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INTRODUCTION

Homopteran insects, including aphids, excrete copious 
amounts of honeydew comprised of substances derived 
from both the host plant and the insect itself (i.e. specific 
sugars and amino acids) (Heidari & Copland, 1993; Leroy 
et al., 2011). Many studies have shown that this excretory 
product acts as an attractant for the adult stage of preda-
tors and parasitoids, such as Chrysopidae (McEwen et al., 
1993; Petersen & Hunter, 2002), Coccinellidae (Evans & 
Dixon, 1986; Evans & Richard, 1997), Syrphidae (Buden-
berg & Powell, 1992; Shonouda, 1996; Bargen et al., 1998; 
Shonouda et al., 1998a, b; Sutherland et al., 2001) or Aphi-
diidae (Budenberg, 1990; Budenberg et al., 1992; Du et 
al., 1997). These studies demonstrated that aphid honey-
dew induces oviposition and increases localisation of hosts 
or prey. Many predators and parasitoids use this excretory 
product as a food complement rich in sugars (mono-, di- 
and trisaccharides), and essential amino acids, also con-
taining minerals, vitamins and organic acids (Wäckers, 
2000). 

It is well known that the aphidophagous syrphid Episyr-
phus balteatus (De Geer) (Diptera: Syrphidae) is an effi-
cient predator of many aphid species in agro-ecosystems 
and in natural habitats (Tenhumberg & Poehling, 1995). 
Females generally oviposit near aphid colonies to provide 
a food source for the emerging larvae which are unable to 
move any great distance (< 1 m) to search for prey (Chan-
dler, 1968a, b; Scholz & Poehling, 2000; Sadeghi & Gil-

bert, 2000). Interestingly, Gries (1986) noted that newly 
emerged syrphid larvae stretch their papillae for better per-
ception of prey-associated odours which induce a search 
behaviour: after fixing its anal end to the surface, the larva 
raises the rest of its body: it touches the surface with its 
mouthparts before choosing a new direction (Bhatia, 1939). 

Previous studies have been focused on the potential 
odorant cues that enable E. balteatus females to locate and 
select suitable oviposition sites (Almohamad et al., 2007, 
2008a, b; Verheggen et al., 2008, 2009), taking into consid-
eration that the quality of an oviposition site can depend 
not only on the presence of aphids and their numbers, but 
also on the presence of inter- or intraspecific competitors 
(Almohamad et al., 2009, 2010). Nevertheless, little infor-
mation is available about the role of honeydew-derived 
chemical cues in foraging behaviour by predatory hoverfly 
E. balteatus larvae, a crucial aspect of their effective use in 
strategies for the biological control of aphids. 

The presence of aphids is always associated with the 
presence of large amount of honeydew on the host plant, 
contaminating peripheral plant parts such as leaves and 
stems (Buckley, 1987). This strongly suggests that syrphid 
larvae are often in contact with aphid honeydew. To com-
plete our knowledge and to understand the role of aphid 
honeydew semiochemicals in the foraging behaviour of 
syrphids (larva or adult), we note that the behaviour of 
aphid predators on honeydew-contaminated plants sug-
gests that honeydew could acts as an arrestant as well as 
a searching stimulant. An arrestant may be defined as a 
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Each larva was placed in a Petri dish (9 cm) containing wet 
paper to maintain humidity for 6 h without aphids prior to testing. 
Then the larva was introduced to the experimental arena using a 
soft brush and its foraging behaviour recorded for 10 min using 
the software Observer 5.0 (Noldus Technology, The Netherlands) 
in each zone (treated and untreated). All observed behavioural 
categories are described in Table 1. Movement was measured by 
tracing the path on a transparent paper placed above the top of the 
petri dish. The first zone chosen by each larva was noted and the 
distance travelled measured using the trace. These observations 
were conducted in a climate-controlled room (22 ± 2°C; 60–70% 
RH; 2,300 lux). Fifteen syrphid larvae were tested individually.

Effect of aphid honeydew on the oviposition behaviour of 
syrphid female 

To investigate the E. balteatus female response to aphid honey-
dew, A. pisum honeydew was collected as described above. The 
experiment was started by introducing a single gravid female into 
a net cage (30 × 30 × 60 cm) in the presence of one V. faba plant 
(15–20 cm; 2 leaves) treated with 50 µl of crude honeydew. An 
untreated V. faba plant was used as negative control. We recorded 
foraging and oviposition behaviour (see Table 2 for categories) 
for 10 min using Observer 5.0 (Noldus Technology, The Neth-
erlands). The eggs laid on each plant were then counted after the 
first 10 min. The behavioural observations were conducted in an 
air-conditioned room at 22 ± 2°C and 60–70% RH. Females were 
15–20 days old, mated and gravid: they had not previously been 
exposed to honeydew, nor during the previous 24 h been induced 
to oviposit. This experiment was replicated 15 times for each 
treatment. 

Statistical analysis
One-way analysis of variance (ANOVA, General Linear Mod-

el) was required to compare the different behavioural observa-
tions of syrphid larvae or adults in presence and absence of hon-
eydew. The directional preference of syrphid larvae between two 
zones (control, treated with honeydew) was compared using Chi-

chemical that results in insect aggregation as a result of 
indirect kinetic reactions, either the slowing down or stop-
ping of locomotion (orthokinesis) (Shorey, 1977; Wickre-
masinghe, 2007). Contact kairomones affect host recog-
nition by insect predators or parasitoids, and often elicit 
changes in searching efficiency and oviposition (e.g. Mu-
ratori et al., 2006; Hatano et al., 2008). We investigated the 
effect of honeydew on all three larval instar of E. balteatus 
to test the hypothesis that young emerging larvae as well as 
older ones are immediately in contact with honeydew and 
that this could induce foraging behaviour. We also tested 
the responses of ovipositing females. 

MATERIAL AND METHODS 

Plant and insect rearing 
Broad-bean plants (Vicia faba L.) were grown in 9 × 8 cm plas-

tic pots filled with a mixture of vermiculite and perlite (1/1) and 
maintained in a climate-controlled room (16 h light photoperiod; 
60 ± 10% RH; 20 ± 2°C). Aphids (Acyrthosiphon pisum Harris) 
were reared on these broad-bean plants. In the same climatic con-
ditions, adult Episyrphus balteatus were reared in 75 × 60 × 90 
cm cages provided with bee-collected pollen, sugar and water. 
Broad-bean plants infested with A.pisum were introduced into the 
cages for 3 h every two days to induce oviposition. Larvae were 
mass-reared in aerated plastic-boxes (110 × 140 × 40 mm) and fed 
daily ad libitum with A. pisum. Syrphid pupae were provided by 
Katz Biotech AG (Baruth, Germany).

Effect of aphid honeydew on the foraging behaviour of 
syrphid larvae 

To assess the influence of aphid honeydew on E. balteatus lar-
vae, fresh A. pisum honeydew was collected using microcapillar-
ies (2 µl) on aluminium sheets placed under well-infested V. faba 
plants. Plastic discs were used in all behavioural experiments, 
made to fit into Petri dishes (Ø = 9 cm). because they allowed 
us to work as close as possible to natural conditions without us-
ing any actual plant material. Half of a plastic-disc was covered 
with homogeneous droplets of a total of 50 µl of honeydew, ap-
proximating natural levels on plant leaves. A neutral zone (Ø = 1 
cm) was defined in the centre of the Petri dish to place the larvae 
at the start of each trial (Fig. 1). Larva passes through three in-
stars, distinguished either visually (by observing the moults) or 
morphologically (from their mouthparts) (Bhatia, 1939; Ngamo 
& Hance, 1998). The mouthparts of the first instar consist of a 
pair of elements joined together by the entire anterior side of ba-
sal sclerite, they lack triangular sclerites and the basal sclerite 
branches are not bifurcated. In the second instar, the two elements 
composing the mouthparts are well separated and linked only by 
the labrum and the labium, and the triangular sclerites are present. 
In the third instar the two elements of the basal sclerites have only 
one point of contact, and are separate and strongly sclerotised; the 
triangle sclerites are well sclerotised , and are oriented to the rear.

Fig. 1. An example of the locomotory path of E. balteatus lar-
vae in a Petri dish for 10 min. A – treated-zone with 50 µl of 
A. pisum honeydew; B – clean-zone; C – neutral zone (larvae 
departure). 

Table 1. Description of behavioural events recorded for E. balteatus larvae.

Observed behaviour Description behaviour 
Immobility Larva is stationary in the Petri dish more than 20 s without presenting any behaviour.
Moving (= Casting) Larva moves in the Petri dish without stopping (= lateral movements of the larval thorax). 
Arresting and searching
Arrestment After moving, larva briefly stops (not more than 5 s) to touch and perceive the surface of the Petri dish with 

its mouthparts. 
Searching After arrestment, larva fixes its anal end on the Petri dish, raises the rest of its body and balances its thorax 

laterally (Bathia, 1939).
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squared test. All statistical tests were conducted using Minitab® 
release v.15.

RESULTS

Effect of aphid honeydew on the foraging behaviour of 
syrphid larvae 	

Our behavioural observations showed that 80% of the 
first instar larvae tested immediately after hatching orien-
tated themselves to the zone containing honeydew: a sig-
nificant difference was observed between the two zones 
(control, treated with honeydew) (x²1 = 5.72; P = 0.017). 
For second and third instar larvae, no directional preference 
was observed: 60% of the second instar larvae (x²1 = 0.40; 
P = 0.526) and 53% of the third instar larvae (x²1 = 0.04; 
P = 0.833) chosed the aphid honeydew treated-zone.

The distance travelled by the first and second instar lar-
vae in the honeydew treated area was significantly greater 
than in the non-treated area (F1, 28 = 4.72; P = 0.038 and F1, 

28 = 4.79; P = 0.037, respectively). Although the highly mo-
bile third-instar larvae travelled the greatest distances, their 
movement paths were equivalent in the two zones with or 
without aphid honeydew (F1, 28 = 0.04; P > 0.05) (Fig. 2).

In terms of larval behaviour (immobility, moving and 
searching), significant differences were observed for the 
first and second instars whereas no significant differences 
were observed for the third instar larvae (Fig. 3). The hon-
eydew-treated zone induced higher frequencies of walking 
by the first and second instars (F1, 28 = 3.76; P = 0.044 and 
F1, 28 = 5.36; P = 0.027, respectively), and also longer ar-
rest to search for a new direction (lateral movement of the 
thorax) (F1, 28 = 4.74; P = 0.039 and F1, 28 = 5.25; P = 0.030, 
respectively).

Effect of aphid honeydew on the oviposition behaviour 
of syrphid female 

The foraging and oviposition behaviour of E. balteatus 
female was significantly influenced by the presence of 
aphid honeydew. The total times of “immobility”, “search-
ing”, “acceptance” and “oviposition” were significantly 
greater on honeydew-treated plants (F1, 28 = 59.16; P < 
0.001 / F1, 28 = 58.04; P < 0.001, respectively) (Fig. 4). We 
also found that E. balteatus females reduced the time spent 
for their behaviours “immobility” and “searching”, in the 
presence of aphid honeydew on plant when compared to 
the clean plants (negative control) (F1, 28 = 60.07; P < 0.001 
/ F1, 28 = 3.32; P = 0.048 respectively). The number of eggs 
laid increased significantly in the presence of honeydew 
compared to control (F1, 28 = 30.07; P = 0.008) (Fig. 5).

Discussion

In syrphids, female fecundity is positively related to the 
quality and quantity of aphids consumed during the larval 
stage (e.g. Almohamad et al., 2007, 2009). Infochemical 
cues emitted from aphids are also known to increase the 
foraging efficiency of predatory hoverfly larvae (Bargen et 
al., 1998; Francis et al., 2005). Chandler (1969) reported 
that aphidophagous hoverfly larvae start moving directly 
until their first tactile contact with aphids. We found that 
aphid honeydew acts as a foraging cue for E. balteatus 
larvae. Our behavioural observations show that the three 
larval instars exhibited distinct behavioural changes in re-
sponse to the presence of A. pisum honeydew. The propor-
tion of first or second instars of E. balteatus larvae arriving 

Table 2. Description of the behavioural events recorded for the E. balteatus female.

Observed behaviour Description of behaviour
Immobility Female is stationary in the cage.
Searching Female flies in the cage, or flies near the host-plant
Arrestment and acceptance Female lands, moves and extends its proboscis to touch and perceive on the plant.
Oviposition Female exhibits an abdominal protraction, deposits its ovipositor, and lays an egg on the host-plant.

Fig. 2. Mean covered distances (+ SE) of E. balteatus larvae 
in response to the presence of honeydew in two-choice experi-
ments. Asterisks indicate significant difference between treat-
ments (One-way ANOVA: P < 0.05).

Fig. 3. % Mean total durations (+ SE) of behaviour of E. bal-
teatus larvae in response to the presence of aphid honeydew in 
two-choice experiments. Asterisks indicate significant difference 
between treatments (One-way ANOVA: P < 0.05).
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at the zone contaminated with aphid honeydew was higher 
than that arriving at zone without aphid honeydew, and the 
frequencies of their behaviours (arrestment and casting) 
increased in response to the presence of honeydew. First 
instar larvae entered immediately into the aphid honey-
dew treated zone when introduced to the test arenas. These 
observations are consistent with the findings of Bargen et 
al. (1998) who suggested that the prey location of E. bal-
teatus larvae may be guided by the aphid-born volatiles 
when searching for prey. There is evidence that E. baltea-
tus larvae respond to olfactory volatile chemicals associ-
ated with different aphid species, (Acyrthosiphon pisum, 
Megoura viciae and Aphis fabae: Francis et al., 2005). 
Theory suggests that the intensified search (random, non 
directional search) in a small area helps the insect predator 
to find sufficient food if the prey is distributed in clusters 
(Murdie, 1972). Nevertheless, this behavioural mechanism 
is energy consuming and is not efficient enough to ensure 
high survival rates for first instar E. balteatus larvae which 
are unable to move any great distance (maximum about 1 
m: Chandler, 1969). The ability to localize prey quickly 
is therefore an essential factor ensuring high survival for 
the vulnerable first instar larvae. Direct orientation of these 
larvae to aphid honeydew and induction of intensive search 
behaviour show that foraging behaviour in syrphid larvae 
has evolved to this critical situation. They could also pos-
sess learning and hens the ability to associate the presence 
of fresh honeydew with the presence of aphids. 

The overall aggregation of syrphid larvae on honeydew 
seems to be caused by several different mechanisms: ar-
rest, decreased walking speed (orthokinesis) and increased 
probing (klinokinesis). Honeydew therefore appears to 
be an arrestant and a contact kairomone for E. balteatus 
larvae, increasing the chance of contact with aphids. E. 
balteatus larvae may also use their mouthparts to detect 
substrates covered with honeydew before choosing their 
direction of travel. In this sense, Hood Henderson (1981) 
described contact chemosensilla close to the mouthparts of 
Metasyrphus venablesi which could be used to detect hon-

eydew. The fact that E. balteatus larvae use and perceive 
honeydew when foraging for aphids corresponds to behav-
iours seen in the larvae of the ladybird Coccinella septem-
punctata (Coleoptera: Coccinellidae) (Hagen, 1962; Carter 
& Dixon, 1984; Ide et al., 2007), the green lacewing Chrys-
operla carnea (Neuroptera: Chrysopidae) (Downes, 1974; 
Hogervorst et al., 2007) and the cecidomyiid Aphidoletes 
aphidimyza (Diptera: Cecidomyiidae) (Wilbert, 1974). 
Hogervorst et al. (2007) and Ide et al. (2007) also showed 
that C. carnea and C. septempunctata larvae use honey-
dew as a food complement even in the presence of aphids. 
In our study, E. balteatus larvae were observed to “insert” 
the anterior part of their basal sclerite into honeydew drop-
lets before presenting suction movements. This particular 
behaviour was previously described by Ngamo & Hance 
(1998) when larvae feed on aphids. Nevertheless, the utili-
sation of honeydew as a food source by E. balteatus larvae 
in the presence of aphid is still unknown, and further inves-
tigation is needed.

If aphid honeydew encounter acts as an attractant and 
arrestant cue for small E. balteatus larvae, then larvae for-
aging on the honeydew treated zone would frequently en-
counter a sticky surface compared with the rate on clean 
zone. Ide et al. (2007) found the proportion of ladybird 
larvae Coccinella septempunctata climbing a stick was 
higher if honeydew was present. Purandare & Tenhumberg 
(2012) also reported that the Hippodamia convergens lar-
vae were more likely to change from searching to resting/
feeding and remain in a resting/feeding state for a very 
long time in the presence of aphid honeydew. In our study, 
similar behaviour was shown, when larvae increased prob-
ing and decreased walking in contaminated zone. Larvae 
were also observed to insert their mouth parts into hon-
eydew droplets, perhaps to use it as a food source. This 
particular behaviour (resting/feeding) shown by syrphid 
larvae may help them to avoid direct contact with a sticky 
matter. Small foraging syrphid larvae can have their mouth 
parts and delicate sense organs smeared with aphid hon-
eydew, which can take time to clean off before starting a 
fresh search for food. This cleaning behaviour showed by 
foraging syrphid larvae may gave them time to move from 

Fig. 4. % Mean total durations (+ SE) of behaviour of E. bal-
teatus female in response to the presence of aphid honeydew in 
one-choice experiments. Asterisks indicate significant difference 
between treatments and control; (One-way ANOVA, Dunnett’s 
test, P < 0.05), *P < 0.05; ***P < 0.001.

Fig. 5. Mean (+ SE) number of syrphid eggs laid by the syrphid 
E. balteatus in response to the presence of A. pisum honeydew. 
Asterisks indicate significant difference between treatments and 
control; (One-way ANOVA, Dunnett’s test, **P < 0.01).
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the site of attack. According to Carter & Dixon (1984), 
the amount of honeydew on a leaf did not influence the 
residence time of a Coccinella septempunctata larva on a 
leaf when aphids were present, and Ide et al. (2007) also 
suggested that larvae cease responding to honeydew once 
aphids are encountered. In the context of the observations 
of present study, the syrphid larvae use aphid honeydew 
as a contact kairomone when foraging for aphids, and the 
presence of aphids on plants could help them to avoid the 
response to the sticky aphid honeydew.

As a constrast, our results did not show any impact of 
aphid honeydew on the third instar larva. This could be 
explained by the fact that it is critical for young larvae to 
locate prey in order to survive and rapidly acquire energy, 
while older larvae merely have to feed periodically. Young 
larvae use honeydew as a contact kairomone to choose a 
direction while older larvae do not seem to care about the 
presence or absence of honeydew. After emergence from 
eggs, young larvae consume many aphids to gain in weight 
and size, and, during this period of time, they acquire and 
store energy allowing them to move greater distances. By 
the third instar, locating prey rapidly is less critical and 
does not compromise the survival of the larvae that have 
already accumulated nutrient reserves. This could explain 
why third instar larvae do not use honeydew as a kai-
romone since larvae are able to cover great distances to 
search for preys.

We confirmed that aphid honeydew is a key factor in-
ducing gravid E. balteatus females to lay their eggs as re-
ported in some previous studies (Bombosch, 1962, 1963; 
Volk, 1964; Scholz & Poehling, 2000; Sutherland et al., 
2001), and is used as an oviposition stimulant in the ab-
sence of aphids, as stated by Budenberg & Powell (1992). 
Our observations also demonstrated that the overall time 
that females spent on honeydew treated plants is composed 
of several different behaviours: arrest, reduced immobility 
and searching and increased acceptance after arrestment 
and oviposition. Honeydew therefore seems to be an ar-
restant and a contact kairomone for E. balteatus adults, 
since they stop on plants to touch and perceive the substrate 
covered with honeydew using their proboscis and/or their 
ovipositor. This acceptance behaviour has been observed 
previously by several authors (Dixon, 1959; Budenberg & 
Powell, 1992; Almohamad et al., 2007). 

Our results indicate that both larvae and adults of E. 
balteatus respond to the presence of honeydew. It is inter-
esting to draw a parallel between the relationships of both 
larvae and adults with honeydew. Indeed, if chemosensilla 
close to the mouthparts of larvae (Hood Henderson, 1981) 
might explain honeydew perception by larvae, the pres-
ence of chemosensilla close to the mouthparts and on the 
ovipositor of the adults allow honeydew perception by the 
adults. This strongly suggests that honeydew contains spe-
cific compounds perceived by larval and adult chemosen-
silla: perhaps specific sugars (synthesized by the aphids), 
specific amino acids (provided by the symbionts) or other 
specific compounds. This leads us to speculate that larvae 
and adults can learn to associate the presence of honeydew 

with the presence of aphids, indeed whatever is useful to 
locate prey or an appropriate oviposition site.

Our observations contribute to a better understanding 
of E. balteatus behaviour and show that aphid honeydew 
plays a key role for this aphid predator in both larval and 
adult stages. Further work will focus on identifying these 
honeydew compounds, and developing an artificial hon-
eydew that could help enhance the efficiency of E. bal-
teatus in biological control. The effect of honeydew as a 
kairomone on other insects should also be tested, given its 
wide availability to many insect species in natural environ-
ments.
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