0-12 1-5 0 0 0 0-30
2 8-14 (5)-6 (0)-1 2-10 50-100 40-70
3 10-16 (6-)7 (1-)2 10-15 100-130 80-100
4 12-20 5(-6) 0(-1) 10-15 20-30 20-40
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Table 2. The relationships, expressed as log(Y) = a + b log(X), between the somatic dry weight (SDW), the egg weight (EGW), 
the ovariole number (OVN), the reproductive biomass (RB) and the abdomen volume (ABV), and between the thoracic dry weight 
(TDW), the reproductive biomass (RB) and the abdomen volume (ABV) in Episyrphus balteatus.

X-value Y-value Mean PSD - Correlation Regression
r Pr b Pb

SDW (mg) 4.86 30.6%
EGW (pg) 67.20 9.7% 0.51 ** 0.29 ***

OVN 80.50 22.6% 0.93 *** 0.75 ***
RB (mg) 5.47 29.3% 0.90 *** 0.96 ns

ABV (mm3) 12.72 33.0% 0.94 *** 1.08 ns
TDW (mg) 2.68 30.8%

RB (mg) 5.47 29.3% 0.91 *** 0.95 ns
ABV (mm3) 12.70 33.0% 0.93 *** 1.07 ns

PSD = percentage standard deviation; * -  P < 0.05; ** -  P < 0.01; *** -  P < 0.001; ns -  not significant; Pr -  significance of the 
coefficients of correlation (H0 : p = 0); Pb -  significance of the slopes of regression lines (H0 : p = 1).

have a very high oocyte load, and the ovaries may occupy 
nearly all the abdominal cavity: this is the late maturity 
stage (Fig. 1). Later still, oocytes show signs of resorption 
at the proximal end of the ovarioles, resulting in a marked 
decrease in the volume of the ovaries (Fig. 1).Therefore, 
mature oocytes can only be retained for a brief period of 
time in the ovarioles.

In the presence of oviposition sites, females started to 
oviposit when their ovaries were at the second develop
mental stage. As long as oviposition sites were available, 
oviposition occurred every day and the ovaries remained 
in this stage.
Allometry of reproductive traits

The somatic dry mass of the females varied from 2.5 to 
7.3 mg and its percentage standard deviation is 31%. All 
the other variables, but the ovariole number and the egg 
mass, display the same range of variation. The egg mass 
is clearly the less variable reproductive trait (Table 2).

Fig. 2. Daily fecundity of Episyrphus balteatus over the 30 
days following the onset of oviposition. Mean and standard 
deviation of eight replicates.

There are strong allometric relationships between all 
the traits (Table 2). There is a weak but significant corre
lation between the egg mass and the somatic dry mass. 
Both the reproductive biomass, which is the ovariole 
number multiplied by the egg mass, and the abdomen 
volume scale isometrically with the somatic and the tho
racic dry mass (Table 2). That is, flight performance and 
muscle power are directly proportional to the size of the 
females and to the egg mass they carry when their ovaries 
are fully developed. The ovariole number has a slight 
negative allometry with the somatic dry mass, which 
means that the ovariole number per unit of somatic dry 
mass decreases as the somatic dry mass increases. Finally, 
the egg mass has a marked negative allometry with the 
somatic dry mass.
Life-time fecundity

The age fecundity function of E. balteatus is triangular 
shaped (Fig. 2). Fecundity rises in the first week of egg 
laying, reaches a maximum and slowly decreases until 
death. The hatching rate of the eggs was between 80 and 
100% and the females survived for up to 6 weeks.

A female of E. balteatus lays an average 174 eggs/day 
at the peak of the oviposition period and 108 eggs/day 
over the whole oviposition period (Table 3). These values 
correspond to a rate of production between 1 and 2 eggs 
per ovariole per day. Fitting a linear regression to the 
points on the decreasing side of the fecundity curve,

Table 3. Potential fecundity, daily fecundity and rate of egg 
production of Episyrphus balteatus: number of replicates (N), 
mean, percentage standard deviation (PSD), minimum (Min) 
and maximum (Max) values. The maximum values correspond 
to the average of the three highest values of daily egg laying; 
the mean values are calculated for the 30 day period.

N Mean PSD Min Max
Potential fecundity 

Number of ovarioles 8 91.1 9.8 80 106
Fecundity (eggs/day) 

Maximum (3 days) 8 174.1 18.0 130.3 214.3
Mean (30 days) 6 108.0 32.0 66.1 149.2

Rate of egg production 
(eggs/ovariole/day) 

Maximum (3 days) 8 1.90 11.0 1.52 2.14
Mean (30 days) 6 1.16 25.0 0.83 1.57
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revealed that oviposition continues for 50 days after the 
start of egg laying, and that life-time fecundity is about 
3,900 eggs. The value for the realized fecundity are 
closely correlated to ovariole number (r ovariole number/maximum

fecundity = 0.887; n = 8; P < 0.01; r ovariole number/mean fecundity

0.869; n = 6 ; P<  0.05).

DISCUSSION

Compared to other aphid predators, females of E. bal- 
teatus lay small eggs, have many ovarioles and an egg 
load that can exceed 100 eggs. They achieve a high 
fecundity under optimal laboratory conditions. The 
maximum daily egg production and life-time fecundity 
reported here are six times greater than quoted by Khan & 
Yunus (1970), Geusen-Pfister (1987), Kan (1988) and 
Ngamo Tinkeu (1998). Suboptimal rearing conditions in 
these studies might account for this discrepancy. How
ever, the production of 1 to 2 eggs per ovariole per day, 
as recorded for E. balteatus in this study, is typical of 
other Diptera (Collins, 1980; R’kha et al., 1997).

The ovariole number, the rate of egg production per 
ovariole and the life-time fecundity are greater in E. bal
teatus than in similar sized predacious ladybird beetles 
and lacewings (Stewart et al., 1991a, b; Zheng et al., 
1993b; Carvalho et al., 1996; Canard et al., 1996). For 
example, the ladybird beetle Adalia bipunctata (L.) 
whose larvae feed on the same prey as E. balteatus, has 
46 ovarioles, lays 0.5 eggs per ovariole per day and a life
time fecundity of 1,200 eggs during its life under labora
tory conditions (Stewart et al., 1991b; Branquart et al., 
unpubl.). A. bipunctata lays bigger eggs and lives longer 
than E. balteatus. The total egg production in both spe
cies is about ten times the adult fresh mass. The reproduc
tive effort in these two species, however, is distributed 
differently. E. balteatus lays many eggs over a period of 
about 40 days whereas A. bipunctata lays eggs for 90 to 
100 days. Under the experimental conditions of this 
study, the ovariole number is a good indicator of the daily 
and life-time fecundity, as it is for Coccinellidae, Droso- 
philidae, Tachinidae and Ichneumonidae (David, 1970; 
Price, 1975; Stewartetal., 1991a, b).

Pollen supply and aphid availability are likely to affect 
fecundity in the field. Pollen is a crucial resource for E. 
balteatus females as it provides a nitrogen source to 
mature the ovaries and sustain egg production (Schneider, 
1948; Sturken, 1964). It is probably a limiting factor in 
areas of intensive agriculture, where vegetation at field 
margins has been impoverished in recent years (Rothery, 
1994; Hickman & Wratten, 1996). Aphid availability 
affects fecundity directly and indirectly. A shortage of 
aphids leads to egg resorption, which occurs in E. 
corollae and Scaeva pyrastri (L.) (Schneider, 1969; Gil
bert, 1993) but not in Eupeodes luniger (Meigen) (Dixon, 
1959b). Food shortage during the larval stages induces 
emergence of small adults with few ovarioles and a low 
fecundity (Cornelius & Barlow, 1980; Scott & Barlow, 
1984; Dixon & Guo, 1993; Zheng et al., 1993a, b). Are 
females of E. balteatus limited by their rate of egg pro
duction and egg storage capacity or by the time available

to search for oviposition sites? A question that need to be 
addressed if we are to manage farmlands in order to 
enhance the impact of hoverflies on aphid populations. 
This problem can be addressed by checking the impact of 
management practices on the frequency distribution of the 
stages of ovary development in wild hoverflies.

Ovariole number, reproductive biomass and abdomen 
volume display a wide range of variation and are strongly 
related to female size. The correlation between reproduc
tive investment and body size is not surprizing since large 
females have proportionally more resources to allocate to 
reproduction than small females (Bennettova & Fraenkel, 
1981; Reiss, 1985; Sibly & Calow, 1986; Marshall, 1990; 
Roff, 1992; Dixon & Guo, 1993, but see Klingenberg & 
Spence, 1997). Egg size is normally independent of both 
clutch and female size within a population living in the 
same environment (Smith & Fretwell, 1974; Parker & 
Begon, 1986; Godfray & Parker, 1991). Although egg 
mass is the least variable reproductive trait in E. 
balteatus, our results show an allometric relationship 
between egg and female size. This has been documented 
for other invertebrates and some recent studies show that 
some species living in variable environment exhibit a 
plasticity in the size of their eggs (Kaplan & Cooper, 
1984; review in Roff, 1992; Yafuso, 1994; Fox et al., 
1997; Guntrip et al., 1997; Ito, 1997; Roosenburg & Dun
ham, 1997). The adaptive significance of egg size plas
ticity in E. balteatus deserves further investigation.
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